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Appendix I-0.--Test Hole and Piezometer  Coordinates 



Appendix  I-0.--Test-hole  and  piezometer coordinates 

WELL 

CNA-1 
CNA-2 
CNA-  3 
CNC-1 
CNC-2 
CNC-3 
CNC-4 
CNC-5 

CNC-7 
CNC- 6 

CNC-8 
CNG-1 
CNG-2 
CNG-3 
CNG-4 
CNP-1 

CNP-3, 
CNP-2 

3A&3B 
CWP-4, 
4A&4B 

CNP-5 
CNP-6 
CNP-6A 
CNP-6B 
CNP-7 

&7A 

&8A 
CNP-8 

CNP-9 
CNS-1 
CNS-2 
CNS-3 
CNS-4 

CNS-6 
CNS - 5 

CNS-7 
CNS-8 
CNS- 9 

GRID 

N2,025,416 
N2,025,372 
N2,025,376 
N2,028,330 

N2,030,060 
N2,027,630 

N2,026,780 
N2,028,270 

N2,025,390 
N2,024,040 
N2,026,360 
N2,025,530 
N2,030,030 
N2,029,770 
N2,029,490 
N2,032,760 
N2,030,330 

N2,028,490 

N2,025,950 
N2,024,430 
N2,021,350 
N2,021,350 
N2,021,650 

N2,024,800 

N2,023,700 
N2,022,410 
N2,031,920 
N2,030,410 
N2,029,460 
N2,028,720 
N2,027,030 
N2,027,500 
N2,027,140 
N2,026,800 
N2,025,300 

LOCATION 

E380,037 
E380,070 
E380,014 
E378,700 
E378,770 
E379,990 
E380,020 

E380,040 
E380,070 

E380,030 
E381,790 
E378,780 
E380,930 

E380,740 
E380,850 

E383,720 
E383,180 

E383,100 

E383,080 
E383,070 
E382,OOO 
E382,OZO 
E382,lOO 

E386,750 

E390,650 
E394,560 
E382,850 
E381,060 
E379,600 
E381,330 
E381,040 
E381,260 
E377,460 
G379,140 
E380,730 

W. K. Sun~tners& Associatcs 
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Appendix I-0.--Test-hole and piezometer  coordinates 
(cont) . 

CNS-10 
CNS-11 

N2,025,160  E379,300 
N2,024,500 

CNS-12 
E376,890 

CNS-13 
N2,025,700  E377,110 

CNS-14 
N2,025,880  E378,820 
N2,025,840  E380,800 

CNS-15  N2,025,750  E381,960 
CNS-16  N2,027,540 
CNS-17 

E373,400 
N2,027,820 

CNS-18 
E380,430 

N2,027,840  E381,250 
CNS-19 
CNS-20 

N2,029,110  E380,610 
N2,028,830  E379,760 

CNS-21  N2,026,530 
CNS-22 

E377,250 

CNS-23 
N2,027,110 
N2,031,330 

E382,870 
E382,880 

CNS-24  N2,02-9,700 
CNS-25 

E382;440 

CNS-2 6 
N2,030,330 
N2,029,090  E382,440 

E382,590 

CNS-27  N2,030,370  E381,840 
CNS-28  N2,024,740  E380,040 
CNS-29 
CNS-30 

N2,024,020  E378,060 

CNS-31 
N2,024,040  E379,040 
N2,024,030  E381,060 

CNS-32 N2,024,0'00 E382,OZO 
CNS-33 
CNS-34 

N2,024,830 
N2,024,940 

E382,030 
E278,090 

CNW-1  N2,024,100  E380,OOO 
CNW-2  N2,024,040  E380,OOO 
CNW-3  N2,021,500 
CNW-4 

E381,710 
N2,021,400 E379,620 

List as of January 6 ,  1977 

W. K. Summers & Associates 
2 .  



Appendix  I -00.--Test   Hole   Alt i tude  and  Piezometer   Construct ion 
Data 



Appendix I-00.--Test-hole altitude and piezometer construction data. 

c::c-1 .r 
C'IC-iC 
C!X-3 
c::c-4 
C!lC" 5 
CIIC-6 . .  . OIL.-: 

C:li"3 

11-4  0.47 
10-7 0.4G 
11-11 
11-29 

0 . 5 6  
0.46 

11-30 0.5G 
12-7 0 .4G 

12-1 I .  0.46 
11-15 0.56 

11-13 
; 1-23 u. .io 
11"J n. 5~ 
11-5 n. SG 

!(I"l 
I!-.!? 0. 511 

0.N 
~1-?11 0. 5G 
10-14 
11-22 

U.5(> 

,,- 2 u 
U.5G 
U.5b 

11-22 
!,,-I,: 0.56 

0 .5G 
! l - ! J  0 . 5 6  
11-IU 0.56 

0.46 

Land 
surface 
a l t i t u d e  

(ft) 

6371.5 
6336.5 
6265.9 
62Yl .4  
6 2 G 5 .  5 
6225.5 
62U'J. 9 
6245.5 

" 

G212.7 
6257.0 

b 2 4 6 . 5  
6251.5 

G17b.7 
6209. U 
621U.U 
G:!LIl.O 
G218.0 
G:! _I5 . u 
6 2  15.0 
(1235 .0  
(r2111.0 
bl.11. J 

i.!easuring 
point  

a l t i t u d e  
(ft) ' 

6373.1 

6270.8 
6297.6 

6230.0 
6213.2 
6250.8  

G246.2 

GIUO. 9 

6 2 2 4 . 1  
6:!21.2 
G222.0 
6 2  PJ.U 
(rZJ11.5 
6219.7 
GL2O.L' 
lil.Il,.I 

a l t i t u d e  
p o i n t  

( f t ) '  

6220.9 
6238.1 

6129.2 
6157.7 
6189.8 

6179.9 

6125.5 

6124.0 
G190.0 
G151.5 
6129.0 
6202.0 
616G.0 
GI.1J.O 
GU9J.3 

sceccn 
lcnrjth 
& 

2 . 5  
2.5 

2.5 
2.5 
2.5 

2.5 

2.5 

2 . 5  
2.5 
3.0 
2.5 
2 . 5  
1.0 
3.0 
2.5 

piwxmeter 
uatc 

i n s t a l l e d  

12-8 
12-8 

12-22 
11-15 
12-22 

12-8 

11-22 

10-1: 
10- 1 4 
11-29 
lLI-19 

11-29 
10-1 u 

11-25 
I I-ltl 

gravel above 
drivc   point  

altitude ( f t ) .  

3.0 
3.6 

3.0 
4 . 5  
3 . 0  

3.0 

3.0 

3.0 
5.0 
4 . 2  
1.0 
3.0 
4.2 
4 . 2 
J.0 

cemcntcd 
n;L t e  

12-9 
12-23 

12-23 
12-8 
12-23 

12-9 

12-9 

LC-21 
10-22 
12-1 
10-?O 

1 2 - 1  
12-J 
11-iu 

lo.-?n 

shale 



Appendix I-00.--Test-hole altitude and piezometer  construction  data (cont). 

N 

H*lC 
'number - 
CNP-6A 
CNP-GIJ 
CNP-7 
CNP-7A 
CNF-0 
CNI'-XA 
ctn-9 

CNS- l* 
CNS- 2 
cf!s- 1 
CNS;4 
C!G-5- 

CEIS"I,, 
C W * ,  

CXS-6 

CIlS-.J' 
CYS-IU 

completed 
Date  

11-18 
11-1n 
11-19 

11-19 
11-19 

11-19 
11-11) 

11-5 
11-11 
10-5 
10-5 
13-5 
10-5 
11:-5 
10-5 

Id-J 
11-<I 

CNS-IA'I 
CN-15% 

11-5 
10-13 

- 

d iame te r  
Ilole 

( f t l  

0.56 
0.56 
0.5G 
0 . 5 G  
0.56 
0.56 
0.56 

" 

0.56 
0.56 
0.56 
0.56 
0.56 

' 0.50 
0.5G 
0.5G 
0.5G 
0. 56 

0.56 

0.56 
0.5G 
n 5 6  
0.56 

Land 
s u r f a c e  
a l t i t u d e  

( f t l  

6141.1 
6160.9 
6225.0 
6225.2 
6121.9 
6122. I 
6065.2 

6185.6 
6236.6 
6282.5 
6242-0 
6255.3 
633d.5 
62!7U. 5 
626U. (1 
6 2 1 9 . 5  
6227.0 

023'J.G 

GL51.5 
02JU.M 
6245.5 
6235.5 

Measuring 
p o i n t  

a l t i t u p  
( f t l  

6145.1 
6165.2 
6229.6 
6227.8 
6124.1 
6126.6 
6070.6 

6191.5 
6238.3 
6288.7 
6243.6 
6251.3 

61112.U 

6231.0 

6245.3 

6259.5 
624 J.  1 

poi" t 
Drive 

a1 t i t u ?  
l f t l  

6124.6 
6123.9 

6214.2 
6140.0 

6067.9 
6102.6 
6036.2 

6135.6 
6161.6 
6242.5 
6192.0 
6205.3 

G210.5 

6192.0 

6193.1 

6193.5 
GZO3.8 

screen 
1,,gtp 
(ft) 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 

2.5 
3.0 

2.5 
2.5 

2.5 

2.5 

2.5 

2.5 
2.5 

piezometer  
ins tal l e d  

11-10 
11-18 
11-22  

Date 

11-19 
11-19 
31-19 
11-13 

11-5 
11-23 
10-22 
10-20 
10-20 

10-22 

10-25 

10-8 

10-11 
11-2 

Height  of 
g r a v e l  above 

a l t i t u d e   l f t l   c e m e n t e d  
d r i v e   p o i n t  Date 

3.0 11-10 
3.0 
3 .0  

11-19 
1 1 - 2 1  

8.5 
3.0 

11-23 
i l - 2 2  

4 . 5  
4.0  11-19 

11-22 

4.2 
3.0 12-3 

12-1 
3 . 0  10-27 
3.0 10-21 
3.0 10-26 

1.0 10-26 

3.0 ' 1G-27 

6.0 10-11 

9.0 10-12 
7.0 12-6 

cement 

(aal) 
amount 

20 

140  
65 

95 
15 

45 
85 

115 
95 

75 
70 
95 

90 

bO 

95 

120 
60 

w e a t k e e d  
s h a l e   a n d  

weathered 
s h a l e  

s h a l e  
CJI-?A"Cl 

shalt 



Appendix I-00.--Test-hole altitude  and  piezometer  construction  data  (cont). 

Drive 

111- 1 3 
li3-1 1 
10-13 
1wlJ 

10-11 
I U - I J  
10-G 
1 1 - 5  
11-8 
1!-11 
11-1 I 

11-17 
11-11 

11-16 
11-16 
11-1'7 
11-18 

11-lb 
11-17 

1 - 1 0  

12-12  
I _'- 17 

d iame te r  
Itole 

(it) 
" 

(I. 56 
0. 56 
0.56 
,I .! , ,& 

0 . 5 6  
0 . 5 0  
0.56 
0.56 
U. 5G 

0.56 
O.!iC, 

0.56 
0.56 

I>.!>,> 
0.56 

u. Si; 
0.56 
n. 5~ 
0. b6 

0.47 
0.47 
U.47  

Land 
surface 
a l t i t u d e  

( f L )  

6 3 1 2 . 0  
&2G9.5 
6245.5 
'.?!,'I. 5 

6285.  5 
GZ59.0 
6218.8 
6197.6 
G226.5 
6211.9 
6222.8 
0226.5 
6216.0 
6234.8 
1,222.b 
61kJ~J.b 
6199.1 
(,? I .! . , I  
(,Z I , , .  J 

6225.5 
6?.!5.5 
G225.5 

Measuring 

a 1  ti t u p  
p o i n t  

((1) 

6246.8 
I d A I .  J 

6262.0 
6223.4 
6201.0 

621U.1 
62:!H.6 

6236.1 
6223.9 
6202.2 
6201.9 

624:I.U 

a1 t i t u p  
p o i n t  

(fC) 

6195.5 
U U ' 1 . 5  

6195.5 
6171.3 
6122.6 

6151.9 
6162.8 

6191.8 
614M.6 
6160.1 
6129.1 

61U3.4 

screen 

( t t )  
l e n g t ?  

2.5 
2.5 

2.5 
2.5 
3.0 

3.0 
3 .0  

2.5 

2 . 5  
2.5 

3.0 

2.5 

. .  
piezometer  
i n s t a l l e d  

Date 

10-20 
10-22 

10-13 
10-18 
11-29 

11-24  
1 1 - 1 4  

11-16 
12-6 

11-24 
11-17 

11-17 

Height  of 
g r a v e l  above 
d r i v e   p o i n t  Date 

a l t i t u d e   ( f t )   c c m c n t e d  

3.0 10-22 
3.0 10-25 

7 . 2  10-25 
3.0  10-20 
4.2 1 2 - 1  

4.2 
4.2  12-2 

12-2 

3.6  12-8 

4.2 
3.6 

12-7 
12-8 

4.2  12-3 

3.6  12-8 

Cement 
am"llt  

65 
90 

100 
105 
135 

125 
130 

100 
95 

125 
75 

115 

wedthered 
s h a l e  

shale 

s h a l e  
shale  

shale 



Appendix I-OO.--Test-hole a l t i t u d e  and piezometer construction data  (cont). 

Land Measuring Drive Height of 
Hole surface p o i n t  

Hole D a t e   d i a m e t e r   a l t i t u d e   a l t i t u d e   a l t i t u d e  l ength  piezometer d r i v e   p o i n t   D a t e  rlmoun t 
p o i n t  Screen Date gravel above Cement Litholog.( 

n u n l ~ r  completed ( f r )  ( f t l  ( E t 1  ( f t l  " 
3% 

l f t )  i n s t a l l e d   a l t i t u d e  ( f t l  cemented (qal) screen 
II 

CNW-2 
CEIW-4 

I' 12-23 
12-31 

0.66 
0.66 

6210.0   6211.5  
6170  6171.3 

6161 ' ' 
6137" 

5.0 
5.0 

12-38 
1-4 

cIIW-3- 

4 0  
20 

grave1 
grave1 



Appendix I-1.--Test Hole Lithology 



Appendix 1-1. -- L i t h o l o g y   a t  CNC-1. 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6371.5 
Weathered P i e r r e   s h a l e  21.0 6350.5 
Unweathered P i e r r e   s h a l e  50.0  6321.5 
T o t a l   d e p t h  400.0  5971.5 

W .  K. Summers 8: 
1 

W .  K. Summers 8: Associnles 
1 

Depth ( f t )  
From To Desc r ip t ion  
" 

0 8.0 s a n d ,   g r a v e l  and c l a y :   s u r f a c e   m a t e r i a l   a s   l a r g e   a s   2 . 0 '  
d iameter .   bu t   averages   about   0 .3 '  ., 

12.0 17.0  sand   and .   g rave l  
17.0 21.0 sandy  c lay  - brown 
21.0  50.0 w e a t h e r e d   P i e r r e   s h a l e  - gray - brown 
50.0  400.0 unweathered   P ie r re  shale - b lack  

51 .0 ' -128 .5 '   so l id   co re  
128.5 ' -138.5 '  somewhat broken up c o r e  
132.0 ' -133.5 ' ,   134.5 ' -134.8 '  45' f r a c t u r e s  
138 .5 ' -180 .0 '   so l id   co re  
138.5 ' -139.0 ' ,   142.3 ' -142.8 '   sandy  zones 
151.3 ' -151.5 '   a l tered  zone 
176.0'-177.0'   sandy  zone 
180.0'-197.0'  somewhat broken up co re  
1 8 0 . 0 ' - 1 8 5 . 0 ' ,   1 9 0 . 5 ' - 1 9 7 . 0 '   v e r t i c a l   f r a c t u r e s  
186.0 ' -187.0 '   sandy  lenses  

204.4'-210.0' broken c o r e  
197.0'-204.4'  s o l i d  c o r e  

210.0'-232.6' s o l i d   c o r e  
227.0'-232.6' a l t e r e d   z o n e  ' 

232.6'-260.0'  somewhat broken up c o r e  
232.6 ' -233.0 ' ,  233.3 ' -234.0 ' ,   240.8 ' -240.9 '   a l tere '  
260.0'-292.9'  s o l i d   c o r e  
275.2'-275.6'  a l t e r ed   zone  
280.0 ' -282.0 '  sandy  lenses  

8.0 12.0  sand - brown,  fine-medium g r a i n  

d zones 

Associnles 



~~ 

Y 

Appendix 1-1. -- Li thology a t  CNC-2. 

Depth ( f t )   A l t i t u d e  (ft) 
Land s u r f a c e  0 6338.5 
Weathered P i e r r e   s h a l e  3.5  6335.0 
Unweathered Pierre shale 33.5  6305.0 
T o t a l   d e p t h  36.4  6302.1 

Depth ( f t )  
From T o  Desc r ip t ion  
" 

0 3 .5  g t -ave l ,   s and   and   c l ay ;   su r f ace   ma te r i a l   a s   l a rge   a s  3 . 0 '  
i n   d i ame te r   bu t   ave rages   abou t  0.3' 

somewhat broken up 
3.5  33.5 w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown; 18.7 ' -28.7 '  core  

33.5  36.4 unwea the red   P i e r r e   sha l e  - b lack ;  28.7'-38.7' s o l i d   c o r e  

I 
~ 

W. K. Summers & Associates 
L 



Appendix 1-1. -- Lithology  a tTNC-3(P) .  

D e p t h   ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6265.9 
Weathered Pierre s h a l e  
Unweathered P i e r r e   s h a l e   4 0 . 5  6225.4 
Total   depth  45.0  6220.9 

n o t   p r e s e n t  

Depth ( f t )  
From To 
" 

Desc r ip t ion  

0 
2.0 7 .0  c layey  sand - l i g h t  brown 

2.0  sandy  c lay - dark  brown 

7.0 21.0  sandy  clay - brown; ca l i che   zone   a t   abou t   8 .5 ' -9 .5 '  
21.0  25.0 clayey  sand w i t h  l i t t l e   g r a v e l  
25.0  35.5 sandy  c lay  - brown, q u i t e  damp 
35.5  40.5 grave l   and   sand ,   qu i te  damp 
40.5  45.0 unweathered Pierre s h a l e  - b lack  

W. K. Summers & Associates 



Appendix 1-1. Li thology a t  CNC-4(P). 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  -0 6291.4 
Wea the red   P i e r r e   sha l e  13.0  6278.4 
Unweathered   P ie r re   sha le  33.0  6258.4 
T o t a l   d e p t h  53.3  6238.1 

Depth ( f t )  
From To 
" 

D e s c r i p t i o n  

0 9.5  c layey  sand - l i g h t   t o   d a r k  brown; c a l i c h e  zone a t   a b o u t  
6.5"7.5' 

9 .5  11.5 sandy  c lay  - brown 
11 .5   12 .0   sand ,   g rave l   and   c lay  ' 

13.0   33 .0   weathered   P ie r re   sha le  - gray  - brown; c o r e   f a i r l y   b a d l y  
12 .0   13 .0   sandy  c lay  - brown 

broken  16.7 ' -33.0 '  
33 .0   53 .3   unweathered   P ie r re   sha le  - b lack  

42.2 ' -42.3 '   a l tered  zone  (crumbly ) 
33.0 ' -53 .3 '   so l id   core  

W. K. Summers & Associates 
4 .  



Appendix 1-1. -- Lithology a t  C N C - 5 .  

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6265.5 
Weathered Pierre s h a l e  5.0  6260.5 
Unweathered Pierre s h a l e  29.0  6236.5 
T o t a l   d e p t h  46.6  6218.9 

Depth  ( f t )  
From To Desc r ip t ion  
" 

0 
2.5  5 .0  sandy  c lay  - dark brown 

2 .5  clayey  sand - brown 

5.0  29.0 w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown; core  broken u p  and 

29.0  46.6 unwea the red   P i e r r e   sha l e  - black.  
somewhat damp 

45.9'-46.0' a l te red   zone   (c rumbly)  
29.5 ' -49.9 '  s o l i d   c o r e  

W. K. Summers & Associates 
5 .  

W. K. Summers & Associates 
5 .  



I Appendix 1-1. -- Li thology a t  CNC-6(P). 

Depth ( f t )   A l t i t u d e   ( f t )  
6225.5 I Land s u r f a c e  0 

Weathered P i e r r e   s h a l e  3.5  6222.0 
Unweathered P i e r r e   s h a l e  30.0  6195.5 
To ta l   dep th  96.3  6129.2 

I 
D e p t h  ( f t )  
From To Desc r ip t ion  I " 

0 
2.0   3 .5   c lay  - yel low 

2.0  sandy  clay - brown 

3 .5   30 .0   weathered   P ie r re   sha le  - gray  - b r o w n ;   c o r e   f a i r l y   w e l l  

30.0  96.3  unweathered  Pierre   shale  - b l a c k  
broken  up;   few  sol id   sect ions 

30 .0 ' -37 .0 '   so l id   core  

40 .5 ' -92 .0 '   so l id   co re  
37.0'-40.5'  somewhat broken  core  

51 . ' -53 . ' ,   62 . ' -63 . '   sandy  lenses  
92.0 ' -92.4 '   broken 'up  core  
92 .4 ' -96 .3 '   so l id   co re  

I 



Appendix 1-1. -- L i t h o l o g y   a t  CNC-7(P). 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6209.9 
Weathered Pierre s h a l e  
Unweathered Pierre s h a l e  52 .0  6157.9 
Tota l   dep th  54.0  6155.9 

n o t   p r e s e n t  

Depth ( f t )  
From To Desc r ip t ion  
" 

0 3 .0  
3 .0  4.5 
4 .5  9 . 0  
9 . 0  9 .5  
9 .5  10.5  

10.5  . 1 6 . 0  
16 .0  27.5 
27.5 30.0 

45.0 52.0 
30.0 45 .0  

52 .0  54.0 

sandy  c lay  - d a r k  brown 
sand - y e l l o w ,   f i n e   g r a i n  

sand - yellow,  f ine-medium  grain 
sandy  c lay  - brown; 6 .0 ' -6 .5 '  i a l i c h e   z o n e  

sandy  c lay  - brown 
sand - yellow,  f ine-medium  grain 
sand w i t h  small amount  of g r a v e l  
sand  and  gravel ,  damp 
sand - yellow,  f ine-medium  grain,  wet 
sand  and  gravel,  wet 
unweathered Pierre s h a l e  - b l a c k  



Appendix 1-1. -- L i t h o l o g y   a t  CNC-8(P): 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6245.5 
Weathered Pierre s h a l e  9 .0  6236.5 
Unweathered Pierre s h a l e  39.0 ' 6206.5 
T o t a l . d e p t h  55.7 6189.8 

D e p t h  ( f t )  
From To Desc r ip t ion  
" 

0 
1 .0  

1 . 0  sandy  c lay - d a r k  brown 
7.5 sand - l i g h t  brown,  fine-medium g r a i n  

7.5  9.0 sandy  c lay - brown; ca l i che   zone  a t  about  8.5 '-9.0 '  
9.0 39.0 w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown; 

19.0 ' -36.3 '   core   badly  broken up 
22.0 ' -35.0 '   core  damp 

39.0  55.7  unweathered  Pierre   shale  - b l a c k ;   s o l i d   c o r e  
3 2 . 5 ' - 3 7 . 0 '   v e r t i c a l   f r a c t u r e  

W. K. Summers & Associates 
8 .  



Appendix 1-1. -- Li thology a t  CNG-1. 

D e p t h   ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6257.0 
Weathe red   P i e r r e   sha l e  13.0   6244.0  
Unweathered   P ie r re   sha le  27.0   6230.0  
T o t a l   d e p t h  39.0  6218.0 

Depth ( f t )  
From To 
" 

0 4.0 
4 .0  6 .5  

8 . 0  8 . 5  
6.5 8 . 0  

1 3 . 0  2 7 . 0  
8 . 5  1 3 . 0  

27.0 39.0 

Desc r ip t ion  

clayey  sand - l i g h t  brown, medium g r a i n  
sandy  c lay  - brown 
clayey  sand - l i g h t  brown; ca l i che   zone  a t  about  7 . 5 ' - 8 . 0 '  
sand  and  gravel 

wea the red   P i e r r e   sha l e  - gray  - brown 
sandy  c lay - brown 

unweathered   P ie r re   sha le  - b lack  
28.0 '  p o s s i b l e  damp zone 
30 .3 ' -32 .3 '  s l i g h t l y   s o f t   z o n e  

29.5 ' -39.0 '  s o l i d  c o r e  
few  l imey  lenses;  o y s t e r s  common 

W. K.'Summers & Associates 
9 



Appendix 1-1. -- L i t h o l o g y   a t  CNG-Z(P).  

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6242.7 
Weathered   P ie r re   sha le  42 .0  6200.7 
Unweathered P i e r r e   s h a l e  51.0  6191.7 
T o t a l   d e p t h  62.8  6179.9 

Depth ( f t )  
From To 
" 

Desc r ip t ion  

0 9.5  clayey  sand - l i g h t  brown, medium g r a i n  
9 .5  18.5  sandy  clay - brown; c a l i c h e   z o n e   a t   a b o u t   1 1 . 0 ' - 1 2 . 5 '  

18.5  41.0 sand  and  gravel  with some c l a y  
41.0 42.0  sandy  c lay - brown 
42.0 46.0  w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 

51.0  62.8  unweathered Pierre shale - b lack  
4 6 . 0   5 1 . 0   s l i g h t l y   w e a t h e r e d   P i e r r e   s h a l e  - t a n  

bands  and  oysters 
52 .8 ' -62 .8 '   very  good c o r e ;   c o n t a i n s   d i s t o r t e d   c a l c i t e  

5 6 . 0 ' - 5 8 . 0 '   p o s s i b l e   v e r t i c a l   f r a c t u r e  

W. K, Summers & Associates 
10 . 



Appendix 1-1. -- Li thology a t  CNG-3. 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6246.5 
Weathered Pierre s h a l e  31.0  6215.5 
Unweathered Pierre s h a l e  38.0  6208.5 
T o t a l   d e p t h  54.5  6192.0 

Dep th   ( f t )  
From To D e s c r i p t i o n  
" 

0 3.0 
3 .0  4.5 
4.5 5 .5  
5 .5  8 .0  
8.0 9 .0  
9 . 0  10 .5  

10 .5  13 .0  
13 .0  13.5 
13 .5  2 2 . 5  
22.5 28.0 
28.0 31.0 
31.0 38.0 
38.0 54.5 

c layey   sand  - l i g h t  brown,  fine-medium  grain 
sandy  c lay  - brown 
sand and g r a v e l  
sandy  c lay  - brown; 6 .5 ' -7 .5 '   ca l iche   zone  
clayey  sand - l i g h t  brown, medium g r a i n  
sand  and  gravel  
sandy  c lay  - brown; cal iche  zone  f rom  about   10.5"l l .O'  
sand  and  gravel 
sandy  c lay  - brown 
grave l   and  s,and 

w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
sandy  c lay  - r edd i sh  brown 

unwea the red   P i e r r e   sha l e  - b lack  

G r a i n   s i z e  (mm) Weight pe rcen t  
S i ze   Ana lys i s  

25.0'-28.0'   >2.0  55.7 
0.15-2.0  34.5 

1 . 7  
8 .1  

0.075-0.15 
<. 075 

W. K. Summers & Associates 
11 



Weathered P i e r r e   s h a l e  36.0  6215.5 
Unweathered P i e r r e   s h a l e  41.0  6210.5 
T o t a l   d e p t h  54.5  6197.0 

Depth ( f t )  
From To 
" 

0 4.0 
4.0 7.5 
7 . 5  11.0 

11.0 12.0 
1 2 . 0  14 .0  
14 .0  30.5 
30.5 32.0 
32.0 36.0 
36.0 41.0 
41.0 54.5 

D e s c r i p t i o n  

c layey   sand   wi th   smal l  amount  of g r a v e l  
sandy  c lay  - brown 
sand  and  gravel  

sand  and  gravel  
sandy  c lay - brown;  11.0'-11.5'   caliche zone 

sandy  c lay - brown, f a i r l y  damp. 
gravel   and  sand,  wet 

w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
sandy c l a y  - r e d d i s h  brown 

unwea the red   P i e r r e   sha l e  - b lack  

S ize   Ana lys i s  
G r a i n   s i z e  (mm) Weight  percent 

29.0'-30.0' > 2 . 0  4 . 2  
0.15-2.0  9.0 

<. 075 7 7 . 3  
9 .5  0.075-0.15 

~ ~~ 

Appendix 1-1. -- L i t h o l o g y   a t  CNG-4. 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6251.5 

W. K. Summers & Associates 
12 , 



Appendix 1-1. -- L i t h o l o g y   a t  CNP-1. 

Depth (ft) A l t i t u d e  ( f t )  
Land s u r f a c e  0 6176.7 
Weathered P i e r r e   s h a l e  8.0 6168.7 

T o t a l   d e p t h  
Unweathered P i e r r e   s h a l e  17.0 6159.7 

52.0  6124.7 

Depth ( f t )  
From To 
" Desc r ip t ion  

0 8.0 sand  and  gravel ; .   1 .5 ' -2 .0 '   cal iche  zbne 

17 .0  52 .0   unweathered   P ie r re   sha le  - b lack  
8.0 17.0 wea the red   P i e r r e  shale - gray  - brown 

W. K. Summers & Associates 
13 



Appendix 1-1. -- L i t h o l o g y   a t  CNP-2. 

Land s u r f a c e  
D e p t h   ( f t )   A l t i t u d e   ( f t )  

0 6209.8 
Weathered   P ie r re   sha le  23.0  6186.8 
Unweathered   P ie r re   sha le  26.0 6183.8 
To ta l   dep th  400.0 5809.8 

Dep th   ( f t )  
From To Desc r ip t ion  -__ 

0 14.0 g r a v e l  and  sand w i t h  some c l a y  
14 .0  18.0 sand - yel low,  medium g r a i n  
18.0 23.0 gravel  and  sand 
23.0 26.0 w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
26.0 400.0 unweathered Pierre s h a l e  - b lack  ' 

116', 1 3 2 ' ,  182' ,  363'  limey spots  

Vi. K. Summers & Associates 
14 



Appendix 1-1. -- Lithology at CNP-3. 
(includes  CNP-3A  and  CNP-3B) 

Depth  (ft)  Altitude (ft) 
Land  surface 0 6218.0 
Weathered  Pierre  shale 27.5  6190.5 
Unweathered  Pierre  shale 38.0 6180.0 
Total  depth 94.0 6124.0 

Depth (ft) 
From To 
" 

0 1.0 
1.0 7.0 
7.0 9.0 

10.5 27.5 
9.0 10.5 

27.5 38.0 
38.0 94.0 

Description 

clayey  sand - brown  to  white;  caliche  zone at about  5.5'-7.0' 
sandy  clay - dark  brown 
sandy  clay - brown 
clayey  sand - light  brown 
gravel  and  sand 
weathered  Pierre  shale - gray - brown 
unweathered  Pierre  shale - black 

. .  

W. K. Summers & Associates 
15 



Appendix 1-1. -- Li thology a t  CNP-4. 
( i nc ludes  CNP-4A and CNP-4B) 

Land s u r f a c e  
Depth ( f t )   A l t i t u d e  (Et) 

0 6235 .O 
Weathe red   P i e r r e   sha l e  47.5  6187.5 
Unweathered P i e r r e   s h a l e  56.5  6178.5 
To ta l   dep th  106.0 6129.0 

Depth  ( € t )  
From To ~- 

0 
2.5  4 .5  

2.5 

4 .5   8 .0  

10 .5   12 .5  
8 .0  10.5 

12 .5  17.5 

28.5 32.0 
17.5  28.5 

32.0 47.5 
47.5 56.5 
56.5 106.0 

Desc r ip t ion  

clayey  sand - browh, medium g r a i n  
sandy  c lay  - brown 
clayey  sand - l i g h t  brown, f i n e   g r a i n  
sand - l i g h t  brown,  fine-medium  grain 
sand  and  gravel  
c layey  sand - brown 
sand - l i g h t  brown, medium g r a i n  
sand  and  gravel  
sandy  c lay  - brown 
weathered Pierre s h a l e  - gray - brown 
unweathered Pierre s h a l e  - b l a c k  

_. 

W. K. Summers & Associates 
16 . . 



Appendix 1-1. -- Lithology a t  CNP-5. 

Land s u r f a c e  
Depth ( f t )   A l t i t u d e  (ft) 

0 6218.0 
Weathered P i e r r e   s h a l e  27.0 6191.0 
Unweathered P i e r r e   s h a l e  43.0  6175.0 
T o t a l   d e p t h  75.0  6143.0 

Depth (ft) 
From To 
" 

0 
9.5 1 6 . 0  

9.5 

16.0 19 .5  
19 .5  22 .0  

. 2 2 . 0  24.0 
24.0 27.0 
27.0 43.0 
43.0 75.0 

Desc r ip t ion  

sandy  c lay  - brown 
s i l t y   c l a y  - l i g h t   t a n ;   9 . 5 ' - 9 . 8 '   c a l i c h e   z o n e  
sand  and  gravel  
c layey  sand - l i g h t  brown 
sand  and  gravel  
sand - brown,  fine-medium g r a i n  
w e a t h e r e d   P i e r r e   s h a l e  - gray - brown 
unwea the red   P i e r r e   sha l e  - b lack  

W. K. Summers & Associates 
17 



Appendix 1-1. -- L i t h o l o g y   a t  CNP-6. 
( i n c l u d e s  CNP-6A) 

Land s u r f a c e  
Depth ( f t )   A l t i t u d e   ( f t )  

0 6141.3 
Wea the red   P i e r r e   sha l e  20.5  6120.8 
Unweathered Pierre s h a l e  22.5  6118.8 
T o t a l   d e p t h  48.0 6093.3 

Dep th  ( f t )  
From To 
” 

0 0 .8  
0 .8  1.6 
1 . 6  3.0 
3.0 4.0 
4 . 0  6 .0  
6.0 7.5 
7.5 10.0 

14.0 20 .5  
10.0 1 4 . 0  

20 .5  22 .5  
22 .5  48.0 

D e s c r i p t i o n  

gravel   and  sand 
sand with s m a l l  amount of g r a v e l  
gravel   and  sand 
s a n d  - yel low,  medium g r a i n  
sand  and f i n e   g r a v e l  
sand  and  gravel  
sand  and f ine  g r a v e l  
sandy  c lay - brown;.making  water 

w e a t h e r e d   P i e r r e   s h a l e  - g r a y  - brown 
sand  and  gravel ;  much wa te r  

unwea the red   P i e r r e . sha le  - b lack  

W. K. Summers & Associates 
18 



Appendix 1-1. -- L i t h o l o g y   a t  CNP-6B. 

Land s u r f a c e  
To ta l   dep th  

D e p t h   ( f t )   A l t i t u d e   ( f t )  
0 6160.9 

37.0  6123.9 

Depth ( f t )  
From To Desc r ip t ion  
" 

0 4.0 clayey  sand - brown, f i n e   g r a i n  
4.0 7.5 sandy  c lay - d a r k  brown 
7.5  9.0 c layey  sand - brown,  fine-medium  grain 
9.0  20.5 sandy  c lay  - brown 

20.5 34.0 clayey  sand - brown,  fine-medium  grain 
34.0  37.0  sand  and  gravel 

W. K. Summers & Associatcs 
1 9  . 



Appendix 1-1. -- L i t h o l o g y   a t  CNP-7. 
( i nc ludes  CNP-7A) 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6225.0 
Weathered   P ie r re   sha le  12.5  6212.5 
Unweathered   P ie r re   sha le  32.0  6193.0 
T o t a l   d e p t h  85.0  6140.0 

Depth ( f t )  
From To D e s c r i p t i o n  . 
" 

0 2.5  c layey  sand  with  small  amount  of g rave l ;   c a l i che   zone  from 
about   2 .0 ' -2 .5 '  

2.5 11.0 grave l   and   sand  
11 .0   12 .5   sandy  c lay  - brown 

32.0 85 .0   unweathered   P ie r re   sha le  - b l a c k  
12 .5  32.0 wea the red   P i e r r e   sha l e  - gray  - brown 

66.0'-66.5' ,   69.5'-70.5'   l imey  zones 

W. K. Summers & Associates 
20 . 



Appendix 1-1. -- Li thology a t  CNP-8. 
( i nc ludes  CNP-8A) 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6122.0 
Weathered   P ie r re  shale 19.5  6102.5 
Unweathered   P ie r re   sha le  33.0   6089.0  
T o t a l   d e p t h  54.0  6068.0 

0 
2 .5   6 .5  

2.5 

6.5  9.5 

15 .0   19 .5  
9 .5  1 5 . 0  

1 9 . 5  3 3 . 0  
33.0, 54 .0  

D e s c r i p t i o n  

c layey   sand  - brown, f i n e   g r a i n  
sandy  c lay - d a r k  brown 
clayey  sand - brown,  fine-medium g r a i n  
sandy  c lay  - brown; 9 . 5 ' - 1 0 . 0 ' ,   1 3 . 0 ' - 1 4 . 0 '  ca l i che   zones  

w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
g r a v e l  and sand 

unweathered Pierre s h a l e  - black;   l imey  zone  about  1 .0 '  
t h i c k  a t  t o p ;   w a t e r   a t   a b o u t  5 1 . 5 ' ,  blowing  about 1 gpm 

W. K. Summers & Associates 
2 1  



Appendix 1-1. -- Li thology a t  CNP-9. 

D e p t h   ( f t )   A l t i t u d e   ( f t )  
Land su r f   ace  0 6065.2 
Weathered   P ie r re   sha le  
Unweathered P i e r r e   s h a l e  28.0 6037.2 
T o t a l   d e p t h  29.0 6036.2 

n o t   p r e s e n t  

Depth ( f t )  
From To 
" 

Desc r ip t ion  

0 
4.5 7.0 sandy  c lay  - brown 

4.5  clayey  sand - t a n ,  fine-medium g r a i n  

7 . 0  8.0 clayey  sand - brown, f i n e   g r a i n  
8.0 11.5  sandy  c lay - brown 

11.5  22.5 clayey  sand - brown, fine-medium g r a i n  
22.5 28.0 sand  and  gravel  
28..0 29.0  unwea the red   P i e r r e   sha l e  - black;   th in   l imey  zone  a t  top  

~ 

~ 

W. K. Summers & Associates 
22 . 



Appendix 1-1. -- L i t h o l o g y   a t  CNS-l(P).  

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6185.6 
Wea the red   P i e r r e   sha l e  24.0  6161.6 
Unweathered   P ie r re   sha le  26.0  6159.6 
To ta l   dep th  50.0  6135.6 

Depth ( f t )  
From  To Desc r ip t ion '  __- 

0 14.0  sandy  c lay - brown 
14.0 18.0 gravel   and  sand 
18.0 22.0 sand - l i g h t  brown, medium g r a i n  
22.0  24.0 gravel   and  sand 
24.0  26.0 w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
26.0 50.0 unwea the red   P i e r r e   sha l e  - b lack  

W. K. Summers & Associates 
23 . 



Appendix 1-1. -- L i t h o l o g y   a t  CNS-Z(P). 

Land s u r f a c e  
Weathered   P ie r re   sha le  
Unweathered Pierre s h a l e  
T o t a l   d e p t h  

D e p t h   ( f t )   A l t i t u d e   ( f t )  
0 6236.6 

19.0 
35.0 
75.0 

6217.6 
6201.6 
6161.6 

Depth ( f t )  
From To D e s c r i p t i o n  
” 

0 15.0  sandy  c lay - r e d d i s h  brown; 8.0’-8.5‘ ca l i che   zone  
15.0  19.0 g r a v e l  and  sand 
19.0  35.0 weathered Pierre s h a l e  - gray  - brown 
35.0  75.0 unweathered Pierre s h a l e  - b lack  

W. K. Summers & Associates 
24 



Appendix 1-1. -- Li thology a t  CNS-3(P). 

Depth (ft) A l t i t u d e  (ft) 
Land s u r f a c e  0 6282.5 
Weathered   P ie r re   sha le  8.0 6275.5 
Unweathered P i e r r e   s h a l e  34.5  6248.0 
T o t a l   d e p t h  40.0  6242.5 

Depth (ft) 
From To D e s c r i p t i o n  
" 

0 8.0 sandy  c lay - brown; 7.0'-8.0' c a l i c h e  zone 

34.5  40.0 unwea the red   P i e r r e   sha l e  - b lack  
8.0 34.5 wea the red   P i e r r e  shale - gray  - brown 

W. K. Summers & Associates 
25 . 



I Appendix 1-1. -- Li thology a t  CNS-4(P). 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6242.0 
Weathered P i e r r e   s h a l e  40.0  6202.0 
Unweathered Pierre s h a l e  47.0  6195.0 
To ta l   dep th  50.0  6192.0 

0 7.0 sandy  c lay  - brown 
7.0 8 .5  sand  and  gravel  

32.0  40.0 sand  and  gravel  
8.5 32.0 s l i g h t l y . s a n d y   c l a y  - brown;  27.0'   thin  sand  lens 

40.0  47.0 wea the red   P i e r r e   sha l e  - gray  - brown 
47.0 50.0 unwea the red   P i e r r e   sha l e  - b lack  

W.. K. Summers & Associates 
26 . 



Appendix 1-1. -- Lithology a t  CNS-5(P). 

~ ~~~ 

Depth (ft) A l t i t u d e   ( f t )  
Land s u r f a c e  0 6255.3 
Weathered P i e r r e  shale 13.5 6241.8 
Unweathered Pierre s h a l e  44.0 6211.3 
To ta l   dep th  50.0 6.2 05 . 3 

Depth ( f t )  
From To 
" 

Desc r ip t ion  

0 
6.0 8.0 clayey  sand - l i g h t  brown, f i n e   g r a i n  

6.0  sandy  c lay - brown 

8.0 12.5  sandy  c lay - brown 
12.5 13.5  sand - tan,   f ine-medium  grain 

44.0 50.0 unwea the red   P i e r r e   sha l e  - b l a c k  
13.5 44.0 w e a t h e r e d   P i k r r e   s h a l e  - gray  - brown 

W. K. Summers & Associates 
27 . . 



Appendix 1-1. -- L i t h o l o g y   a t  CNS-6. 

Land s u r f a c e  
Depth ( f t )   A l t i t u d e   ( f t )  

0 6338.5 
Weathered P i e r r e   s h a l e  3.5  6335.0 
Unweathered Pierre s h a l e  33.5 6305.0 
T o t a l  depth  40.0  6298.5 

Depth ( f t )  
From To 
" 

D e s c r i p t i o n  

0 3.5   g rave l ,   sand   and   c lay  

33.5 40.0 unweathered Pierre s h a l e  - black 
3.5   33 .5   weathered   P ie r re   sha le  - gray  - brown 



Appendix 1-1. -- Lithology at CNS-7(P). 

Depth (ft) Altitude (ft) 
Land  surface 0 6278.5 
Weathered Pierre  shale 27.0  6251.5 
Unweathered Pierre  shale 35.5  6243.0 
Total depth 40.0  6238.5 

Depth (ft) 
From To 
” 

Description 

0 
2.0 17.0 slightly  sandy clay - brown 

2 . 0  clayey sand - light brown, fine grain 

17.0 27.0 clayey sand - light brown, fine grain 
27.0  35.5 weathered  Pierre  shale - gray - brown 
35.5  40.0 unweathered Pierre  shale - black 

W. K. Summers & Associates 
29 . 



Appendix 1-1. -- Li thology a t  CNS-8.' 

Depth ( f t )  A l t i t u d e  ( f t )  
Land s u r f a c e  0 6268.0 
Weathered Pierre s h a l e  13.0 6255.0 
.Unweathered P i e r r e   s h a l e  34.0 6234.0 
T o t a l   d e p t h  35.0 6233.0 

- 
Depth ( f t )  
From To Desc r ip t ion  
" 

0 13.0 c layey   sand  - l i g h t  brown, f i n e   g r a i n  

34.0 35.0 unwea the red   P i e r r e   sha l e  - b lack  
13.0 34.0 wea the red   P i e r r e  shale - gray - brown 

W. K. Summers & Associates 
30 . 



Appendix 1-1. -- Li thology a t  CNS-9. 

Land s u r f a c e  
D e p t h   ( f t )   A l t i t u d e   ( f t )  

0 6219.5 
Weathered P i e r r e   s h a l e  12.0 6207.5 
Unweathered   P ie r re   sha le  40.0  6179.5 
T o t a l   d e p t h  75.0  6144.5 

Depth ( f t )  
From To 
" 

Desc r ip t ion  

0 4.0 sandy  c lay  - brown 
4 . 0  8.5 sand - l i g h t  brown,, f i n e   g r a i n  
8.5 12.0 clayey  sand - brown, f i n e   g r a i n  

12.0 40.0 w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
40.0 75.0 unwea the red   P i e r r e   sha l e  - b lack  



Appendix 1-1. -- L i t h o l o g y   a t  CNS-lO(P). 

~ ~ ~ ~~~~~~ ~ ~ ~ ~ ~ ~~~~ ~~ ~ 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6227.0 
Wea the red   P i e r r e   sha l e  22.0  6205.0 
Unweathered   P ie r re   sha le  33.0 6194.0 
T o t a l   d e p t h  35.0  6192.0 

Depth ( f t )  
From To Desc r ip t ion  
” 

0 
5.0 

5.0 sandy  c lay  - brown 

7 .0   12 .0   s l igh t ly   sandy  c lay  - t a n  
7 .0  c layey  sand - l i g h t  brown, f i n e   g r a i n  

.12.0  22.0 sandy  c lay  - brown 
22.0  33.0 w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
33.0  35.0 unwea the red   P i e r r e   sha l e  - b lack  

W. K. Summers & Associates 
32 . 



Appendix 1-1. -- Lithology  a t   CNS-U(P).  

Land surface 
Depth ( f t )   A l t i t u d e   ( f t )  

0 6239.6 
Weathered P i e r r e   s h a l e  47.0  6192.6 
Unweathered P i e r r e   s h a l e  54.0 6185.6 
To ta l   dep th  55.0  6184.6 

Depth ( f t )  
From To ” 

0 
3 .0  7 .0  

3 .0  

7.0  9.5 

12.5  21.0 
9.5  12.5 

21.0 25.0 
25.0 29.0 
29.0 36.0 
36.0 37.5 
37.5 47.0 
41.0 54.0 
54 .0  55.0 

Desc r ip t ion  

c layey   sand  - l i g h t  brown, f i n e   g r a i n  
sandy  c lay  - brown 

sandy  c lay  - dark  brown 
c l a y  - brown; 9.5”lO.O’ ca l i che   zone  
clayey  sand - tan,   f ine-medium  grain 
sand  and  gravel  
s l i g h t l y   c l a y e y   s a n d  - t a n ,  medium g r a i n ,   f a i r l y   h a r d  
sand  and  gravel  

sand  and  gravel ,  w e t  
sand - yellow,  f ine-medium  grain 

weathered Pierre s h a l e  - gray  - brown 
unweathered Pierre s h a l e  - b lack  

W. K. Summers &Associates 
33 



Appendix 1-1. -- Li thology a t  CNS-lZ(P). 

Depth ( f t )   A l t i t u d e   ( E t )  
0 6253.5 Land s u r f a c e  

Weathered P i e r r e   s h a l e  66.0 6187.5 
Unweathered   P ie r re   sha le  68.0  6185.5 
T o t a l   d e p t h  70.0 6183.5 

Depth ( f t )  
From To Desc r ip t ion  
" 

0 
6 . 5   8 . 5  clayey  sand - l i g h t  brown, f i n e   g r a i n  

6 .5  sandy  c lay  - brown 

8 .5  11 .0   c l ay  - brown; ca l iche   zone   f rom  about  8 . 5 ' - 8 . 7 '  
11.0 22.0 sandy  c lay  - brown, q u i t e  damp 
22 .0   32 .0  c l a y  - brown, s l i g h c l y  damp 
32.0  34.0 clayey  sand - brown, medium g r a i n ,  damp 
34 .0   37 .0  sand - l i g h t  brown, medium g r a i n ,  damp 
37 .0   53 .0  sand  and  grave.1,  very damp 
53.0  66.0 sand ,   c lay   and   grave l ,  wet 
66 .0   68 .0  w e a t h e r e d   P i e r r e   s h a l e  - g r a y  - brown 
68.0   70 .0  unweathered Pierre s h a l e  - b lack  

Appendix 1-1. -- Li thology a t  CNS-lZ(P). 

Depth ( f t )   A l t i t u d e   ( E t )  
Land s u r f a c e  0 6253.5 
Weathered P i e r r e   s h a l e  66.0 6187.5 
Unweathered   P ie r re   sha le  68.0  6185.5 
T o t a l   d e p t h  70.0 6183.5 

Depth ( f t )  
From To Desc r ip t ion  
" 

0 
6 . 5   8 . 5  clayey  sand - l i g h t  brown, f i n e   g r a i n  

6 .5  sandy  c lay  - brown 

8 .5  11 .0   c l ay  - brown; ca l iche   zone   f rom  about  8 . 5 ' - 8 . 7 '  
11.0 22.0 sandy  c lay  - brown, q u i t e  damp 
22 .0   32 .0  c l a y  - brown, s l i g h c l y  damp 
32.0  34.0 clayey  sand - brown, medium g r a i n ,  damp 
34 .0   37 .0  sand - l i g h t  brown, medium g r a i n ,  damp 
37 .0   53 .0  sand  and  grave.1,  very damp 
53.0  66.0 sand ,   c lay   and   grave l ,  wet 
66 .0   68 .0  w e a t h e r e d   P i e r r e   s h a l e  - g r a y  - brown 
68.0   70 .0  unweathered Pierre s h a l e  - b lack  

W. K. Summers & Associates 
3 4  

W. K. Summers & Associates 
3 4  





Appendix 1-1. -- Li thology a t  CNS-14. 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6245.5 
Wea the red   P i e r r e   sha l e  15.5  6230.0 
Unweathered Pierre s h a l e  36.5 6209.0 
T o t a l   d e p t h  75.0  6170.5 

~ 

Depth ( f t )  
From To 
" 

0 
3.0  4 .5  

3 .0  

11.5  13.5 
4.5 1 1 . 5  

13 .5  15 .0  
15.0 15 .5  
15.5 36.5 
36.5 75.0 

D e s c r i p t i o n  . 

sandy  c lay  - brown 
sand - l i g h t  brown, f i n e   g r a i n  
sandy  c lay  - brown 
clayey  sand - brown,  fine-medium g r a i n  

sand ,   g rave l  and c l a y  
sandy  c lay  - brown 

w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
unwea the red   P i e r r e   sha l e  - b lack  

W. K. Summers &.Associates 
36 



Appendix 1-1. -- Lithology at CNS-15. 

Depth (ft) Altitude (ft) 
Land  surface 0 6235.5 
Weathered  Pierre  shale 25.0  6210.5 
Unweathered  Pierre  shale 37.5 6198.0 
Total  depth 40.0 6195.5 

Depth (ft) 
From To 
" 

Description 

0 8.5 sandy  clay - brown 

25.0 37.5 weathered  Pierre  shale - gray - brown 
37.5 40.0 unweathered  Pierre  shale - black 
8.5 25.0 slightly  sandy  clay - light  brown; 8.5'-9.0' caliche zone 

W. K. Summers & Associates 
3 7 .  . 



Appendix 1-1. -- Lithology  at  CNS-16. 

Depth  (ft)  Altitude (ft) 
Land  surface 0 6312.0 
Weathered  Pierre  shale 17.0   6295.0  
Unweathered  Pierre  shale 34.0  6278.0 
Total  depth 40.0  6272.0 

Depth (ft) 
From To 
" 

Description 

0 1.5 

6.0 9.0 
1.5 6.0 

12 .5  16.5 
9.0 1 2 . 5  

16.5 17.0 
17.0 34.0 
34.0 40.0 

clayey  sand - light  brown,  fine  grain 
sandy  clay - brown 
sandy  clay - brown 
clayey  sand - brown,  fine-medium  grain 
sand  with  some  gravel; 12.5 ' -13.0 '  caliche  zone 

weathered  Pierre  shale - gray - brown 
sandy  clay - brown 

unweathered  Pierre  shale - black 

W. K. Summers & Associates 
3a . 



I ,  

Appendix 1-1. -- Lithology a t  CNS-17. 

Land  surface 
Depth (ft) Altitude (ft) 

0 6269.5 
Weathered Pierre  shale 12.0  6257.5 
Unweathered Pierre  shale 27.0  6242.5 
Total  depth 30.0 6239.5 

Depth (ft) 
From To Description 
" 

0 
3.0 6.5 clay - brown 

3.0 sandy  clay - brown 
6.5 8.0 sand,  clay and  gravel 
8.0 12.0 clay - brown 

12.0  27.0 weathered  Pierre  shale - gray - brown 
17..0 30.0 unweathered  Pierre  shale - black ' 

W. K. Summers & Associates 
39 . 



Appendix 1-1. -- Lithology at CNS-l8(P). 
~ ~- 

Depth (ft) Altitude (ft) 
Land  surface 0 6245.5 
Weathered  Pierre shale 22.0  6223.5 
Unweathered  Pierre  shale 46.5  6199 .O 
Total  depth 50.0  6195.5 

Depth (ft) 
From  To  Description 
" 

0 6.0 sandy  clay - brown 
6.0 12.0 clay - brown; 8.5'-9.5 '  caliche  zone 

19.0  22.0 clay - brown 
12.0 19.0 clay - tan; lZ.O"l2.5' caliche  zone 

22.0 46.5 weathered Pierre  shale - gray - brown 
46.5  50.0 unweathered Pierre  shale - black 

W. K. Summers & Associates 
40 . 



Appendix 1-1. -- Li thology a t  CNS-20. 

Land s u r f a c e  
Depth ( f t )   A l t i t u d e   ( f t )  

0 6285.5 
Weathered P i e r r e   s h a l e  18.0  6267.5 
Unweathered Pierre s h a l e  31.0 6254.5 
Total depth 33.5  6252.0 

Depth ( f t )  
From To Desc r ip t ion  
" 

0 
4.0 12.0 clayey  sand - l i g h t  brown, f i n e   g r a i n  

4 . 0  sandy  c lay  - brown 

12.0 18.0 s l i g h t l y   s a n d y   c l a y  - brown; 18.0'-18.5' ca l iche   zone  
18.0  31.0 w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
31.0  33.5 unwea the red   P i e r r e   sha l e  - b lack  

W. K. Summers & Associates 
41 . 



Appendix 1-1. -- L i t h o l o g y   a t  CNS-l9(P).  

~ ~~ 

D e p t h   ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6257.5 
Weathered   P ie r re   sha le  32.0  6225.5 
Unweathered   P ie r re   sha le  45.0 6212.5 
To ta l   dep th  50.0  6207.5 

Depth ( f t )  
From To D e s c r i p t i o n  
" 

0 
7 . 0  12.0  c layey  sand - l i g h t  brown, f i n e   g r a i n ;   7 . 0 ' - 7 . 5 '   c a l i c h e  

7.0  sandy  clay - brown 

zone 
12 .0   14 .0   sandy  c lay  - brown 
14.0  18.0  c lay - tan 
18.0  32.0  sandy  clay - brown 
32.0 45.0 weathered Pierre s h a l e  - gray  - brown 
45.0  50.0  unweathered  Pierre   shale  - b l a c k  

W. K. Summers & Associates 
42 



Appendix 1-1. -- Li tho logy  a t  CNS-21(P). 

D e p t h   ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6259.0 
Weathered P i e r r e   s h a l e  33.0  6226.0 
Unweathered   P ie r re   sha le  43.0  6216.0'  
T o t a l   d e p t h  64.5  6194.5 

Depth ( f t )  
From To 
" 

Desc r ip t ion  

0 
2.0  4.5 

2.0 

4.5  9.0 

1 8 . 0   2 1 . 5  
9 .0   18 .0  

21.5 28.0 
28.0 31.5 
31.5 33.0 
33 .0  43.0 
43.0 64.5 

sandy  c lay  - brown 
clayey  sand - l i g h t  brown, f i n e   g r a i n  
sandy  c lay  - l i g h t  brown 
c l a y  - brown, s l i g h t l y  damp 
sandy  c lay  - brown 
clayey  sand - t a n ,  fine-medkum g r a i n ,  damp 
sand   and   grave l ,  damp 

w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
sandy   c l ay  - brown 

unwea the red   P i e r r e   sha l e  - b l a c k ;   s h a l e  making  about si gpm 
w a t e r   a t  62.0 '  

W. K. Summers & Associates 
4 3  . 



Appendix 1-1. -- Li thology a t  CNS-Z3(P). 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6197.6 
Wea the red   P i e r r e   sha l e  ’ 30.0 6167.6 
Unweathered   P ie r re   sha le  37.0 6160.6 
T o t a l   d e p t h  75.0 6122.6 

Depth ( f t )  
From To 
” 

D e s c r i p t i o n  

0 3.5 sand   and   grave l  
3 .5   8 .5  sandy   c l ay  - brown 
8 .5   9 .5  sand ,   c l ay   and   g rave l  
9.5  11.5 sandy clay - brown 

1 1 . 5  14.0 sand ,   g rave l   and   c l ay  

23.0 30.0 sand ,   g rave l   and   c l ay  
14.0 23.0 sandy  c lay  - brown 

30.0  37.0 weathered Pierre s h a l e  - gray  - brown 
37.0 75.0 unwea the red   P i e r r e   sha l e  - b l a c k  

W. K. Summers & Associates 
44 . 



Appendix 1-1. -- Li thology a t  CNS-24. 

Land s u r f a c e .  
Depth ( f t )   A l t i t u d e   ( f t )  

0 6226.5 
Weathe red   P i e r r e   sha l e  
Unweathered   P ie r re   sha le  

22.0 6204.5 
33.5  6193.0 

T o t a l   d e p t h  90.0  6136.5 

Depth ( f t )  
From To D e s c r i p t i o n  
" 

0 4.5 clayey  sand - brown,  fine-medium  grain 
4.5  9.0 sandy  c lay  - brown 
9.0 11.0 clayey  sand - brown, medium g r a i n  
11.0 15.0 grave l ,   sand   and   c lay  
15.0 22.0 sandy  c lay  - l i g h t  brown 
22.0 33.5 w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
33.5 90.0 unweathered Pierre s h a l e  - b lack  

W. K. Summers & Associates 
4 5  
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Appendix 1-1. -- Lithology  at  CNS-25(P). 

Land  surface 
Depth  (ft) Altitude (ft) 

0 6211.9 
Weathered  Pierre  shale 23.0 6188.9 
Unweathered  Pierre  shale 30.5 6181.4 
Total  depth 60.0  6151.9 

Depth  (ft) 
From -To Description 
" 

0 13.0 sandy  clay - brown;  11.0'-12.0'  caliche  zone 
13.0   15 .0  gravel  and  sand 
15.0 19.0 clayey  sand - light  brown',  medium  grain 
19.0 21.5 sand,  clay  and  gravel 
21.5 23.0 slighfly  sandy  clay - brown 
30.5 '  60.0 unweathered  Pierre  shale - black 23.0 30.5 weathered  Pierre  shale - gray - brown 

W. K. Summers & Associates 
46 . 



Appendix 1-1. -- L i t h o l o g y   a t  CNS-26(P). 

Land s u r f a c e  
Depth ( f t )  A l t i t u d e   t f t )  

0 6222.8 
Wea the red   P i e r r e   sha l e  23.0  6199.8 
Unweathered   P ie r re   sha le  35.0 6187.8 
T o t a l   d e p t h  60.0  6162.8 

Depth ( f t )  
From To 
" 

0 3 .0  
3.0 6.0 

6 .0  6.5 

10 .5  11.0 
6.5  10.5 

11.0 13.0 
13.0 21.5 
21.5 23.0 
2 3 . 0  35.9 
35.0 60.0 

Desc r ip t ion  

sandy   c l ay  - brown 
c layey   sand  - brown, f i n e   g r a i n ;   c a l i c h e   z o n e   f r o m   a b o u t  
4.5'-5.0' 
sandy  c lay  - brown 
sand ,   c l ay   and   g rave l  
sand - tan,  fine-medium g r a i n  ' '  

g r a v e l  and sand 
sand,  c l a y  and   grave l  

s andy   c l ay  - brown 
w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
unweathered   P ie r re  shale - b lack  

W. K. Summers &.Associates 
47 . . 



Appendix 1-1. -- L i t h o l o g y   a t  CNS-27. 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6226.5 
Weathered   P ie r re   sha le  10.5  6216.0 
Unweathered   P ie r re   sha le  29.0 6197 .O 
Tota l   dep th  31.0 6195.5 

Depth ( f t )  
From To Desc r ip t ion  
" 

0 
2.0 7.0 sandy  c lay - brown; ca l iche   zone   f rom  about   5 .0 ' -6 .0 '  

2.0 clayey  sand - l i g h t  brown, f i n e   g r a i n  

7.0 9 .5   g rave l ,   s and   and   c l ay  
9.5  10.5  sandy  c lay - brown 

10.5  29.0  weathered Pierre s h a l e  - gray  - brown; concen t r a t ion  of 
s a l t s   a t   a b o u t   2 5 . '  

29.0 31.0 unweathered Pierre shale - b lack  

, 

W. K. Summers & Associates 
48 . 



Appendix.1-1. -- Lithology  at CNS-28. 

Depth  (ft)  Altitude (Et) 
Land  surface 0 6216.0 
Weathered  Pierre  shale 14.0 6202.0 
Unweathered  Pierre  shale 31.0  6185.0 
Total  depth 31.2  6184.8 

Depth (ft) 
From To 
" 

0 4.5 

8.0 9.5 
4.5 8.0 

9.5 11.0 
11.0 13.0 
13.0 14.0 
14.0 31.0 
31.0 31.2 

Description 

clayey  sand - light  brown,  fine  grain 
clayey  sand - brown,  fine-medium  grain;  8.5'-9.5'  caliche 
sandy  clay - brown 
zone 
sand,  gravel  and  clay 
gravel  and  sand 
sandy  clay - brown 
weathered  Pierre  shale - gray  -.brown,  damp 
unweathered  Pierre  shale - black 



Appendix 1-1. -- Li thology a t  CNS-29(P). 

Land s u r f a c e  
T o t a l   d e p t h  

D e p t h   ( f t )   A l t i t u d e   ( f t )  
0 6234.8 

43.0 . 6191.8 

Depth ( f t )  
From To D e s c r i p t i o n  
" 

0 2.0 
2 .0  8.0 
8.0 14.0 

1 4 . 0  16.0 
16.0 23.5 
23.5 24.5 
24.5 26.0 
26.0 32.0 
32.0 34.0 
34.0 35.5 
35.5 43.0 

c layey   sand  - l i g h t  brown,  fine-medium g r a i n  
sand  with l i t t l e  g r a v e l  
sandy  c lay  - brown;   12.5 ' -14.0 '   cal iche  zone 
clayey  sand - brown, f i n e   g r a i n  
sandy   c l ay  - tan 
clayey  sand - brown, f i n e   g r a i n  
sandy  c lay  - r e d d i s h  brown 
clayey  sand - brown, medium g r a i n ,  damp 
sand  and  gravel ,  damp 

sand  and  gravel, .wet;   making  about  3/4 gpm w a t e r   a t   a b o u t  
sand - t a n ,  medium g r a i n ,  damp 

42. ' 

W. K. Sumnlers & Associates 
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Appendix 1-1. -- L i t h o l o g y   a t  CNS-30(P). 

Land s u r f a c e  0 
Wea the red   P i e r r e   sha l e  

6222.6 
38.0 

Unweathered   P ie r re   sha le  
Tota l   depth   74 .5  

47.0  6175.6 
6148.1 

D e p t h   ' ( f t )   A l t i t u d e   ( f t )  

6184.6 

Depth ( f t )  
From To . 
" Desc r ip t ion  

0 
2.5  4.0 

2.5 

4.0 14.5 
14 .5  16.0 
16 .0  21.0 
21.0 25.5 
25.5 26.0 
26.0 26.5 
26.5 28.0 
28.0 3 4 . 0  

38.0 47.0 
34.0 38.0 

47.0  74.5.  

sandy  c lay  - brown 
clayey  sand - brown, f i n e   g r a i n  
sandy  c lay  - brown;  4.0 '-5.0 '   caliche  zone 
c layey   sand  - l i g h t  brown, f i n e   g r a i n  
sandy  c lay  - brown, damp 
c l a y  - brown, damp 
sandy  c lay  - brown, ve ry  damp 
clayey  sand - brown, f i n e   g r a i n ,   v e r y  damp 
sandy  c lay  - brown, ,very  damp 
sand  with some g rave l ,  w e t  

wea the red '   P i e r r e   sha l e  - gray  - brown, damp 
sandy  c lay  - brown,  wet 

unwea the red   P i e r r e   sha l e  .- b lack  

W. K. Summers & Associates 
51 . 
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Appendix 1-1. -- Lithology  at  CNS-31(P). 

Depth (ft)  Altitude (ft) 
Land  surface 0 6199 .6  
Weathered  Pierre  shale 45.5 6154.1 
Unweathered  Pierre  shale 47.0  6151.6 
Total  depth 47.2  6151.4 

Depth (ft) 
From To 
" 

0 3 . 0  

8 . 5  1 0 . 5  
3 . 0  8.5 

1 0 . 5  12 .5  

1 4 . 0  16.0 
1 2 . 5   1 4 . 0  

16.0 1 6 . 5  
1 6 . 5  1 9 . 0  
1 9 . 0  2 0 . 0  
20.0 38 .0  
38.0 45.5 
45.5 47.0 
47.0 47.2 

Description 

clayey  sand - light  brown,  fine  grain 
sandy  clay - brown; 4 . 5 ' - 5 . 0 ' ,   7 . 0 ' 4 3 . 0 '  caliche  zones 
clayey  sand - tan,  medium  grain 
sand  and  gravel 
clayey  sand -'tan, medium  grain 
sandy  clay - brown,  damp 
sand - brown,  fine-medium  grain 
sandy  clay - brown 
clayey  sand - light  brown,  medium  grain 
gravel  and  sand;  making  about + gpm  water  at  about 34 .  ' 
sand - yellow,  medium-coarse  grain 
weathered  Pierre  shale - gray - brown 
unweathered  Pierre  shale - black 

Size  Analysis 
Grain  size (mni) Weight  percent 

20.0'-38.0 '   >2.0  75.8 

0.075-0.15 
0.15-2.0 

<. 075  

W. K. Summers & Associates 
52 . 
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Appendix 1-1. -- Li thology a t  CNS-32(P). 

Depth ( f t )   A l t i t u d e  (ft) 
Land s u r f a c e  0 6199.1 
Wea the red   P i e r r e   sha l e  19 .5  6179.6 
Unweathered   P ie r re   sha le  29.0  6170.1 
T o t a l   d e p t h  70.0 6129.1 

Depth ( f t )  
From To Desc r ip t ion  
" 

0 5 .5   sandy  c lay  - brown 
.5 .5   8 .0   c layey  sand - l i g h t  brown, f i n e   g r a i n ;  7.5"8.0' c a l i c h e  

8 .0   16 .5   sandy  c lay  - r e d d i s h  brown 
zone 

19.5  29.0 weathered Pierre s h a l e  - gray  - brown 
16.5  19.5 sand ,   g rave l   and   c l ay  

29.0  70.0 u n w e a t h e r e d   P i e r r e   s h a l e  - b lack  

W. K. Summers & Associates 
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Appendix 1-1. -- Li thology a t  CNS-33. 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6212.0 
Weathered   P ie r re   sha le  19.5  6192.5 
Unweathered   P ie r re   sha le  40.5  6171.5 
To ta l   dep th  75.0  6137.0 

Depth Ift) 
From To 
" 

. o  
3.5 7.5 

3 .5  

7.5  9.0 

10.5  11.0 
9.0 10.5 

11 .0  15.5 

19 .5  40.5 
15 .5  19 .5  

40.5 75.0 

D e s c r i p t i o n  

sandy  c lay - brown 

sand ,   g rave l   and   c l ay  
clayey  sand - brown,  fine-medium g r a i n  

sandy  c lay  - r e d d i s h  brown 
clayey  sand - l i g h t  brown, f i n e   g r a i n  
sandy  c lay  - brown;  12.0'-13.0'   caliche  zone 
sand ,   g rave l   and   c l ay  
weathered Pierre s h a l e  - gray  - brown 
unwea the red   P i e r r e   sha l e  - b lack  

W. K. Summers & Associates 
54 ' 



-Appendix 1-1. -- L i t h o l o g y   a t  CNS-34(P). ' 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6239.3 
Weathe red   P i e r r e   sha l e  50.5 6188.8 
Unweathered Pierre s h a l e  51.5  6187.8 
Tota l   dep th  52.2 6187.1 

Depth ( f t )  
From To 
" 

0 
4.0 7.0 

4.0 

1 3 . 0  18.0 
7 . 0  13 .0  

18.0 21.5 
21.5 30.0 
30.0 43 .5  
4 3 . 5  50.5 

' 50.5 51.5 
51.5 52.2 

Desc r ip t ion  

sandy   c l ay  - brown 
clayey  sand - l i g h t  brown, f i n e   g r a i n  
sandy  c lay  - brown; 1 . 5 ' 4 . 0 '  ca l i che   zone  
clayey  sand - brown, f i n e   g r a i n  
sandy  c lay  - brown, l i t t l e  damp 
clayey  sand - t a n ,  fine-medium g r a i n ,  damp 
sand  and  gravel ,  wet; making nea r  % gpm w a t e r   a t   a b o u t  42 

w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 
sand - tan,  medium-coarse g r a i n ,  w e t  

unweathered Pierre s h a l e  - b lack  

1 

W. K. Summers & Associates 
55 . 



Appendix 1-1. -- Li thology at  CNW-1. 

Depth ( f t )   A l t i t u d e  (ft) 
Land s u r f a c e  0 6205.0 
Weathered   P ie r re   sha le  41.0 616'4.0 

' Unweathered   P ie r re   sha le  47.0  6158.0 
T o t a l   d e p t h  53.0  6152 .O 

Depth ( f t )  
From To 
" 

D e s c r i p t i o n  

0 6.5 

6.5 
7.0 13 .0  

7.0 

24.0 31.0 
13.0 24.0 

41.0  47.0 
31.0  41.0 

47.0  53.0 

clayey  sand - l i g h t  brown, f i n e   g r a i n ;   4 . 0 ' - 5 . 0 '   c a l i c h e  
zone . 

clayey  sand - brown,  fine-medium  grain 
sandy  c lay - brown 

grave l   and   sand ,  wet 
sand - t a n ,   f i n e - c o a r s e   g r a i n ,  w e t  

weathered Pierre s h a l e  - g r a y  - brown 
sand - tan,   medium-coarse  grain,   wet 

unwea the red   P i e r r e   sha l e  - b l a c k  

Vi. K. Summers & Associates 
. .  5 6  . 



Appendix 1-1. -- Lithology  at CNW-2. 

Depth (ft)  Altitude  (ft) 
Land  surface 0 6210.0 
Weathered  Pierre  shale 
Unweathered  Pierre  shale  51.0 6159.0 
Total  depth  52.0 6158.0 

not  present 

Depth (ft) 
From To 
" 

Description 

d 
3.0 4.5 

3 . 0  

4.5 9.0 
9 . 0  9.5 

10.5 1 6 . 0  
9 .5   10 .5  

16.0  27.5 
27.5 30.0 

45.0 51.0 
30;O 45.0 

51.0  52.0 

sandy  clay - dark  brown 
sand - yellow,  fine  grain 
sandy  clay - brown; 6 . 0 ' - 6 . 5 '  caliche zone 
sand - yellow,  fine-medium  grain 
sandy  clay - brown 
sand - yellow,  fine-medium  grain 
sand  and  gravel,  damp 
sand  with small amount  of  gravel 

sand - yellow,  fineLmedium  grain,  wet 
unweathered  Pierre  shale - black 
sand  and  gravel,  wet 

W. K. Surnme Associates 
>s&' 



Appendix 1-1. -- Li thology a t  CNW-3. 

Depth ( f t )   A l t i t u d e   ( f t )  
Land s u r f a c e  0 6161.0 
Weathered P i e r r e   s h a l e  40.0 6121.0 
T o t a l   d e p t h  42.0 6119.0 

Depth ( f t )  
From To Desc r ip t ion  
” 

0 5.0  sandy  c lay - brown 

8.0 18.0 sandy c l a y  - brown‘ 
5.0 8.0 c l ayey  sand - l i g h t  brown, f i n e   g r a i n  

18.0 21.0  clayey  sand - t a n ,   f i n e - c o a r s e   g r a i n  
21.0 40.0 sand  and  gravel ,   wet  
40.0  42.0 w e a t h e r e d   P i e r r e   s h a l e  - gray  - brown 

W. K. Summers & Associates 
58 . 



Appendix 1-1. -- Lithology  at  CNW-4. 

Depth (ft) Altitude  (ft) 
Land  surface 0 
Weathered  Pierre  shale 34.0 

6170.0 
6136.0 

Unweathered  Pierre  shale  35.0 
Total  depth  36.0 

6135.0 
6134.0 

Depth (ft) 
From To 
" 

0 3.0 
3.0 4.0 
4.0 5.5 
5.5 6.5 

8..0 10.5 
6.5 8.0 

11.5 J3.0 
10.5 11.5 

13.0 16.0 
16.0 17.0 
17.0 ' 27.0 
27.0 34.0 
34.0 35.0 
35.0 36.0 

Description 

clayey  sand - brown,  fine  grain 
sandy  clay - brown 
sandy  clay - brown 
clayey  sand - tan,  fine  grain 
sandy  clay - brown 
clayey  sand - light  brown,  fine-medium  grain 
sandy  clay - reddish  brown 
clayey  sand - tan,  fine-coarse  grain 
sand  with  some.grave1 
sandy  clay - reddish  brown 
clayey  sand - yellow,  medium-coarse  grain,  wet 
sand  and  gravel,  wet 
weathered  Pierre  shale - gray - brown 
unweathered  Pierre  shale .- black 

W. K. Summers PG Associates 
59 . 
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Appendix I-2.--Depth-to-water'measurements and  water-level 
altitudes 



Appendix 1-2. Depth- to-water   measurcrnents   and  water- level   a l t i tude 
i n  CNC-1 

Day - 
11- 9-76 

11-11-76 
11-13-76 
11-18-76 
12- 3-76 
12- 4-76 

12- 5-76 
12-  6-76 
12-  7-76 
12-  8-76 
12-  9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 
12-14-76 

12-16-76 
12-15-76 

12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 
12-28-76 

' 12-30-76 
12-29-76 

12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 
1- 5-77 
1-14-77 

Date Dspth t o  A l t i t u d e  
Hour water from of water 

(MST) 

0915 
0934 
1034 
1215 
1000 
0900 
0430 
1100 

m *  ( f t )  

24.25 
32.55 

112.73 
53.19 

113.00 

113.27 
112.97 
113.51 
114.00 
114.35 

116.50 
117.40 
118.95 
119.02 
119.74 
122.29 
124.85 
127.40 
133.67 
129.96 
134.36 
134.20 
135.33 
142.70 . 
143.61 : 
144.22 
143.50 
144.50 
145.56 
146.40 
148.00 
148.86 
153.73 

115.43 

l e v e l  ( f t )  

6 3 4 8 . 8 ~  
6 3 4 0 . 5 ~  
6319.91. 
6260.37 
6260.W 

6259.83 
6260.13 
6259.60 
6259.10 
6258.75 
6257.67 
6256.60 
6255.70 

6254.08 
6254.75 

6253.36 
6250.81 
6248.25 
6245.70 
6239.43 
6243.14 
6238.74 
6238.90 
6237.77 
6230.40 
6229.49 
6228.88 
6229.60 
6228.60 
6227.54 
6226.20 
6225.10 
6224i24 
6218.47 

Comments 

h o l e   f i l l e d   w i t h  
water for   bore- '  
ho le   geophys ica l  
s t u d i e s  

water - tab le  
a l t i t u d e  
6275 f t  

Mp* = measur ing   po in t   top  of cas ing ,   0 .96 '   above   land   sur face  

W. K. Summers & Associxtes 
1 .  



j-,L>pendix 1-2. -- Depth-to-water  measurements  and  Water-leVel  altitudes 
i n  CNC-3 (P) 

Date Depth to Altitude 
Hour water  from of water 

Day (MST) MP* (ft)  level (ft) Corrmcnts 

12-  7-76  50.40 
12-  8-76 

6220.40 

12-  9-76 
50.35  6220.45 
49.93  6220.87 

12-10-76 . 49.90 6220.90 
12-11-76 
12-12-76 

49.90 6220.90 

12-13-76 
49.88  6220.92 
49.89  6220.91 

12-14-76 
12-15-76 

49.84 
49.80 

6220.96 1 

6221.00 
12-16-76 
12-17-76 

49.79  6221.01 

12-18-76  49.43 
12-19-76  48.33 

6221.37 
6222.47 

12-20-76  48..11 ' .  
12-21-76  48.40 

6222.69 

12-22-76 
6222.40 

12-23-76 
48.31 
47.87 

6222.49 

12-27-76  47.81 
6222.93 

12-28-76  47.79 
6222.99 
6223.01 

12-29-76  1507  47.69 
12-30-76  1335 

6223.11 

12-31-76  1328 
47.84  6222.96 

1-  1-77  1414 
47.39 
47.41 

6223.41 
6223.39 

1- 2-77  1201  47.50 
1- 4-77 1049, 47.89 

6223.30 
6222.91 

cemented 

49.73.  6221.05 
slug test 

MP* = measuring  point 5.10' above land  surface 



Appendix 1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
i n  CNC-4 (P) 

Date Depth  to Altitude 
Hour water  from of water 

Day 

12-  8-76 
12-  9-76 
12-10-76 
12-11-76 
12-12-76 

12-14-76 
12-13-76 

12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
J.2-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 

12-29-76 
12-28-76 

12-30-76 
, 12-31-76 

1- 1-77 
1- 2-77 
1- 4-77 

1515 
1336 
1333 
1419 
1209 
1105 

MP* (ft) 

59.60 
59.50 

55.61 
56.40 

54.80 
54.02 
56.75 
56.70 
55.94 
55.63 
55.54 
55.68 
50.93 
55.56 
54.46 
56.79 
56.80 
56.82 
56.73 
56.82 
56.73 

56.77 
56.74 

55.90 

level  (ft)  Comments 

6211.20  installed & cemented 
6211.30 
6214.40 
6215.19 
6216.00 
6216.22 
6214.05 
6214.10 
6214.86, 
6215.17 
6215.26 
6215.12. 
6219.87 
6215.24 
6216.34 
6214.01 
6213. ao 
6213.98 
6214.07 
6213.98 
6214.07 
6214.06 
6214.03 
6214.90 

MP* = measuring  point 6.20' above  land  surface 

. 



Appendix  1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
in CNC-6 (P) 

Date 
. Hour 

.Day (MST) 

12-22-76 
12-23-76 
12-29-76 0948 
12-30-76  1010 
12-31-76  1050 

1- 2-77 1030 
1- 1-77 1250. 

1- 4-77 0927 
1- 5-77 . 0518 
1-  14-77 1140 

Depth  to 
water  from 
MP* (ft) 

39.97 
39.88 
39.88 
39.88 
39.88 
39.89 
40.07 
40.17 

Altitude 
of water 
level  (ft)  Corrsnents 

~ 

installed 
cemented 

6190.03 
6190.12 
6190.12 
6190.12 
6190.12 
6190.11 
6189.93 
6189.93 

MP* = measuring  point ' . 



Appendix 1-2. -- Depth-to-water measurements and water-level altitudes 
i n  CNC-7 (P) 

Day 

12-  4-76 
11-15-76 

12-  5-76 
12-  6-76 

12-  8-76 
12-  7-76 

12-  9-76 
12-10-76 

12-12-76 
12-11-76 

12-13-76 
12-14-76 
12-15-76 
12-16-76, 
12-16-76 
12-17-76 

12-19-76 
12-18-76 

12-20-76 
12-21-76 
12-22-76 

12-27-76 
12-23-76 

12-28-76 
12-28-76 
12-23-76 
12-29-76 
12-29-76 
12-30-76 
12-30-76 
12-31-76 
12-31-76 

1- 1-77 
1- 1-77 

1- 1-77 
1- 2-77 .. 
1- 2-77 
1- 2-77 
1- 4-77 
1- 4-77 
1-14-77 

Date 
Hour 

(MST) 

1130 

1026 
1205' 

1330 
1622 
1016 
1348 
1057 

1200 
1345 

1421 
1716 
1047. 
122i 
1456 
0845 
0936 
1150 

Depth to 
water  from 
MP* (ft) 

34.27 
34.28 

34.32 
34.27 

34.24 
34.31 

34.37 
34.32 
34.43 
34.47 
34.43 
34.34 
34.93 
31.83 
34.20 
34.29 
34.36 
34.27 
34.24 
34.28 
34.26 
34.80 
34.88 
38.01 

38.59 
37.49 

41.89 
36.51 
38.97 
35.22 

34.63 
35.07 

34.58 
34.54 
34.49 
34.49 
34.49 
34.54 
34.49 
34.55 

Altitude 
of water 
level  (ft) 

6178.93 
6178.92 
6178.93 
6178.88 

6178.96 
6178.89 

6178.83 
6178.88 
6178.77 

6178.77 
6178.73 

6178.86 
6178.27 
6181.37 
6179.00 

6178.84 
6178.91 

6178.93 
6178.96 
6178.'92 
6178.34 
6178.40 
6178.32 
6175.19 
6175.71 
6174.61 
6171.31 
6176.69 
6174.23 
6177.98 
6178.13 

6178.62 
6178.57 

6178.66 
6178.71 
6178.71 
6178.71 
6178.66 
6178.71 
6178.52 

Comments 

installed 

cemented 
slug test 

Mp* = measuring point 3.50' above land surface 



Appendix 1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
in CNC-8 (P) 

Date  Depth to Altitude 
of water Hour 

Day (:%ST) Mp* (ft)  level  (ft)  Comments 
water  from 

12-22-76 
12-23-76 
1,- 4-77 1119 41.73 6209.07 

installed 
cemented 

MP*, = measuring point 5.30' above  land  surface 



Date Depth to Altitude 
Hour water  from of water 

Day (MST) MP* (ft)  level  (ft)  Comments 

12-  8-76 
12-  9-76 
12-10-76 

12-12-76 
,12-11-76 

12-13-76 
12-14-76 

12-16-76 
12-15-76 

12-18-76 
12-17-76 

12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 
12-28-76 
12-29-76 
12-30-76 
12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 

1502 
1330 
1320 
1404 
1153 
1046 

43.35 
42.60 
45.69 
47.15 . 
48.57 ' 

50.02 
50.52 
50.70 
50.07 . 
49.98 
50.01 
49.34 

, 49.75 
49.99 
50.02 
50.06 
50.27 
50.29 

. 50.56 
49.28 
49.24 
48.97 
.48.01 
47.38 

6202.85 installed 
62'03.60 cemented 
6200.51 
6199.05 
6197.63 
6196.18 
6195.68 

6196.13 
6195.50 

6196.22 
6196.19 
6196.86 
5196.45 
6196.21 
6196.14 
6196.14 

' 6195.93 

6195.64 
6195.91 

6195.48 
6196.96 
6197.23 
6198.19 
6198.82 

Mp* = measuring  point 4.10' above  land  surface 
. .  



Appendix 1-2. -- Depth-to-water  measurements and w a t e r - l e v e l   a l t i t u d e s  
' i n  CNG-4 

Date Depth t o  A l t i t u d e  
Hour water  from of water  

!z%L" __ (MST) EIP* ( f t )   ' l e v e l  ( f t )  Comments 

12-12-76 54.55 6196.95 Open hole  - no 
cas in?  

ME'*= land su r face  

W. K. Su,mmers & Associates 
0 .  . .  



Da t.e 
Hour 

Day ( NST ) - ~ -  - 
11-22-76 
12- 3-76 
12- 4-76 

12- 5-76 

12- 6-76 

12- 7-76 
12-  8-76 
12- 9-76 
12-10-76 
12-11-76 
12-12-86 . . 
12-13-76 

12-14-76 

12-15-76 

12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 

Depth t o  A l t i t u d e  
water from of w a t e r  
EP* ( f t )  l eve l  ( f t )  Comments 

i n s t a l l e d  

damp sand on end 
of t a p e  
damp sand on end 
of t a p e  
damp sand on end 
of   t ape  
damp sand 

cemented 

damp c lay   and  

damp c l a y  'and 
sand on end 

damp c lay   and  
sand on end 

sand  on  end 

MP* = measur ing   po in t   4 .60 '   above   land   sur face  

W. K. Summers & Associates 
9 .. 

.. . 



Appendix 1-2. -- Depth-to-wat& measurements and  water-level altitude 
in CNP-2 

Date 

Day (WST) 
Hour 

11- 9-76 

11-10-76 

11-12-76 
11-11-76 

11-13-76 
11-14-76 
11-17-76 
11-18-76 
11-20-76 . 
11-23-76 
12-  3-76 ' 

12-  4-76 
12-  5-76 
12-  6-76 

12- 8-76 
12- 7-76 

12-'9-76 
12-10-76 
12-11-76 
12-12-76 

12-14-76 
12-13-76 

12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 

12-23-76 
12-22-76 

12-28-76 
12-29-76  1430 
12-30-76  1310 
12-31-76 ,1145 
1- 1-77 1333 
1- 2-77 1125 

12-27-76' 

1- 4-77 , 1012 
1-14-77  1246 

Depth to 

MI"* (ft) 
water  from 

17.80 

19.29 
18.17 

20.64 
20.41 

21.15 
21.42 

18.46 
22.03 

23.78 
23.75 
23.72 
23.70 
23.68 
23.65 
23.63 
23.68 
23.73 
23.76 
23.84 

23.97 
23.90 

24.00 
24.04 
24.02 
23.99 
23.94 

24.06 
24.79 

23.95 
23.97 
24.06 
24.12 
24.16 
24.18 
24.20 
24.76 
24.36 
24.61 

Altitude- 
of  water 
level (c Comments 

hole filled  with 
water  for 
Schlumberger 

6192.20 
6191.83 
6190.71 

6189.36 
6189.59 

6188.85 

6187.97 

6186.22 
6191.54 

6186.25 
6186.28 
6186.30 
6186.32 
6186.35 
6186.37 
6186.32 
6186.27 
6186.24 
6186.16 
6186.10 
6186.03 
6186.00 
6185.96 
b i b  .98 
6186.01 
6186.06 

,6185.94 
6185.21 

6186.05 
6186.03 
6185.94 
6185.88 
6185.84 

6185.80 
6185.82 

6185.24 
6185.64 
6185.39 

6188.  58 

MI'* = measuring point, top of 6 inch casing 0.2' above  land 'surface 

W. K. Summers & Associates 
10 . 



Appendix 1-2. -- Depth-to-wat.er  measurements  and  water-level  altitudes 
in CNP-3 

Date  Depth  to 
Hour 

(MST) 
water  from 
Mp* (ft) 

10-18-76 

10-22-76 
10-21-76 

10-23-76 
10-24-76 
10-25-76 
10-26-76 

10-28-76 
10-27-76 

10-29-76 
10-30-76 
10-31-76 
11-  1-76 
11-  2-76 
11- 3-76 
11-  4-76 

11-  4-76 

11- 4-76 
11- 5-76 
11- 6-76 
11- 7-76 
11-  8-76 
11- 9-76 
11-10-76 
11-11-76 
11-12-76 
11-13-76 
11-14-76 
11-15-76 

11-17-76 
11-16-76 

11-18-76 
11-19-76 

11-21-76 
11-20-76 

11-22-76 
11-23-76 
12-  2-76 
.12-  3-76 
12-  4-76 
12-  5-76 

1025 

95.29 
95.14 
95.03 
94.98 
94.87 
95.01 
94.93 
94.88 
94.84 
94.64 
94.24 
94.28 
94.02 
93.27 

94.24 

94.21 
93.97 
93.87 
93.81 
93.45 
93.27 
93.11 
92.98 
92.85 
92.73 
92.35 
92.09 
91.88 
93.51 

' 91.96 
90.22 
88.70 
89.47 

88.34 
86.34 
87.24 
87.27 
87.30 

.91.,55 

Altitude 
of water 
level  (ft) 

6128.81 
6128.96 
6219.07 
6129.12 
C129'.23 
6129.09 
6129.17 
6129.22 
6129.26 
6129.46 
6129.86 
6129.83 
6130.08 
6130.83 

6139.86 

6i29.89 
6130.13 
6130.23 
6130.29 

6130.83 
6130.65- 

6130.99 
6131.12 
6131.25 
6131.37 
6131.75 
6132.01 
6132.22 
6130.59 
6132.14 
6133.88 
6135.40 
6134.63 
6132.55 
6135.76 
6137.76 
6136.86 
6136.83 
6136.80 

Comments 

installed 
cemented 

before  chemical 
analysis  sample 
after  chemical 
analysis  sample 

slug  test 



.. 

Appendix 1-2. -- Depth-to-water measurements  and  water-level  altitudes 
in CNP-3 (cont) 

Date  Depth  to  Altitude 
of  water Hour 

Day (MST) MP* (ft) level  (ft)  Comments 
water  from 

12- 6-76, 
12- .7-76 
12- 8-76 
12- 9-76 
12-10-76 
12-11-76 

12-13-76 
12-12-76 

12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76. 
12-21-76 
12-22-76 
12-23-76 
12-27-76 
12-28-76 

12-30-76 
12-29-76 

12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 
1-14-77 

1421 . 
1305 
1118 
1325 . ' 

1118. 
1002 
1240 

87.25 
86.88 
87.20 
87.04 
87. IO 

87 .11  
87.07 

87 ,05  
86.86 

86.86 
86.87 

86.71 
86.69 
86.60 

'86.79 
86.68 

86.49 
86.49 
86.24 
86.06 
85  194 

85.90 
85.90 

85.87 
85.88' 
85.50 
85.17 

6136.85 
6137.22 
6136.90 
6137.06 
6137.00 
6137.03 
6136.99 
6137.05 
6137.24 

6137.24 
6137.23 

6137.39 
6137.41 
6137.50' 
6137.42 
6137.31 
6137.61 
6137.61 
6137.86 
6138.04 
6138.16 

6138.20 
6138.20 

6138.23 

6138.60 
6138.22 

6138.93 

MP* = measuring pbint 6.10' above land surface 



Appendix 1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
i n  CNP-3 (A) 

Date 
Hour 

Day (MST) 

10-14-76 
10-22-76 
10-23-76 

10-25-76 
10-24-76 

10-26-76 
10-27-76 
10-28-76 
10-.29-76 
10-30-76 
10-31-76 
11- 1-76 
11- 2-76 
11- 3-76 
11- 4-76 
11- 5-76 
11- 6-76 
11- 7-76 
11- 8-76 , 

11- 9-76 
11-10-76 
11-11-76 
11-12-76 
11-13-76 
11-14-76 
11-15-76 
11-16-76 
11-17-76 
11-18-76 

11-20-76 
11-19-76 

11-21-76 
11-22-76 
11-23-76 
12- 3-76 
12- 4-76 
12- 5-76 
12- 6-76 
12- 7-76 
12- 8-76 
12-  9-76, 
12-10-76 
12-11-76 

Depth  to Altitude 
water  from 
w* (ft) 

of water 
level  (ft)  Comments 

installed 
cemented 

. W. K. Sumnlers & Associates 
13 . 



Date Depth t o  A l t i t u d e  
Hour water from of water  

Day (ET) MP* (ft) l e v e l  ( f t)  Comments 

12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 

12-18-76 
12-17-76 

12-20-76 
12-19-76 

12-22-76 
12-21-76 

12-23-76 
12-27-76 
12-28-76 
12-29-76 
12-30-76 
12231-76 
1- 1-77 
1- 2-77 

1-14-77 
1- 4-77 

1420 
1306 
1128 
1327 
1120 
1006 
1241 

W* = measuring  point 3.20' above  land  surface 



Appendix 1-2. -- Depth-to-water  measurements  and  water-level'  altitudes 
in CNP-3(B) 

Date 
Hour 

Depth  to 
water  from 

Altitude 
of water 

Day (MST) MF* (ft) level (ft) - comments 

11-29-76 
12-  1-76 
12- 3-76 

12- 5-76 
12- 4-76 

12- 6-76 
12-  7-76 
12-  8-76 
12-  9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
11-18-76 
12-19-76 
12- 20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 
11-18-75 

12-30-76 
12-29-76 

12-31-76 
'1- 4-77 
1- 2-77 
1- 4-77 
1-14-77 

1426 
1308 
1129 
1329 
1121 
1008 
1252 

38.56 
38.37 
38.11 
37.95 
37.94 
36.64 
37.45 
37.40 
37.44 
37.45 
37.43 

37.40 
37.39 

36.66 
37 .~lO 

37.11 
37.37 

37.31 
37.24 
37.16 
37.32 

37.05 
37.20 

37.06 
36.94 
36.98 
37.00 
37.06 
37.05 
37.28 

slug test 

installed 
cemented 

6183.44 
6183.63 
6183.89 
6184.05 
6184.06 
6185.36 
6184.55 

6184.56 
6184.60 ' 

6184.55 
6184.57 

6184.60 
6184.61 

6185.34 
6184.90 
6184.63 
6184.89 
6184.69 
6184.76 
6184.84 
6184.68 

6184.95 
6184.80 

6184.94 
6185.06 
6185.02 
6185 .OO 

6184.95 
6184.94 

6184.58 . . .  

. .  

h€'* = measuring  point 4.03' above land surface 



Appendix 1-2. -- Depth-to-water  measurements  and  water-level altitudes 
i n  GNP-4 

10-19-76 
10-20-76 
10-22-76 
10-23-76 
10-24-76 

-10-26-76 
10-25-76 

10-27-76 
10-28-76 
10-29-76 
10-30-76 
10131-76 

11- 2-76 
11- 1-76 

11-  3-76 
11-  4-76 
11- 5-76 
11-  6-76 
11-  7-76 
11- 8-76 
11-  9-76' 
11- 9-76 

. 11- 9-76 
11-10-76 
11-11-76 
11-12-76 
11-13-76 
11-14-76 
i1-15-76 
11-16-76 
11-17-76 

11-19-76 
11-18-76 

11-20-76 
11-21-76 
11-22-76 
11-23-76 
12-  2-76 
12-  3-76 
12-  4-76 
12-  5-76 
12-  6-76 
12-  7-76 

1550 

1210 

0410 

Depth  to  Altitude 
water  from  of watsr 
MP* (ft)  level  (ft) Comments 

installed 
cemented 

84.24  6155.56 
82.79  6157.01 
81.53 , 6158.27 
80. l o  6159.70 
78.14 6161.66 
76.91  6162.89 
76.66  6163.14 
74.90  6164.90 
73.30  6166.30 
72-41. 
72.41 

6167.39 
6167.39 

72.48  6167.32 
70.22  6169.58 
70.37 
69.87. 

6169.43 
6169.93 

69.35  6170.45 
69.03  6170.77 . 
68.60  6171.20 
68.60  6171.20 
74.32  6165.48 
73.10  6166 - 70 
72.36 
71.58 

6167 -44 
6168.22 

70.78  6169.02 
70.00  6169.80 
69.52  6170.28 
68.93  6170.87 
68.51 . 6171.29 
65.00  6174.80 
64.91  6174.89 
64.81 
64.83 

6174.99 
6174.97 

64.87  6174.93 
64.91 
64.97 

6174.89. 
6174.83 

64.80. 6175.00 
64.77 
64.75 

6175 - 03 
64.73 

6175.05 
617.5.07 

64.74  6175.06 
64.69 6175.11 

before  water  sample 
after  water  sample 

W. R. Summer$ Rr Associates 
16 . 



Appendix 1-2. -- Depth-to-water  measurements and w a t e r - l e v e l   a l t i t u d e s  
i n  CNP-4 ( c o n t )  

Day 

1 2 -  8-76 
1 2 -  9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 

12-15-76 
12-14-76 

12-17-76 
12-16-76 

12-18-76 
12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 
12-28-76 
12-29-76 
12-30-76 
12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 
1-14-77 

Date Depth t o  A l t i t u d e  
Four water from of water 

(:&ST) 

1407 
1135 
1110 
1315. 
1105 
1050 
1220 

MP* ( f t )  

64.66 
64.64 
64.88 
64.90 
64.92 
64.98 
64.74 
64.83 
64.94 
64.82 
64.87 
64.70 
64.94 
64.78 
64.73 
64.79 
64.74 
64.69 
64.53 
64.48 
64.41 
64.44 
64.57 
64.18 
64.66 

l e v e l  ( f t)  Comments 

6175.'14 
6175.16 
6174.92 
6174.90 
6174.88 
6174 .E2 
6175.06 
6174.97 
6174.86 
6174.98 
6174.93 
6175.10 
6174.86 
6175.02 
6175.07 
6175.01 
6175.06 . . 

6175.27 
6175.11 

6175.32 
6175.39 
6175.36 
6175.23 
6175.62 
6175.14 

MP* = measur ing   po in t   4 .80 '  above l a n d   s u r f a c e  

, ,  

W. K. Summers & Associates 
17  



Appsndix  1-2. -- Depth-to-water   measurements   and  water- level   a l t i tude 
in CNP-4A 

Date 
Hour 

Day (Msr) 

10-18-76  
10 -20-76  
10 -22-76  
10 -23-76  

10 -25-76  
10 -24-76  

10 -27-76  
10-26-76  

1 0 - 2 8 - 7 6  
10 -29-76  
10 -30-76  
10-31-76  

11- 2 7 7 6  
11- 1 - 7 6  ' 

11- 3-76 
11- 4-76  
11- 5-76  
11- 6-76 
11- 7-76 
11- 3-76 
11- 9-76  
11 -10-76  
1 1 - 1 1 - 7 6  
11 -12-76  
11 -13-76  
11 -14-76  
11 -15-76  
1 1 - 1 6 - 7 6  
'11-17-76 
11 -18-76  
11 -19-76  
11-20.-76 
11-21-76  
11 -22-76  
11 -23-76  
1 2 -   1 - 7 6  
12 -   2 -76  
1 2 -   3 - 7 6  
1 2 -   4 - 7 6  ' 

12-   5 -76  

1 2 -  7-76 
12 -  6-76  

12 -   8 -76  
1 2 -   9 - 7 6  
12 -10-76  

" 



.\\ 
.Appendix  1-2. -- Depth - to -wa te r   measu remen t s   and   cmte r l l eve l   a l t i t udes  

in CNP-4A ( con t )  \. 
, ', 

Date Depth to A l t i t u d e  
Hour water from of water 

- Day ( MST ) b P *  (ft) l e v e l  ( f t )  . Comments 

12-11-76 
12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 
12-22-76 

12-23-76 

12-27-76 
12-28-76 
12-29-76 1408 
12-30-76 1150 
12-31-76 1111 
1- 1-77 1316 
1- 2-77 1106 
1- 4-77 1051 
1-14-77 1221  

moist   sand on 
bottom of t ape  
moist   sand on 
bottom of tape  

MP* - measur ing   po in t   4 .53 '   above   land   ' sur face  

W. IC. Summers & Associates 
1 9  . ' 



Appendix 1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
in CNP-4B 

Date  Depth to 
Hour water from 

Day (MST) MP* ( f t )  

11-29-76 
12-  1-76 
12-  3-76 
1 2 -  4-76 
12-  4-76 
12-  6-76 
12-  7-76 
12-  8-76 
12-  9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 

12-27-76 
12-23-76 

12-28-76 
12-29-76 
12-30-76 
12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 
1-14-77 

58.80 
58.69’ 
58.55 
58.43 
58.66 
58.72 

58.70 
58.22 

58.71 
58.76 
58.79 
58.82 
58.80 

52.92 
52.88 

52.95 
52.95 
52.43 
52.94 

’ 53.00 
53.00 
53.01 
53.01 
53.01 
53.02 
53.02 
53.02 
53.04 
52.09 

1411’  
1150 
1 1 1 3  
1318 
1107 
1057 
1224 

Altitude 
of water 
level (ft) Comments 

installed 
cemented 

6180.90 
6181.01 
6181.15 
6181.27 
6181.04 
6180.98 
6181.48 
6181.00 
6180.99 
6180.94 
6180.91 
6180.88 
6180.90 slug test 
6186.82 
6186.78 
6186.75 
6186.75 
6187.27 
6186.76 
8186.70 
6186.10 
6168.69 
6186.69 
6186.69 
6186.68 
6186.68 
6186.68 
6186.66 
6187 - 64 

Mp” = measuring  point 4.66’ above land  surface 



Appendix 1-2. -- Depth-to-water measurements and  water-level  'altitudes 
in CNP-5 

Date 
Hour 

11-24-76 
12-  3-76 
12-  4-76 
12-  5-76 
12-  6-76 
12-  7-76 

12- 9-76 
12- 8-76 

12-10-76 
12-11-76 
12-12-76 ' 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 
12-28-76 

12-30-76 1120 
12-29-76 1400. 

12-31-76 1107 
1- 1-77 1311 . 
1- 2-77 ,1100 
1-  4-77 0946 
1- 5-77 0606 
1-14-77 ' 1203 

Depth to 
water from 
Mp* (ft) 

51.20 
51.00 
50.83 
50.85 
50.87 
50.73 
50.80 

50.91 . 
50.85 

50.99 
50.86 
50.88 
50.92 
50.89 
50.86 
50.70 
50.96 

50.74 
50.84 

50.79 
50.74 

28.59 
50.72 

50.45 
50.50 
50.49 
50.49 
50.36 
50.40 
50.55 

Altitude 
of  water 
level (ft) Comments 

cemented 
installed 

6169.00  slug test 
6169.20 
6169.37 
6169.35 
6169.33 
6169.47 
6169.40 
6169'.  35 
6169.29 
6169.21 
6169.34 
6169.32 

6169.31 
6169.28 

6169.34 
6169.50 
6169.24 
6169.36 
6169.46 
6169.41 
6169.46 
6169.48 
6191.61 
6169.75 
6169.70 
6169.71 
6169.71 
6169.84 
6169.80 
6169.65 

MP* = measuring  point 2.20' above land surface 
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Appendix 1-2. -- Depht-to-water  measurements  and water-level a l t i t u d e s  
i n  CNP-6 

- 

Date 
Hour 

Day (MST) 

11-18-76 
11-23-76 
12-  2-76 
12-  3-76 
12-  4-76 
12-  5-76 
12-  6-76 
12-  7-76 
12-  8-76 

12-10-76 
12-  9-76 

12-11-76 
12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 
12-28-76 
12-29-76  1547 
12-30-76  1417 
12-31-76  1355 
1-  1-77 1447 
1- 2-77 1238 
1- 4-77 1132 

Depth t o  
water  from 
MP* (ft) 

16.20 
15.24 

15.30 
15.32 

15.27 
15.23 
15.21 
15.19 
15.07 
15.33 
15.25 
15.26 
15.21 
15.16 
15.20 
15.21 
15.06 
15.04 
15.18 
15.12 
14.98 
15.04 
14.98 
14.96 

14.96 
14.98 

14.80 
14.96 
14.92 
14.88 
14.78 

A l t i t u d e  
of water  
l e v e l  (ft) Comments 

i n s t a l l e d  & cemented 
6129.90 
6130.86 
6130.78 

6130.83 
6130.80 

6130.87 
6130.89 
6130.91 
6130.03 
6130.77 
6130.85 
6130.84 
6130.89 
6130.94 

6130.89 
6130.90 

6130.04 
613i. 06 
6130.92 
6130.98 
6131.12 
6131.06 ’ 

6131.12 
6131.14 

6131.14 
6131,12 

6131.30 
6131.. 14 
6131.18 
6131.22 
6131.32 

. .  

MP” = measuring p o i n t  4.70‘  above land   sur face  

... 

t 



Appendix  1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
in CNP-6A 

Date  Depth  to 

Day 

11-18-76 

12-  2-76 
11-23-76 

12-  3-76 
12-  4-76 

12-  6-76 
12-  5-76 

12-  7-76 
12-  8-76 
12-  9-76 
12-10-76 

12-13-76 
12-12-76 

12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 
12-28-76 
12-29-76 
12-30-76 
12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 

(MST) 
Hour 

1415 
1545 

1355 
1443 
1235 
1129 

water  from 
MP* (ft) 

11.07 
10.91 
10.98 
11.01 
11.00 

11.03 
11.02 

11.07 
11.08 
11.09 
11.09 
11.10 
11.10 
11.11 
11.12 
11.07 
11.08 
11.10 
11.12 
11.09 
10.99 
11.10 
11.09 
11.08 
11.07 
11.06 
11.05 
11.06 
11.10 
11.15 

Altitude 
of  water 
level  (ft)  Comments 

installed & cemented 
6134.03 
6134.19 
6134.12 

6134.10 
6134.09 

6134.08 
6134.07 
6134.03 
6134.02 
6134.01 
6134.01 
6134.00 
6134.00 
6133.99 
6133.98 
6134.03 
6134.02 
6134.00 
6133.98 
6134.01 

6134.. 00 
6134.11 

6134.01 

6134.03 
6134.02 

6134.04 
6134.05 
6134.04 
6134.00 
6133i.95 

MP* = measuring  point 3.94' above  land  surface 
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Flppendix 1-2. -- Depth-to-water measurements and water-level altitudes 
in CNP-GB 

Date Depth  to Altitude 
of water 

Day 
Hour water from 
(MST) MP* (ft) level ( f c )  C0mment.s 

11-18-76 

11-23-76 
11-19-76 

12-  2-76 
12-  3-76 
1 2 -  4-76 
1 2 -  5-76 
1 2 -  6-76 
12- 7-76 

1 2 -  9-76 
1 2 -  8-76 

12-10-76 
12-11-76 
12-12-76 
12-13-76 
12-14-76 
J.2-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-19-76 

12-21-76 
12-23-76 

12-22-76 

12-27-76 
12-23-76 

12-28-76 
12-29-76 1540 
12-30-76  1410 
12-31-76 1352 
I- 1-77 1440 
1- 2-77 1230 
1- 4-77 ' 1126 

29.02 
28.76 
28.83 
28.95 
29.04' 
29.10 
29.12 
29.15 
29.15 
29.17 
29.16 
29.18 
29.19 
29.19 
29.19 
29.18 
29.19 
29.20 
29.16 
29.18 
29.18 
29.18 
29.17'  
29.18 
29.18 
29.17 
29.16 
29.13 
29.14 
29.14 
29.14 

' 29.14 

installed 
cemented 

6136.18 

6136.37 
6136.44 

6136.25 
6136.16 
6136.10 
6136.08 
6136.05 
6136.05 
6136.03 
6136.04 
6136.02 
6136.01 
6136.01 
6136.01 
6136.02 
6136.01 

6136.04 
6136.00 

6136.02 
6136.02 
6136.02 
6136.03 . 
6136.02 
6136.02 
6136.03 
6136.04 
6136.07 
6136.06 
6136;06 
6136.06 
6136.06 

bP* = measuring point 4 . 2 9 '  above land surface 



Appendix 1-2. -- Depth-to-water  measurements and water-level  altitudes 
in CNP-7 

Day 

11-23-76 
11-22-76 

12-  2-76 
12-  3-76 

12-  5-76 
12-  4-76 

12-  6-76 
12-  7-76 
12-  8-76 
12-  9-76 
12-10-76 
12-11-76 

12-13-76 
12-12-76 

12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 

12-23-76 
12-22-76 

12-27-76 
12-28-76 
12-29-76 
12-30-76 
12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 

Date Depth  to . Altitude 
Hour water  from of  water 
(MST) MP* (ft) 

83.64 
83.45 
84.17 
84.22 
84.31 
84.38 

81.22 
84.62 

81.27 
81.30 

81.41 
81.34 

81.48 
81.56 
81.60 
81.64 
81.60 
81.61 
81.64 
81.62 
81.73 
81.70 
81.64 
81.63 
81.63 
81.63 
81.63 
81.64 
81.63 
81.65 
81.20 

1555 
1610 
1535, 
1628 
1438 
1222 

level  (ft) 

6146.15 
6145.96 

6145.43 
6145.38 
6145.29 
6145.22 
6144.98 
6148.38 
6148.33 
6148.30 
6148.26 
6148.19 

6148.04 
6148.12 

6148.00 
6147.96 
6148 i o 0  

6147.96 
6147.98 
6147.87 
6147.90 
6147.96 
6147.97 
6147.97 
6147.97 
6147.97 
6147.96 
6147.97 
6147.95 
6148.20 

m i .  99 

Comments 

installed 
cemented 

s lug  test 

blP* = measuring point, 4.88' above land  surface 



Appendix 1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
in CNP-7A 

~~~ 

Date 
~ ~~~ 

Hour 
Day (I-ET) . 

11-19-76 
11-23-76 
12- 2-76 
12- 3-76 
12- 4-76 
12-  5-76 
12- 6-76 
12- 7-76 
12- 8-76 
12- 9-76 
12-10-76 
12-11-76 
12-12-76 

12-14-76 
12-13-76 

12-15-76 
12-16-76 

12-18-76 
12-17-76 

12-19-76 
12-20-76 
12-21-76 

12-23-76 
12-22-76 

12-27-76 
12-28-76 
12-29-76 

'12-30-76 
12-31-76 
1- 1-77 
1- 2-77 

Depth to 
water  from 
MP* (ft) 

Altitude 
of  water 
level (ft) Comments 

installed 
cemented 

6214.13 
6214.20 
6214.40 
6214.27 
6214.18 
6214.10 

damp on tip 

damp on t i p  

MP* = measuring  point 2.70' above  land  surface 



Day 

11-22-76 
11-19-76 

12-  3-76 
12- 4-76 
12-  5-76 
12-  6-76 
12-  7-76 
12-  8-76 
12-  9-76 
12-10-76 

12-12-76 
12-11-76 

12-13-76 
12-14-76 
12-15-76 
12-16-76 

12-18-76 
12-17-76 

12-20-76 
12-19-76 

12-21-76 
12-22-76 
12-23-76 
12-<7-76 
12-28-76 
12-29-76 
12-30-76 
12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 

Appendix 1-2. -- Depth-torwater  measurements  and  water-level  altitude 
in CNP-8 

Date Depth  to Altitude 
Hour water  from of water 

(MST) MP* (ft) 

28.11 
28.07 
28.01 

28.30 
27.98 

26.10 

28.07 
28.02 

28.09 
28.12 
28.15 

28.19 
28.19 

28.20 
28..15 
28.17 
28.16 
28.17 
28.07 
28.10 
28.07 
28.08 
28.13 

1500  28.10 

1520 
1513 28.05 

,28.07 
1610  28.04 
1420 28.05 
1148 29.05 

level  (ft)  Comments 

installed 
cemented 

6095.99 
6096.03 
6096.09 
6096.12 
6095.80 

6096.08 
6098.00 pressure injected 

6096.03 
6096.01 
6095.98 
6095.95 
6095.91 
6095.91 
6095.90 
6095.95 
6095.93 
6095.94 
6095.93 
6096.03 
6096.00 
6096.03 
6096.02 
6095.97 
6096.00 
6096.05 
6096.03 
6096.06 
6.096. 05 
6095.. 05 

MP* = measuring  point 2.80' above  land  surface 

L 



Appendix 1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
i n  CNP-SA 

Date Depth  to Altitude 
Hour water  from of water 

Day (KT) I@* (ft)  level  (ft)  Comments 

11-19-76 
11-22-76 
12- 2-76 
12- 3-76 

12- 4-76 

12- 5-76 

12- 6-76 

12- 7-76 

12- 8-76 

12-  9-76 
12-10-76 
12-11-76 
12-12-76 

12-14-76 
12-13-76 

12-15-76 
12-16-76 
12-17-76 

12-19-76 
12-18-76 

12-21-76 
12-20-76 

12-23-76 
12-22-76 

12-27-76 
12-28-76 
12-29-76 
12-30-76 
12-31-76 
1- 1-77 

1- 4-77 
1- 2-77 

hit  bottom 

hit  bottom 
hit  bottom 
hit  bottom 
hit  hottom 
hit  bottom 
hit  bottom 
hit  bottom 
hit  bottom 
hit  bottom 
hit  bottom 
hit  bottom 
hit  .bottom 
hit  bottom 
dry 
dry 
dry 
dry 

. dry 
dry 

dry 
dry 
dry 
dry 

installed 
cemented 
8 has  moisture 
Bentonite  plug 

Bentonite  plug 
at 27.58' 
Bentonite  plug 
at 27.55' 
Bentonite  plug 
at 27.58' 

at 27.58' 
Bentonite  plug 

pressure  injection 
test 

at 27.58' 

MP* = measuring  point 2.18'  above  land  surface 

W. I(. Summers & Associates 
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Appendix 1-2. -- Depth-to-water measurements and water-level altitudes 
in CNP-9 

Day 

11-19-76 
11-23-76 
12- 2-76 
12-  3-76 
12- 6-76 

12- 8-76 
12- 7-76 

12-  9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 

12-19-76 
12-18-76 

12-21-76 
12-20-76 

12-22-76 
12-23-76 
12-27-76 
12-28-76 
12-29-76 
12-30-76 
12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 

Date Depth to Altitude 
Hour water from of water 
(MST) MP* (ft) 

28.28 

28.75 
28.57 

28.67 
28.61 

28.60 
28.61 

28.60 
28.60 

28.60 
28.60 
28.53 
28.56 

28.54 
28.58 

28.56 
28.54 
28.56 
28.49 

'28.47 
28.48 

28.45 
28.47 

28.46 
28.46 
28.46 
28.46 
28.45 . 
28.50 

1510 
1525 
1525 
1618 
1428 
1159 

level  (ft)  Commcnts 

installed & cemented 
6042.32 
6042.03 
6041.85 
6041.93 s l a g  test 
6041.99 

6042.00 
6041 ~ 99 

6042.00 
6042.00 
6042.00 
6042.00 
6042.07 

6042.02 
6042.04 

6042.06 
6042.04 
6042.06 
6042.04 
6042.11 
6042.13 
6042.12 

6042.15 
6042.13 

6042.14 
6042.14 
6042.14 
6042.14 
6042.15 
6042.10 

Mp* = measuring point 5.42'  above land surface 



Appmdtx 1-2. -- Depth-to-water  measurements and  watcr- level  a l t i i x d e j :  
in CNS-1 (p) 

" _ _ _ _ ~  "- -" 
Date Depth to 
" 

A l t i t u d e  
Hour water from of water 

D a y  (>!ST) (ft) l e v e l  ( f t )  comments 

11- 4-76 dry  open  hole - no 

11- 5-76  dry^ i n s t a l l e d  
11- 6-76 dry  
11- 7-76 dry  
11- 8-76 
11- 9-76 

dry  

11-10-76 
dry 

11-11-76 dry  
dry  

11-12-76 dry  
11-13-76 d ry  
11-14-76 
11-15-76 

dry  

11-16-76 
dry  
dry  

11-17-76 
11-18-76 

d ry  

11-19-76 
dry  
dry  

11-20-76 dry 
11-21-76 
11-22-76 

dry 

11-23-76 
d ry  

12- 2-76 d ry  
dry  . 

12- 3-76 d ry  
12- 4-76 dry  
12- 5-76 d ry  

1 2 -  7-76 
1 2 -  6-76 d ry  

12- 8-76 d ry  
12- 9-76 
12-10-76 
.12-11-76 dry  
12-12-76 dry  
12-13-76 
12-14-76 
12-15-76 
12-27-76 
12-28-76 
12-29-76 
12-30-76 
12-31-76 

"- - " 

piezometer . 

dry  

dry  
dry  

dry  
dry  
d ry  
dry  
d ry  

. dry  
dry  
d ry  

1- 1-77 dry  
1- 4-77 1015 dry  
1-14-77 . 1251 . 

.. 
dry  

MPk = measuring po in t  6.31' above land s u r f a c e  

cenented 



Appendix  1-2. -- DepLh-to-water  measurements  and  water-level  altitudes 
in CNS-2 (P) 

Date 
Hour 

Day , (MST) 

11-23-76 

12-  4-76 
12-  1-76 

12- 5-76 
12-  6-76 
12-  7-76 
12-  8-76 
12-  9-76 
12-10-76 
.12-11-76 
12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 

12-22-76 
12-21-76 

12-23-76 
12-27-76 
12-28-76 , 
12-29-76 1505- 
12-30-76  1333 
12-31-76  1324 
1- 1-77 1409 
'1- 2-77 1156 
1- 4-77 1050 

1 .  

Depth  to 
water from 
m* (ft) 

47.03 
48.79 
48.97 
49.56 
50.64 
50.29 
51.40 
51.54 
51.22 
51.04 
51.14 
51.19 
51 ~ 20 
51.30 
51.25 
47.40 
47.82 
47.99 
48.28 
48.46 
48.75 
49.09 
49.35 
49.46 
49.38 
49.62 
49.74 
49.40 

Altitude 
of water 
level  (ft) , Comments 

installed 
cemented 

6191.27 
6189.51 
6189.33 
6188.74 
6187.66 
6188.01 
6186.90 
6186.76 

6187.26 
6187.08 

6187.16 
6187.11 
6187.10 
6187.00 
6187.05 
6190.90, 
6190.48 
6190.02 
6190.02 
6189.84 
6189.55 
6189.21 
6188.95 
6188.84 
6188.92 
6188.68 
6188.56 
6188.90 

slug test 

MF'* = measuring  point 1.80' above  land  surface 



Appendix 1-2. -- Depth-to-vater  measurements  and  water-level  rilticurtes 
i n  CNS-3 (P) 

Date Depth to 

Day (EST) Mp* (ft)  
Hour water from 

10-22-76 

10-24-76 
10-23-76 

10-25-76 
10-26-76 
10-27-76 
10-28-76 
10-29-76 
10-30-76 
10-31-76 
11- 1-76 
11- 2-76 
11- 3-76 
11- 4-76 

11- 4-76 

11- 4-76 
11- 5-76 
11- 6-76 
11- 7-76 
11- 8-76 
11- 9-76 
11- 9-76 
11- 9-76 
11-10-76 
11-11-76 
11-12-76 
11-13-76 
11-14-76 
11-15-76 
11-16-76 
11-17-76 
11-18-76 
11-19-76 
11-20-76 
11-21-76 
11-22-76 
11-23-76 
12-  2-76 
12-  3-76 
12-  4-76 
12-  5-76 
12-  6-76 

1517  29.17 

' 28.91 
28.71 

27.53 
27.16 
26.30 
26.89 
26.74 
26.52 
26.56 
26.54 
26.55 

0915  26.40 
26.58 

27.17 

27.16 
26.80 
26.58 
26.59 
26.48 
27.35 
31.97 
30.89 

. 29.65 
28.58 
27.54 
26..66 . 
26.88 
26.56 
26.51 
26.50 
26.39 
26.32 ' 

26.27 
26.36 
25.93 , 

25.99 
26.29 
25.92 
25.90 
25.87 
25.78 

0925 

A l t i t u d e  
of  water 
l e v e l  (ft) 

6241.63 
6241.83 
6241.89 
6243.27 
6243.64 
6244.50 
6244.11 
6244.06 
6244.28 
6244.24 
6244.26 
6244.25 
6244.22 
6244.40 

6243.63 

6243.64 
6244.00 
6244.22 , 

6244.21 
6244.32 
6243.45 
6238.83 
6239.91 
6241.15 
6242.22 
6243.26 
6244.14 
6243.92 
6244.24 
6244.28 
6244.30 
6244.41 
6244.48 
6244.53 
6244.44 
6244.87 
6244.81 
6244.51 
6244.88 
6244.90 
6244.93 
6245.02 

Comments 

i n s t a l l e d  

cemented 

before  chemical 

a f t e r   chemica l  
a n a l y s i s  sample 

a n a l y s i s  sample 

before  water sample 
after water  sample 

slug t e s t  

W. K. Summers & Associates 
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. .  

Date  Depth to 
Hour  water  from 

Altitude 
of  water 

Day - (?ET) Eu?* (ft)  level  (ft) Comments 

12- 7-76 
12-  8-76 
12-  9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
10-21-76 
12-22-76 
12-23-76 
12-27-76 
12-28-76 
12-29-76 1 
12-30-76 1 

25.82 

' 25.76 
25.83 

25.76 
25.85 
25.83 
25.89 
25.57 
25.74 
25.69 
25.62 
25.57 
25.68 
25.82 
25.72 
25.61 

25.65 
25.68 

25.61 
,510  25.68 
,333  25.48 

12-31-76 1330  25.53 
1-  1-77 1415  25.54 
1- 2-77 1205  25.55 
1- 4-77 1100 25.52 

6244.98 
6244.97 
6245.04 
6245.04 
6244.95 
6244 ~ 97 
6244.91 
6245.23 
6245.06 
6245.11 
6245.18 
6245.23 
6245.12 
6244.98 
6245.08 

6245.12 
6245.19 

6245.15 
6245.19 
6245.12 
6245.32 
6245.27 
6245.26 
6245.25 
6245.28 

MP* = measuring  point  5.35'  above,land  surface 

W. K. Summers & Associates 
33. . 



Appendix 1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
in CNS-4 (P) 

Date Depth  to Altitude 
Hour water  from of  water 

Day 

10-21-76 
10-20-76 

10-22-76 
10-23-76 
12-24-76 

10-26-76 
10-25-76 

10-28-76 
10-27-76 

10-29-76 

10-31-76 
10-30-76 

11-  1-76 
11-  2-76 
11- 3-76 
11-  4-76 

11- 4-76 

11-  4-76 
11- 5-76 
11-  6-76 

11-  8-76 
11- 7-76 

11- 9-76 
11-  9-76 

11-10-76 
11-  9-76 

11-11-76 
11-12-76 
11-13-76 
11-14-76 
11-15-76 
11-16-76 

11-18-76 
11-17-76 

11-19-76 
11-20-76 
11-21-76 
11-22-76 
11-23-76 

12- 3-76 
12- 2-76 

(bIST) - I"P* (ft) ' ,  level  (ft) 

1523 ' 42.42 
42.48 

6201.18 
6201.12 

42.41 
42.40 

6201.19 
6201.20 

42.39  6201.21 
42.62 
42.33 

6200.98 

42.24 
6201.27 
6201.36 

42.15 
42.26 

6201.45 
6201.34 

42.17  6201.43 
42.25  6200.85 
42.31  6201.29 
42.19  6201.41 0950 

42.97  6200.63 

43 .OO 
' 42.24 

6200.60 
6201.36 

42.06 
42.21 

6201.54 

43.07 
6201.39 
6200.53 

0900  41.94 
47.12 

6201.96 

44 .83 
6196.04 
6198.77 

43.26  6200.34 
42.57  6201.03 
42.25  6201.35 
42.05  6201.55 
41 .80 ,6201.80 
41.78  6201.82 
41.75  6201.85 
41.97  6201.63 
41.79  6201.81 

41.21 . 
41.80  6201.80 

6202.39 
41.31 
41.36 

6202.29 

41.79 
6202.24 

41.64 
6201.81 

41 .82 
6201.96 
6201.78 

W. K. Summers R; Associates 
34 

Comments 

installed 
cemented 

before  chemical 
analysis  sample 
after  chemical 
analysis  sample 

before  water  sample 
after  water  sample 

slug  test 
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Appendix 1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
in CNS-4(P)  (cont) 

- 
Date  Depth  to  Altitude 

of water €lour  water  from 
Day (MST) 

12-  4-76 41.79 6201.81 
12- 5-76 41.76 6201.84 
12-  6-76 . 41.73 6201.87 
12-  7-76 41.72 6201.88 
12-  8-76 41.60 ' 6202.00 
12-  9-76 41.60 6202.00 
12-10-76 41.78 6201.82 
12-11-76 41.82 6101.78 
12-12-76 41.89 6201.71 

12-14-76 
12-13-76  41.95 

41.78 
6201.65 
6201.82 

12-15-76  41.28 
12-16-76 

6202.32 
41.56 

12-17-76 
6202.94 

41  .83 
12-18-76 

6201.77 
41.90  6201.70 

12-19-76  41.63  6201.97 
12-20-76  41.83  6201.77 
12-21-76  41.62 
12-22-76 

6201.98 
41.69  6201.91 

12-23-76  41.68  6201.92 
12-27-76  41.. 66 6201.94 
12-28-76  41.64  6201.96 
12-29-76  41.45  6202.15 
12-30-76  41.44  6202.16 
12-31-76  41.40  6202.20 
1- 1-77  41.39  6202.21 
1- 2-77  41.50  6202.10 
1- 4-77  41.44  6202.16 
1-14-77  41.57  6202,.  03 

- MP* (ft) level  (ft)  Comments 

injection  test 

MP* = measuring  point  1.65'  above  land  surface 

W. K. Sutnmers & Associates 
35 



Appendix  1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
in CNS-5 (P) 

Day 

10-20-76 
10-22-76 
10-23-76 
10-24-76 
10-25-76 
10-26-76 
10-27-76 
10-28-76 

10-30-76 
10-29-76 

10-31-76 
11- 1-76 
11- 2-76 
11- 3-76 
11 -4-76 

11- 4-76 

11- 5-76 
11- 4-76 

11- 6-76 
11- 7-76 

11- 9-76 
11-  8-76 

11-  9-76 

11-  9-76 
11-10-76 
11-11-76 

Date Depth  to Altitude 
Hour water  from of  water 

(MST) MP* (ft) 

1557  32 .a7 

1623 
33.04 
33.19 
33.34 
33.48 

33  ..7a 
33.60 

33.91 
34.00 
34.09 
34.20 
34.21 

34.45 1100 
34.18 

0820 

33.87 

34.34 
34.22 
34.30 

34.40 
34.35 

34.33 

39.  a3 

33.37 
34.4s 
34.33 

level  (ft) 

6224.43 
6224.26 
6224.11 
6223.96 
6223.82 
6223.70 
6223.52 
6223.39 
6223.30 
6223.21 
6223.10 
6223.09 
6223.12 
6222  .a5 

6223.43 

6223.96 

6223.00 
6223.95 
6223.90 
6222.97 

6217.47 

6224.93 

6223.97 

6223. oa 

6223.82 

Comments 

installed 

cemented 

before  chemical 
analysis  sample 
after  chemical 
analysis  sample 

before  water 
sample 
after  water 
sample 

- 

MP* = measuring  point  2.00'  above  land  surface 



Appendix 1-2. -- Depth-to-water  measurements  and  water-level altitudes 
in CNS-5 (P) 

Date . 
Hour 

Day - (MST) 

11-13-76 
11-12-76 

11-15-76 
11-14-76 

11-16-76 
11-17-76 
11-18-76 
11-19-76 
11-20-76 
11-21-76 
11-22-76 
11-23-76 
12-  3-76 
12-  4-76 
12-  5-76 
12-  6-76 

12-  8-76 
12-  7-76 

12-10-76 
12- 9-76 

12-11-76 
12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 

12-22-76 
12-21-76 

12-22-76 
12-23-76 
12-27-76 
12-28-76 
12-29-76  1522 
12-30-76  1350 
12-31-76  1340 

. 1- 2-77 1219-  
1- 1-77 ,1428 

1- 4-77 1114 ' 

Depth to 
water from 
Mp* (ft) 

34.27 
34.25 
34.21 
34.24 
34.26 
34.28 
34.33 
32.42 
33.72 
33.79 
33.83 
33.95 
33.93 
33.90 
33.87 
33..83 
33.70 
33.82 
33.79 . 
33.78 
33.83 
33.92 
33 f 99 
33.93 
33.92 

33.91 
33.92 

33.91 

33.52 
33.87 

33.60 
33.71 

: 33.64 
33.70 

33.70 
33.76 
33.74 
33.70 

33.68 
33.68 

33.67 
33.63 

Altitude 
of water 
level (ft) 

6223.03 
6223.05 
6223.09 
6223.06 
6223.04 
6223.02 

6224.88 
6222.97 

6223.51 
6223.58 

6223.47 
6223.35 
6223.37 
6223.40 
6223.43 
6223.47 
6223.60 
6223.48 

6223.52 
6223.51 

6223.47 
6223.38 
6223.31 
6223.37 

6223.38 
6223.38 

6223.39 
6223.39 
6223.43 
6223.78 
6223.70 
6 2 2 3 3 9  

6223.66 
6223.60 

6223.70 
6223.54 
6223.56 
6223.60 

6223.62 
6223.62 

6223.63 
6223.67 

Comments 

slug test 

slug test 

MP* = measuring  point 2.00' above land surface 
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Appendix 1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
in CNS-7 (P) 

Date Depth to Altitude 
Hour water  from of  water 

Day (MST) MP* (ft)  level  (ft) 

10-22-76 
10-23-76 
10-24-76 
10-25-76 
10-26-76 
10-27-76 
10-28-76 
10-29-76 
10-30-76 

11- 1-76 
10-31-76 

11- 2-76 
11- 3-76 
11- 4-76 

11- 4-76 

11- 4-76 
11- 5-76 
11- 6-76 
11- 7-76 
11- 8-76 
11- 9-76 
11-10-76 
11-11-76 

11-13-76 
11-12-76 

11-14-76 
11-15-76 
11-16-76 
11-17-76 
11-18-76 
11-19-76 
11-20-76 
11-21-76 
11-22-76 
11-23-76 
12- 2-76 
12-  3-76 
12- 4-76 
1 2 -  5-76 
12- 6-76 

1608 

1611 

1125 

41.31 
41.15 
41.00 
40.72 
40.43 
40.42 
40.20 
39.98 

39.20 
39.66 

39.47 
38.86 
38.64 

40.38 

38.94 
38.80 
38.94 
38 ,54  
39.04 
38.97 
38.34 
38.30 
38.78 
38.65 
38.14 
38.05 
37.66 
37.88 
36.34 
36.65 

36 .94  

37.01 
37.01 

37.08 
37.07 

37.08 
37.21 ' 

37.36 

39.81 

36.86 

6341.49 
6341.65 

6342.08 
6342.37 
6342.38 
6342.60 
6342.82 
6342.99 
6343.14 
6343.60 
6342.33 
6343.94 
6344.16 

6342.42 

6743.86 
G X 4 . 0 0  
6343.86 
6344.26 
6343.76 
6343.83 
6344.46 
6344.50 
6344.02 
6344.15 
6344.66 
6344.75 
6345.14 
6344.92 
6346.46- 
6346.15 
6345.94 

6345.79 
6345.79 
6345.73 
6345.72 
6345.72 
6345.59 
6345.44 

6341.80 

6345.  86 

Comments 

installed 

cemented 

before  chemical 
analysis  sample 
after  chemical 
analysis  sample 

slug test 



Appendix 1-2. -- Depth-to-water  measurements  and  water-level  altitudes 
in CNS-7(P) (cont) 

Date 

Day 
Hour 
(MST) - 

12- 7-76 

12- 9-76 
12- 8-76 

12-10-76 
12-11-76 
12-12-76 
12-13-76 
12-14-76 

12-16-76 
12-15-76 

12-17-76 

12-19-76 
12-18-76 

12-20-76 
12-21-76 
12-22-76 
12-22-76 

12-28-76 
12-27-76 

12-29-76 0920 
12-30-76 0947 
12-31-76 1036 
1- 1-77  1220 

1- 4-77 
1- 2-77  1007 

1- 5-77 0435 
1-14-77 1107 

Depth to 
water  from 
Mp* (ft) 

36.90 

36 .90  
36.94 

37.39 
37 .33  
37.21 
37.19 
37.01 
37.00 
37.02 

37.04 
36.84 

36.98 
37.04 

36.87 
36.86 
36.80 
36.76 
36.79 
36.57 
36.65 
36.68 
36 .70 '  
36.48 
36.76 
36.76 

37.06 ' .  

Altitude 
of  water 
level  (ft) comments 

6345.90 
6345.86 
6345.90 
6345.41 
6345.47 
6345.59 
6345.61  
6345.79 

6345.78 
6345.80 

6345.74 
6345.76 
6345.96 
6345.76 
6345.82 
6345.93 

6346 .OO 
6345.94 

6346.04 
6346.01 
6346.23 
6346.15 
6346.12 
6346.10 

6346.04 
6346.32 

6346.04 

ME'* = measuring  point 5.10' above land surface 



10-25-76 
10-27-76 
10-28-76 
10-29-76 
10-30-76 

11- 1-76 
10-31-76 

11- 3-76 
11-  2-76 

11-  4-76 
11- 5-76 
11- 6-76 
11-  7-76 ' 

11- 8-76 
11-  9-76 

11-11-76 
11-10-76 

11-12-76 
11-13-76 
11-14-76 
11-15-76 

11-17-76 
11-16-76 

11-18-76 
11-19-76 
11-20-76 
11-21-76 
11-22-76' 
11-23-76 
12-  2-76 
12-  3-76 
12-  4-76 
12- 5-76 
12-  6-76 
12-  7-76 
12-  8-76 
12-  9-76 

12-11-76 
12-10-76 

12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 

Depth to 

m* (ft) 
water  from 

29.63 
28.75 

29.87 
29.95 
30.07 
30.15 
30.27 

30.25 
30.31 

30.23 
30.23 
30.32 
30.20 
30.15 
30.07 
30.15 
30.20 
30.18 
30.07 
30.11 
30.20 

30.06 
30.26. 

30.09 
30.11 
30.15 
30.21 
29.88 
31.21 
29.18 
29.31 

' , 29.97 
29.82 

29.97 
29.75 
29.98 
30.16 
30.18 . 
30.15 
30.12 
29.91 
30.10 
30.11 
30.02 

Altitude 
of water 
level  (ft)  Comments 

installed 
6202.25  cemented 
6201.37 
6201.13 

6200.93 
6201.05 

6200.85 
6200.73 
6200.69 
6200.75 
6200.77 
6200.77 
6200.68 
6200.80 
6200.85 
6200.93 
6200.85 
6200.80 
6200.82 
6200.93 
6200.89 
6200.80 
6200.74 
6200.94 
6200.91 
6200.89 
6200.85 
6200.79  slug  test 

6199.79 
6201.12 

6201.82 
6201.69 
6201.18 
6201.03 
6201.03 
6201.25 
6201.02 
6200.84 
6200.82 
6200.85 
6200.88 
6201.09 
6200.90 
6200.89 
6200.98 



Appendix 1-2. -- Depth-to-water  measurements  and water-level a l t i t u d e s  
i n  CNS-lO(P) (cont)  

Date 

Day 
Hour 
(MST) - 

12-18-76 
12-19-76 
12-20-76 
12-21-76 

12-23-76 
12-22-76 

12-28-76 
12-27-76 

12-29-76 0952 
12-30-76 1007 
12-31-76 1048 
1- 1-77 1247 
1- 2-77 1035 
1- 4-77 0925 
1-14-77 1135 

Depth t o  

MP* (ft). 
water from 

30.05 
29.96 
30.14 
30.04 

30.11 
29.98 

30.01 
29.98 
29.94 
29.81 
29.93 
29.95 
29.96 
29.36 
29.99 

A l t i t u d e  
of water 
l e v e l  ( f t)  - 

6200.,95 
6201.04 
6200.86 
6200.96 
6201.02 ’ 

6200.89 

6201.02 
6200.99 

6201.06 
6201.19 
6201.07 
6201.05 
6201.04 
6201.64 
6200.80 

Comments 

~~ ~ ~ 

Mp* = measuring  point 4.02’ above  land  surface 



c 

- 
Da tc Depth t o  A l t i t u d e  

E3L" 

lo- 8-76 
10-11-76 
10-15-76 
10-16-76 
10-17-76 
10-18-76 
10-19-76 
10-21-76 
10-11-76 
10-23-76 
10-24-76 
10-25-76 
10-26-76 
10-27-76 
10-28-76 
10-29-76 
10-30-76 
10-31-76 
11- ,1-76 
11- 2-76 

11- 4-76 
1.1- 3-76 

11- 4-76 

11- 4-76 
11- 5-76 
11- 6-76 
11- 7-76 
11- 8-76 
11- 9-76 
11- 9-76 
11- 9-76 
11-10-76 
11-11-76 
11-12-76 
11-13-76 
11-14-76 
11-15-76 
11-16-76 

Irour water from 
(HST) P@* ( f t )  l eve l  (f t)  Comments 

of water  

1817 
1620 

4.545 

44.90 
45.17 
45.15 
45.12 
45.11 
45.10 
45.11 
45.16 
45.19 
45.17 
45.13 
45.12 
45.10 

45.39 
45.42 
45.43 
45.21 

45.28 

44.  a5 
44.  a5 

45. a3 

45.38 
45.41 

45.14 
45.16 
45.15 
45.16 
45.50 
45.16 
45.18 
45.10 
45.42 
45.31 
45.37 
4.5.41 
45.11 

6200.40 
6200.13 
6200.15 

6200.19 
6200.20 
6200.19 
6200.14 
6200.11 
6200.13 
6200.17 

6200.20 
6200:02 
6139.91 

6200.18 

6200.18 

6199.88 
6199.87 
6200.09 
6200.45 
6200.45 

6199  .a7 

6199. a9 
'6199.92 
6200.16 
6200.14 
6200.15 
6200.14 

6200.14 
619.9 .80 

6200.12 
6200.20 
6199.88 
6199.. 99 
6199.93 
6199.89 
6200.19 

i n s t a l l e d  
cemented 

before water sample 
a f t e r  water samnle 

s l u g  test 

W. K. Swnrnerr SC Associates 
42 . 



Appendix 1-2. -- Depth-to-water  measurements  and  water-level altitudes 
in CNS-l.l(P) (cont) 

Date Depth to Altitude 
Hour water from of water 

Day - (MST) MP* (ft)  level (ft)  Comments 

11-17-76 
11-18-76 

. 11-19-76 
11-20-76 
11-21-76 
11-22-76 
11-23-76 
12- 2-76 
12- 3-76 
12-  4-76 
12- 5-76 
12-  6-76 
12-  7-76 

12- 9-76 
12- 8-76 

12-10-76 
12-11-76 
12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 

. 12-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 

12-29-76 
12-28-76 

12-30-76 
12-31-76 
1- 1-76 
1- 2-76 
1- 4-76 
1- 5-76 
1-14-76 

0935 
0956 
1048 
1234 
1018 

0445 
0913 

1122 

45.04 
45.14 
45.17 

45.37 
45.20 

45.52 
45.16 
44.52 
44.47 
44.77 
45.21 
45.39 
45.10 

45.41 
45.40 

45.39 
45.37 

45.09 
45.38 

45.41 
45.07 
45.01 
45.22 
45.15 
45.50 
45.51 
45.48 
48.02 
45.09 
45.05 
45.03 
45.07 
45:lb- 
45.06 
45.05 
45.05 
45.06 
45.12 
45.07 

6200.26 
6200.16 
6200.13 

6199.93 
6200.10 

6199.78 
6200.14 
6200.78 
6200.83 

6200.09 
6200.53 

6199.91 
6200.20 
6199.90 
6199.89 
6199.91 
6199.93 
6199.92 
6200.21 
6199.89 
6200.23 

6200.08 
6200.29 

6200.15 
6199.80 
6199.79 
6199.82 
6197.28 

6200.25 
6200.21 

6200.27 
6200.23 
6200.20 

6200.25 
6200.24 

6200.24 
6200.25 

6200.18 
6200.20 

slug test 

Mp* = measuring  point 5.66' above land  surface 
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Appendix 1-2.. -- Depth-to-water.measurements..and water-,level altitudes 
. in CNS-lZ(P) 

Date 
Hour 

Day - (MST) 

10-11-76 
10-12-76 
10-15-76 
10-16-76  1005 
10-17-76 
10-18-76 
10-19-76  1731 
10-21-76  1813 
10-22-76  1615 
10-23-76' 
10-24-76  1550 
10-25-76 
10-26-76 
10-27-76 
10-28-76 
10-29-76 
10-30-76 
10-31-76 
11- 1-76 
11- 2-76 
11- 3-76 
11- 4-76 
11- 5-76 
11- 6-76 
11- 7-76 

' 11- 8-76 
11- 9-76 
11-10-76 
il-11-76 
11-12-76 
11-13-76 
11-14-76 
11-15-76 
11-16-76 
11-17-76 
11-18-76 
11-19-76 
11-20-76 
11-21-76 
11-22-76 

12-  2-76 
11-23-76 

12-  3-76 
12-  4-76 
12-  5-76 
12-  6-7.6 

Depth to 
water  from 
MP* (ft) 

48.07 
47.91 
47.98 
48.02 
48.06 
48.35 ' 

48.23 

48.09 
48.17 

48.05 
48.00 . 
47.94 

47.98 
48.00 

47.96 
47.91 

' 47.92 

47.64 
47.98 

48.05 
48.05 
48.08 
48.02 
48.01 
48.01 
48.01 
48.05 
47.98 
48.00 
48.18 

. 48.15 
48.17 

48.16 
48.19 
48.21 
48.24 

48.23 
48.22 

48.17 
48.02 

48.00 
47.98 

.47.99 
48.01 

w. K. SUll~I 

Altitude 
of water 
level ( f t )  

6211.43 
6211.59 
6211.52 
6211.48 
6211.44 
6211.15 
6211.27 

6211.41 
6211.33 

6211.45 
6211.50 
6211:  56 
6211.50 
6211.52 
6211.54 
6211.59 
6211..  58 
6211.52 
6211.86 
6211.45 
6211.45 
6211.42 
6211.48 
6211.49 

6211.49 
6211.49 

6211.45 
6211.52 
6211.50 
6211.32 
6211.33 
6211.35 
6211.34 
6211.31 
6211.29 
6211.'26 
6211.28 
6211.27 

6211.48 
6211.33 

6211.50 
6211.52 

6211.51 
6211.49 

. .  

Comments 

installed 
cemented 

s l u g  test 



Appendix 1-2. -- Depth-to-water measurements  and  water-level  altitudes 
in CNS-l2(P) (cont) 

Date Depth to Altitude 
Hour water  from of water 

Day (MST) m* (ft) level (ft) Comments 

12-  7-76 
12-  8-76 
12- 9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 

12-22-76 
12-21-76 

12-23-76 
12-27-76 
12-28-76 
12-29-76 
12-30-76 
12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 

. 1- 5-77 
1-14-77 

0952 
0925 

1040 
1230 
1015 
0911. 

1120 
0442 

48.06 

48.09 
48.06 

48.14 
48.11 
48.09 
48.11 
48.10 
48.10 
48.07 
48.09 
48.05 
48.20 
48.03 
48.05 
48.06 
48.04 
48; 06 
48.59 
47.82 
47.84 
47.82 
47.85 
47.89 
47.74 

47.89 
47.91 

6211.44 

6211.41 
6211.44 

6211.36 
6211.39 
6211.41 
6211.39 
6211.40 
6211.40 
6211.43 
6211.41 
6211.45 
6211.30 
6211.47 
6211.45 
6211.44 
6211.46 
6211.44 
6210.91 
6211.68 
6211.66 
6211.68 
6211.65 

6211.76 
6211.61 

6210.67 
6211.59 

I@* = measuring  point 5.95' above  land,  surface 



Appendix  1-2. -- Depth-ts-water measurements a n d   w a t e r - l e v e l   a l t i t u d e s  
in C?IS-13(P) 

Date 

Day 
Hour 
(MST) 

11- 2-76 
11- 3-76 
11- 4-76 
11- 5-76 
11- 6-76 
11- 7-76 
11- 8-76 

11-10-76 
11- 9-76 

11-11-76 
11-12-76 
11-13-76 
11-14-76 
11-15-76 
11-16-76 
11-17-76 
11-18-76 
11-19-76 
11-20-76 
11-21-76 
11-22-76 
11-23-76 ' .  

12- 2-76 
12- 3-76 
12- 4-76 

' 12-  5-76 
12-  6-76 
12- 7-76 
i z -  8-76 
12- 9-76 
12-10-76 

12-12-76 
12-11-76 

12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 
12-28-76 

Depth t o  , 
water from 
MP* (ft)  

36.90 
36.94 
36.88 
36.77 
36.70 
36.38 
36.03 
35.66 
36.40 
36.29 
36.21 
36.11 
36.00 
36.14 
36.15 
35.96 
35.80 
35.69 
35.83 
35.85 
35.53 
35.11 
35.03 
34.98 

34.70 
34.86 

34.70 
34.70 
34.78 
34.73 
34.71 
34.66 

' 34.68 
34.63 
33.78 
33.98 
34.02 
34.09 
34.14 
34.22 
34.28 
34.64 
34.64 
34.31 
34.27 

A l t i t u d e  
o f  water 
level (f t)  Comnents 

i n s t a l l e d  
6206.20 
6206.16 
6206.22 
6206.33 
6206.40 
6206.7.2 
6207.07 
6207.44 
6206.70 
6206.81 
6206.89 
6206.99 
6207.10 
6206.96 
6206.95 
6207.14 
6207.30 
6207.41 
6207.27 
6207.25 
6207.57 
6207.99 
6208.07 
6208.12 
6208.24 
6208.40 
6208.40 
6208.40 
6208.32 
6208.37 
6208.39 
6208.44 
6208.42 
6208.47 . slug test 
6209.32 
6209.12 . 
6209.08 
6209.01 
6208.96 
6208.88 
6208.82 
6208.46 
6208.46 
6208.79. 
6208.83 

cemented 



Appendix 1 - 2 .  -- Depth-to-water   measurements   and  water- level   a l t i tudes 
i n  c~S-:l3(P!  Ccont) 

Date Depth t o  
Hour. 

A l t i t u d e  
of water water from 

Day (MST) m* ( f t )  l e v e l   ( f t )  Comments 

12-29-76 
12-30-76 
12-31-76 

1- 2-77 
1- 1-77 

1- 4-77 
1- 5-77 
1-14-77 

1003 
0944 

1045 
1243 
1024 
0921 
0453 
1133 

34.29 
34.26 
34.28 

34.26 
34.26 

34.25 
34.31 
34.27 

6208.81 
6208.84 
6208.82 
6208.84 
6208.84 
6208.85 
6208.79 
6208.84 

MP* = measuring p o i n t  0.70’ above   l and   su r f ace  



Appendix 1-2. -- Depth-to-water  measurements  and  water-level  altitude 
i n  CNS-JsfP) 

" 

Date Depth to Altitude 
Hour water from of water 

Day - (MST) MP* (ft) '  level  (ft)  Comments 

10-20-76 
10-22-76 
10-23-76 
10-24-76 
10-25-76 
10-26-76 
10-27-76 
10-28-76 
10-29-76 
10-30-76 
10-31-76 
11- 1-76 

11- 3-76 
11- 2-76 

11- 4-76 
11- 5-76 
11- 6-76 
11- 7-76 
11- 8-76 
11- 9-76 
11-10-76 

11-12-76 
11-11-76 

11-13-76 
11-14-76 
11-15-76 
11-16-76 
11-17-76 

11-19-76 
11-18-76' 

11-20-76 
11-21-76 

11-23-76 
11-22-76 

12-  3-76 
. i 2 -  4-76 

12- 6-76 
12- 5-76 

12- 7-76 
12-  8-76 
12-  9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 
12-14-76 

1601 

1628 

34.11 
34.07 
33.98 
33.78 
33.62 
33.15 
33.75 
33.78 
33.79 
33.61 
33.69 
33.80 
33.82 
33.51 
33.55 

33.89 
33.68 

33.63 
33.59 
33.52 
33.58 
33.61 
33.60 
33.32 
33.41 
33.38 
33.70 
33.46 
33.42 

33.65 
33.45 

33.24 
33.46 
33.50 
33.45 
33.36 
33.41 
33.46 
33.45 
33.31 
33.62 
33.62 
33.61 
33.60 
33.47 

\v. I;. 

installed 
6212.69 cemented 
6212.73 
6212.82 
6213.02 
6213.18 
6213.65 
6213.05 
6213.02 

6213.19 
6213.01 

6213.11 
6212.00 
6212.92 
6213.29 
6213.25 
6213.12 
6212.91 
6213.17 

6213.28 
6213.21 

6213.19 
6213.22 

6213.48 
6213.20 

6213.42 
6213.29 

6213.34 
6213.10 

6213.38 
6213.35 

. 6213.15 
6213.56 
6213.34 
6213.30 
6213.35 
6213.44 
6213.39 
6213.34 
6213.35 
6213.49 
6213.18 
6213.18 
6213.19 
6213.20 
6213.33 

slug test 

, Sulllrllelr a , \ S S l ~ ~ ~ I l C S  

, 48 . 

.. 

' 



Date Depth  to 
Hour 

Altitude 
of  water 

Day (MST) MP* (ft) level (ft) Comments __ 
water  from 

12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 

12-28-76 
12-27-76 

12-29-76 
12-30-76 
12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 

1520 
1345 
1335 

1214 
1423 

1111 

33.58 

33.44 
33.58 

33.47 
33.43 
33.46 
33.42 
33.48 
33.44 
33.42 
33.41 
33.01 
33.22 
33.17 
33.20 

33.22 
33.25 

6213.22 

6213.36 
6213.22 

6213.33 
6213.37 
6213.34 
6213.38 
6213.32 
6213.36 
6213.38 
6213.39 
6213.79 
6213.58 
6213.63 
6213.60 
6213.55 
6213.58 

Mp* = measuring point 1.30' above land surface 



Appendix 1-2. -- Depth-co-mter measurements and water-level   al t ihdes 
in  CNS-19 (P) 

Date Depth t o  
. Hour 

Altituda 
of water water from 

Day - (MST) blP* ( P t )  l eve l  (ft) Comments __ 

10-22-76 

10-24-76 
10-23-76 

10-25-76 
10-26-76 
10-27-76 
10-28-76 

10-30-76 
10-29-76 

10-31-76 
11- 1-76 
11- 2-76 
11- 3-76 
11- 4-76 

11- 4-76 

11- 4-76 
11- 5-76 

11- 7-76 
11- 6-76 

11- 9-76 
11- 8-76 

11-10-76 
11-11-76 
11-12-76 
11-13-76 

'11-15-76 
11-14-76 

11-16-76 
11-17-76 
11-18-76 
11-19-76 
11-20-76 
11-21-76 
11-22-76 
11-23-76 ' 
12-  2-76 
12-  3-76' 
12-  4-76 
12-  5-76- 
12-  6-76 

1511 

1005 

41.98 
41.67 
41.48 
41.39 
41.24 
42.04 
42.03 

41.84 
41.97 

42 .OO 
41.94 

41.96 
42.01 

41.88 

42.48 

42.05 

42.27 
41.89 

42.62 
41.99 

-41.77 
42.14 

41.83 
42.23 
41.97 
41.98 
41.65 
41.67 
41.90 
41.70 
41.65 
41.63 
40.93 
41.54 
41.99 
41.44 
41.97 
41.7% 
41.57 
41.40 

6218.32 
6218.63 
6218.82 
6218.91 
6219.06 
6218.26 
6218.27 
6218.33 
6218.46 
6218.30 
6218.36 
6218.29 
6218.34 
6218.42 

6217.82 

6218.25 
6218.41 

6217.68 
6218.03 

6218.31 
6218.16 

6218.47 
6218.53 

6218.07 
6218.33 
6218.32 
6218.65 
6218.63 
6218.40 

6218.65 
6218.60 

6218.67 
6219.37 
6218.76 

6218.86 
6218.31 

6219.33 
6219.22 
6219.43 
6219.60 

installed 

cemented 

before chemical 
analysis sample 
after chemical 
analysis sample 

slug tes t  

. .  

W. K. Summers Sr Associates 
50 . 



Appendix 1-2. -- Depth-to-vater  measurements  and  water-level  al t i tudes 
in CNS-19(P) (cont) 

Date  Depth t o  
Hour 

A l t i t u d e  
of water water  from 

Day - ("T) &!P* ( f t )  l e v e l  (ft) Comments 

12-  7-76 
12-  8-76 
12-  9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 

12-15-76 
12-14-76 

12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 

12-28-76 
12-27-76 

12-29-76 1458 
12-30-76 . 1327 
12-31-76 1318 
1- 1-77 1400 

1- 4-77. 1041 
1- 2-77 1150 

1-14-77 1369 

41.43 
41.47 
41.31 
41.50 
41.61 
41.60 
41.59 

41.48 
41.48 

41.59 
41.44 
41.49 
41.40 
41.55 . 
41.38 
41.69 
41.41 
41.37 
41.32 
41.16 
41.14 
41  .ll 
41.18 
41.17 
41.04 
41.02 

6219.57 
6219.53 
6219.69 
6219.50 
6219.39 
6219.40 
6219.41 
6219.52 

6219.41 
6219.52 

6219.56 
6219.51 
6219.60 
6219.45 
6219.62 
6219.31 
6219.59 
6219.63 
6219.68 
6219.84 
6219.86 
6219.89 

6219.83 
6219.82 

6219.96 
6219.10 

"P* = measuring  point 2.80' above  land  surface 

W. K. Summers & Associates 
51 . 



- 
Date Depth t o  

Hour 
Altitude 

water from of water 
m *  ( f t )  l e v e l  ( E t )  Comxents 

36.63 6248.87 Open hole  - no 
casing 

MP* = land surface 

. .  

W. K. Surnmers & Associates 
52 . ' 



Appendix 1 - 2 .  -- Depth-to-water  measurements and water-level a l t i t u d e  
i n  CNS-21 (P) , 

Date Depth to Altitude 
Hour water from of  water 

Day 

10-13-76 
10-15-76 
10-16-76 
10-17-76 
10-18-76 
10-19-76 

10-22-76 
10-21-76 

10-23-76 
10-24-76 
10-25-76 
10-26-76 
10-27-76 
10-28-76 
10-29-76 
10-30-76 
10-31-76 
11- 1-76 
11- 2-76 
11- 3-76' 

11- 5-76 
11- 4-76 

11-. 6-76 
11- 7-76 
11- 8-76 
11- 9-76 
11-10-76 
11-11-76 
11-12-76 
11-13-76 
11-14-76 
11-15-76 
11-16-76 
11-17-76 

11-19-76 
11-18-76 

11-20-76 
11-21-76 

11-23-76 
11-22-76 

12- 2-76 
12-  3-76 

12-  5-76 
12-  4-76 

12-  6-76 

0' 

0957 

1725 
1805 
1600 . 

1555 

1415 

MP* (ft) l e v e l   ( f t )  Comments 
. .  

i n s t a l l ed  
45.10  6216.90 
44.98  6217.10 
44.87 
44.90 

6217.10 
6217.10 

44.84  6217.16 

44.77 
44.81  6217.19 

44.74  6217.26 
6217.23 

44.67 
44.73 

6217.33 
6217,27 

44.77 
44.80 

6217.23 
6217.20 

44.96 
44.88 

6217.04 
6217.12 

44.79  6217.21 
44.82  6217.18 
44.69  6217.31 
44.83  6217.17 
44.85  6217.15 
44.73 
44-57 

6217.27 
6217.43 

44.75  6217.25 
44.90  6217.10 
44.65  6217.35 
44.65  6217.35 
44.64 
44.68 

,6217.36 
6217.32 

44.71  6217.23 

44.67 
44.'70 6217.30 

6217.33 
44.79  6217.21 
44.82  6217.18 

' 44.90  6217.10 
44.80 6217.20 
44.82  6217.18 

44.85 
6217.20 
6217.15 

44.91  6217.09 
44 ,84 
44.74 

6217.16 

44.68 
6217.26 
6217.32 

44.62  6217.38 
44.60 
44.51 

. 6217..40 

' 44.80 

6217.49 . . 

W. K. Surrmers & ,\nsoci:llvs 
53 . 

cemented 

s l u g   t e s t  

using 300' tape 

s l u g   t e s t  



Appendix 1-2. -- Depth-to-water measurements and water-level altitude 
in CNS-21(P) (cont) . 

Date Depth to Altitude 
Hour water  from of  water 

Day - (MST) MT?* (ft) level (ft) Comments 

12-  7-76 
12-  8-76 
12-  9-76 

12-11-76 
12-10-76 

12-12-76 
12-13-76 

12-15-76 
12-14-76 

12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 

12-23-76 
12-22-76 

12-27-76 
12-28-76 
12-29-76 
12-30-76 
12-31-76 
1- 1-77 

1- 4-77 
1- 2-77 

1-14-77 
1- 5-77 

0923 
0940 

1228 
1038 

1012 
0910 
0439 
1112 

44.55 
44.65 
44.60 
44.68 
44.64 
44.71 
44.79 

44.70 
44.69 

44.73 
44.68 
44.70 
44.67 
44.76 
48.43 
47.53 
44.72 
44.66 
44.65 

44.51 
44.62 

44.55 
44.55 
44.57 
44.48 
44.57 
44.62 

6217.45 
6217.35 
6217.40 
6217.32 
6217.36 
6217.29 
6217.21 
6217.31 
6217.30 
6217.27 
6217.32 

6217.33 
6217.30 

6217.24 
6213.57 

6217.28 
6214.47 

6217.34 
6217.35 
6217.38 
6217.49 

6217.45 
6217.45 

6217.52 
6217.43 

6217.43 
6217.38 

W* = measuring point 3.0' above land surface 



Appendix  1-2. -- Depth-to-water  measurements  and  water-level'altitudes 
in CNS-22(P) 

Date 
Hour 

Day - (MSTJ 

10-18-76 
10-20-76 
10-22-76 
10-23-76 
10-24-76 
10-25-76 
10-26-76 
10-27-76 

10-29-76 
10-28-76 

10-30-76 
10-31-76 
11- 1-76 
11-  2-76 
11- 3-76 
11- 4-76 
11- 5-76 
11- 6-76 
11- 7-76 
11- 8-76 
11- 9-76 
11-10-76 
11-11-76 

11-13-76 
11-12-76 

11-14-76 

11-16-76 
11-15-76 

11-17-76 

11-19-76 
11-18-76 

11-20-76 
11-21-76 
11-22-76 
11-23-76 
12-  3-76 . 

12- 5-76 
12- 4-76. 

12-  6-76 
12-  7-76 
12-  8-76 
12-  9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 

Depth  to 
water from 
w *  (ft) 

44.37 
44.69 
44.91 
45.07 
45.12 

45.22 
45.27 

. 45.17 
45.10 
45.24 
45.00 
45.18 
45.12 
45.07 
45.04 

45.11 
45.17 

45.29 
45.07 
44.90 
44.95 
44 .88 
44.92 

44.85 
45.08 

44.95 
40.92 
40.68 
41.84 
41.97 
42.02 

. 42.06 

42.39 
42.32 

42.11 
42.27 

41.90 
41.79 
41.97 . 
41.95 

42.07 
42.05 

42.10 
42.11 

Altitude 
of water 
level  (ftt  Comments 

installed 
cemented 

6179.03 
6178.71 

6178.33 
6178.49 

6178 :28 
6178.13 
6178.18 
6178.23 
,6178.30 
6178.16 
6178.40 
6178.22 
6178.28 ' 

6178.33 
6178.36 
6178.23 , 

6176-29 
6178.11 
6178.33 
6178.50 
6178.45 
6178.52 
6178.48 
6178.32 
6178.55 
6178.45 
6182.48 
6182.52 slug test 
6181,56 
6181,43 
6181.38 
6181.34 
6181.08 
6181,Ol 
6181.13 
6181.29 
6181.50 
6181.61 
6181.43 
6181.45 
6181.35 
6181.33 
6181.30 
6181.29 



Appendix  1-2. -- Depth-to-water  measurements and water-level  altitudes 
in C1iS-22(P) (cont) 

Date Depth  to Altitude 
Hour water  from of water 

Day (MST) MPf (ft)  level  (ft)  Comments 

12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 

12-21-76 
12-20-76 

12-22-76 

12-27-76 
12-23-76 

12-29-76. 
12-28-76 

12-30-76 
12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 
1-14-77 

1416 
1240 
1115 
1322 
1114 
1059 
1232 

42.01 
42.04 
42.17 
41.89 
41.97 
41.98 
42.07 

41.97 
41.96 

42.00 
41.98 
41.97 
41  .83 
41.83 
41.83 
41.83 
41.83 
40.85 
41.87 

6181.39 
6181.36 

6181.51 
6181.23 

6181.43 
6181.42 
6181.33 
6181.44 
6181.43 
6181.40 
6181.42 
6181.43 

6181.57 
6181.57 

6181.57 
6181.57 
6181.57 
6182.55 
6181.57 

MI?* = measuring  point 4.60' above  land  surface 



F.ppendix 1-2. -- Depth-to-water measurements and water-level altitudes 
in CNS-23(P) 

~~~ ~ ~~ 

Date Depth  to 
~~~~ ~~ 

Altitude 
Hour water from of water 

~ ~~ 

Day 

11-29-76 
12-  1-76 
12-  3-76 
12- 4-76 

12-  6-76 
12-  5-76 

12-  8-76 
12- 7-76 

12-10-76 
12-  9-76 

12-11-76 
12-12-76 
12-13-76 
1 2 4 4 - 7 6  
12-15-76 
12-16-76 

12-18-76 
12-17-76 

12-19-76 
12-20-76 
12-21-76 
12-22-76 

12-27-76 
12-23-76 

12-28-76 
12-29-76 
12-30-76 
12-31-76 
'1- 1-77 
1- 2-77 
1- 4-77 
1-14-77 

(MST) 

1436 
1313 
1222 
1345 

'1024 
1133 

1254 

MP* (ft) 

68.44 
68.42 
68.57 
68.64 

69.67 
69.42 

69.74 
. 69.75 

69.76 . 
69.78 
69.77 
69.77 
70.11 
70.10 

66.30 
66.25 

67.44 
67.98 
68.09 
67.66 
67.60 

68.07 
68.01 

68.24 
68.. 26 
68.34 
68.40 
68.45 
68.64 
69.65 

level (ft)  Comments 

installed 
cemented 

6201.00 
6200.98 
6132.43 
6132.36 
6131.58 
6131.33 
6131.26 
6131.25 
6131.24 
6131.22 

6131.23 
6131.23 

6130.89 
6'130. 90 slug test . 
6134.75 

6133.56 
6134.70 

6133.02 
6132.91 
6133.34 
6133.40 
6132.99 
6132.93 
6132.76 
6132.74 

6132.60 
6132.66 

6132.55 

6131.39 
6132.36 

MP*.= measuring  point 3.50' above land surface 



Appendix 1-2. -- Depth-to-water measurements and water-level altitude 
in CNS-25(P). 

Date 
Hour 

Day (KT) 

11-24-76 
12-  3-76 
12-  4-76 
12-  5-76 
12-  6-76 
12-  7-76 
12-  8-76 
12-  9-76 
12-10-76 

12-12-76 
12-11-76 

12-13-76 
12-14-76 
12-15-76 
12-16-76 

12-18-76 
12-17-76 

12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 

12-29-76  1445. 
12-28-76 

12-31-76  1231 
12-30-76  1316 

1- 2-77 1138 
1- 1-77  1349 

1-14-77  1300 
1- 4-77 1029 

Depth  to 
water  from 
MP* (ft) 

59.77 
60.08 
60.09 

60.70 
60.11 

61.23 
61.50 
60.98 
60.83 
60.70 
60.58 
60.05 
58.98 
59.80 
53.36 
53.62 
53.33 
54.30 
53.13 
53.00 
52.91 
53.00 

52.81 
52.97 

52.81 
52.81 
52.80 
52.75 
52.74 
52,33 

Altitude 
of  water 
level (ft) Comments 

installed 
6158.33 
6158.02 
6158.01 
6157.99 
6157.40 
6156.87 
6156.60 
6157.'12 
6157.27 
6157 - 4 0  
6157.52 
6158.05 
6159.12 
6158.30 slug test. 
6164.74 
6164.48 
6164.77 
6163.80 
6164.97 

6165.19 
6165.10 

6165.13 
6165.10 

6165.29 
6165.29 
6165.29 
6165.30 
6165.35 
6165.36 
6165.8 

MP* = measuring'point 6.35' above land surface 

I '  



Appendis 1-2. -- Depth-to-water  measurements  and  water-level  al t i tude 
i n  CNS-26 (P) 

Date Dspth to A l t i t u d e  
Hour ' water from of water  

Day ( K T )  PIP* ( F t )   l e v e l  (ft) Comments 

11-24-76 
12- 2-76 
1 2 -  3-76 
12- 4-76 
12- 5-76 
12- 6-76 
1 2 -  7-76 
1 2 -  8-76 
12- 9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
1249-76  
12-20-76 
12-21-76 

12-23-76 
12-22-76 

12-27-76 
12-28-76 

12-30-76 
12-29-76 

12-31-76 
. 1- 1-77 
1- 2-77 
1- 4-77 
1-14-77 

59.59 
59.07 
58.50 
58.17 
57.98 

55.85 
57.09 

54.70 
53.95 
53.37 
52.32 

. .  52.56 
52.25 
47.44 
47. 88 
48.11 
48.26 
48.52 

48. 81 
48.63 

48.89 
45.96 
49.12 

1320  49.26 
1245  49;26 
1353  49.32 
1142 
1034 . 

. . 49.38 

1303 
49.47 
49.74 

1448  49.24 

MP" = measuring  point 5.97' above   land   sur face  

s l u g  t e s t  

i n s t a l l e d  
cemented , , 

6169.01 
6169.53 
6170.10 
6170.43 
6170.62 
6171.51 
6172;  75 
6173.90 
6174.65 
6175.23 
6175.73 
6176.04 
6176.35 
6181-16 

6180.49 
6180.72 

6180.08 
6180.34 

,6179.97 

6179.71 
6179.79 

6179.64 
6179.48 
6179.36 

6179.34 

6179.22 
6179.13 

6179.34 

6179.28 

6178.59 

W. K. Summers & Assocklos 
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Date Depth to 
FIour 

Altitude 
water from oE water 

11-16-76 
12- 6-76 
12-  7-76 
12-  8-76 
1 2 -  9-76 
12-10-76 

12-12-76 
12-11-76 

12-13-76 

12-15-76 
12-14-76 

12-16-76 
12-17-76 
12-18-76 
12-19-76 

12-21-76 
12-20-76 

12-22-76 ' 

12-23-76 
12-27-76 
12-28-76 
12-29-76 1348 
12-30-76 1025 
12-31-76 1053 
1- 1-77 1253 
1- 2-77 1040 
1- 4-77 0931 
1- 5-77 0526 

' 1-14-77.  1144 

39.43 
39.46 
39.46 
39.39 
33.77 
39.31 
39.42 
39.48 

39.49 
39.48 

39.47 ' 

39.45 
39.43 ' 

37.86 
39.40 
39.47 
37.58 
39.49 
39.49 
39.47 
39.48 
39.49 
39.50 
39.49 
39.48 
39.50 
39.49 
39.50 . 

6196.67 
i n s t a l l e d  

6196.64 
6196.64  cemented 

6197.33 
6196.71 

6196.68 
6196.79 

6196.62 
6196.62 
6196.61 
6196.63 
6196.65 
6196.67 
6198.24 
6196.70 
6196.63 
6198.52 
6196.61 
6196.61 
6196.63 

6196.61 
6196.62 

6196.60 
6196.61 
6196.62 
6196.60 
6196.61 
6196.65 

bP.Ip* = measur ing   po in t   1 .80 '   above   land   sur face  

- . .  . . .  
. .  
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Appendix 1-2. -- Dspth-to-wat& measurements and water-level  altit.ude 
in  CNS-3O(P) 

- ” - 
Date Depth to  Altitude 

of water Hour water from 
Day (MST) JP* (3%) l eve l  (ft) Comnents 

12-  6-76 installed 

12-  7-76  44.21  6179.69 
12-  8-76  43.80  6180.10 
12-  9-76 43.49  6180.41 
12-10-76 37.51  6186.39 
12-11-76  37.50  6186.40 
12-12-76  37.47  6186.43 
12-13-76  37.46  6186.44 
12-14-76  32.43  6186.47 injection  test 
12-15-76  34.99  6188.91 
12-16-76  35.37  6188.53 
12-17-76  35.54  6188.36 
12-18-76 . 35.51  6188.39 
12-19-76  35.77  6188.13 
12-20-76  35.70  6188.20 
12-21-76  35.70  6188.20 
12-22-76  35.73  6188.17 
12-23-76  35.76  6188.14 
12-27-76  35.78  6188.12 
12-28-76  35.77  6188.13 
12-29-76  1350  35.78  6188.12 
12-30-76  1028  35-.80 . 6188.10 
12-31-76  1055 . 35.80  6188.10 
1-  1-77 1258,  35.80 6188.10 
1- 2-77 1043  35.79 6188.11 
1- 4-77 0933  35.78 6188.12 
1- 5-77 0537  35.81 6188.09 

. 1-14-77  1147  45.82  6178.09 

cemented 
s lug  test  

MP* = measuring point 2.95’ above land surface 



Appendix 1-2. -- Depth-to-waeer  measurements  and  water-level altitudes 
in CNS-31(P) 

Date 
Hour 

Day (MST) - 

12-  3-76 
11-17-76 

12-  4-76 
12-  5-76 
12-  6-76 
12-  7-76 
12-  8-76 
12-  9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 

12-15-76 
12-14-76 

12-17-76 
12-16-76 

12-19-76 
12-18-76 

12-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 

12-29-76  1145 
12-28-76 

12-29-76 1219 
12-30-76 1052 
12-31-76 1103 

1- 2-77. 1054 
1- 1-77 . 1305 

1- 5-77 0537 
1- 4-77' 0939 

1-14-17 1155 

Depth to 

Mp* (ft) 
water from 

28.08 
28.22 
28.34 
28.34 
28.38 
28.37 
28.39 
28 -37 
28.38 
28.35 

28.36 
28.38 

28.36 
26.97 

28.35 
28.36 ' 

28 -39 

28.39 
28.39 

28.36 
28.37 

28.36 
28.36 
28.36 
28.36 
28.36 
28.36 
28.36 
28.35 
28 - 4 6  
28.40 

Altitude 
of water 
level (ft) 

6174.12 

6173.86 
6173.98 

6173.82 
6173.86 

6173.81 
6173.83 

6173.83 
6173.82 
617.3.85 
6173.82 
6173.84 
6175.23 
6173.84 
6173.85 

6173.81 
6173.84 ' 

6173.81 
6173.81 

6173.83 
6173.84 

6173.84 
6173.84 

6173.84 
6173.84 

6173.84 
6173.84 
6173.84 
6173.85 
6173.74 
6173.79 

Comments 

installed 
partially  cemented 

cemented 
s l u g  test 

slug test 

Mp* = measuring point 2.83' above land surface 



Appendix 1-2. -- Depth-to-water measurements and water-level altitudes 
in CNS-32 (P) 

Date Depth to Altitude 
water from 
MP* (ft) 

of  water Hour 
Day (ET) level (ft) Comments 

11-24-76 
12- 3-76 
12- 4-76 
12- 5-76 
12- 6-76 
12- 7-76 
12- 8-76 
12- 9-76 
12-10-76 
12-11-76 
12-12-76 
12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 
12-28-76 
12-29-76 

12-31-76 
12-30-76 

1- 1-77 
'1- 2-77 
1- 4-77 
1- 5-77 
1-14-77 

31.45 
31.70 
31.69 
31.65 
31.79 
31.83 
31.66 

31.93 
31.85 

31.98 

31.77 
32.03 

31.78 ' 

31.84 
31.78 
31.77 
31.66 
31.80 
31.77 
31 .65 .  
31.72 
31.70 

31.65 
31.57 

. 31.40 
31.50 

31.46 
31.45 
31.36 
31.34 
30.53 

6170.45 
6170.20 
6170.21 
6170.25 
6170.11 

6170.24 
6170.07 

6170.05 
6169.97 
6169.92 
6169.87 

6170.12 
6170.13 

6170.06 
6170.12 
6170.13 
6170.24 
6170.10 
6170.13 
6170.25 
6170.18 
6170.20 
6170.33 
6170.25 
6170.40 
6170.50 
6170.44 
6170.45 
6170.54 
6170.56 
6171.40 

installed 
cemented .. 

slug test 

MI'* = measuring point 2.95' above land surface 

W. K. SUIIIIIIU:~ & Associatr?~ 
63 . 



Appendix 1-2.  -- Depth-to-water  measurements and w a t e r - l e v e l   a l t i t u d e s  
i n  .CNS-34 (P) 

- 
Date Depth t o  A l t i t u d e  

Day 

11-17-76 
12- 3-76 
12- 4-76 
1 2 -  5-76 
12- 6-76 
12- 7-76 
12- 8-76 
12- 9-76 
12-10-76 

12-12-76 
12-11-76 

12-13-76 
12-14-76 
12-15-76 
12-16-76 
12-17-76 
12-18-76 
12-19-76 
12-20-76 
12-21-76 
12-22-76 
12-23-76 
12-27-76 
12-28-76 
12-29-76 
12-30-76 
12-31-76 
1- 1-77 
1- 2-77 
1- 4-77 
1- 5-77 
1-14-77 

0932 
0959 

1239 
1021 

0449 
0916 

1130 

io44  

water from 
EP* ( f t )  

41.60 

41.89 
41.91 
41.92 
42.15 
42.08 
42.11 
42.04 
42.01 
41.90 
41.91 
42.12 
42.29 
42.11 
42.15 
42.38 
42.40 
42.38 
42.39 
42.15 
.42.10 
42.07 
42.13 
42.01 
42 .ll 
42.12 
42.13 
42.14 
42.13 
42.50 

41.88 

o f  water 
l e v e l  ( f t )  ' . Comments 

i n s t a l l e d  
6201.20 
6200.92 
6200.91 

. 6200.89 
6200.88 
6200.65 
6200.72 
6200.69 
6200.76 
6200.79 
6200.90 
6200.39  s lug test 
6200.68 
6200.51 
6200.69 
6200.65 
6200.42 
6200.40 
6200.42 
6200.41 
6200.65 
6200.70 
6200.'73 
6200.67 
6200.79 
6200.69 
6200-.68 
6200.67 
6200.66 
6200.67 
6200.30 

s l u g  test 
cemented 

MP* = measuring point: 3.70 '   above  land  surface 
. .  

W. K. Summers 8i Associates 
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Date Depth  to 
Hour 

Altitude 
of water w a t e r   f r o m  

DX>' 
" - (i-iST) MP* (ft) l e v e l   ( f t )  Conments 

12-30-76 1402 
12-31-76 1100 
12-31-76 . 1345 
1- 1-77 1203 
1- 1-77 1421 

1- 2-77 1050 
1- 1-77 1718 

1- 2-77 1455 
1- 4-77 0847 

1- 5-77 0828 
1- 4-77 0937 

1-14-77 1152 

32.46 
33.41 
33.30 
33.08 
33.02 
32.38 
32.78 

32.75 
32.71 

32.72 
32.78 
32.78 

6-169.04 instalied 
6178.09 
6178.20 
6178.42 
6178. rt8 
6179.12 
6178.72 
6178.79 
6178.75 
6178.78 
6178.72 
6178.72 

I@* = measuring point 

W. I;. Sunlnws &. Associates 
65 . 
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Appendix 1-2 supplement.--Depth-to-water measurements and water-level 
altitudes. 

Hole 

CNC-1 

CNC-3 

CNC-4 

CNC-5 

CNC-6 

CNC-7 

CNC-8 

CNG-2 , 

CNP-1 

CNP-2 

CNP-3 

CNP-3A 

CNP-3B 

CNP-4 

CNP-4A 

CNP-4B 

CNP-5 

CNP-6 

CNP-6A 

CNF"6B 

CNP-7 

CNP-7A 

Date 

1977 (MST) 
February Hour Depth to water Altitude of 
- from MP" (ft) water  level (ft) 

7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 

1519 

1430 
1425 

1354 
1512 
1420 
1508 

1034 
1417 

1026 
1053 
1040 
1325 
1254 
1421 
1350 
1410 
1355 
1350 
1320 
1332 
1302 
1335 
1304 
1337 
1306 
1315 
1245 

1247 
1320 
1249 
1130 
1 1 1 7  
1107 
1055 
1110 
1058 
1113 
1102 
1140 
1127 

1129 

158.20 
158.34 

46.00 
45.99 
56.60 
56.58 

dry 
40.45 
40. 3.8 
34.48 
34.45 
40.57 
40.55 

47.04 
47.08 

dry 
dry 
25.20 
25.20 
83.97 
83.92 

dry 
37.29 
37.30 
64.87 
64.79 

dry 

dry 

dry 
dry 
53.05 

50.74 
53.07 

50.67 

' 14.91  
14.98 

10.95 . 
10.98 

29.05 
29.05 
80.97 
80.89 
dry 
dry 

W. K. Summers & Associates 
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6214.00 

6224.80 
6213.86 

6224.81 
6241.00 
6241.02 

6189.55 
6189.62 
6178.72 
6178.75 
6210.23 

6199.12 
6210.25 

6199.16' 

6184.60 
6184.60 
6140.13 
6140.18 

6184.71 
6184.70 
6174.93 
6175.01 

6126.65 
6186.63 
6169.46 
6169.53 
6131.12 
6131.19 
6134.12 
6134.15 
6136.15 
6136.15 
6148.63 
6148.71 



Appendix 1-2 supplement.--Depth-to-water measurements and water-level 
altitudes. (cont) " 

Hole 

CNP-8 

CNP-8A 

CNP-9 

CNS-1 

CNS-2 

CNS-3 

CNS-4 

CNS-5 

CNS-7 

CNS-10 

CNS-11 

CNS-12 

CNS-13 ' 

. CNS-18 

CNS-19 

CNS-21 

CNS-22 

CNS-23 

CNS-25 

CNS-26 

CNS-29 

CNS-30 

8 
7 

7 
8 
7 

. 8  

8 
7 

7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 
7 
8 

8 
7 

7 
. 8  

7 
' 8  

7 
8 
7 
8 

8 
7 

7 
8 

8 
7 

7 
. 8  

Date 
February  Hour 

1977 (MST) 

1153 
1140 
1155. 
1142 
1213  
1150 
1406 
1329 
1416 
1346 

1357 
1434 

1444 

1505 
1401 

1413 
950 

1040 
958 

,1030 
1013 
101.0 
1008 
1006 
1027 
1022 
1450 
1408 
1438 
1401 
1008 

1328 
1002 . . 

1258 
1358 
1324 
1347 
1314 
1342 
1310 
1017 
1014 
1045 . 
1033 

Depth to water 
from MP* (ft) 

Altitude of 
water  level ( f t )  

W. K. Summers & Associates 
2 '  

28.16 
28.10 
dry 
dry 
28.34 
28.30 
dry 
dry 
51.15 

25.60 
51.18 

25.60 
41.76 
36..90 
33.88' 
33.89 
36.93 
36.90 
30.12 
30.07 
45.00 
44,.97 
47.9.0 
47.87 
34.28 
34.22 
33.54 
33.47 
41.23 
41.18 
47.90 
44.64 
41.90 
41.89 
69.40 
69.44 
51.91 
51.93 
50.20 
50.21 
39.47 
39.46 
36.12 
36.15 

6095.94 
6096.00 

6042.26 
6042.30 

6187.15 
6187.12 
6263.10 
6263.10 
6201.84 
6206.70 
6223.42- 
6223.41 
6245.87 
6245.90 
6200.88 

6200.30 
6200.93 

6200.33 
6211.60 
6211.63 
6208.82 
6208.88 
6213.26 
6213.33 
6219.07 
6219.12 
6214.10 
6217.36 
6181.50 
6181.51 ' 

6131.60 
6131.56 
6166.19 
6166.17 
6178.40 
6178.39 
6196.63 
6196.64 
6187.78 
6187.75 

. .  



Appendix  1-2 supplement.--Depth-to-water measurements  and  water-level 
altitudes.  (cont) 

Hole 

CNS-31 

CNS-32 

CNS-34 

CNW-2 

CNW-4 

February Hour 
Date 

1977 (MST) 

7 
8 

1121 
1109 

7 1125 
8 
7 

1113 

8 
1020 

7 
1017 
1050 

8 
7 

1037 
1058 

8 1045 . 

Depth  to  water 
from MP* (ft) 

28.36 
28.38 

31.51 
31.52 

42.04 
42.. 00 

. 32.71 
32.74 

26.31 
26.31 

water  level (ft) 
Altitude of 

6173.82 
6173.84 
6170.38 
6170.39 

6200.80 
6200.76 

6178..76 

6144.99 
6144.99 

6178.79 

* 
~~ 

see  Appendix  1-2 

W. K. Summers & Associates 
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Appendix  1-2  supplement.--Depth-to-water  measurements  and  water-level 
altitudes. 

Hole 

CNC-1 

CNC-3 

CNC-4 

CNC-5 

CNC-6 

CNC-7 

CNC-8 

CNG-2 

CNP-1 

CNP-2 

CNP-3 I 

CNP-3A 

CNP-3B 

CNP-4 

CNP-4A 

CNP-4B 

CNP-5 

CNP- 6 

CNP-  6A 

CNP-6B 

2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 

2-28 
3- 1 

2-28 
3- 1 

2-28 
3- 1 

2-28 
3- 1 

2-28 
3- 1 

2-28 
3- 1 

2-28 
3- 1 

3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 

Hour  Depth to water 
(MST) from Mp* (f t) water  level (ft) 

Altitude of 

1730 
1237 
1700 
1202 
1725 
1230 
1722 
1220 
1434 
0935 
1449 
0946 
1618 
1117 
1656 
1158 
1648 
1149 
1639 .. 
1138 
1625 

1628 
1127 

1122 
1629 
1129 
1610 
1110 
1612 
1111 

1113 
1613 

1010 
1519 

1458 
0955 
1500 
0957 
1505 
0959 

158.63 
158.60 
45.52 
46.10 
56.71 
56.66 
dry 
dry 
40.31 
40.17 
34.42 
34.43 
40.31 
40.38 
45.65 
45.64 
dry 
dry 
25.36 
25.40 
82.87 
82.. 81 
dry 
dry 
37.11 

64.73 
37.25 

64.61 
dry 
dry 
53.04 
53.15 
50.57 
50.41 . 
14.73 
14.62 
10.92 
10.96 
28.98 
29.05 

W. K. Summers & Associates 
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6213.57 
6213.60 
6225.28 
6224.70 
6240.89 
6240.94 

6189.69 
6189.83 
6178.78 
6178.77 
6210.49 
6210.42 
6200.55 
6200.56 

6184.44 

6141.23 
6184.40 

6141.29 

6184.89 
6184.75 
6175.07 
6175.19 

6186.66 
6186.55 
6169.63 
6169.79 
6131.37 ' 
6131.48 
6134.18 
6134.14 
6136.22 
6136.15 



Appendix  1-2  supplement.--  Dpeth-to-water  measurements  and  water-level 
altitudes  (cont) . 

Hole 

CNP-7 

CNP-7A 

CNP-8 

CNP-8A 

CNP-9 

CNS-1 

CNS-2 

CNS-3 

CNS-4 

CNS-5 

CNS-7 

CNS-X0 

CNST11 

CNS-12 

CNS-13 

CNS-18 

CNS-19 

CNS-21 

CNS-22 

CNS-23 

Date 
Hour  Depth  to  water 

1977 
Day 
- 
2-28 
3- 1 
2-28 

2-28 
3- 1 

3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 

2-28 
3- 1 

3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 

2-28 
3- 1 

2-28 
3- 1 

3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 
2-28 
3- 1 

1527 
1018 
1530 
1016 

1030 ' 
1538 

1029 
1541 

1548 
1037 
1645 
1145 , 

1654 
1156 
1704 
1205 
1711 
1212 
1718 
1217 
1355 
0910 
1438 
0938' 

0920 
1412 
0916 
1430 
0930 
1715 . 
1214 
1708 
1208. 
1400 
0913 
1621 
1120 
1642 
1142 

14i6 

80.66 
80.62 
dry 
dry 
28.01 
28.00 
dry 
dry 
28.29 
28.27 
dry 
dry 
51.65 
51.75 
25.64 

41.59 
25.64 

41.43 
33.71 
33.69 
36.84 

30.10 

44.98 
30.05 

45.07 
47.89 
48.01 
34.23 
34.25 
33.35 
33.22 
41.02 
40.95 
44.59 
44.52 
41.79 
41.77 
.69.23 
69.30 

.36.75 

Altitude of 
water  level ( f t )  

6148.94 
6148.98 

6096.09 
6096.10 

6042.31 
6042.33 

6186.65 
6186.55 
6263.06 ' 

6202.01 
6263.06 

6202.17 
6223.59 , 

6245.96 
6223.61 

624.6.05 
6200.90 
6200.95 
6200.32 
6200.23 
6211.61 
6211.49 
6208.87 
6208.85 
6213.45 

6219.28 
6219.35 
6217.41 
6217.48 
6181.61 
6181.63 
6131.77 
6131.70 

6213.58 . 

L 

W. K. Summers & Associates 
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Appendix  1-2  supplement.--Depth-to-water  measurements  and  water-level 
altitudes  (cont) . 

F ! 

T 

Date 

Hole 
Day 
1977 

Hour  Depth  to  water  Altitude of 
- (MST) from Mp* (ft) water  level (ft) 

CNS-25 

CNS-26 

CNS-29 

CNS-30 

CNS-31 

CNS-32 

CNS-34 

CNW-2 

CNW-4 

2-28 1635 
3- 1 1135 
2-28 1632 
3- 1 1132 
2-28 1421 
3- 1 0924 
2-28 1442 
3- 1 0941 
2-28 1511 
3- 1 1003 
2-28 1515 
3- 1 1005 . 
2-28 1425 
3- 1 0927 
2-28 1446 
3- 1 . 0944 

, . 2-28 1453 
3- 1 0950 

51.64 
51.71 
50.47 
50.56 
39.52 
39.48 
36.22 

28.34 
36.27 

28.33 
31.23 

41.98 
31.29 

42.02 
32.68 
32.69, 
25.75 
25.73 

* see  Appendix 1-2 

W.  K. Summers 2 Associates 

6166.46 
6166.39 
6178,.13 
6178.04 
6196.58 
6196.62 
6187.68 
6173.63 
6173.86 
6173.87 
6170.67 

6200.82 
6170.61 

6200.78. 
6178.82 
6178.81 
6145.55 
6145.57 



Appendix 1-2 Supplement.--Depth-to-water  measurements  and  water-level 
altitudes. 

March 
Hole 1977 

Date 

CNC-3 

CNC-4 

CNC-6 

CNC-7 

CNC-8 

CNG-2 

CNP-1 

CNP-2 

CNP-3 

CNP-3A 

CNP-3B 

CNP-4 

CNP-4A 

CNP-4B 

CNP-5 

CNP-6 

CNP-6A 

CNP-6B 

CNP-7 

CNP-7A 

23 
24 
23 
24 
23 

23 
24 

24 
23 

23 
24 

24 
23 
24 
23  
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24' 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 

Hour 
(MST ) 

1400 . 
1132 
1430 
1201 
1118 

1126 
0912 

0918 
1304 
1044 
1355 
1129 
1338 
1117 
1332 
1110 
1313 
1050 
1317 
1057 
1320 
1100 
1257 
1035 
1255 
1037. 
1300 
1040 
1200 
0947 
1139 
0930 
1144 
0932 
1147 
0935' . 
1210 
0955 
1213 

Depth  to  water 
from MP* (f t) 

45.49 
45.49 

54.69 
54.70 

40.47 
40.26 
34.56 
34.51 
40.32 
40.30 
44.70 
44.95 
dry 
dry 
25.88 
25.89 
81.60 
81.52 
dry 
dry 
37.12 
37.27 

64.63 
64.79 

dry 
dry 

53.32 
53.32 

50.46 
50.61 

15.77 
14.60 
11.08 
11.06 

29.13 
29.11 

80.51 
dry 
dry 

water level(ft) 
Altitude  of 

6225.31 
6225.31 
6242.90 

6189.53 
6242.91 

6178.64 
6189.74 

6178.69 
6210.48 
6210.50 
6201.50 
6201.'25 
dry 
dry 
6183.92 
6183.91 
6142.50 
6142.58 
dry 
dry 
6184.88 

6175.01 
6184.73 

6175.17 
dry 
dry 

6186.38 
6186.38 

6169.74 
6169.59 

6130.33 
6131.50 

6134.04 
6134.02 

6136.07 
6136.09 

6149.09 
dry 
dry 

W. K. Summers & Associates 
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Appendix 1-2 Supplement.--Depth-to-water measurements  and  water-level 
altitudes. (cont) 

Hole 

CNP-8 

CNP-8A 

CNP-9 

CNS-1 

CNS-2 

CNS-3 

CNS-4 

CNS-5 

CNS-7 

CNS-10 

CNS-11 

CNS-12 

CNS-13 

CNS-18 

CNS-19 

CNS-21 

CNS-22 

CNS-23 

CNS-25 

CNS-26 

March  Hour . Depth to water 
Date 

1977 

23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
2.3 
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24 
23 
24 

- 
1238 
1007 
1241 
1010 
1226 
1015 
1345 
1122 
1359 
1127 
1407 
1135 
1413 
1150 
1421 
1158 
1042 
0845 
1115 
0910 

0855 
1058 

1050 
0850 
1111 ' 

0907 
1418 
1154 
1410 
1139 
1045 
0847 
1308 
1046 

1113 
1335 

' 1329 
1105 
1325 
1102 

28.18 
28.32 
dry 
dry 
28.37 
28.39 
dry 
dry 
52.10 ' 

52.09 
25.78 
25.68 
41.59 
41.48 
33.78 
33.66 
36.78 
37.83 
30.20 
30.09 
45.18 
45.14 
48.19 
48.24 
34.87 
34.30 
33.34 

41.00 
33 .22  

40.90 
44.70 

41.83 
44.58 

41.74 
69.79 
68.98 
51.65 
51.62 
50.79 
50.78 

water level(ft) 
Altitude of 

6095.92 
6095.78 
dry 
dry 
6042.23 
6042.21 

dry 
dry 

6186.20 
6186.21 

6263.02 
6262.92 

6202.01 
6202.12 

6223.64 
6223.5'2 

6246.02 
6244.97 
6200.80 ' 

6200.91 
6200.12 
6200.16 
6211.31 
6211.26 

6208.80 
6208.23 

6213.58 
6213.46 

6219.30 
6219.40 

6217.42 
6217.30 

6181.57 
6181.66 
6131.21 
6132.02 
6166.45 
6166.48 
6177.81 
6177.82 

W. K. Summers & Associates 
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Appendix  1-2  Supplement.--Depth-to-water  measurements  and  water-level 
altitudes.  (cont) 

Date 
March  Hour - 1977 - (MST) from MP* (ft)  water  level(ft) Hole 

Depth  to  water  Altitude  of 

CNS-29  23  1106  39.58 
24 0902  39.53 

CNS-30  23 
24 

1122 
0916 

36.58 
36.55 

24 094'2  28.40 m3.80 
23  1152 
24  0939 

6170.57 
6170.60 

24 
CNW-2  23  1130 , 32.79 

24  0921 
CNW-4  23  1134 

.24 0925 

6196.52 
6196.57 
6187.32 
6187.35 

CNS-31  23  1155  28.40  6173 .ao 

CNS-32 31.33 
31.30 

CNS-34  23  1100  42.09  6200.71 
0858 42.11 6200.69 

6178.71 

25.68  6145.6.2 

33.75  6177.75 
25.69  6145.61 

* see  Appendix 1-2 

W. K. Summers & Associates 
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Appendix   1-3 . - -Water- . leve l   data  



Appendix 1.-3--CNA-3 - Water-level  data. 

Date Elapsed Airline 
Depth 

to 
Hour time pressure water 

- Mo Day (MST) (mid ( p s i )  ( f t )  s(Et) 

1 18  0350 
0355 
0400 
0405 
0410 
0415 
0420 
0425 

0435 
0430 

0440 
0445 
0450 
0455 
0500 
0505 
05 10 
0515 
0520 
05 25 
0530 

0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75  
80 

90 
85 

100 
95 

28.2 
26.0 

22.5 
24.0 

21.5 

18.6 
20 .o 

16.5 
14.4 
12.0 
10.2 

7.9 
,5.5 
3.5 

3 .2  
2.0 

3 .2  
3.2 
3.3 
3.2 
3.2 

69.06 
74.14 
78.76 

84.53 
82.22 

88.00 
91.23 
96.08 

100.94 
106.48 
110.64 
115.95 
121.49 
126.11 
129.58 
126.81 
126.81 
126.81 
126.81 
126.81 
126.81 

5.08 
9.70 

13.16 

18.94 
15.47 

22.17 
27.02 
31.88 
37.42 
41.58 
46.89 
52.43 
57.05 
60.52* 
57.75 
57.75 
57.75 
57.75 
57.75 
57.75 

* shut off 

W. K. Summers & Associates 
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Appendix 1-3 .  -- CNA-3 - Pump t e s t  - discharge  data. 

Da't e 
January ' Hour 

1977 . (MST) 

18 0350 

0352 

0354 

0355 

0357 

0359 

0400 

0402 

0405 

0407 

0410 

0415 

0420 

0425 

0430 

klapsed 
time ( m i d  

t Meter 

0 1966.1  

2 1973.5 

4 1975.0 

5 1976.6 

7 1978.6 

9 1981.3 

10 1982.6 

12   1986.9  

1 5  1992.7 

1 7  1994.3 

20  1997.6 

25  2003.1 

30 . 2009.5 

35 2019.3 

40  2027.9 

Total Running Incremental 
discharge  average A0 At A O l A t  

7.40  3.70 

8.90  2.23 

10.50  2.10 

12.50  1 .79 

15.20  1 .69 

16.50  1 .65 

20.80 . 1 . 7 3  

26.60  1.77 

28.20  1.66 

31 .50   1 .58  

37.00  1 .48 

43.40  1.45 

53.20  1.52 

61.80  1 .55 

7.40 2.00 

1 . 5 0  2.00 

1 . 6 0  1.00 

2.00 2.00 

2.70 2.00 

1 . 3 0  . 1.00 

4.30 2.00 

5.80 3.00 

1 . 6 0  2 .00  

3.30 3.00 

5.50 5.00 

6 .40  5.00 

9.80 5.00 

8.60 5.00 

(gpm) Comments 

3.70  

.75 

1 . 6 0  

1 .oo 

1 .35  

1 .30  

2.15 

1 . 9 3  

.80 

1.10 

1.10 

1.28 ' 

average Q 1st s t e p  
= 1.45 gpm 

1.96 

1.72 ' 

Y 



Appendix 1-3. -- CNA-3 -- Pump test - discharge  data.  (cont) 

Date 
January Hour 

1977 (MST) 

18 
0435 

0440 
3 
;c 
wl 

0445 

0450 

0455 

5 
i 

uR= 
9 
.A 

7; 
wl 

5 
i 

uR= 
9 
.A 

0445 

0450 

0455 

0500 

time (min) 
Elapsed 

t Meter 

45 2036.3 

50 2044.9 

55 2055.5 

60 ' 2065.5 

65 2074.6 

70  2082.0 

Total ,Running Incremental 
discharge  average AQ A t  . A Q / A t  

70.20  1.56 

78.80  1.58 

89.40  1.63 

99.40 1.66 . 

108.50  1.67 

115.90  1.66 

8.40 

8.60 

LO. 60 

10.00 

9.10 

7.40 

5.00 1.68 

5.00 1.72 

5.00 2.12 

5.00 2.00 

5.00 1.82 

5.00 1.48 
average Q 2nd 

s t e p  = 1.79 gpm 



Appendix 1-3. -- CNW-2 - water- level  data--pumping well. 

Date 
January Hour Elapsed time (min) 

1977 (MST] 

5 0828 

t 
Depth t o   w a t e r   ( f t )  
steel e l e c t r i c  Comments 

0855 27 
0 32.78 

connected electric tape  
t o  steel tape  

t roub le   w i th   t ape  3 0856  28 
?;: 0912  44 

z 0923 

*; 0946 

2 1023 

m 
E' 0917 

e 0928 

9 1004 
M 1010 
0. 102 
v1 1044 

1049 
1140 

49 
55 
60 
78 
96 

115 
136 

' 1 4 1  
192 

. 3  

1207 
1159 

1210.15 
1209.75 

1210.5 
1210 
1210.75 
1211.25 
1211.58 
1211 
1212.23 
1212.55 
1213 
1213 

211 
219 
221.75 

222.5 
222.15 

222.75 
223.25 
223.58 

224..55 
224.23 

225 

1213.5  225.5 

30.53 

31.42 
.31.32 
.31.33 
31.34 

31.40 
31.36 

31.38 

31.40 
31.44 

31.39 
31.41 

32.64 
35.33 
34.41 

34. 
34.21 

33.91 
34.02 

33.72 
33.83 

33.57 
33.55 

33.50 
33.43 
33.39 
33.35 

changed electric tape 

turned pump on 1200 



Appendix 1-3. -2 Cw-2 - water-level data--pumping w e l l .  (cont) 

Date 
January Hour 

1977~  (MST) 

5 1213.75 
1214.15 
1214.5 
1214.75 
1215 
1215.25 
1215.58 

1216.5 
1217.08 

1228.5 
1223.15 

1240 
1245.75 

2345 
2335 

6 0130 
0133 
0320 
0322 
1145 
1215 
1252 
1303 
1310 
1315 
1316.15 

1317 
1317.25 
1317.5 

1215.98 

13i6.83 

Elapsed time (min) Depth to.water (ft) 
fl s ( f t )  steel e l e c t r i c  Comments 

225.75 
226.15 
226.5 

227 
226.75 

227.58 
227.25 

227.98 
228.5 
229.08 
235.15 

252 
240.5 

257.75 

917 
907 

1022 
1025 
1132 

1637 
1134 

1667 
1704 
1715 

1727 
1722 

1728.15 
1728.83 
1729 
1729.25 
1729.5 

31.80 
31.78 
31.68 
31.54 
31.31 

32.76 
31.28 

0 
1.15 

2.19 

1.83 
2.48 
2.98 

2 3.03 
2.25  3.12 
2.5  3.21 

33.32 
33.29 
33.28 

turned pump off 

33.25 
33.18 
33.14 
33.11 
33.09 
33.08 
33.05 

32.92 
32.93 

32.85 
32.33 

32.71 

32.70 
32.70 

32.70 
33.59 
33.88 

pump on 

34.38 
34.43 
34.52 
34.61 

. .  



Appendix 1-3. -- CNW-2 - water- level  data--pumping well. (cont)  

Date 
January Hour 

1977 (MST) 
, .  

6  1317.75 
1318.5 
1318.75 
1319 
1320 
1320.33 
1320.75 
1321.25 

. 1321.5 
1322 
1322.75 
1323 
1323.25 
1323.5 

1324 
1323.75 

1324.25 
1324.5 
1324.75 

1325.25 
1325 

1325.5 
1326 
1326.25 
1326.5 
1326.75 
1327 
1327.25 
1321.5 
1327.75 
1328 

Elapsed time (min) 
L 
L 

1729.75 
1730.5 
1730.75 
1731 
1732 
1732.33 
1732.75 
1733.25 
1733.5 
1734 
1734.75 
1735 
1735.25 
1735.5 
1735.75 
1736 
1736.25 
1736.5 
1736..75 
1737 
1737.25 
1737.5 
1738 
1738.25 

1738.75 
1139 
1739.25 
1739.5 
1739.15 
1740 

1738.5 

1 t 

2.75 
3.5, 
3.75 
4 
5 
5.33 
5.75 
6.25 
6.5 
7 
7.75 

8.25 
8.5 
8.75 
9 
9.25 
9 .5  
9.15 

10.25 
10 

10.5 
11 
11.25 
11.5 
11.75 
12 
12.25 
12.5 
12.75 
1 3  

a 

s (ft)  

3.37 
3.41 

3.66 
3.55 

3.78 
3.87 
4.13 
4.01 
4.09 
4.12 

4.27 
4.22 

4.31 
4.34 
4.37 
4.40 
4.43 
4.46 
4.51 
4.52 
4.55 
4.58 
4.65 
4.66 
4.68 
4.70 
4.73 
4.76 
4.78 
4.80 
4.82 

Depth t o  water ( f t )  
e l e c t r i c  

34.77 
34.87 

35.06 
34.95 

35.18 
35.27 
35.53 
35.41 
35.49 
35.52 
35.62 
35.67 
35.71 
35.74 

35.80 
35.77 

35.83 
35.86 
35.91 
35.92 
35.95 
35.98 
36.05 
36.06 
36.08 
36.10 
36.13 
36.16 
36.18 
36.20 
36.22 

Comments 



Appendix 1-3. -- CNW-2 - water-level data--pumping well.'  (cont) 

January Hour 
1917 (MST) 

Date . 

6 1328.25 
1328.5 
1329 

F 1329.5 
Cn 1329.15 

3 
1330 

0 1330.25 

u *  
G, 1330.5 

1331 
' 6  

2 1331.5 
E. ' 1331.15 g 
G, 1332 

1332.25 
1332.5 
1333 

3 1329.25' 

5 

1333.5 
1334 
1334.25 
1334.5 
1334.75 
1335 
1331 
1339 
1341 
1343 
1345 
1341 
1349 
1351 
1354 

. Elapsed time (min) 
t 

1740.25 
1740.5 
1741 
1741.25 
1741.5 
1741.15 
1742 
1742.25 
1142.5 
1743 
1143.5 
1743.75 
1744 
1744.25 
1744.5 
1745 

. 1746 
1145.5 

1146.25 
1746.5 

1741 
1746.75 

1149 
1751 
1153 
1155 
1757 
1159 
1761 
1763 
1166 

tl 

13.25 
13.5 
14 
14.25 
14.5 
14.75 
15 
15.25 
15.5 
16 
16.5 
16.75 
17 
17.25 

18 
17.5 

18.5 
19 
19.25 
19.5 
19.75 
20 
22 
24 
26 
28 
30 
32 
34 
36 
39 

s ( f t )  

4.84 
4.86 

4.93 
4.91 

4.94 
4.96 
4.98 
5.00 
5.02 
5.06 

5.10 
5.08 

5.14 
5.13 

5.15 
5.18 
5.21 
5.25 
5.26 
5.28 

5.31 
5.30 

5.42 
5.54 
5.69 
5.79 
5  -89 
5.98 
6.08 
6.18 
6.30 

Depth to water ( f t )  
e lectr ic  Comments 

36.24 
36.26 

36.33 
36.31 

36.34 
36.36 
36.38 
36.40 
36.42 
36.46 
36.48 

36.53 
36.54 
36.55 

. .  36.58 
36.61 
36.65 

36.68 
36.70 
36.71 
36.82 

31.09 
36.94 

37.19 
37.29 
31.38 
37.48 
31.58 
37.70 

' 36.50 

.36.66 

. "  



Appendix 1-3. -- CNW-2 - water-level data--pumping,well. (cont) 

Date 
January Hour . Elapsed time (min) 

1977 (MST) t -x 
6  1355 

1357 
1359 

R 1403 
1405 
1408 

3 cn 1409 
m R  1411 

2 1413 
' r n  . 1415 8. 

fi 1420 
2 1425 

14 30 
1435 
1440 
1447 
1451 
1456 
1500 
1510 
1530 
15  35 
1545 
1555 
1605 
1615 
1625 
1700 

3 1400 

s . f l  

- 
w 

1767 40 
1769 42 
1771 44 
1772 
1775 

45 

1777 
48 

. 50 
1780  53  
1781  54 
1783 
1785 

56 

1787 
58 

1792 
60 

1797 
65 
70 

1802 
1807 

75 
80 

1812  85 
1819 
1823 

92 
96 

1828 101 
1832 105 
1842 
1862 

115 
135 

1867 
1877 

140 
150 

1887  160 
1897  170 
1907  180 
19  17 
1952 

190 
225 

1730 
1815 

1982 
2027 

255 
300 

s (ft) 

6.35 
6.42 
6.50 
6.58 

6.72 
6.65 

6 .X32 
6.87 
6.94 
7.02 
7.11 
7.31 
7.49 
7 . 5 8 '  
7.69 
7.78 

8.04 
7..92 ' 

8'.16 
8.28 
8.54 
8.96 
9.03 
9.23 
9.57 
9.77 

10.17 
10.05 

i o . 8 3  
11.37 
12.12 

Depth to water (ft) 
electric Comments 

37.75 
37.82 
37.90 
37.98 
38.05 
38.12 
38.22 

38.34 
38.27 

38.42 
38.51 
38.71 
38.89 

39.09 
38.98 

39.18 
39.32 
39.44 
39.56 
39.68 
39.94 
40.36 
40.43 
40.63 
40.97 
41.17 
41.45 

42.23 
41.57 

42.77 
43.52 



Appendix 1-3. -- CNW-2 - water-level data--pumping well .  (cont) 

Date 
January Hour 

1977 (MST) 

6 1830  
1900 
1929 

R 2030 
2104 

3 
i 2130 
(D 2200 

2230 
> 2300 

, . E  2330 
-2 7 0000 
0 0032 

0100 
0130 
0200 
0230 
0300 
0330 
0400 
0430 
0500 
0538 
0600 
0630 
0700 
0730 
0800 
0831  
0900 

3 2000 

v1 
C 

- 
: 8. 

0 

Elapsed time (min) 
t - 

2042  315 
2072  345 
2101  374 
2132  405 
2162  435 
2196  469 
2222 
2252 

495 
525 

2282 
2312 

555 
585 

2342 
2372 

615 
645 

2404 
2432 

677 
705 

2.462 
2492 

735 

2522 
765 
795 

2552 
2582 

825 
855 

2612 
2642 

885 

2672 
915 
945 

2710 
2732 

983 
1005 

2762 
2792 

1035 

2822 
1065 

2852 
1095 
1125 

2083  1156 
2912  1185 

a 
12.42 
12 .90  
1 3 . 4 0  
13 .79  
14 .04  

1 4 . 5 6  
13 .75  
14.35 
14 .40  

1 4 . 5 8  
14 .58  

14 .59  
14 .58  
14 .59  
14.98 
15 .09  
15.20 
15.37 

15 .55  
15 .49  

1 5 . 5 1  
15 .67  
12 .74  
15 .78  
1 5 . 9 1  
15 .98  
16 .12  
1 6 , 1 1  
16 .22  

.14 .27  

Depth to water ( f t )  
e lectr ic  Comments 

43 :82  
44.30 
44 ;   80  
45.19 

45.67 
45.44 

45.96 
45.15 
45.75 
45.80 
45.98 
45.98 
45.99 

45.99 
45 .98  

46,. 38 
46 .49  

46.77 
46.60 

46.95 
46.89 

46.91 
47.07 

' 44.14  
47.18 
47 .31  
47.38 
47.52 
47 .51  
47.62 



Appendix 1-3. -- CNW-2 - water-level data--pumping well. (cone) 

Date 
January . Date 

1977- ' (MST) 

. 7 0930 
1000 
10 25 

3 1027 
?i: 1028 

5 
z 1030.75 

2 
s. 
2 1031.83 

v) 1030 
1030.42 

3 

si- 1031 
1031.25 
1031.5 . -  

2 1032.13 
1032.42 
1032.58 
1033 
1033.17 
1033.38 

'1033.92 
1033.67 

1034.17 
1034.33 
1034.67 
1034.83 
1035.17 
1035.42 
1035.67 

, 1035.92 
1036. L7 

1036.5 

Elapsed time (min) 
t t l  tl' 

2942 
2972 
2997 
2999 
.3000 
3002 
3002.42 
3002.75 

1215 
1245 
1270 
1272 
1273 
1275 0 

1275.75 .75 
1275.42 .42 

3003  1276 1 
3003.25  1276.25  1.25 
3003.5 
3003.83 
3004.13 
3004.42 
3004.58 
3005 
3005.17 
3005.38 
3005 ..67 
3005.92 
3006.17 
3006.33 
3006.67 
3006.83 
3007.17 
3007.42 
3007.67 
3007.92 
3008.17 
3008.5 

1276.5 
1276.83 
1277.13 
1277.42 
1277.58 
1278 
1270.17 
1278.38 
1278.67 
1278.92 
1279.17 
1279.33 
1279.67 
1279.83 
1280.17 
1280.42 
1280.67 
1280.92 

1281.5 
1281.i7 

1.5 
1 .83  
2.13 
2.42 
2.58 
3 
3.17 
3.38 
3.67 

4.17 
3.92 

4.67 
4.33 

4.83 
5.17 

5.67 
5.42 

5.92 
6.17 
6.5 

t l l t l '  

3036.71 
1701.00 
1276.00 
1021.00 

851.00 
697.72 
599.59 

495.19 
527.86 

426.00 
403.21 
378.22 
348.41 
326.26 
306.76 
295.46 
274.02 
264.98 
247..62 
236.24 
225.87 
216.37 
207.65 
197.15 

s ( f t )  

16.31 

16.03 
16.35 

15.90 
15.84 

15.25 
15.08 
14.88 

14.59 
14.72 

14.48 
14.36 
14.27 
14.16 
14.08 
14.02 
13.94 
13.86 
13.81 
13.74 
13.68 
13.63 
13.59 
13.52 
13.47 
13.43 
13.38 
13.34 

. 13.28 

water ( f t )  
Depth t o  

e lectr ic  Comments 

47.71 
47.75 

47.30 
47.43 

47.24 

46.65 
46.48 
46.28 
46.12 
45.99 
45.88 
45.76 
45.67 
45.56 
45.48 
45.42 
45.34 
45.26 
45.21 

45.08 
45.14 

45.03 
44.99 
44.92 
44.87 
44.83 
44.78 
44.74 
44.68 

pump off 

! r 



Appendix 1-3. -- CNW-2 - water - leve l  data--pumping well. (cont) 

Date 
January Hour 

1977 (MST) 

7 1036.83 
1037.17 

3 
?; 1038 

1037.5 
1037.75 

1038.17 
1038.42 

e 1038.67 
1038.92 

> 1039.17 

2. 
Y '  1039.58 
ii m 1039.83 

1040 
1040.17 
1040.42 

1041 
1041.17 
1041.42 

rn 
5 
3 
3 

r- 

'. !2 1039.42 

1040.58 

1041.58 
1041.  83  
1042 
1042.25 
1042.58 
1042.75 

1043.08 
1042.92 

1043.2: 
1043.5 
1043.75 

Elapsed time (min) 
c t t ,  " 

3008.83 
3009.17 
3009.5 
3009.75 
3010 
3010.17 
3010.42 
3010.67 
3010.92 
3011.17 
3011.42 
3011.58 
3011.83 
3012 
3012.17 

3012.58 
3012.42 

3013 
3013.17 
3013.42 
3013.58 
3013.83 

3oi4.25 
3014.58 

3014 

3014.92 
3014.75 

3015.08 
3015.33 
3015 .5 
3015.75 

t l / t , '  

187.68 

171.00 
165.52 

157.06 
152.43 
148.06 

140.04 
143.94 

136.35 
134.09 
130.70 
128.50 

123.36 
126.37 

121.51 
116.91 
115.15 

111.10 
112.65 

107 . f i  

102.35 
101.00 

178. 82 

160.38 

108. 18 

105. os 

99.68 
98.48 
96.65 
95.44 
93.73 

s ( f t )  

13.23 
13.19 
13.15 
13.11 
13.07 
13.06 
13.02 
13; 00 
12.97 
12.94 
1 2 . 9 3  
12.90 

12.86 
12. 88 

12. 85 

.12. 80 
1 2 .  a2 

12.78 

12.74 
12.77 

12.73 
12.71 
12.70 

12.66 

12.63 
12.64 

12.63 
12.61 
12.60 
12.58 

12.68 

Depth t o  
water ( f t )  
electric Comments 

44.63 
44.59 
44.55 
44.51 
44.47 
44.46 
44.42 

44.37 
44.40 

44.34 
44.31 
44.30 
44.28 
44.26 
44.25 
44.22 
44.20 

44.17 
44.14 
44.13 
44 .11  
44.10 

44.06 
44.04 
44.03 
44.03 
44.01 
44.00 

44 . l a  

44 .oa 

43.98 



Appendix 1-3. -- CNW-2 - water-level data--pumping well. (cont )  

Date 
January  Hour 

1977 (MST) 

7 1044 
1044.25 
1044.42 

3 1044.6 7 
x 1044.92 

5 1045.25 
v) 1045 

3 1045.42 
1045.75 
1046 
1046.42 
1046.75 
104 7 
1047.17 
1047.33 
1047.58 
1047.92 
1048.17 
1048.33 
1048.67 
1048.83 
1049.08 
1049.25 
1049 .'42 
1049.82 
1050 
105 2 
1054 
1056 
1058 

Elapsed time (min) 
t t ,  t; 

3016 
3016.25 
3016.42 
3016.67 
3016.92 
3017 
3017.25 
3017.42 
3017.75 
3018 
3018.42 

3019 
3018.75 

3019.33 
3019.17 

3019.58 
3019.92 

3020.33 
3020.17 

3020.67 
3020.83 
3021.08 
3021.25 
3021.42 
3021.82 
3022 
3024 
3026 
3028 
3030 

1289 
1289.25 
1289.42 
1289.67 
1289.92 
1290 
1290.25 
1290.42 
1290.75 
1291 
1291.42 
1291.75 
1292 
1292.17 
1292.33 
1292.58 
1292.92 
1293.17 
1293.33 
1293.67 
1293.83 
1294.08 
1294.25 
1294.42 
1294.82 
1295 
1297 
1299 
1301 
1303 

1 4  
14.25 
14.42 
14.67 

.15 
14.92 

15.25 
15.42 
15.75 
1 6  
16.42 
16.75 
1 7  
17 .17  
17 .33  
17.58 
17.92 

18.33 
18.17 

18.67 

19.08 
18 .83  

19.25 
19,42 
19.82 
20 
22 
24 
26 
28 

t,/t; 

92.07 
90.47 
89.42 
87.91 
86.46 
86.00 
84.61 
83.68 
81.95 
80.69 
78.65 
77.12 
76.00 
75.26 
74.57 
73.53 
72.15 
71.17 
70.56 
69.29 

67.82 
68.71 

66.65 
67.23 

65.33 
64.75 
58.95 
54.13 
54.04 
46** 54 

s (ft)  

.12.56 
12.56 
12.55 
12 .53  
12.52 
12.52 
12.50 
12..49 

12.45 
12.47 

12.45 
12.43 
12.42 
12.41 
12.40 
12.39 
12 .38  
12.38 
12.36 
12.35 
12.35 
12.33 

12.32 
12.32 

12.31 
12.28 
12.23 
12.15 

12.03 
12.09 

Depth   to  
water ( f t )  

e lectr ic  Comments 

43.96 
43.96 
43.95 
43.93 
43.92 
43.92 
43.90 
43.89 
43.87 
43.85 
43.85 
43.83 
43.82 
43.81 
43.80 
43.79 
43.78 
43.18 
43.76 
43.75 

43.73 
43.75 

43.72 
43.72 
43.71 
43.68 
43.63 
43.55 
43.49 
43.43 

- .  r * .* ,. . 



Appendix 1-3. -- CNW-2 - water-level data--pumping well .  (cont) 

h 

January Hour 
Date 

1977 

7 '  

W T )  

1100 

1104 
1102 

1106 
1108 
1110 
1114 
1116 
1120 
1122 
1124 
1126 
1128 
1130 
1135 
1140 
1145 
1150 
1155 
1200 
1205 
1210 
1219 
1237 
1240 

1300 
1242 

1310 
1323 
1330 

3032 1305 
3034 1307 
3036 1309 
3038 1311 
3040 1313 
3042 1315 
3046 1319 
3048 1321 

.3054 1327 
3052 1325 

3056 1329 

3060 1333 
3058 1331 

3062 1335 
3067 1340 
3072 1345 
3077 1350 

3087 1360 
3092 1365 
3097 1370 
3102 1375 
3111 1384 
3129 1402 
3132 1405 
3134 1407 
3152 1425 
3162 1435 
3175 1448 
3182 1455 

3082 1355 

Elapsed time (min) 
. L  

30 
32 
34 

.36 
38 

44 
40 

46 
50 

54 
52 

56 

60 
65 
70 
75 

85 
90 

100 
95 

109 
127 
130 
132 
156 
160 
173 

58 

80 

180 

t , / t l  
c 

43.50 
40.84 
38.50 
36.42 
34.55 
32.88 

28.72 
29.98 

26.50 
25.52 
24.61 
23.77 
22.98 
22.25 
20.62 
19.21 
18.00 
16.94 
16.00 
15.17 
14.42 

12.70 
13.75 

10.81 
11.04 

10.66 
9.50 
8.97 
8.37 
8.08 

s ( f t )  

11.98 
11.67 
11.16 
10.96 
10.90 
11.67 
11.63 
11.59 
11.52 
11.45 
11.40 

11.32 

11.20 
11.29 

11.10 
11.01 
10.92 

10.74 
10.67 
10.58 

9.92 

10.29 
10.32 

9.91 
9.85 
9.73 
9.55 
9.48 

11.38 

10.82 

Depth to  
water ( f t )  

e l ec tr i c  Comments 

43.38 
43.07 

42.36 
42.56 

43.07 
42.30 

43.03 
42.99 
42.92 
42.85 
42.80 
42.78 
42.72 
42.69 
42.60 

42.41 
42.32 

42.14 
42.22 

42.07 
41.98 

41.72 
41.32 

41.69 
41.31 
41.25 

:; 41.13 
40.95 

$ 

42.50 

40.88 



Appendix 1-3. -- CNW-2 - water-level .data--pumping wel l .  (cont) 

Date 
January. Hour 

1977 (MST) 

7  1340 
. 1400 

1431 
1502 ' 
1532 
1602 
1635 
1707 
1731 
,1801 

1902 

2004 
1930 

2028 
2100 

2231 
2201 

2300 
2330 

8 0000 
0100 
0130 
0200 
0231 
0330 
0402 
0430 

0650 

3 
x 
v) 
C 2 

F ;  

8. 

(D - 
2- 

', '% 1830 

Y 
2 

Elapsed time (min) 
t 

3192 

3243 

3304 
3274 

3334 
3367 
3399 

3453 
3482 
3514 
3542 
3576 
3600 
3632 
3693 
3723 
3752 
3782 
3812 
3872 
3902 
3932 
396 3 
4022 
4054 
4082 

4222 

.r 

- 

32 12 

3423 

- t l  

1465 
1485 
1516 

1577 
1547 

1607 
1640 
1672 
1696 
1726 
1755 
1787 
1815 
1849 
1873 
1905 
1966 
1996 
2025 
2055 
2085 
2145 
2175 

2236 
2205 

2295 
2327 
2355 

249 5 

L L  

210: 
190 

241 
272 
302 
332 
365 
397 
421 
45 1 

512 
480 

540 

598 
574 

630 
691 
721 
750 
7 80 
810 
870 
900 
9 30 

1020 
961 

1052 
1080 

1220 

t , / t t c  

7.71 
7.07 
6.29 
5.69 
5.22 

4.49 
4.84 

4.21 
4.03 
3.83 
3.66 
3.49 
3.36 
3.22 

3.02 
3.13 

2.85 

2.70 
2.77 

2.63 
2.57 
2.47 
2.42 
2.37 
2; 33 
2.25 
2.21 
2.18 

2 ; p 5  

s (ft) 

9.35 
9.13 
8.81 
8.51 
8.24 
7.99 

7.47 
7.71 

7.28 
7.06 
6.84 
1.64 
6.49 
6.28 
5.63 
5.91 
5.62 
5.49 
5.29 
5.15 
5.02 
4.90 
4.77 

4.52 
4.65 

4.32 
4.20 

2.74 

water (ft) . 
Depth t o  

electric Comments 

40.75 
40.53 
40.21 
39.91 
39.64 

39.11 
39.39 

38.68 
38.87 

38.24 
38.46 

37.89 
33.04? 

37.03 
37.68 

37.31 
37.02 

36.69 
36.89 

36.55 
36.42 
36.30 
36.17 
36'.05 
35.92 
35:  72 
35.60 

t i  

34.14 

trouble  with electric 
tape on well  
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Appendix 1-3. -- CNW-2 - water-level data--pumping well. (cont) 

Dare 
January Hour 

1911 (MST) 

8 o l o i .  
0132 
0800 
0831 
0932 
1002 
1115 
114'5 
1215 
1245 . 
1315 
1345 
1415 

1100 
1628 

1958 
2320 

9 0402 
0603 
1015 

10 0812 
1612 

11p1 

Elapsed time (rnin) 
ttltlc 
4233  ,2506  1231 
4264 2531 1262 
4292 2565 1290 
4323 2596 1321 
4384 2651 1382 
4414 2681 1412 
4481 2160 1485 
4511 2190 1515 
4541 2820 1545 

4601, 2880 1605 
4517 2850 1515 

4631 2910 1635 
4661 2940 1665 
4800 307.3 1798 
4832 3105 1830 
4863 3136 1861 
5010 3283 2008 
5212 3485 2210 

5615 3888 2613 
5494 3167 2492 

5861 4140 2865 
6224 4491 3222 
7184 5451 4182 

t,/t; s ( f t )  

2 -04 
2.01 

3.10 
3.64 

1.99  3.51 
1.97 
1.92 

3.50 

1.90 
3.35 

1.86 
3.29 

1.84 
3.11 

1.83 
3.06 
2.97 

1.81 
1.19 

2.92 
2.81 

1.78 
1.17 

2.82 

1.11 
2.19 
2.62 

I. 10 
1.69 

2.61 

1.63 
4.36 

1.58 
.1.86 
2.19 

1 .51  2.87 
1.49 
1.45 ,. 1.14 

1.98 

1.40  1.71 
1.30  1.54 

Depth to water ( f t )  
s tee l   e lectr ic  Comments 

35.10 
35.04 
34.91 

. 34.15 
34.90 

34.69 
34.51 
34.46 
34.31 
34.32 
34.27, 
34.22 
34.19 

34.02 
34.01 
35.76 
33.26 
33.59 

33.38 
34.27 

33.14 
33.11 
32.94 



-. . r 

Appendix 1-3. -- CNW-2 - Pump test - discharge data. 
- .. 

Date Elapsed ,. 
Jan  Hour time (min) 
- 1977 (MST) t7 - Meter 

6  1315 

1317.5 

1320 

1325.75 

1328.75 

1331 

1333.75 

1336 

1351.5 

1356 

1406 

1412 

1426 

1431 

1441 

1511 

1536 

1545 

1555. 

1606 

. .  

.. 16 i6  

0 

2.5 

5.0 

10.75 

13.75 

16.0 

18.75 

21.0 

36.5 

41.0 

51.0 

57.0 

71.0 

76.0 

86.0 

116.0 

141.0 

150.0 

160: 0' 

171.0 

181.0 

11714.85 

11720.00 

11723.45 

11734.95 

11740.80 

11744.65 

11750.50 

11754.80 

11785.00 

11794.75 

11812.90 

11824.35 

11851.45 

11861.90 

11889.25 

11933.85 

11979.00 

11995.00 

12012.30 

12033.35 

12053.30 

Total 
discharge 

(gal) 

5.15 

8.60 

20.10 

25.95 

29.80 

35.65 

39.95 

70;  15 

79.90 

98.05 

109.50 

136.60 

147.05 

174.40 

219.00 

264.15 

280.15 

297.45 

318.50 

338.45 

W.  K. Summers & Associales 
16 . . 

Running' Incremental 
average AQ A t  A Q / A t  
(gpm) (gal) (mid . (gpm) 

2.06 

1.72 

1.87 

1.89 

5.15 2.50 2.05 

3.45 2.50 1.38 

11.50 5.75 2.00 

5.85 3..00 1.95 
;'a 

3.55  2.25  1.71 
1.86 

5.85  2.75  '2.13 
1.90 

1.90 

1.92 

1.95 

1.92 

1.92 

1.92 

1.93 

2.03 

1.89 

1.87 

4.30 

30.20 

9.75 

18.15 

11.45 

27.10 

10.45 

27.35 

44.50 

'45.15 

1E. 00 

2.25 

15.50 

4.50 

10.00- 

6 .OO 

14.00 

5.00 

10.00 

30 .OO 

25 .OO 

9 .oo 

1.91 

1 .95  

2 . 1 7  

1 .82  

1 . 9 1  

1.94 

2.09 

2.74 

1.49 

1.81 

1.78 
1.87 

17.30 10.00 1.7: 
1.86 

1.86 
21.05 11.00 1 .91  

. 19.95 10.00 2:oo 
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Appendix 1-3. -- CNW-2 - Pump test - discharge   da ta .   (cont )  

Date  Elapsed 
Jan  Hour time (min) discharge  average &!Q A t  @/At 

T o t a l  Running Incrementa l  

- 1977 t l  - Meter (ga l )  ( m m )  ( ga l )  ( m i d  (gpm) 

6 1626 191.0  12069.65  354.80  1.86 

1659 224 .O 12129.10  414.25  1.85 

7 0935 1220.0 13649.75  1934.90  1.59 

1005 1250.0 13681.90  1967.05 1.57 

1006  1251.0  13683.30  1968.45  1.57 

1030  1275.0  13714.55  1999.70  1.57 

59.45  33.00  1.80 

1520.65  996.00  1.53 

32.15  30.00  1.07 

1.40 1.00 1.40 

31.25 24.'00 1.30 \ 

W. K. Summers & Associates 
.. 17 . . 



Appendix 1-3. -- CNW-2 - Water-level data for observation well CNC-7(P). ~a 

January Hour 
Date 

1977 (MST) 

5 0942 
0954 
0955 
1007 
1021 
1036 
1100 
1139 
1202 

1206.42 
1206.25 

1206.63 
1207.75 
1208.83 . 
1209.17 

1210.25 
1210.67 
1211.17 
1212.25 
1212.5 
1213 
1213.25 

' 1214.17 
1213.67 

1214.58 

1215.67 
1216.27 
1216.58 
1217 

1209. a3 

1214  .a3 

Elapsed time (min) 
L 

~ 74 
86 
87 ; 
99 
113 
128 
15 2 
191 
214 
218.25 
218.42 
218.83 
219.75 
220.83 
221.17 
221.83 

222.67 
222.25 

224.25 
223.17 

224.5 
225 
225.25 
225.67 
226.17 
226.58 
226.63 
227.67 

226.58 
229 

zza.27 

Depth to water (ft) 
electric 

34.42 

34.46  34.49 
34.44 

34.42 
34.41 
34.39 
34.37 
34.38 

34.42 
34.41 

34.44 
34.44 
34.45 
34.45 
34.46 
34.48 
34.46 
34.48 
34.48 
34.5G 
34 ..58 
34.60 
34.60 
34.60 
34.61 
34.62 

34.64 
34.62 

34.63 
34.63 

34.63 

Comments 



. Appendix 1-3. -- CNW-2 - Water-level data for observation well CNC-7(P). (cont) 

Date 
January Hour 
1977 (MST) 

5 ' 1217..33 
1217; 75 
1216.17 

1223.58 
1218.56 

1228 
1233 
1238 ' 

1242 
1246 

z > 2330 

s 
2340 

6 0131 
0135 

8. 
LD 
P 

0328 
0330 
1151 
1212 
1214 
1219 
1227 
1232 

1305 
1254 

1315 
1310 

1316 
1316.17 
1316.42 
1316.92 

' t : 
Elapsed time (min) 

229.33 
229.75 
230.17 
230.58 
235.58 
240.56 
24  5 
250 
254 

902 
260 

912 
1023 
1027 
1140 
1142 
1643 
1664 
1666 
1671 
1629 

1706 
1717 i 
1722 
1727 
1726 

0 
1 

1726.17 
1726.42 

1.17 

1726.92 
1.42 
1.92 

A 

1684 

Depth to water (ft) 
st eel electric 

34.63 
34.. 64 
34.63 
34.63 
34.63 
34.63 

34-.63 
34.63 

34.61 
34.61 

34.08 
34.35 
34.54 
34.52 
34.16 
34.10 
34.37 

. ,  
9 

' 2  
"p 

35.00 
34.49 
34.36 
34.44 
34.44 

34.46 
34.46 

34.46 
34.46 

34.46 
94.49 
34.49 
34.51 

s (ft) 

.06 

.06 

.09 

.09 

.11 

Comments 



Appendix 1-3. -- CNW-2 - Water-level  data  for  observation well  CNC-7(P). (cont) 

Date 
January Hour 

1977 (MST) ' ' 

6 . 1317.25 
. 1317.75 

1317.92 
1318.17 
1318.42 
1318.67 
1319.08 

1319.67 
1319.42 

1320.17 
1319.92 

1320'. 5 
1320.75 
1321 
1321.25 
1321.5 
1321.75 
1322 
1322.25 
1322.75 
1323 

1323.5 
1323.25 

1323.83 
1324.25 
1324.5 
1324.75 
1325 
1325.5 
1325.75 

Elapsed time (min) 
L_ tl L 

1729.25 
1729.75 
1729.92 
1730.17 
1730.42 
1730..67 

1731.42 
1731.08 

1731.67 
1731.92 

1732.5 
17.32.17 

1732.75 
1733 
1733.25 
1733.5 
1733.75 
1734 
1734,.  25 
1734.75 
1735 
1735.25 
1735.5 
1735.83 

1736.5 
1736.25 

1136.75 
1737 ' 

1737.5 
1737.75 

2.25 . 
2.75 
2.92 
3.17 
3.42 
3.67 
4.08 
4.42 
4.67 
4.92 
5.17 
5.5 
5.75 
6 
6.25 
6.5 
6.75 
7 
7.25 

6 
7.75 

8.25 
8.5 . 
8.83 
9.25 
9.5 
9.75 
10 
10.5 
10.75 

Depth to water ( f t )  
e l e c t r i c  

34.51 
34.51 

34.54 
34.54 
34.56 
34.54 
34.56 
34.56 
34.56 

34.59 
34.56 

34.60 

34.61 
34.60 

34.63 
34.64 
34.64 
34.66 
34.68 
34.69 

34.70 
34.69 

34.71 
34.73 

34.75 
34.75 
34.78 
34.80 

. 34.61 

34:73 

.11 

.14 

.11 

.14 

.16 

.14 

.16 

.16 

.16 

.16 

.19 

.20 

.20 

.21 

.21 

.23 

.24 

.24 

.26 

.28 

.29 

.29 

.30 

.31 

.33 

.33 
,35 
.35 
.36 
.40 



Appendix 1-3. -- CNW-2 - Wate r - l eve l   da t a   fo r   obse rva t ion  well CNC-7(P). (cont )  

. .  Date 
January Hour Elapsed time (min) Depth t o  water ( f t )  

1977 (MST) t 

6 1326 
1326.25 
1326.5. 
1326.75 
1327 
1327.25 
1327.5 
1327.75 
1328 
1328.5 
1328.75 
1329 
1329.25 
1329.58 
1329.83 
1330 

1330.5 
1330.67 
1330.83 
1331.17 
1331.5 
1331.75 
1332 
.1332.08 
1332.25 
1332.5 

' 1332.67 

i330.25 

2332.71: 
1333 

.. 

1738 
1738.25 
1738.5 

1739 
1738.75 

1739.25 
1739.5 
1739.75 
1740 
1740.5 
1740.75 
1741 

:-1741.58 
1741.25 

1741.83 
1742 
1742.25 
1742.5 

1742.83 
1743.17 
1743.5 
1743.75 
1744 
1744.08 
1744.25 
1744.5 
1744.67 
1744.75 
1745 

i742.67 

1 t 

11 
11.25 
11.5 
11.75 
12  
12.25 
12.5 
12.75 
13 
13.5 

14  
13.75 

14.25 
14.58 
14.83 
15  
15.25 
15.5 
15.67 
15.83 

16.5 
16.17 

17  
16.75 

17.25 
17.08 

17.5 
17.67 
17.75 
1 8  

1 electr ic  

34.81 
34.80 

34.84 

34.85 
34.84 

34.86 
34.86 
34.87 ~ 

34.88 
34.90 
34.93 
34.95 
34.9u 
34.98 

' 34.98 
34.98 
34.98 
34.99 
34.99 

35.02 
35 .oo 
35.05 
35.08 

35.08 
35.08 

35.09 
35.10 
35.11 
35.11 

), 35.12 
i 

s (ft) Comments 

.40 

.41  

.44 

.44 

.45 

.46 :. 

.46 

.47 

.48 

.50 

.53 

.55 

.58 

.56 

.58 

.58 

.58 

.59 

.59 

.60 

.62 

.65 

.68 

.68 

.68 

.70 

.69 

.71  

. 7 1  

.72 



Appendix  1-3. -- CNW-2 - Water-level  data  for  observation  well  CNC-7(P).  (cont) 

. .  Date 
January Hour Elapsed  time  (min) 
1977- (MST) 

6 .  1333.5 
1333.75 
1334 
1334.25 
1334.5 
1334.75 
1335 ' 
1335.25 
1335.5 
1337.5 
1339.5 

1343.5 
1341.5 

1345.5 
1347.5 
1349.5 
1351.5 

. 1353.5 
1355.5 
1357.5 
1359.5 
1401.5 

1405.5 
1403.5 

1401.5 
1609.5 
1411.5 
1413.5 
1415.5 
1420.5 

t 

1745.75 
1745.5 

1746 
1746.25 
1746.5 
1746.15 
1747 
1747.25 
1747.5 
1749.5 
1751.5 
1753.5 

1141.5 
1755.5 

1759.5 
1761.5 

1765.5 
1763.5 

1769.6 
1767.5 

1771.5 
1773.5 
1775.5 
1777.5 
1179.5 
1781.5 

1785.5 
1783.5 

1787.5 
1792.5 

tl 

18.5 
18.75 
19 
19.25 
19.5 
19.75 
20 
20.25 
20.5 
22.5 
24.5 
26.5 
28.5 
30.5. 
32.5 
34.5 

38.5 
36.5 

40.5 
42.5 
44.5 
46.5 
48.5 
50.5 
52.5 
54.5 
56.5 
58.5 
60.5 
65.5 

. .  

Depth t o  water  (ft) 
electric s.;.(ft)  Comments 

35.13 

35.16 
35.15 

35.17 
35.17 
35.18 
35.20 
35.21 
35.21 
35.31 
35.38 

35.56 
35.48 

35.65 
35.73 
35.79 
35.90 
35.98 
36.03 
36.12 
36.17 
36.25 
36.31 
36  39 
36.43 
36.50 
36'. 5 7 
36 .$4  
36.68 
36.85 

. . -  

.73 

.75 

.76 

.77 

.77 

.78 

.80 

.81 

.81 

.91 

.98 
1.08 
1.16 
1.25 
1.33 
1.39 
1.50 
1.58 
1.63 

1.77 
1.72 

1.85 
1.91 

2.03 
1.99 

2.10 
2.17 
2.24 
2.28 
2.45 

! 



Appendix 1-3. -- CNW-2 - Water-level data for observation well CNC-7(P). (cont) 

Date 
January Hour ' - Elapsed time (min) Depth  to  water (ft) 
1977 (MST) t t l  electric s (ft) Comments 

6  1425.5 
1430.5 
1435.5 
1440.5 
1445.5 
1450.5 
1455.5 
1505.5 
1515 
1525 
1535 
1545 

~~ 

1555 
1606 
1616 
1625 
1700 
1730 
1805 
1835 
1903 
1931 
2003 
2032 
2100 
2132 

' 2229 
2200 

2300 
2328 

1797.5 
1802'.  5 

' 1812.5 
1807.5 

1822.5 
1827.5 

' 1837.5 
1847 
1657 
1867 
1877 
1887 
1898 
1908 
1917 

1982 
1952 

2017 
. i  2047 

20 75 
2103 
2135 
2164 
2192 
2224 
2252 
2281 
2312 
2340 

1817.5 

70.5 
75.5 
80.5 
85.5 
90.5 
95.5 
100.5 
110.5 
120 
130 

150 
160 
171 
181 
190 

255 
225 

290 

348 
376 
408 
437 
465 
49  7 
525 
554 
585 
613 

140 

320, 

37.00 

37.30 
37.15 

37.41 
37.58 
37.67 
37.82 

36.24 
37.97 

38.46 
38.38 

38.84 
39.03 
39.21 

39.58 
39.41 

40.16 
40.59 
41.11 
43.50 
41.89 
44.21 

42.84 
42:50 

43.10 ' 

43.37 
43.61 
43.89 
43.91 
43.98 

2.60 
2.75 
2.90 
3.01 
3.18 
3.27 
3.42 
3.57 
3.84 
3.98 
4.06 

4.63 
4.44 

4.81 
5.01 
5.18 
5.76 
6.19 
6.71 
9.10 
7.49 
9.81 
8.10 
8.44 

8.97 
8.70 

9.21 
9.49. 
9.51 
9.58 .!? 



Appendix 1-3. -- CNW-2 - Water - leve l   da ta   for   observa t ion  well CNC-7(P). (cont )  

Date 
January Hour 

1 9 7 7 '  (MST) 

6 2357. ' 

7 0000 
0028 
0030 

0200 
0100 

0231 
0300 
0333 
0400 
0432 
0500 
0535 
0600 

0702 
0630 

0730 
0801 
0830 
0900 
0929 
1000 
1025 
1030 
1030.75 
1031 

1031.5 
1031.25 

1031.75 
1032 

t 

2369 
2372 
2400 
2402 
2432 
2492 
2523 
2552 
2585 
2612 
2644 
2672 
2707 
2732 
2762 
2794 

2853 
2822 

2882 
2912 
2941 
2972 
2997 
3002 
3002.75 
3003 

3003.5 
3003.25 

3003.75 

Elapsed time (min) 
' t l  L 
642 
645 
673 
675 

765 
705 

825 
796 

858 

917 
885 

945 

1005 
980 

1035 
106 7 
1095 
1126 
1155 
1185 
1214 
1245 
1270 
1275 0 
1275.75  .75 
1276 1 
1276.25  1.25 
1276.5 1.5 
1216.75  1.75 

3004 1277 2 

water ( f t )  
Depth t o  

t , / t , '  e lectr ic  

44.05 

. 44.18 
45.45 

44.18 
44.23 
44.41 
44.53 
44.61 

44.77 
44.69 

44.85 
44.92 
45.00 
45.50 
45.11 
45.21 
45.23 
45.35 
45.37 
45.43 
45.47 
45.55 
45.61 
45.61 
45.61 
45.61 
45.61 

851 45.59 
729.511 45.59 
638.5 45.59 

1701 
1276 
1021 

s (ft)  Comments 

11.05 
9.65 

9.78 
9.78 

10.01 
9.83 

10.13 
1 0 . 2 1  
10.29 
10.37 
10.45 

10.60 
10.52 

10.71, 
11.10 

10,. 81 
10.83 
10.95 
10.97 
11.03 
11.07 
11.15 
1 1 . 2 1  
11.21 
1 1 . 2 1  
11.21 
11 .21  
11.19 
11.19 
11.19 

pump s h u t  down 



Appendix 1-3. -- CNW-2 - Water-level d a t a   f o r   o b s e r v a t i o n  well  CNC-7(P). (cont )  

Date 
January Hour 

1977 (MST) 

7  1032.25 
1032.5 
1032.75 
1033 
1033.25 
1033.5 
1033.75 
1034 
1034.25 
1034.5 
1034.75 
1035 
1035.25 
1035.5 
1035.75 . .  
1036 
1036.25 
1036.5 
1036.75 
1037 
1037.25 
1037.5 

1038 
1037.75 

1038.25 
1038.5 
1038.75 
1039 ' 
1039.25 
1039.5 

Elapsed time (min) 
t t ,  - t 1. 

3004.25 1277.25 
3004.5 1277.5 
3004.75 1227.75 
3005 1278 

3005.5 1278.5 
3005.25 1278.25 

3005.75  1278.75 
3006 1279 
3006.25  1279.25 
3006.5  1279.5 
3006.75  1279.75' 
3007 1280 
3007.25  1280.25 
3007.5  1280.5 
3007.75  1280.75 
3008 
3008.25  1281.25 

1281 

3008.5  1281.5 

3009 
3008.75  1281.75 

1282 
3009.25  '1282.25 
3009.5  1282.5 
3009.75  1282.75 
3010  1283 
3010.25  1283.25 
3010.5  1283.5 
3010.75  1283.75 
3011 
3011.25  1284.25 

1284 

3011.5  1284.5 

2.25 
2.5 
2.75 
3 
3.25 
3 .5  
3.75 
4 
4.25 

4.75 
4 .5  

5 
5.25 
5.5 
5.75 
6 
6.25 
6.5 
6.75 
7 
7.25 

7.75 
7.5 

8 
8.25 
8 . 5  
8.75 
9 
9.25 
9 .5  

t , / t , -  

567.667 
511 
464.636 
426 
393.308 
365.286 
341 . 

301 
319.75 

284.333 
269.421 
256 
243.857 
232.818 
222.739 
213.5 
205 

189.889 
183.143 
176.862 
171  

160.375 
165.516 

155.545 
151  
146.714 
142.667 

135.211 
138.838 

,197.154 

. D e p t h   t o  
water ( f t )  

e lectr ic  

45.59 
45.59 

45.59 
45.59 
45.59 
45.59 

45.59 
45.59 . 
45.59 
45.59 
45.59 
45.59 
45.59 
45.58 
45.57 
45.57 
45.57 
45.57 
45.57 
45.57 
45.57 
45.57 
45.57 
45.57 
45.57 

' 45;57 
45.54 
45.54 
45.53 

p 45.59 

s ( f t )   C o m m e n t s  

11.19 
11.19 

11.19 
11.19 

11.19 
11.19 

11.19 
11.19 
11.19 
11.19 
11.19 
11.19 
11.19 
11.19 
11.18 
1 1 . 1 7  
11.17 
1 1 . 1 7  
11.17 
11.17 
11.17 
m17 
1 1 . 1 7  
1 1 . 1 7  
11.17 
11.17 
11.17 
11.14 
1 1 . 1 4  
11.13 



Appendix 1-3. -- CNW-2 - Water-level d a t a  f o r  obse rva t ion  well CNC-7(P). (cont )  

Date 
January,  Hour 

1 9 7 f  (MST) 

7 1039.75 
1040 
1040.25 
1041 
1041.25 
1041.5 
1041.75 
1042 
1042.5 
1042.75 
1043 
1043.25 
1043.5 
1043.75 

1044.25 

1044:.75 

1045.25 
1045.5 
1045.75 
1046 
1046.25 
1046.5 

,1046.75 
1047 
1047.25 

1047.75 
1047.5 

1044 

. 1044.5 

io45 

Elapsed-  time (min) 
t t l  L 

,3012 
3011.75 

3012.25 
3013 
3013.25 

3013.75 
3013.5 

3014 
3014.5 
3014.75 
3015 
3015.25 
3015.5 

1284.75 
1285 
1285.25 
1286 
1285.25 

1286.75 
1286.5 

1287 
1287.5 

1288 . 
1287.75 

1288.5 
1288.25 

10 
9.75 

10.25 
11 
11.25 
11.5 
11.75 
12  
12.5 

13 
12.75 

13.5 
13.25 

3015.75  1288.75  13.75 
3016 ' 1289  14 
3016.25  1289.25  14.25 
3016.5 
3016.75 
3017 

3017.5 
3017.25 

3017.75 
3018 
3018.25 
3018.5 
3018.75 
3019 
3019.25 
3019 .'5 
3019.75 

1289.5 

1290 
1289.75 

1290.5 

1291 
1290.75 

1291.25 
1291.5 
1291.75 
1292 
1292.25 
1292.5 
1292.75 

1290..  25 

14.5 
14.75 
15  

15.5 
15.25 

16  
15.75 

16.25 
16 .5  
16.75 
17 
17.25 
17.5 
17.75 

t l l t l '  

131.769 
128.5 
125.390 
116.909 
114.333 
111.870 
109.511 
107.25 
103 
101  

99.077 
97.226 
95.444 
93.727 
92.071 
90.474 
86.93 
87.441 
86 
84.607 
83.258 
81.952 
80.688 
79.462 
78.273 
77..119 
76 
74.913 

72.831 
73.857 

water ( f t )  
Depth t o  

elec.tric 

45.53 
45.53 

45.53 
45.53 

45.53 
45.53 
45.53 
45 ..50 
45.49 
45.48 
45.48 
45.48 
45.48 
45.48 
45.48 
45.48 
45.48 
45.47 
45.46 
45.46 
45.44 

45.43 
45.44 

45.42 
45.42 
45.41 

' 45.40 
45.40 

45.38 
45.39 

s ( f t )  - 
11.13 
11.13 
11.13 
11.13 
11.13 

11.13 
11.13 

11.09 
11.10 

11.08 
11.08 
11.08 
11.08 
11.08 
11.08 

11.08 
11.08 

11.06 
11.07, 

11.06 
11 .04  
11.04 
11.03 
11.02 
11.02 
11.01 
11.00 
11.00 
10.99 
10.98 

Comments 

.. . 



Appendix 1-3. -- Cw-2 - Water-level d a t a   f o r   o b s e r v a t i o n  well  CNC-7(P). (cont )  

Date 
January Hour 

1977 (MST) 

7 1048 ' 
1048.25 
1048.5 
1048.75 
1049 ' 5  

x 
v) 1049.25 
5 1049.5 
(D 1049.75 3 

NG: 1050 
ufi= 1052 
. ?  1054 

2 1058 

' g  
0. 1056 

1100 
1102 
1104 
1106 
1108 

* 

.. 
1112 
1110 ' 

1114 
1116 
1118 
1120 
1122 
1124 

1128 
1126 

1130 
1135 

Elapsed time (min) 
t 

3020 
3020.25 
3020.5 
3020.75 
3021 
3021.25 
3021.5 
3021.75 

3024 
3022 

3026 
3028 
3030 
3032 

3036 
3034 

3038 
3040 

3044 
304 2 

3046 
3048 
3050 
3052 
3054 
3056 

3060 
3058 

3067 
3062 

' t l  

1293 
1293.25 
1293.5 
1293.75 
1294 
1294.25 
1294.5 
1294.75 
1295 
1297 
1299 
1301 
1303 
1305 
1307 
1309 
1311 
1313 
1315 
1317 
1319 
1321 
1323 
1325 
1327 
1329 
1331 
1333 
1335 
1340 

t 1 -  

1 8  
18.25 
18 .5  
18.75 
19 
19.25 
19.5 
19.75 
20 
22 
24 

28 
26 

30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 

56 
54 

58 
60 
65 

Depth t o  
water ( f t )  

electric 

71.833 
70.863 

45.37 
45.37 

69.919  45.37 
69 
68.105 

45.37 

67.234 
45.36 

66.385 
45.36 

65.557 
45.36 
45.35 

58.955 
64.75  45.34 

54.125 
45.28 
45.22 

50.038 . 45.18 
46.536  45.16 

40.844 45.07 
38.5  45.00 
36.417  44.98 
34.553  44.92 
32.875  44.90 
31.357  44.88 
29.977  44.86 
28.717  44.80 
27.563  44.76 
26.5  44.72 
25.519  44.65 
24.811 
23.768 

44.60 

22.983 
44.58 

22.25 
44.52 

20.615 
44.50 
44.47 

t l / t , ?  

43.5  45.11 

s ('ft) Comments 

10.97 
10.97 
10.97 
10.97 
10.96 
10.96 
10.96 
10.95 
10.94 
10.88 
10.82 

10.76 
10.78 

10.71 
10.67 
10.60 
10.58 
10.52 
10.50 
10.48 
10.46 
10.40 
10.36 
10.32 
10.25 

10.18 
10.20 

10.12 
10.10 
10.07 



Appendix  1-3. -- CNW-2 - Water- level   data   for   observat ion well CNC-7CP). ( cont )  
'1 

Date 
January ' Hour 

1977 (MST) 

7 . 1140 
1145 
1150 
1155 
1200 
1205 
1210 
1220 
1230 
1241 
1250 
1300 
1310 
1323 
1330 
1341 

1430 
1400 

1500 
1530 
1600 
1634 
1705 
,1730 
1800 
1829 
1900 
1930 
2001 
2027 

Elapsed time (min) 
I_ A . d  t l / t l  

c 
L - 

3077 
3072 

3087 
3082 

3092 
309 7 
3102 
3112 
3122 
3133 
3142 
3152 
3162 
3175 

3193 
3182 

3212 
3242 
3272 
3302 
3332 
3366 
3397 
3422 

3481 
3452 

3512 
3542 
3573 
3599 

1345 
1350 
1355 

1365 
1360 

1355 
1370 

1385 
1395 

1415 
1406 

1435 
1425 

1448 
1455 
1466 
1485 
1515 
1545 
1575 
1605 
16 39 
1670 
1695 
1725 
1754 
1785 
1815 
1846 
1872 

70 
75 
80 
85 
90 
95 

100 
110 
120 
131 

'140 

160 
150 

173 
180 
191  
210 
240 
270 
300 
330 
364 
395 
420 
450 
479 
510 
540 
571 
59 7 

19.214 
18 
16.938 
16 
15.167 

1 3 . 7 5 .  
14.421 

1 2 . 5 9 1  
11.625 
10.733 
10.107 

9.5 
8.969 
8.370 
8.083 
7.675 

. 7.071 
6.313 
5.. 722 
5.25. 
4.864 
4.503 
4.228 
4.036 
3.833 
3.662 
3.5 
3.361 
3.233 
3.136 

w a t e r   ( f t )  
Depth t o  

e l e c t r i c  

44.35 
44.28 
44.17 
44.06 
43.99 
43.91 
43.83 
43.73 
43.55 
43.39 
43.21 
43.15 
43.07 
42.90 

42.71 
42.80 

42 .53 .  
42.40 

41.56 
41.85 

41.29 
41.04 
40.77 
40.68 
40.37 
40.15 
39.96 
39.78 
39.53 
39.40 

s ( f t )  Comments 

9.95 
9.88 
9.77 
9.66 
9.59 
9.51 
9.43 
9.33 
9.15 

8.81 
8.99 

8.75 
8.67 
8.50 
8.40 
8.31 
8.13 
8.00 
7.45 
7.16 
6.89 
6.64 
6.37 
6.28 
5.97 
5.75 
5.56 
5.38 
5.13 
5.00 



Appendix.1-3. -- CNW-2 - Water-level data for  observation  well CNC-7(P). (cone) 

Date 
January  Hour 
1977- (MST) 

7 2100 
2200 
2230 
2301 

8 
2331 

0031 
0001 

0131 
0201 
0230 
0330 

0428 
0400 

0500 
05  30 
0634 
0700 
0730 
0802 
0830 
0930 
1000 
1115 
1145 
1215 
1245 
1315 
1345 
1415 
1623 
1700 

Elapsed time (min) 
A 
3632 
3692 
3722 
3753 
3783 
3813 
3843 
3903 
3933 
3962 
4022 
4052 
4080 

4142 
4112 

42‘32 
4206 

4294 
4262 

4322 
4382 
4412 
4487 
4517 
4547 
4577 
4607 
4637 
4667 
4795 
4832 

“1 t. 

1905 630 
1965 690 
1995 720 
2026 751 
2056 781 
2086 811 
2116 . 841 
2176 901 
2206 931 
2235 960 
2295 1020 
2325 1050 
2353 1078 
2385 1110 
2415 1140 
2479 1204 
2505 1230 
2535 1260 

2595 ‘1320 
2567 1292 

2655 1380 
2685 1410 
2760 1485 
2790 1515 
2820 1545 
2850 1575 
2880 1605 
2910 1635 

3068 1793 
2940 1665 

3105 1830 

t,lt,’ 

3.024 
2.848 
2.771 
2.698 

2.572 
2.633 

2.415 
2.516, 

2.328 
2.369 

2.25 
2.214 
2.183 
2.149 
2.118 
2.059 

2.012 
2.037 

1.987 
1.966 

1.904 
1.924 

1.859 
1.842 
1.825 
1.810 
1.794 
1.780 
1.766 
1.711 
1.697 

Depth to water (ft) 
steel  electric s (ft) Comments 

39.21 
38.87 
38.73 
38.58 
38.44 
38.29 
38.16 

’ 38.03 
37.90 
37.80 
37.60 
37.48 
37.35 

37.28 
37.29 

36.99 
37.04 
36.96 
36.87 
36.81 
36.58 

36.40 
36.64 

36.37 
36.29 

36.12 
36.05 
36.01 
35.94 

35.82 
34.62 

4.51 
4.47 

4.18 
4.33 

4.04 
3.89 
3.76 
3.63 
3.50 
3.40 
3.20 

2.95 
3.08 

‘‘ 2.89 
2.88 
2.59 
2.64 
2.56 
2.47 . 
2.41 
2.18 

2 .oo 
2.24 

1.97 
1.89 
1.72 
1.65 
1.61 
1.54 
1.42 
.22 



Appendix  1-3. -- CW-2 - Water-level  'data for observation  well  CNC-7(P).  (cont) 

January  Hour  Elapsed  time  (min) 
Date 

Depth t o  water  (ft) 
1977 (MST) t A A - tlltl' steel s (ft) Comments 

7 1735  4867  3140  1865  1.684 ' 34.76  .36 
35.55?  1.15? 
35.38  1.48 
35.74  1.34 
34.14  -.26 

.68 

.60 

. 1957  5009  3282  2007 . 1.635 
2322  5214  3487 2212. 1.576 

9 0400 5492  3765  2490 
0618 

1.512 
5630  3903  2628 . 1.485 

1010 5862  4135  2860  1.446  35.08 
6231  4504  3229 . 1.395  35.00 

. .  

5 
7: 

5 1619 
2 10 0814  7186  5459  4184  1.305  34.76  .36 

v1 

z; 
> 

'. g 



. .  

Appendix 1-3. -- Cpl-4 - Water-level data. 

Date 
January  Hour 

19.77 (MST) 

8 1100 
1200 
1231 
1416 
1418 
1419 

1600 
1500 

1715 
1732 

. . 1805 
1905 . 
1612? 

9  2154 
2158 
2200.5 
2205.25 

10 0619 
0850 
0900.5 
0901 
0920 
1257 
1300 
1323 
1330 
1330.25 
1330.5 
1330.75 
1331.5 

Elapsed time (min) Depth to water (ft) 
A s (ft) steel electric Comments t. 

60 
0 

9 1  
196 
198 
199 
240 
300 
375 
392 
425 
485 

2094 
2098 
2100’. 5 
2105.25 
2719 
27 50 
2760.5 
2761 
2780 
2997 
3000 
3023 
3030 . 
3030.25 
3030.5 
3030.75 
3031.5 

26.50 
26.33 
27.55 
26.27 

26.37 

0 .02 
.25 .11 ’ 

.5  .16 

.75 .37 
.10 1.5 

26.29 

26.27 
26.30 

26.27 
26.30 
‘26.30 
26.30 
26.30 
26.30 
26.30 
26.32 
26.32 
26.33 
26.34 
26.30 
26.30 
26.30 
26.32 
26.32 
26.32 
26.32 
26.41 
26.46 
26.67 
26.40 

attempted start 

attempted  start; 
pipes frozen 

pump on 



Appendix 1-3. -- CNW-4 - Water - leve l   da ta .   (cont )  

Date 
January Hour 

1977 (MST) 

10 1331.75 
1332 
1332.25 

1334 
1334.25 

3 1332.5 
F 
r 
3 1334.5 
2 1334.75 

g 1335.5 
i3. 

N @  
w;: 1335 

1335.25 

1336 
1336.25 
1336.5 
1336.75 
1337 
1337.75 
1338 
1338.25 
1338.75 
1339.25 
1339.5 
1339.75 
1340 
1340.5 

1341 
1340.75 

1341.25 
1341.5 
1341.75 

e' 
E 

Elapsed .time (min) 
t 

3031.75 
3032 
3032.25 
3032.5 
3034 
3034.25 
3034.5 

3035 
3034.75 

3035.25 
3035.5 
3036 
3036.25 
3036.5 
3036.75 
3037 
3037.75 
3038 
3038.25 
3038.75 
3039.25 
3039.5 
3039.75 
3040 
3040.5 
3040.75 
3041 
3041.25 

3041.75 
3041.5 

" 
1.75 
2 
2.25 
2.5 
4 
4.25 
4.5 
4.75 
..5 
5.25 
5.5 
6 
6.25 
6.5 
6.75 
7 

8 
7.75 

8.25 
8.75 
9.25 
9 .5  
9.75 

10 
10.5 
10.75 
11 
11.25 
11.5 
11.75 

s ( f t )  

.10 

.09 

.10 

.11 
-.42 
-.43 
- .43 
-.46 
-.40 
- .41 
- .40 
-.45 
-.42 
-.60 

-.66 
-.71 

.lo 

.11 

.10 

.10 

.11 

.11 

.11 

.11 -.. 9 1 
- .go  

-.87 
-.87 

- .87 

Depth t o  water (ft) 
e l e c t r i c  

26.40 
26.39 
26.40 
26.41 
25.88 
25.87 
25.87 

25.90 
25.84 

25.89 
25.90 

25.88 
25.85 

25.70 
25.59 
25.64 
26.41 
26.40 
26.40 

- Comments 

26.40 
26.41 
26.41 

26.41 
26.41 

25.40 
25.39 

25.43 
25.43 
25.43 

genera tor   d ied  



Appendix  1-3. -- CNW-4 - Water-level d a t a .   ( c o n t )  

. Date 
January Hour 

1977 (MST) 

10 1342.5 
1342.75 
1343 

1343.5 
1343.75 

3 1343.25 
7; 
r 
(D 1344.25 

, '  3 1344 
3 

ut: 
"Ro 

> 
' E  1345 

F: 

1344.5 
1344.75 

E' 1345.25 
VI 1345.5 
c 
0 

1346.25 
1346.5 
1346.75 
1347.5 
1347.75 
1348 
1348.25 
1348.5 
1348.75 
1349.25 
,1349.5 
1349.75 
1350 
1350.25 
1350.5 
1350.75 

~~ 

- 3042.5 
3042.75 
3043 
3043.25 
3043.5 
3043.75 
3044 

3044.5 
3044.25 

3044.75 

3045.25 
3045.5 
3046.25 
3046.5 
3046.75 
3047.5 
3047.75 

3048.25 
3048 

3048.5 
3048.75 
3049.25 
3049.5 
3049.75 
3050 
3050.25 
3050.5 
3050.75 

. 3045 

t 
Elapsed time (min) 

tl 
12.5 
12.75 
1 3  
13.25 
13.5 
13.75 
14 
14.25 
14.5 
14.75 
15 
15.25 
15.5 
16.25 
16.5 

17.5 
16.75 

17.75 
18 
18.25 
18.5 

19.25 
18.75 

19.5 
19.75 
20 
20.25 
29.5 
20.75 

s ( f t )  

. 11 

.ll 

. 11 

.ll 

.ll 

.ll 

.ll 

.ll 

.ll 

.ll 

.12 

.12 

.ll 

.12 

.12 

.ll 

.12 

.12 

.12 . 11 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

i .12 

Depth t o   w a t e r  ( f t )  
e l e c t r i c  Comments 

26.41 
26.41 
26.41 
26.41 
26.41 
26.41 
26.41 
26.41 
26.41 
26.41 
26.42 
26.42 
26.41 
26.42 
26.42 
26.41 
26.42 

26.42 
26.42 

26.41 
26.42 
26.42 
26.42 

26.42 
26.42 

26.42 
26.42 
26.42 
26.42 



Appendix 1-3. -- CNW-4 - Water-level  data.  (cont) 

Date 
January Hour 

1977 (MST) 

' 10 1351 
1353 
1355 
1357 
1359 
1401 
140 3 
1405 
1410 
1413 
1415 
1417 
1419 
1420 
1425 
1431 
1431.5 
1431.75 
l k 3 2  
1432.25 
1432.5 
1432.58 
1432.75 
1433 

1433.5 
1433.25 

1433.75 
1434.5 
1435 
1435.25 

Elapsed time (min) 
t 

3051 
3053 
3055 
3057 
3059 
3061 
3063 
3065 
3070 

3075 
3073 

3079 

3085 
3080 

3091 
3091.5 
3091.75 
3092 
3092.25 
3092.5 
3092.58 
3092.75 
3093 
3093.25 

3093.75 
3093.5 

3094.5 
3095 
3095.25 

3077 

A 

23 
2 1  

25 
27 
29 
31 
33 
35 
40 
43 
45 
47 

50 
49 

61 
55 

61.5 
61.75 
62 
62.25 
62.5 
62.58 
62.75 
6 3  
63.25 
63.5 
63.75 
64.5 
65  
65.25 

.12 

.13 

.12 

.ll 

.11. 

.11 

.11 

.11 

.11 

.12 

.12 

.12 

.12 

.12 

.12. . 

.19 

.18 

.19 

.19 

.19 

.19 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

.18 

Depth to  water  ( f t )  
steel e l e c t r i c  Comments 

26.42 
26.43 
26.42 
26.41 
26.41 
26.41 
26.41 
26.41 
26.41 
26.42 
26.42 
26.42 
26.42 
26.42 
26.42 
26.48 

26.49 
26.49 

26.49 
26.49 
26.49 
26.48 
26.48 
26.48 
26.48 
26.48 
26.48 

26.48 
26.48 

26.48 



I 

Appendix 1-3. -- CNW-4 - Water-level data. (cont )  

January . Hour 
Date 

1977 (MST) 

10 . 1436.25 
1436.5 
1436.75 
1437 
1437.25 
1437.5 
1437.75 
1438 
1439 
1439.75 
1440 
1442 
1444 
1446 
1448 
1450 
1452.5 
1454 
1455 
1500 
1505 
1510 
1515 

1525 
1520 

1530 
1530.5 
1530.75 
1531.25 
1531.5 

I .  

Elapsed time (min) 
t 

3096.25 
3096.5 
3096.75 
3097 
3097.25 
3097.5 
3097.75 
3098 
3099 
3099.75 

3102 
3100 

3104 
3106 

3110 
3108 

3112.5 
3114 
3115 
3120 

3130 
3135 
3140 
3145 
3150 
3150.5 
3150.75 
3151.25 
3151.5 

3125 

t ,  

66.25 

66.75 
66.5 

67 
67.25 
67.5 
67.75 
68 
69 

' 70 ' 

69.75 

74 
72 

76 
78 
80 
82.5 

85 
84 

90 
95 

100 
105 
110 
115 
120 
120.5 
120.75 
121.25 
121.5 

s ( f t )  

.19 

.19 

.18 

.18 

.19 

.19 

.18 

.19 

.18 

.17 

.17 

.17 

.18 

.18 

.18. 

.18 

.18 

.18 

.18 

.18 

.18 ; 

.18 

.18 

.18 

. 1 7  
. .35 

.34 
'. 35 
.35 
.35 

Depth t o  water ( f t )  
electric Comments 

26.49 
26.49 
26.48 
26.48 

26.49 
26,49 

26.49 
26.48 
26.48 

26.47 
26.47 

26.47 
26.48 
26.48 
26.48 
26.48 

26.48 
26.48, 

: 26.48 
26.48 

26.48 
26.48 
26.48 
26.48 
26.47 
26.65 
26.64 
26.65 
26.65 
26.65 

t 



Appendix  1-3. -- CNFj-4 7 Water-level da ta .   (cont )  

' ' Date 
January Hour 

1977 (MST) 

10 1531.75 

1532.25 
1532.5 
1532.75 
1533 
1533.25 
1533.5 
1533.75 
1534 ' 
1534.25 
1534.5 

1535.5 
1535.25 

1535.75 
1536 

i532 

1534.75 

1538 
1540 
1542 
1544 
1546 
1548 
1550 

1554 
1552 

1556 
1601 

' 1606 
1611 

Elapsed time (min) Depth t o   w a t e r   ( f t )  
t l  s ( f t )   e l e c t r i c  Comments t 

3151.75 
3152 
3152.25' 
3152.5 
3152.75 
3153 
3153.25 
3153.5 
3153.75 
3154 

3154.5 
3154.25 

3155.25 
3154.75 

3155.5 
3155.75 
3156 
3158 
3160 
3162 
3164 
3166 
3168 
3170 
3112 
3174 
3176 
3181 
3186 
3191 

121.75 
122 
122.25 
122.5 
122.75 
123 + 
123.25 
123.5 
123.75 
124 
124.25 
124.5 
124.75 

125.5 
125.15 
126 
128 
130 
132 
134 
136 
138 
140 
142 
144  
146 
151 
156 
161 

125.25 

.35 

.36 

.36 

.36 

.36 

.36 

.36 

.37 

.37 

.36 

.37 

.37 

.31 
-37 
.37 .  
.37 
.37 
.40 . 
.40 
.40 
.43 
.43 
.42 
.42 
.42 
.42 
. 4 2  
. 42  
. 4 2  
.42 

26.65 
26.66 
26.66 
26.66 
26.66 
26.66 
26.66 
26.67 
26.67 
26.66 
26.67 
26.67 
26.67 
26.67 
26.67 
26.67 
26.67 
26.70 
26.70 
26.70 
26.13 
26.73 
26.72 
26.72 I' 
26.72 
26.72 
26.72 
26.72 
26.72 
26.72 



, 

Appendix  1-3. -- CNW-4 - Water-1evel.data.   (cont) 

January Hour 
Date 

1977 (MST) 

10 1616 
1621 . 
1626 
1630 
1630.25 
1630.5 
1631.25 
1631.5 
1631.75 
1632 
1632.25 
1632.5 
1632.75 
1633.75 
1634 

1634.5 
1634.25 

1634.75 
1635 
1635.75 
1635.5? 
1635.75? 
1636 
1636.25 
1636.5 
1636.75 
1638 
1638.25 
1638.5 
1638.75 

. .  

t 

3196 
3201 
3206 
3210 
3210.25 
3210.5 
3211.25 
3211.5 
3211.75 
3212 
3212.25 
3212.5 
3212.75 
3213.75 
3214 
3214.25 
3214.5 
3214.75 
3215 
3215.75 

3216 
3216.25 
3216.5 
3216.75 
3218 
3218.25 
3218.5 
3218.75 

Elapsed time (min) 
t l  s (ft)  

166 
171 
176  
180 
180.25 
180.5 
181.. 25 
181.5 
181.75 
182 
:182.25 
182.5 
182.75 
183.75 
184 
184.25 
184.5 
184.75 
185 
185.75 

186 
186.25 
186.5 
186.75 
188 
188.25 
188.5 
188.75 

. 4 2  

.43 

.43 

.21 

.21  

.19 

.18 

.16 

.15 

.15 

.15 

.15 

.15 

.14 

.14.  

.13 

.13 

.44 
. . .45 

.45 

.51 

.50 

.49  

.49 

.50 '. 

.50 

.50 

.50 

.51 

, .15 

Depth t o   w a t e r   ( f t )  
e l e c t r i c  Comments 

26.72 
26.73 
26.73 
26.51 
26.51 
26.49 
26.48 
26.46 
26.45 
26.45 
26.45 
26.45 
26.45 
26.45 
26.44 
26.44 
26.43 

26.74 
26.43 

26.75 
26.75 

26.80 
26.81 

26.79 
26.79 
26.80 
26.80 
26.80 
26.  80 
26.81 



Appendix 1-3.  -- CNW-4 ;'Water-level data.  (cont) 

Date' 
January Hour 

1977 (MST) 

10 1639 
1639.25 
1639.5 
1639.75 
1640 
1640.25 
1640.5  
1640.75 
1641.75 
1642 
1642.25 
1642.5 
1642.75 
1643 
1643.25 
1643.5 

1644  
1643.75 

1644.75 
. 1645 

1647 
1649 
1 6 5 1  
1653 ' 

1655 
1657 
16  59 
1 7 0 1  
1703 
1708 

+ 

3219 
3219.25 
3219.5 
3219.75 
3220 

3220.5 
3220.25 

3220.75 
3221.75 
3222 
3222.25 
3222.5 
3222.75 
3223 

3223.5 
3223.25 

3223.75 
3224 
3224.75 
3225 
3227 
3229 
3231 
3233 
3235 
3237 
3239 
3241 
324 3 
3248 

Elapsed.  time (mid  
t l  s ( f t )  

189 
189 .25  

.50 

189.5 
. .51  

189.75  
.51 i 

. 51  

.51  
190;   25  .52 
190.5  .52 
190.75  .52 
191.75  .52 
192  
192.25  

- 5 2  
.52 

192.5  ' .52 
192.75  .52 

1 9 0  

1 9 3  
193.25 

.52 

.52 

193.75  
193.5  .52 

.52 
1 9 4  .52 
194.75  .53 
195  .52 
197  .54 
199  .56 
201  .62 
203 
205 

.62 

.62 
207  .62 
209  .58 
211  .60 
213  .60 
218  .60 

Depth to   water   ( f t )  
e l e c t r i c  Comments 

26.80 
26 .81  
26 .81  
2 6 . 8 1  
26 .81  
26.82 
26.82 
26.82 
26.82 
26.82 
26.82 
26.82 
26.82 
26.82 
26.82 
26.82 
26.82 
26.82 
26.83 
26.82 
26.84 
26.86 
26.92 
26.92 
26.92 
26.92 
26.88 
26.90 
26.90' 
26.90 



Appendix 1-3. -- CNW-4 - Water-level  data.  (ront) 

Date 
January Hour 

1977 (ET) 

10 1713' 
1718 
1723 
1728 
1730 
1732 
1733  
1734 

1735 
1734.75 

1736 

1735.5 
1736.25 

1736.75 
1737 

1737.75 
1738 
1738.17 
1738.25 
1738.5 
1738.75 
1739 
1739.25 
1739.5 
1739.75 
1740 
1740.25 
1740.5 
1740.75 

l i 3 7 . 2 5  

.. Elapsed time (min) 
t.' L 

3253 
3258 
3263 
3268 
3270 
3272 
3273 
3274 
3274.75 
3275 
3276 

3276.5 
3276.25 

3276.75 
3277 

3277.75 
,3277.25 

3278 
3278.17 
3278.25 
3278.5 
3278.75 
3279 
3279.25 
3279.5 

3280 
3279.75 

3280.25 
3280.5 
3280.75 

t ,  

223 
228 
233 
238 
240 
242 
243 
244 
244.75 
245 
246 ' 

246.25 
246.5 
246.75 
247 
247.25 
247.75 
248 
248.17 
248.25 
248.5 
248.75 
249 
249.25 
249.5 
249.75 
250 
250.25 
250.5 
250.75 

0 
2 

4 
3 

4.75 
5 
6 
6.25 
6.5 
6.75 
7 
7.25 

8 
7 .75  

8.17 
8.25 
8 .5  
8.75 
9 
9.25 
9 . 5  

10 
9.75 

10 .25  

10.75 
10 .5  

s ( f t )  

- 6 0  
.57 
.57 
.60 

' .25 
.40 
.44 
.42 
.10 

.. 08 

.10 

.08 

.08 

.08 

.10 

.13 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

.16 

.15 

.15 

.15 

of Harr i l l ' s  
Argument 

Equation 

66.603 
44.773 
33.858 
28.687 
27.308 
22.942 
22.068 
21.262 
20.516 
19 .822 
19.177 
18 .011 
17 .483 

16.986 
17.142 

16.079 
16.519 

15 .663  
15.269 

14.542 
14.896 

14.206 
13.887 
13.582 
13.292 

water ( f t )  
Depth to 

e l e c t r i c  Comments 

26.90  
26.87 
26.87 
26:90 

26.55 
26.70 
26.44 
26.42 
26.40 
26.40 
26.38 
26.38 
26.38 
26.38 
26.40 
26.43 
26.45 
26.45 
26.45 
26.45 
26.45 
26.45 
26.45 
26.45 
26.45 

.26 .46  
'9.6.45 
26.45 
26.45 

shut down pump 



Appendix  1-3. -- CNW-4 - Water-level data. (cont) 

Date 
January Hour 
1977 (MST) 

10 1741 
1741.25 
1741.5 
1741.75 
1742 
1744 
1746. 
1748 
1750 
1755 
1800 
1805 
1810 
1815 
1820 
1825 
1830 
1835 
1840 
1850 
1900 
1930 

2030 ' 
2100 
2130 
2200 , 

2234 

2000 , 

2300 

t 
Elapsed  time (min) 

t: - 

3281 
3281.25 
3281.5 
3281.75 

3284 
3282 

3286 
3288 
3290 
3295 
3300 
3305 
3310 
3315 
3320 
3325 
3330 
'3335 
3340 
3350 
3360 
3390 
3420 
34  5.0 
3480 
3510 
3540 
3574 
3600 

t, 

251 
251.25 
251.5 
251.75 
252 
254 
256 
258 
260 
265 
270 
'275 
280 
285 
290 
295 
300 
305 
310 
320 
330 
360 
390 
420 
450 
480 
510 
544 
570 

11 
11.25 
11.5 
11.75 
12 
14. 
16 
18 
20 
25 
30 

40 
35 

45 
50 
55 
60 
65 
70 
80 
90 

150 
120 

180 
210 
240 
,270 
304 
3 30 

s (ft) 

.14 

.14 

.14 

.14 . ii' 

.13 

.13 

.11 

.ll 

.10 

.11 

.10 

.10 

.10 

.09 

.08 

.09 

.08 

.08 

.07 

.08 

.06 

.06 

.04 

.08 

.03 

.07 
' .04 

.05 

jc 

of Harrill's 
Argument 

Equation 

13.015 
12.750 
12.497 
12.254 
12.022 
10.461 
9.290 
.8.379 

6.336 
7.650 

4.833 
5.460 

4.362 
3.996 
3.702 
3.462 
3.261 
3.092 
2.946 
2.708 
2.523 
2.152 
1.927 
1.777 
1.669 
1.588 
1.525 
1.468 
1.433 

water (ft) 
Depth t o  

electric  Comments 

26.44 
26.44 
26.44 
26.44 
26.44 
26.43 
26.43 
26.41 
26.41 
26.41 
26.40 
26.40 
26.40 
26.40 
26.39 
26.39 
26.38 
26.38 
26.38 
26.38 
26.37 
26.36 
26.36 
26.34 
26.38 
26.33 
26.37 
26.34 
26.35 

Y 



Appendix  1-3. -- CNW-4 - Water-level  data.   (cont) 

January Hour 
Date 

Elapsed t i m e  (min) 
Argument Depth t o  

of H a r r i l l ' s  w a t e r   ( f t )  
1977  (MST) t t ,  t; s ( f t )   E q u a t i o n   e l e c t r i c  Comments 

10 2330  3630  600 360 .04  1.398 
11 0000 3660 6 30 390 

26.34 
,. 03 

0030 
1.368 

3690  660  420 .03  1.343  26.33 
26.33 

0100  3720  690  450 .07  1.321 26.37 
0130  3750 720 480 .04  1.302  26.34 3 

?;: 

5 
rn 

3 F-: 
R. 
> 
0. 

I-- 

' E  
ci 

0 
G3 

- 



Appendix 1-3. -- CNW-4 - Pump tes t  - d i scha rge   da t a .   ( con t )  

Date  Elapsed 
January Hour , time (min) 

. T o t a l  
Meter d i s c h a r a e  average 

Running 
AQ A t  A Q / A t  

Incrementa l  

1535 4 752.35 38.45 9.61 

1545 14  860.05 146.15 10.44 

1614 43  1123.00 409.10 9.51 

1627 56  1259.00 545.10 9.73 

38.45  4.00  9.61 

107.70 10.00 10.77 

262.95  29.00  9.07 

136.00  13.00  10.46 
average  Q 3rd 

s t e p  = 9.73 gpm 

1639 0 1347.00 

1641.5  2.5  1365.10  18.10  7.24 

1644.5 5.5  1402.75  55.75  10.14 

1656 1 7  1553.20  206.20  12.13 

1715 36 1764.40  417.40 11.59 

1724  45  1880.65  533.65  11.86 

18.10 2.50  7.24 

37.65  3.00  12.55 

150.45  11.50  13.08 

211.20 19.00  11.12 

116.25 9.00 12.92 
average  Q 4 t h  

s t e p  = 11.86 gpm 



Appendix 1-3.  -- CNW-4 - Pump test - discharge   da ta .  

- 
Date 

January Hour 
1977 (MST) 

10 1330 

1337.75 

1342 

1345.45 

1349 

1355.25 

1 4 1 1  

1419 

1429 

1 4 3 5 . 5 .  

1439.5  

1443 

1445 

1452 

Elapsed 
time (min) 

t 

0 

7.75 

1 2  

15.45 

1 9  

25.25 

41  

49 

59 

0 .  

4 

' 7.5 

9.5 

16.5 

(ga l )  
Meter 

328.95 

340.85 

350.00 

361.85 

370.35 

390.00 

440.85 

. 465.30 

481.25 

509.00 

523.75 

546.35 

547.85 

578.85 

discharge  
T o t a l  

(gal) 

11.90  

21.05 

32.90 

41.40 

61 .05  

111.90 

136.35 

152.30 

14.75 

37.35 

38.85 

69 .85  

Running 
average 

(gpm) 

1 . 5 4  

1 . 7 5  

2.13 

2.18 

2 .42  

2.73 

2 .78  

2.58 

3.69 

4.98 

4 .09  

4 .23  

&.& 

11 .90  

9.15 

11.85 

8.50 

19.65 

50.85 

24.45 

15.95 

14 .75  

22.60 

1 .50  

31.00 

A0 A t  AQIAt 
( m i d  (gpm) Comments 

Incremental  . 

7.75  

4.25 

3.45 

3.55 

6 .25  

15.75 

8 .00  

1 0 . 0 0  

1 . 5 4  

2.15 

3 .43  

2.39 

3.14 

3 .23  

3 .06  

1 .60  
average Q 1st s t e p  
= 2.58 gpm 

4.00  3 .69 

3.50  6.46 

2 .00  .75 

7.00  4 .43 
average Q 2nd s t e p  

= 4 .23  gpm 



I Appendix 1-3.--CNW-Q--Temperature and conductance of discharged water. 

I 1977 (MST) - obs (3 25OC 

1343  14.5  830 
1348 14 

1022 
800 

1353  14 810 1008 
955 

1358 14 800  995 

1408 
1403 

14 
14  800 

810 
995 

1413 
1008 

14.5 
1418 

790 
14 

972 

1423 
800 

13.9 800 
995 
998 

1428  13.8 800 
1433 

1000 
14.1 810 1006 

1438  13.9  810 1010 
1443  13.9  800  998 
1448  13.9 
1453 

800  998 

1458 
12.8  790 1010 
13.0  790 

1503  13.0  790 1006 
1006 

1508 
1536 

13 .O 790 1006 
13.2  800  1014 

1608  11.5  790 
1648  10.2 

1043 

17.18 10 
750 ' 1024 

1728 10 
700  962 
720  98 9 

W. K. Summers ~. & Associates 



Appendix I-4.--Slug Test  Data 



i 

Appendix 1-4. -- S l u g   t e s t   o f  CNC-3(P). 

Date 
December Hour 
1976 (MST) 

18 1100 
1101 

1101.25 
1102 

1104 
1103 

1106 
1105 

1107 
1108 
1109 
1110 
1111 
1112 

1116 
1114 

1118 

1122 
1120 

1124 
1126 
1128 
1130 
1132 
1137 
1142 

1152 
1147 

1157 
1202 

time (min)  
Elapsed 

t o  

0 
.75 

1.75 
2.75 
3.75 
4.75 
5.75 
6.75 
7.75 
8.75 

10.75 
9..  75 

12.75 
14.75 
16.75 
i8.75 
20.75 
22.75 
24.75 

28.75 
26.75 

30.75 
35.75 
40.75 
45.75 
50.75 
55.75 
60.75 

Depth to   water  
below  measuring 

p o i n t   ( f t )  * s (ft) 

49.43 

Comments 

i n j e c t  1 g a l   i n  15 
secs  

48.10  1.33 
48.07  1.36 
48.06 1.37 
48.06  1.37 
48.05  1.38 
48.04 1.39 
48.05 
48.04  1.39 

1.38 

48.04 
48.04 

1.39 

48.05 
1.39 

48.05 
1.38 
1.38 

48.05 
48.04 

1.38 
1.39 

48.05  1.38 
48.05  1.38 
48.05  1.38 
48.05  1.38 
48.05 
48.05 

1.38 

48.05 
1.38 
1.38 

48.04  1.39 
48.04  1.39 
48.05  1.38 
48.05  1.38 
48.04  1.39 
48.05  1.38 

* 
Measuring  point = 5.10 f t  above  ground  surface 

W.  K. Summers & Associates 1 

I .  
I 
! 



Appendix 1-4. -- Slug test of CNC”I(P). 

December  Hour 
Date 

1976 (MST) 

9 1415 
1416 

1416.33 
1417 
1418 
1419 
1420 
1421 
1422 
1423 
1424 
1425 
1426 
1427 
1429 
1431  
1433 
1435 
1437 
1439 
1441  
1443 
1445. 
1447 
1452 
1457 
1502 
1507 
1512 
1517 

Elapsed 
time (min) 

t0 

0 
.67 

1.67 
2.67 
3.67 
4.67 
5.67 
6.67 

8.67 
7.67 

10.67 
9.67 

12.67 
14.67 
16.67 
18.67 
20.67 
22.67 
24.67 
26.67 
28.67 
30.67 
35.67 
40.67 
45.67 
50.67 
55.67 
60.67 

Depth to water 
below  measuring 

point (ft) * 
34.26 

32.28 
32.68 
33.29 
33.59 
33.76 
33.94 
34.05 
34.12 
34.17 

34.23 
34.23 

34.26 
34.26 
34.26 
34.26 
34.26 
34.26 
34.26 
34.26 
34.26 
34.25 
34.26 
34.26 

34.26 
34.25 

34.26 
34.26 

s (ft)  Comments 

inject 1 gal in 20 
secs 

1.98 
1.58 

.97 

.67 

.32 

.50 

.21  

.14 

.09 

.03 

.03 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

.01 

.01 
0 
0 
0 

~~ 

* Measuring  point - 3.50 ft  above ground surface 

’ W. K. Summers & Associates 
2 .  



Appendix 1-4. -- Slug tes t  of CNG-Z(P)'. 

Date  Elapsed 
December Hour time (min)  below  measuring 

Depth to   water  

1976 (MST) t a  p o i n t   ( f t )  * s (ft) 

17  1500 
1501 

1501.17 
1502 
1503 
1504 
1505 

1507 
1506 

1508 
1509 
1510 
1511 

1514 
1512 

1518 
1516 

1520 
1522 
1524 

1528 
1526 

1530 
1532 
1537 
1542 
1547 
1552 ' 

1557 
1602 

0 
.83 

1.83 
2.83 
3.83 
4.83 
5.83 
6.83' 
7.83 
8.83 

10.83 
9.83 

12.83 
14.83 
16.83 
18.83 
20.83 
22.83 
24.83 

28.83 
26.83 

30.83 
35.83 
40.83 
45.83 
50.83 
55.83 
60.83 

49.97 

44.39 
44.40 

44.26 
44.26 

44.24 
44.25 

44.24 
44.23 
44.23 
44.23 

44.23 
44.23 

44.23 
44.23 
44.23 
44.23 
44.23 
44.24 

44.24 
44.25 

44.25 
44.26 
44.28 
44.29 
44.30 
44.31 
44.32 

5.57 
5.58 
5.71 
5.71 
5.72 

5.73 
5.73 

5.74 
5.74 

5.74 
5 :74 

5.74 
5.74 
5.74 
5.74 
5.74 
5.74 

5.72 
5.73 

5.73 
5.72 

5.69 
5.71 

5.68 
5.67 
5.66 
5.65 

Comments 

i n j e c t  1 g a l   i n  10 
secs  

* 
Measuring  point = 4.10 f t  above  ground  surface 

W. K. Summers & Associates 
3 .  



Appendix 1-4. -- Slug t e s t  of CNP-3(P). 

Date 
November Hour 
1976 (MST) 

19  1258 
1300 

1300.33 
1301. 
1302 
1303 
1304 
1305 
1306 
1307 

1309 
1308 

1310 
1311 
1313 
1315 
1317 
1319 
1321 
1323 
1325 

1329 
1327 

1334 
1339 

1349 
1344 

1354 
1359 
1404 

Elapsed 
time  (min) 

t" 

0 

1.67 
.67 

2.67 
3.67 
4.67 
5.67 
6.67 

8.67 
7.67 

10.67 
9.67 

12.67 
14.67 
16.67 
18.67 
20.67 
22.67 
24.67 
26.67 
28.67 
33.67 

43.67 
38.67 

48.67 
53.67 
58.67 
63.67. 

Depth t o  water 
below  measuring 

p o i n t   ( f t )  * 

92.04 

89.14 
89.00 
88.98 
88.96 
88.94 
88.96 
88.94 
88.95 

88.95 
88.96 

88.95 
88.93 
88.93 
88.93 
88.93 
88.93 
88.95 
88.92 
88.90 
88.92 
88.91 
88.90 
88.91 
88.91 
88.91 
88.90 
88.89 

s (ft)  Comments 

i n j e c t  1 g a l  i n  20 
secs 

2.90 
3.04 
3.06 
3.08 
3.10 
3.08 
3.10 
3.09 
3.08 
3.09 
3.09 
3.11 
3.11 
3.11 
3.11 

3.09 
3.11 

3.14 
3.12 

3.13 
3.12 

3.14 
3.13 
3.13 
3.13 
3.14 
3.15 

* Measuring  point = 6.10 f t  above  ground su r face  

W. K .  Summers 6r Associates 
L 



Appen'dix 1-4. -- Slug test  of CNP-3B(P) 

Date  Elapsed 
December Hour time (min) below measuring 

Depth t o  water 

1976 (MST) t o  p o i n t   ( f t )  * 

15  1452 
1453 

1453.25 

1455 
1454 

1457 
1456 

1459 
1458 

1500 
1501 
1502 
1503 
1504 
1506 
1508 
1510 
1512 
1514 
1516 
1518 

1522 
1520 

1524 
1529 
1534 
1539 
1544 
1549 
1554 

0 
.75 

1.75 
2.75 
3.75 
4.75 
5.75 
6.75 
7.75 
8.75 

10.75 
9.75 

12.75 
14.75 
16.75 
18.75 
20.75 
22.75 
24.75 
26.75 
28.75 
30.75 
35.75 
40.75 
45.75 
50.75 
55 ~ 75 
60.75 

37.42 

31.77 
31.70 
31.68 
31.69 
31.'69 
31.69 
31.71 
31.72 
31.72 
31.71 
31.74 
31.75 
31.78 
31.80 
31.83 
31.85 
31.87 
31.89 
31.89 
31.92 
31.94 
32.01 
32.07 
32.13 
32 :15 
32.21 
32.25 

5.65 
5.72 
5.74 
5.73 
5.73 
5.73 
5.71 
5.70 
5.70 
5.71 
5.68 

5.64 
5.67 

5.62 
5.59 
5.57 
5.55 
5.53 
5.53 
5.50 
5.48 
5.41 
5.35 

5.27 
5.29 

5.21 
5.17 

Comments 

i n j e c t  1 g a l  i n  15 
secs  

* 
Measuring  point = 4.03 f t  above  ground  surface 

W. K. Summers & Associates 
5 ' .  



Appendix 1-4. -- Slug test  of CNP-4(P) . _ ~ -  

Date  Elapsed Depth t o  water 
November Hour time (min7 below  measuring 

1976 (MST) t o  p o i n t   ( f t )  * s (ft) Comments 

16  1430 
1432 

. 1432.33 
1433 
1434 
1435 ' 
1436 
1437 , 

1438 
1439 
1440 
1441 

1443 
1442 

1444 
1446 
1448 
1450 
1452 
1454 
1456 
1458 
1500 
1505 
1510 
1515 
1520 
1525 
1530 

0 

1.67 
.67 

2.67 
3.67 
4.67 
5.67 
6.67 
7.67 
8.67 

10.67 
9.67 

11.67 
13.67 
15.67 

19.67 
17.67 

21.67 
23.67 
25.67 
27.67 

37.67 
32.67 

42.67 
47.67 
52.67 
57.67 

68.51 

63.26 
63.26 

63.24 
63.24 
63.18 
63.18 
63.19 
63: 17 

63.21 
63.19 

63.22 
63.20 

63.24 
63.27 
63.28 
63.30 
63.32 
63.35 
63.37 
63.38 
63.45 
63.51 
63.55 
63.62 
63.67 
63.72 

i n j e c t  1 g a l  i n  20 
secs 

5.25 
5.25 
5.27 
5.27 
5.33 
5.33 
5.32 
5.34 
5.32 
5.30 
5.31 

5.27 
5.29 

5.24 
5.23 
5.21 
5.19 
5.16 
5.14 
5.13 
5.06 
5.00 
4.96 
4.89 
4.84 
4.79 

* Measuring  point = 4.80 ft above  ground su r face  

W. K. Summers & Associates 
6 .  



Appendix 1-4. -- Slug test of CNP-4B(P) . 

Date 
December Hour time (min) below  measuring 

Elapsed Depth to water 

15 1339 
1340 

1340.25 

1342 
1341  

1343  
1344 
1345 
1346 
1347 
1348  
1349 
1350 
1 3 5 1  
1 3 5 3  
1355  
1357  

1 4 0 1  
1359 

1 4 0 3  
1405  
1407 
1409 
1 4 1 1  
1416 
1 4 2 1  
1426  

1436 
1 4 3 1  

1 4 4 1  

0 
.75 

1 .75  
2.75 
3.75 
4 .75  
5 .75  
6 . 7 5  

8 . 7 5  
7.75 

10 .75  
9 .75  

1 2 . 7 5  
1 4 . 7 5  
16 .75  
18 .75  
20.75 
22.75 
24.75 
26.75 
28.75 
30.75 
35.75 
40 .75  
45 .75  
50 .75  
55 .75  
60.75 

58.83 

53 .19  
53.07 
53.02 
52.97 
52 .96  
52 .94  
52 .95  
52.94 
52.94 
52.95 
52 .94  
52 .93  
52.94 
52.93 
52.93 
52.93 
52.93 
52.93 
52.94 
52 .95  
52 .95  
52 .93  
52.94 
52.94 
52.95 
52.93 
52 .93  

5.64 
5 .76  
5.81 
5 .86  
5 .87  
5.89 
5.88 
5.89 
5 .89  
5.88 

' 5 . 8 9  
5 .90  
5.89 
5.90 
5 .90  

5.90 
5.90 

5 .90  
5 .89  
5.88 
5.88 
5.90 
5.89 
5 .89  
5 .88  
5 .90  
5.90 

Comments 

inject 1 gal in 15 
secs 

* 
Measuring  point = 4.66 ft above ground  surface 

W. K. Summers & Associates 
7 .  



Appendix 1-4. -- Slug tes t  of CNP-5(P) . 

December Hour 
Date 

1976 (MST) 

4 1354 
1355 

1355.33 

1357 
1356 

1359 
1358 

1400 
1401 

1403 
1402 

1404 
1406 
1408 
1410 
1412 
1414 

1418 
1416 

1420 
1422 

1426 
1424 

1436 ' 
1431 

1441 
1446 
1451 
1456 

Elapsed Depth t o  water 
time (min) below measuring 

. t  0 p o i n t   ( f t ) *  s (ft)  Comments 

51.20 . .  
i n j e c t  1 gal i n  20 

0 

1.67 
.67  45.96 

45.98 
5.24 

2.67 
5.22 

3.67 
46.00 
46.02  5.18 

5.20 

4.67  46.04  5.16 
5.67  46.11 
6.67 

5.09 
46.17 

7.67 
5.03 

8.67  46.30 
46.24  4.96 

10.67 
4.90 

46.43 
12.67  46.55 

4.77 
4.65 

14.67  46.66 4.54 

18.67 
46.81  4.39 

20.67 
46.90  4.30 
47.00  4.20 

24.67 
22.67  47.14 

47.22 
4.06 
3.98 

26.67 
28.67 

47.33  3.87 
47.42 

30:67 47.51 ' 
3.78. 

35.67 
3.69 

40.67 
47. I8 
47.93 

3.42 

45.67  48.11 
3.27 
3.09 

50.67  48.26 
55.67 

2.94 

60.67 
48.43  2.77 
48.58  2.62 

secs  

i6.67 

* Measuring  point = 2.20 f t  above  ground'surface 

W. K. Summers & Associates 
8 .  



Appendix 1-4. -- Slug   tes t  of CNP-G(P). 

November Hour 
Date 

1976 (ET) 

22 1424 
1425 

1425.33 
1426 
1427 
1428 

1430 
1429 

1431 

1433 
1432 

1434 
1435 
1436 
1438 
1440 
1442 
1444 
1446 

1450 
1448 

' 1452 
1454 
1456 
1501  
1506 
1511  
1516 
1521 
1526 

time (min) 
Elapsed 

to 

0 
.67 

1.67 
2.67 
3.67 
4.67 
5.67 
6.67 

8.67 
7.67 

9.67 
10.67 
12.67 
14.67 
16.67 
18.67 
20.67 
22.67 
24.67 
26.67 
28.67 
30.67 

40.67 
35.67 

45.67 
50.67 
55.67 
60.67 

below measuring 
Depth t o  water 

p o i n t   ( f t )  * 
15.54 

10.74 
11.11 
11.13 
11.51 
11.68 
11 .91  
12.10 
12.25 
12.40 
12.55 
12.68 
12.95 
13.18 
13.40 
13.59 
13.. 75 
13.92 
14.03 

14.25 
14.15 

14.55 
14.38 

14.77 
14.92 
15.00 
15.11 
15.14 

s (ft)  Comments 

i n j e c t  1 gal  i n  20 
secs 

4.80 
4.43 

4.03 
4.41 

3.86 
3.63 
3.44 

3.14 
3.29 

2.99 
2.86 
2.59 
2.36 
2.14 
1.95 
1.79 
1.62 
1.51 
1.39 
1.29 
1.16 

.99 

.77 

.62 

.54 

.43 

.40 

* Measuring point  = 4.70 f t  above  ground surface 



Appendix 1-4. -- Slug  t e s t  of CNP-GA(P). 

December Hour 
Date 

1976 (MST) 

11 1131 
1132 

1132.25 
1133 

1135 
1134 

1136 
1137 
1138 
1139 
1140 
1141 
1142 
1143 
1145 
1147 
1149 
1151 
1153 
1155 
1157 
1159 
1201 

1208 
1203 

1213 
1218 
1223 
1228 
1233 

time (min) 
Elapsed 

t o  

0 

1.75 
.75 

2.75 

4.75 
3.75 

5.75 
6.75 

8.75 
7.75 

10.75 
9.75 

12.75 
14.75 
16.75 
18.75 
20.75 

24.75 
22.75 

26.75 
28.75 
30.75 
35.75 

45.75 
40.75 

55.75 
50.75 

60.75 

below measuring 
Depth to water 

point  ( f t )  * 

11.22 

10.52 
11.12 
11.19 
11.22 
11.23 
11.25 
11.23 
11.25 

' 11.26 
11.24 
11.24 
11.25 
11.22 
11.23 
11.23 
11.22 
11.23 
11.24 
11.23 
11.24 
11.23 
11.23 
11.25 
11.23 
11.24 
11.23 
11.22 

s (ft)  Comments 

i n j e c t  1 g a l   i n  15 
secs 

.70 

.10 

0 
.03 

-.01 
-.03 
- .01 
-.03 
-.04 
- .02 
-.02 
-.03 

. o  
. -.01 

- .01 
0 
-.01 
-.02 
-.01 

-.01 
-.02 

-.01 

- .01 
-,. 03 

-. 02 
-.01 
0 

* 
Measuring po in t  = 3.94 f t  above ground surface 

W. K. Summers & Associates 
10 



Appendix 1-4.  -- Slug test of ,CNP-6B(P). 

December Hour , 

Date 

1976 (ET) 

11 1243  
1244 

1244.25  
1245  
1246 
1247 
1248  
1249 
1250 
1 2 5 1  
1252 
1253 
1254 
1255 

1259 
1257 

1303  
1301 

1305  
1307 
1309 
1 3 1 1  
1 3 i 3  
1315 
1320 
1325 

. 1330 
1335  
1340 
1345 

Elapsed 
time (min)  below  measuring 

Depth to   water  

to p o i n t  ( f t )  * s (ft) Comments 

0 
.75  

1 . 7 5  
2 .75  
3 .75  
4 .75  
5 .75  
6 .75  
7 . 7 5  
8 .75  

10 .75  
9 .75  

12 .75  
14 .75  
16 .75  
18 .75  
20.75 
22.75 
24 .75  
26.75 
28 .75  
30.75 
35 .75  
40.75 
4 5 . 7 5  
50.75 
55.75 
60.75 

29.17 

28.02 
28 .84  

29.18 
29.09 

2 9 . 2 1  
29.24 
29.26 
29.27 
29 .28  
29.28 
29.32 
29.28 
29.26 
29.24 
29.24 
29.24 
29 .23  
29 .23  
29.23 
29.22 
29.23 
29.22 

29 .23  
29.22 

29 .23  
29.22 
29.23 

i n j e c t  1 g a l  i n  1 5  
secs 

1 . 8 5  
.33  
. 08 

- .01 
-.04 
- .07 
-.09 
-.lo 
-.11 
-.11 
-.15  
-.11 
-.09 
- .07  
- .07  
-.07 . 
-.06 - .06 
-.06 
-.05 
-.06 
-.05 
- . 05  
-. 06 
-.06 
- .05 
- .06 

* 
~ ~ ~~~ ~ 

Measuring  point = 4 .29  f t  above  ground su r face  

W. K. Summers & Associates 
11 



Appendix 1-4. -- Slug test of CNP-7(P). 

Date 
December Hour 
1976 (MST) 

7 1505 
1506 

1506.25 
1507 

1509 
1508 

1510 
1511 
1512 
1513 

1515 
1514 

1516 
1517 
1519 
1521 
1523 
1525 
1527 
1529 
1531 
1533 
1535 
1537 
1542 
1547 
1552 
1557 
1602 
1607 

time (min) 
Elapsed 

to 

0 
.75 

1.75 
2.75 
3.75 
4.75 
5.75 
6.75 

8.75 
7.75 

10.75 
9.75 

12.75 

16.75 
14.75 

18.75 
20.75 
22.75 
24.75 
26.75 
-28.75 
30.75 
35.75 
40.75 
45.75 
50.75 
55.75 
60.75 

Depth t o  water 
below  measuring 

p o i n t   ( f t )  * 

84.38 

79.83 
79.51 
79.41 
79.34 
79.34 
79.34 

79.39 
79.31 

79.41 
79.38 
79.37 
79.38 
79.38 
79.42 

79.44 
79 .'41 

79.45 
79.47 
79.50 
79.55 
79.62 
79.95 
SO. 26 
80.52 
80.65 
80.73 
80.80 

4.55 
4.87 
4.97 
5.04 
5.04 
5.04 
5.07 
4.99 
4.97 
5.00 
5.01 
5.00 
5.00 
4.96 
4.97 
4.94 
4.93 
4.91 
4.88 
4.83 
4.76 
4.43 
4.12 
3.86 
3.73 
3.65 
3.58 

Comments 

i n j e c t  1 g a l  in 15' 
secs  

* 
Measuring  point = 4.88 f t  above  ground su r face  

W. K. Sumnirrs & Associates 
1 2  



Appendix 1-4. -- S l u g   t e s t  of CNP-8(P). 

Date 
December Hour 

1976 (MST) 

7 
1324 
1323 

1324.33 
1325 
1326 
1327 
1328 
1329 
1330 
1331  
1332 
1333 
1334 
1335 
1337 
1339 
1 3 4 1  
1343 
1345 
1347 
1349 
1351  
1353 
1355 
1400 
1405 
1410 
1415 
1420 
1425 

time  (min) 
Elapsed 

t o  

0 

1.67 
.67 

2.67 
3.67 
4.67 
5.67 
6.67 

8.67 
7.67 

9.67 
10.67 
12.67 
14.67 
16.67 
18.67 
20.67 
22.67 
24.67 
26.67 
28.67 
30.67 
35.67 
40.67 
45.67 
50.67 
55.67 
60.67 

Depth to   wa te r  
below  measuring 

p o i n t   ( f t )  * 
28.30 

26.07 
26.85 
27.17 
27.38 
27.50 
27.63 
27.72 
27.75 
27.80 

27.88 
27.85 

28.01 
27.96 

28.03 
28.05 
28.10 
28.10 
28.13 
28.13 
28.15 
28.16 
28.18 
28.18 
28.19 
28.20 
28.20 
28.20 

s (ft) Comments' 

i n j e c t  1 g a l  i n  20 
secs 

1.45 
2.23 

1 . 1 3  ' 

0.92 
0.80 
0.67 
0.58 
0.55 
0.50 
0.45 

'0 .42 
0.34 
0.29 
0.27 
0.25 . 
0.20 
0.20 
0.17 
0.17 
0.15 
0.14 
0.12 
0.12 
0.11 
0.10 
0.10 
0.10 

* Measuring p o i n t =  2.80 f t  above  ground  surface 

W. K. Summers & Associates 
13 . 



Appendix 1-4. -- Slug test of CNP-8A(P) 

Date 
November Hour 

Elapsed Depth to  water 

1976 (MST) 

23  1233 
1234 
1234.33 

1236 
1235 

1238 
1237 

1239 
1240 

1242 
1241 

1244 
1243 

1245 
1247 

1251 
1249 

1255 
1253 

1257 
1259 
1301 
1303 
1305 
1310 
1315 
1320 

1330 
1325 

1335 

time (min) below measuring 
to point (ft) * s (ft)  Comments 

0 

1.67' 
.67 

3.67 
2.67 

4.67 
5.67 
6.67 
7.67 
8.67 

10.67 
9.67 

12.67 
14.67 
16.67 
18.67 
20.67 

24.67 
22.67 

26.67 
28.67 

35.67 
30.67 

40.67 
45.67 
50.67 
55.67 
60.67 

28.58 

26.94 
27.15 
27.25 
27.55 

27.83 
27.68 

27.94 
28.01 
28.14 
28.07 
28.14 
28.22 

28.30 
28.26 

28.35 
28.35 
28.39 
28.41 
28.44 
28.47 
28.48 
28.49 

28.51 
28.50 

28.51 
28.52 
28.53 

inject 1 gal in 20 
secs 

1.64 
1.43 
1.33 
1.03 
.90 
.75 
.64 
.57 
.44 
.51 
.44 
.36 
.32 
.28 
.23 
'.23 
.19 
.17 
.14 
.11 
.10 
.09 
.08 
.07 
.07 
.06 
.05 

* Measuring  point = 2.18 ft  above  ground  surface 

W. K. Summers R; Associates 
14 



Appendix 1-4. -- Slug t es t  of  CNP-9(P). 

December Hour 
Date 

1976 (MST) 

6 1500 
1501  

1501.25  
1502 
1503 
1504 
1505 

1507 
1506 

1508 
1509 
1510 
1511 

1514 
1512 

1518  
1516 

1520 
1522 , 

1524 
1526 
1 5 2 8  
1530 
1532 
1537 
1542 
1547 
1552 
1557 
1602 

time (min) 
Elapsed 

t o  

0 
.75 

1 .75  
2.75 

4.75 
3 .75  

5 . 7 5  
6 .75  
7.75 
8 .75  

10 .75  
9 . 7 5  

12 .75  
1 4 . 7 5  
16 .75  
1 8 . 7 5  
20.75 
22.75 
24.75 
26.75 
28 .75  
30.75 
35.75 
40 .75  
45,. 15 

55.75 
50.75 

60 .75  

Depth t o  water 
below  measuring 

p o i n t  ( f t )  * 

28.67 

28.45 
27.74 

28.57 
28.63 
28 .66  
28 .68  
28.70 
28.69 

' 28.71  
28.70 
28 .71  
28.69 
28 .68  
28.69 
28.68 
28.66 
28 .66  

28 .67  
28.66 

28 .68  
28 .66  

28.67 
28.66 
28 .67  
28 .66  
28.66 
28.66 

s (ft) Comments 

i n j e c t  1 g a l  i n  1 5  
s ecs  

.93  

. 2 2  

.10 

.04 

.01 
-.01 

-.02 
- .03 

-.04 
- .03 
-.04 
-.02 
- .01  
-.02 
-.01 
.01 
.01 
.01 

. O l  
- .01 
0 
.01 

.01 

.01 

.01 

0 

0 

* 
Measuring  point = 5.42 f t  above  ground  surface 

W. K. Summers & Associates 
15 . ' 



Appendix 1-4. -- Slug test  of CNS-2(P). 

Date 
December  Hour time (min)  below  measuring 

Elapsed Depth  to  water 

1976 (MST) to point (ft) * s (ft) 

17  1607 
1608 

1608.25 
1609 
1610 
1611 
1612 
1613 
1614 
1615 
1616 
1617 
1618 
1619 

1623 
1621 

1625 
1627 
1629 
1631 

16.35 
1633 

1637 
1639 
1644 
1649 
1659 
1704 
1709 

0 

1.75 
.75 

2.75 
3.75 

5.75 
4.75 

6.75 
7.75 
8.75 
9.75 
10.75 
12.75 
14 :75 
16.75 
'18.75 
20.75 
.22.75 

26.75 
24.75 

28.75 
30.75 
35.75 
40.75 
50.75 

60.75 
55.75 

Comments 

51.28 
inject 1 gal in 15 
secs 

45.55 
45.63  5.65 

5.73 
45.55 
45.55 

5.73 
5.73 

45.57  5.71 
45.55  5.73 

45.55 
45.56  5.72 

5.73 
45.57 
45.57 

5.71 
5.71 

45.58  5.70 
45.58  5.70 
45.58 
45.58 

5.70 
5.70 

45.59 
45.61  5.67 

5.69 

45.61  5.67 
45.62  5.66 
45.61  5.67 
45.62 
45.64 

5.66 
5.64 

45.65 
45.66 

5.63 

45.67 
5.62 
5.61 

45.68 
45.69 

5.60 
5.59 

" 
Measuring  point = 1.80 ft  above ground surface 

W. K. Summers & Associates 
16 



Appendix  1-4. -- Slug  test  of  CNS-3(P) . 

November Hour 
Date 

1976 (MST) 

21  1156 
1157 

1157.33 
1158 
1159 
1200 
1201 
1202 
1203 
1204 
1205 
1206 
1207 
1208 
1210 
1212 
1214 
1216 
1218 
1220 
1222 
1224 . 
1226 
1228 
1233 
1238 

1248 
12 4'3 

1253 
1258 

time  (min) 
Elapsed 

to 

0 
.67 

1.67 
2.67 
3.67 
4.67 
5.67 
6.67 
7.67 

'9.67 
8.67 

10.67 
12.67 
14.67 
.16.67 
18.67 
20.67 
22.67 
24.67 
26.67 
28.67 
30.67 
35.67 
40.67 
45.67 
50.67 
55.67 
60.67 

Depth  to  water 
below  measuring 
point (ft)* 

26.35 

20.68 
20.69 
20.70 
20.71 
20.72 
20.73 
20.75 
20.77 
20.79 
20.81 
20.83 
20.85 
20.87 

20.92 
20.88 

20.96 
20~99 
21.00 
21.03 

21.08 
21.08 

21.14 
21.20 
21.26 
21.30 
21.35 
21.41 

s (ft) 

5.66 
5.67 

5.65 
5.64 
5.63 

5.60 
5.62 

5.58 
5..  56 

5.52 
5.54 

5.. 50 
5.48 
5.47 
5.43 
5.39 
5.36 
5.35 
5.32 
5.27 
5.27 
5.21 
5.15 
5.09 
5.05 
5.00 
4.94 

comments 

inject 1 gal  in 
20  secs 

* Measuring  point = 5.35  ft  above  ground  surface 

W. K. Summers Rr Associates 
17  



Appendix 1-4. -- Slug  test of CNS-4(P) . 

Date 
November Hour 
' 1976 (MST) 

19  1429 
1430 

1430.33 

1432 
1431 

1434 
1433 

1435 
1436 
1437 
1438 
1439 
1440 
1441  
1443 
1445 
1447 
1449 
1451  
1453 
1455 
1457 
1459 
1501  
1506 

1516 
1511  

1526 
1521  

1531  

time (min) 
Elapsed 

to 

0 
.67 

1.67 
2.67 
3.67 
4.67 
5.67 
6.67 

8.67 
7.67 

10.67 
9.69 

12.67 
14.67 
16.67 
18.67 
20.67 
22.67 
24.67 
26.67 
28.67 
30.67 
35.67 

45.67 
40.67 

55.67 
50.67 

60.67 

Depth  to  water 
below  measuring 

point (ft) * 

41.80 

36.60 
36.82 
37.10 
37.19 
37.35 
37.33 
37.52 
37.60 
37.62 

37.62 
37.60 

37.71 
37.65 

37.72 
37.72 
37.77 
37.80 
37.85 
37.87 , 

37.88 
37.90 
37.94 
38.01 
38.04 
38.12 
38.17 
38.18 

s (ft)  Comments 

inject 1 gal in 20 
secs 

5.20 
4.98 
4.70 
4.61 
4.45 
4.47 
4.28 

4.18 
4.20 

4.18 
4.20 

4.09 
4.15 

4.08 
4.08 
4.03 
4.00 
3.95 
3.93 
3.92 

3.86 
3.90 

3.79 
3.76 
3.68 
3.63 
3.62 

* Measuring  point = 1.65 ft above  ground surface 

W. K. Summers & Associates 
18 



Appendix 1-4. -- S l u g   t e s t   o f  CNS-S(P) . 

November  Hour 
Date 

1976 ( MST ) 

19  
1616 
1615 

1617 
1616.33 

1618 
1619 
1620 
1621 
1622 
1623 
1624 
1625 
1626 
1627 

1631  
1629 

1633 
1635 
1637 
1639 
1641 
1643 

1650 
1645 

1700 
1655 

1705 
1710 
1715 

time (min)  
Elapsed 

t o  

0 
.67 

1.67 
2.67 
3.67 
4.67 
5.67 
6.67 
7.67 
8.67 

10.67 
9.67 

12.67 

16.67 
14.67 

18.67 
20.67 
22.67 
23.67 
25.67 
27.67 

34.67 
29.67 

39.67 
44.67 
49.67 
54.67 

Depth t o   w a t e r  
below  measuring 

p o i n t  ( f t) * 

32.42 

30.57 
31.11 
31.68 
32.11 
32.54 
32.75 
32.93 
33.11 
33.24 
33.38 
33.42 
33.53 
33.57 
33.60 
33.62 
33.67 
33.70 
33.70 
33.68 
33.67 
33.65 
33.63 
33.62 
33.62 
3 3 . 6 3 '  
33.63 

s (ft) comments 

i n j e c t  1 g a l  i n  i o  
s e c s  

1.85 
1 .31  

.31  

.74  

-.12 

- .51 
-.33 

-.69 
-.a2 
-.96 

-1.00 
-1.11 
-1.15 
-1.18 
-1.20 
-1.25 
-1.28 . 
-1.28 
-1.26 
-1.25 
-1.23 
-1.21 
-1.20 
-1.20 
-1.21 
-1.21 

' *  Measuring  point = 2.00 f t  above  ground  surface 

W. K. Summers & Associates 
19 . 



Appendix 1-4 .  -- Slug test of CNS-5 (P) . 

Date 
December Hour 

1976  (MST) 

20 1150 
1152 

1152.33  
1153  
1154 
1155 
1156 
1157 
1158 

1200  
1159 

1 2 0 1  
1202 

1206  
1204 

1208  
1210  
1212 
1214 
1216  
1218  
1222 
1224 
1229  
1234 
1239  
1244 
1249  
1254 

time (rnin) 
Elapsed 

t" 

0 
.67  

1 . 6 7  
2.67 
3 .67  
4 . 6 7  
5 .67  
6.67 
7 .67  
8.67 

1 1 . 6 7  
9 .67  

13 .67  

17 .67  
15 .67  

1 9 . 6 7  
21.67 
23.67 
25.67 
29.67 
31.67 

41 .67  
36 .67  

46.67 
51.67 
56 .67  
61.67 

Depth to water 
below measuring 

point (ft)* 

33.94 

29.55 
29 .92  
30 .37  

31.10 
30.73 

31.34 
31.68 
31 .91  
32.23 
32.35 
32 .78  
32.77 

33 .18  
33.12 

33 .26  
33.56 
33 .41  
33 .49  
33 .46  
33.44 
33 .47  
33.49 
33.50 
33 .49  
33 .49  
33 .49  

s (ft)  Comments 

inject 1 gal in 20 
secs 

4.39  
4 .02  
3 .57  
3 . 2 1  
2.84 
2.60 
2 .26  
2 .03  
1 :71  
1.59 
1 .16  
1 .17  
0 .82  
0 .76  
0.68 
0.38 
0.53 
0 . 4 5  
0 .48  
0.50 
0.47 
0 .45  
0.44 
0.45 
0.45 
0 .45  

i% Measuring point = 2.00 ft  above ground surface 

'W. K. Summers & Associates 
20 . 



Appendix 1-4. -- Slug t e s t  of CNS-7(P) .  

November Hour 
Date 

1976 (MST) 

17 
1105 
1104 

1105.33 
1106 
1107 

1109 
1108 

1111 
1110 

1112 
1113 
1114 
1115 
1116 
1118 
1120 
1122 
1124 
1126 
1128 
1130 
1132 
1134 
1139 
1144 
114.9 
1154 

1204 
1159 

1209 

Elapsed 
time (min) 

t o  

0 
.67 

1.67 
2.67 
3.67 
4.67 
5.67 
6.67 
7.67 
8.67 

10.67 
9.67 

12.67 
14.67 
16.67 
18.67 
20.67 
22.67 
24.67 

28.67 
26.67 

38.67 
33.67 

43.67 
48.67 
53.67 
58.67 
63.67 

Depth t o  water 
below measuring 

p o i n t   ( f t )  * 
37.88 

32.92 
32.93 
32.94 
32.94 
32.93 
32.94 
32.94 
32.95 
32.96 
32.97 
32.98 
33.00 
33.02 
33.03 
33.05 

33.09 
33.07 

33.12 
33.14 
33.14 
33.19 
33.23 
33.25 
33.28 
33.30 

33.38 
33.37 

s (f t)  comments . ' 

i n j e c t  1 gal  i n  20 
secs 

4.96 
4.95 
4.94 
4.94 
4.95 
4.94 
4.94 
4.93 
4.92 
4.91 
4.90 
4.88 
4.86 
4.85 
4.83' 
4.81 
4.79 
4.76 
4.74 
4.74 
4.69 
4.65 
4.63 
4.60 
4.58 
4.51 
4.50 

* Measuring poin t  = 5.10 f t  above  ground surface 

W. K. Summers & Associates 
2 1  



Appendix 1-4. -- Slug tes t  of CNS-lO(P) . 

November Hour 
Date 

1976 (MST) 

22 1124 
1125 

1125.33 
1126 
1127 
1128 

1130 
1129 

1131 
1132 
1133 
1134 

1136 
1135 

1137 
1139 

1143 
1141 

1145 
1147 
1149 
1 1 5 1  
1153 
1155 
1200 
1205 
1210 
1215 
1220 
1225 

Elapsed 
time (min) 

t o  

0 
.67 

1.67 
2.67 
3.67 
4.67 
5.67. 
6.67 
7.67 
8.67 

10.67 
9.67 

11.67 
13.67 
15.67 

19.67 
17.67 

21.67 
23.67' 

27.67 
25.67 

29.67 
34.67 

44.67 
39.67 

49.67 
54.67 
59.67 

Depth t o  water 
below  measuring 

p o i n t   ( f t )  * 

30.21 

28.72 
29.22 
29.52 

29.71 
29.61 

29.72 
29.67 
29.70 
29.72 
29.72 
29.74 
29.74 
29.73 

29.74 
29.73 

29.74 
29.73 
29.74 
29.73 
29.'73 
29.72 
29.70 
29.70 
29.68 
29.69 
29.69 
29.73 

s ( f t )  comments 

i n j e c t  1 g a l   i n  ZO 
s e c s  

1.49 
.99 
.69 
.60 
.50 
.49 
.54 
. 5 1  
.49 
.49 
.47 
.47 
.48 
.48 
.47 
.47 
.48 
.47 

.48 

.48 

' .49 
. 5 1  
.51  
.53 
.52 
.52 
.48 

* Measuring  point = 4.02 f t  above  ground  surface 

W. IC. Summers & Associates 
22  . 



Appendix 1-4. -- Slug  tes t   of   CNS-l l (P)  

Date 
November Hour 

1976 (MST) 

16 1212 
1218 

1218.33 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
1226 
1227 
1228 
1229 
1231  
1233 
1235 
1237 
1239 
1241  
1243 
1245 
1250 
1255 

1305 
1300 

1315 
1310 

1320 

Elapsed 
time  (min) 

t o  

0 

1.67 
.67 

2.67 

4.67 
3.67 

6.67 
5.67 

7.67 
8.67 
9.67 

10.67 
12.67 
14.67 
16.67 
18.67 
20.67 
22.67 
24.67 
26.67 . . 

36.67 
31.67 

41.67 
46.67 
51.67 
56.67 
61.67 

Depth to   water  
below  measuring 

p o i n t   ( f t )  * 

45.19 

44.14 
45.00 
45.01 
45.06 
45.07 

45.09 
45.08 

45.09 
45.10 

' 45.09 
45.11 
45.13 
45.17 
45.18 
45.18 

45.21 
45.19 

45.22 
45.21 
45.23 , 

45.22 
45.24 
45.22 
45.23 
45.22 
45.21 

s (f t)  Comments 

i n j e c t  1 g a l   i n  20 
secs  

1.05 
.19 
.18 
.13 
.12 
.11 
.10 
.10 
.09 
.10 

.06 

.08 

.02 

.01 

.01 
0 
- .2 
-. 3 
- .2 
-.4 
-.3 
-.5 
-. 3 
-.4 

".3 
-.2 

* Measuring  point = 5.66 f t  above  ground  surface 

. W. K ,  Summers &Associates 

23 . 



Appendix 1-4. -- Slug  test of CNS-ll(P) 

Date  Elapsed 
December Hour time  (min) below  measuring 

Depth  to  water 

1976 (MST) to point (ft) * s (ft) Comments 

20  1040 
1041  

1041.25 
1042 
1043 

1045 
1044 

1046 
1047 
1048 
1049 
1050 

1052 
1051 

1054 
1056 

1100 
1058 ' 

1102 
1104 
1106 
1108 
1110 
1112 
1117 

'1122 
1127 
1132 
1137 
1142 

0 
.75 

1.75 
2.75 
3.75 
4.75 
5.75 
6.75 
7.75 
8.75 

10.75 
9.75 

12.75 
14.75 
16.75 
18.75 
20.75 
22.75 
24.75 
26.75 
28.75 
30.75 
35.75 
40.75 
45.75 
50.75 
55.75 
60.75 

45.15 

44.87 
45.06 
45.05 
45.04 
45.03 
45.07 
45.11 
45.15 
45.20 
45.21 
45.20 
45.21 
45.22 
45.23 
45.27 
45.28 

45.29 
45.27 

45.26 
45.21 
45.24 
45.24 
45.24 
45.22 
45.24 
45.24 
45.24 

inject 1 ga l  in 15 
secs 

.28 

.09 

.10 

.11 

.12 

.08 

.04 
0 
-.05 
-.06 
-.05 
-.06 
-.07 
-.08 
-.12 
- .13 
- .12 
-.14 
- .11' 
-.06 

-.09 
- .09 

-.09 
-.07 

-.09 
-.09 

-.09 ' 

* 
Measuring  point = 5.66 ft above  ground  surface 

W. K. Summers & Associates 
24 . 



Appendix 1-4. -- CNS-lZ(P). 

Date 
November Hour 
1976 (MST) 

17 
1302 
1245 

1302.33 
1303 
1304 
1305 
1306 
1307 
1308 
1309 
1310 
1311 

1313 
1312 

1315 
1317 

1321 
1319 

1323 
1325 
1327 
1329 
1331 
1336 

1346 
1341 

1356 
1351 

1401 
1406 

Elapsed Depth t o  water 
time b i n )  below  measuring 

t o  p o i n t  ( f t)  * 

48.16 

0 
.67 

1.67 
2.67 
3.67 
4.67 
5.67 
6.67 
7.67 
8.67 

10.67 
9.67 

12.67 
14.67 
16.67 
18.67 
20.67 

24.67 
22.67 

26.67 
28.67 
33.67 
38.67 
43.67 
48.67 
53.67 
58.67 
63.67 

42.88 
43.51 
43.82 
4h. 28 
44.78 

45.57 
45.14 

46.15 
45.87 

46.34 
46.50 
46.89 
47.13 
47.34 
47.48 
47.64 
47.71 
47.78 
47.82 
47.88 
47.99 
48.04 
48.09 
48.14 
48.16 
48.16 
48.16 

s (ft) Comments 

i n j e c t  1 g a l  i n  20 
secs  

5.28 
4.65 
4.34 
3.88 
3.38 
3.02 
2.59 
2.29 
2.01 
1.82 
1.66 
1.27 
1.03 
.82 
.68 
.52 
.45 
.38 
.34 
.28 
.17 
.12 
.07 
.02 

0 
0 
0 

* Measuring  point = 5.95 f t  above  ground  surface 

W. K. Summers.& Associates 

25 . 



Appendix 1-4. -- Slug t e s t  of CNS-l3(P). 

December  Hour 
Date 

1976 (MST) 

14  1551 
1552 

1552.25 
1553 
1554 
1555 
1556 
1557 
1558 
1559 
1600 
1601 
1602 
1603 
1605 
1607 

1611 
1609 

1613 
1615 
1617 
1619 

1623 
1621 

1628 
1633 
1638 
1643 
1648 
1653 

time (min) 
Elapsed 

t o  

0 

1.75 
.75 

2.75 

4.75 
3.75 

5.75 
6.75 

8.75 
7.75 

10.75 
9.75 

12.75 
14.75 
16.75 
18.75 
20.75 
22.75 
24.75 
26.75 
28.75 
30.75 
35.75 
40.75 
45.75 
50.75 
55.75 
60.75 

Depth t o  water 
below measuring 

p o i n t   ( f t )  * 

34.65 

33.41 
33.49 
33.52 
33.49 
33.52 
33.51 
33.50 
33.49 
33.49 
33.50 
33.51 
33.51 
33.52 
33.50 
33.50 
33.50 
33.50 
33.53 
33.51 , 
33.51 
33.52 
33.53 
33.51 

33.52 
33.52 

33.54 
33.52 

s (ft) Comments. 

i n j e c t  1 gal i n  15 
secs 

1.24 
1.16 
1.13 
1.16 
1.13 
1.14 
1.15 
1.16 
1.16 
1.15 
1.14 
1.14 
1.13 
1.15 
1.15 
1.15 
1.15 
1.12 

1.14 
1.14 

1.13 
1.12 

1.12 
1.14 

1.12 
1.12 
1.11 

* 
Measuring point  = 4.70 above  ground surface 

W. K. Summers & Associates 
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Appendix 1-4. -- Slug test of CNS-18 lP) .  

November Hour 
Date 

1976 (MST) 

21  1443 
' 1444 

1444.33 
1445 
1446 
1447 
1448 
1449 
1450 

1452 
1451 

1453 

1455 
1454 

1457 
1459 
1501 
1503 

1507 
1505 

1511  
1509 

1515 
1513 

1520 
1525 
1530 
1535 
1540 
1545 

Elapsed Depth t o   w a t e r  
time (min) below measuring 

to po in t  (ft) * 
33.65 

0 

1.67 
.67 

2.67 

' 4.67 
3.67 

5.67 
6.67 
7.67 
8.67 

10.67 
9.67 

12.67 
14.67 
16.67 
18.67 
20.67 
22.67 
24.67 
26.67 

30.67 
28.67 

35.67 
40.67 
45.67 

55.67 
50.67 

60.67 

28.29 
28.43 
28.57 
28.67 
28.78 
28.84 
28.94 
29.01 
29.06 
29.13 
29.21 
29.36 
29.47 
29.57 
29.61 
29.81 
29.88 
29.97 
30.05 
30.14 
30.21 

30.54 
30.37 

30.80 
30.67 

31.02 
30.93 

s (ft) Comments 

i n j e c t  1 g a l  i n  20 
s e c s  

5.36 
5.22 

4.98 
5.08 

4.87 
4.81 
4.71 
4.64 

4.52 
4.59 

4.44 
4.29 

4.08 
4.18 

4.04 

3.77 
3.84 

3.68 
3.60 
3.51 
3.44 

3.11 
3.28 

2.98 

2.72 
2.85 

2.63 

* Measuring  point = 1.30 f t  above  ground su r face  

W. K. Summers & Associalcs 
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Appendix 1-4.  -- Slug t es t  of CNS-19CP). 

Date 
November HOUr 

1 9 7 6  (MST) 

2 1   1 3 2 0  
1 3 2 1  

1322 
1321.33 

1323 
1324 
1325 

1327 
1326  

1328  

1 3 3 0  
1329  

1 3 3 1  

1334  
1332  

1336  
1338 
1340  
1342 
1344 
1346  

1350  
1348 

1357 
1352 

1402  

1412 
1407 

1417  
1422  

time (min) 
Elapsed 

t o  

0 
.67 

1 .67  

3.67 
2.67 

4.67 
5.67 
6.67 
7.67 
8.67 

10.67 
9.67 

12.67 
14.67 
16.67 
18 .67  
20.67 
22.67 
24.67 

28.67 
26.67 

35.67 
30.67 

40.67 
45.67 
50.67 
55.67 
60.67 

below measuring 
Depth to   wa te r  

p o i n t   ( f t )  * 
41.93 

36.90 
37.25 
37.26 
37.28 
37.29 
37.38 
37.45 
37.47 
37.46 
37.42 

37.36 
37.38 

37.46 
37.51 
37.54 
37.57 
37.65 
37.68 
31.73 
37.78 
37.82 
37.93 
38.05 
38.13 

38.34 
38.24 

38.42 

s (ft)  Comments 

i n j e c t  1 g a l   i n  io 
secs 

4.68 
5.03 

4.67 
4.65 

4.55 
4.64 

4.48 
4.46 
4.47 
4 .51  
4.55 
4.57 
4.47 
4.42 
4 .39  
4 .36  
4.28 
4 .25  
4 .20  
4;15 
4 . 1 1  
4 .00  
3.88 
3 .80  
3.69 
3.59 
3 .51  

* Measuring  point = 2.80 f t  above  ground su r face  

W. K. Summers & Associaies 
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Appendix 1-4. -- Slug test of CNS-21(P) 

November Hour 
Date 

1976 (MST) 

22  0945 
0946 

0946.33 
0947 
0948 

0950 
0949 

0951 
0952 
0953 
0954 
0955 
0956 
0957 
0959 
1001 
1003 
1005 
1007 
1009 
1011 
1013 
1015 

1022 
1017 

1027 
1032 
1037 
1042 
1047 

Elapsed 
time (min) 

t" 

0 
.67 

1.67 
2.67 

4.67 
3.67 

5.67 
6.67 

8.67 
7.67 

9.67 
10.67 
12.67 
14.67 
16.67 
18.67 
20.67 
22.67 

26.67 
24.67 

28.67 

35.67 
30.67 

40.67 
45.67 
50.67 
55.67 
60.67 

below  measuring 
Depth t o  water 

p o i n t   ( f t )  * 

44.91 

39.81 
40.41 
41.07 
41.53 
42.08 

42.72 
42.43 

43.14 
42.97 

43.31 
43.45 
43.64 
43.75 
43.82 
43.90 
43.93 
43.97 
43.99 
44.01 
44.04 
44.05 
44.11 
44.  i3 
44.17 
44.19 
44.21 
44.25 

s (ft)  Comments 

i n j e c t  1 g a l  i n  20 
secs  

4.50 
5.10 

3.84 

2.83 
3.38 

2.48 
2.19 
1.94 
1.77 
1.60 
1.46 
1.27 

1.09 
1.16 

' 1.01 
.98 
: 94 
.92 
.90 
.87 
.86 
.80 
.78 
.74 
.72 
.70 
.66 

~~~~~~~~~ 

* Measuring  point = 3.00 f t  above  ground  surface 

W. K. Summers & Associates 
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Appendix 1-4. -- Slug t e s t  of CNS-22CP). 

November Hour 
Date 

1976  (MST) 

18 
1 3 3 1  
1330  

. 1331.33  
1332 
1333 
1334 
1335  
1336 
1337 
1338 
1339  
1340 
1341  
1343 

1347 
1345  

1349 
1 3 5 1  
1353 
1355 

1359 
1357 

1401  
1406  
1 4 1 1  
1416  

1426 
1421  

1431  

time (min) 
Elapsed 

t o  

0 

1 . 6 7  
.67  

2 .67  

4 .67  
3 .67  

5 .67  

7.67 
6 .67  

8 .67  
9 .67  

11 .67  
1 3 . 6 7  
15 .67  

1 9 . 6 7  
17 .67  

21.67 
23.67 
25.67 
27.67 
29.67 
34 .67  
39.67 
44.67 

54.67 
49.67, 

59 .67  

below  measuring 
Depth to water 

p o i n t   ( f t )  * 

44.92 

39 .42  
40.90 
41.04 
41 .09  
41.14 
41 .16  
41.21 
41 .23  
41.23 
41.24 
41.24 

41 .29  
41 .25  

41.28 
41 .31  

41.30 
41 .31  
41 .31  
41.32 
41 .34  
41.35 
41.36 
41.39 

4 1 . 4 1  
41.39 

41.40 

s ( f t )  Comments 

i n j e c t  1 g a l  i n  20 
secs 

4.02 
5 . 5 0  

3 .88  
3 .83  
3 .78  
3.76 
3 .71  
3 .69  
3 .69  
3 .68  
3 . 6 8  
3 .67  
3 .63  
3 . 6 1  
3 .64  
3 .62  
3 . 6 1  

3 .60  
3 . 6 1  

3 .58  
3 .57  ' 

3 .56  

3.53 
3 .53  

3.52 
3 .51  

* Measuring  point = 4.60 f t  above  ground  surface 

W. K. Summers & Associates 
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Appendix 1-4.  -- S l u g  t e s t   o f  CNS-23(P). 

November Hour 
Date 

1976 (ET) 

16 1520 
1521 

1521.17 
1522 
1523 
1524 
1525 

1527 
1526 

1529 
1528 

1530 
1531 
1532 
1534 
1536 
1538 
1540 
1542 
1544 
1546 

1550 
1548 

1552 
1557 
1602 
1607 
1612 
1617 
1622 

Elapsed 
time ( m i d  

t o  

0 
.83 

1.83 
2.83 
3.83 
4.83 
5.83 
6.83 
7.83 
8.83 

10.83 
9.83 

12.83 
14.83 
16.83 
18.83 
20.83 

24.83 
22.83 

26.83 
28.83 
30.83 
35.83 
40.83 
45.83 
50.83 
55.83 
60.83 

Depth to   water  
below  measuring 

p o i n t  ( f t )  * 

69.23 

65.62 
65.43 

65.78 
65.75 

65.83 
65.85 

65.89 
65.89 

65.90 
65.90 
65.91 
65.91 
65.90 
65.91 
65.90 
65.90 
65.90 
65.. 90 
65.91 
65.91 
65.91 
65.91 
65.92 
65.92 
65.90 
65.92 
65.91 

s (ft) Comments 

i n j e c t  1 g a l   i n  10 
s e c s  

3.80 
3.61 
3.48 
3.45 
3.40 
3.38 
3.34 
3.34 
3.33 
3.33 
3.32 
3.32 
3.33 
3.32 

3.33 
3.33 

3.33 
3.33 

3.32 
3.32 

3.32 
3.32 

3.31 
3.31 
3.33 
3.31 
3.32 

* 
Measuring p o i n t  = 3.50 f t  above  ground su r face  

W. K. Sumnlers & Associates 
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Appendix 1-4. -- Slug  t e s t  of CNS-25(P). 
” 

Date  Elapsed 
December Hour time ( m i d  below measwing 

Depth to  water 

1976 (ET) to po in t   ( f t )  * s ( f t )  

16 1343 
1344 

1344.17 
1345 

1347 
1346 

1348 
1349 

1351 
1350 

1352 
1353 

1355 
1354 

1357 
1359 
1401 
1403 
1405 
1407 
1409 
1411 

1415 
14  13 

1420 
1425 
1430 
1435 

1445 
1440 

0 
.83 

1.83 
2.83 
3.83 
4.83 
5.83 
6.83 
7.83 
8.83 

10.83 
9.83 

12.83 

16.83 
14.83 

18.83 
20.83 
22.83 
24.83 
26.83 
28.83 

35.83 
30.83 

40.83 
45.83 
50.83 
55.83 
60.83 

58.90 

53.49 

53.31 
53.36 

53.33 
53.34 

53.32 
53.35 

’ 53.36 
53.37 

53.32 

53.39 
53.39 

53.43 
53.41 
53.43 
53.47 
53.70 
53.47 
53.49 
53.46 
53.50 
53.52 
53.48 
53.47 
53.60 
53,55 
53.56 

5.41 

5.59 
5.54 

5.57 
5.56 
5.55 
5.58 
5.53 
5.54 
5.58 
5.51 
5.51 
5.47 
5.49 
5.47 
5.43 
5.20 
5.43 
5.41 
5.44 
5.40 
5.38 
5.42 
.5.43 
5.30 
5.35 
5.34 

Comments 

in j ec t  1 g a l   i n  10 
secs 

* 
Measuring point = 6.35 f t  above  ground surface 

W. K. Summers & Associates 
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December Hour 
Date 

1976 (MST) 

15 1610 
1611  

1611.25 

1613 
1612 

1614 
1615 
1616 
1617 
1618 
1619 
1620 
1621  
1622 
1624 
1626 
1628 
1630 
1632 
1634 
1636 
1638 
1640 

1647 
1642 

1652 

1702 
1657 

1707 
1712 

time (min) 
Elapsed 

0 

1.75 
.75 

2.75 

4.75 
3.75 

5.75 
6.75 

' 7.75 
8.75 

10.75 
9.75 

12.75 

16.75 
14.75 

18.75 
20.75 
22.75 
24.75 
26.75 
28.75 
30.75 
35.75 
40.75 
45.75 
50.75 

60.75 
55.75 

below measuring 
Depth  to  water 

point (ft) * 

52.26 

46.95 
46.87 
46.86 
46.86 
46.84 

46.81 
46.79 

' 46.79 
46.78 

46.78 
46.76 
46.78 
46.76 
46.75 
46.76 
46.81 
46.76 
46.76 
46.79 
46.75 
46.77 

46.77 
46.81 

46.76 
46.81 
46.77 
46.75 

s (ft)  comments 

inject 1 gal in 15 
secs 

5.31 
5.39 
5.40 
5.40 
5.42 
5.47 
5.45 
5.48 
5.47 
5.48 
5.50 
5.48 
5.50 
5.51 
5.50 
5.45 
5.50 
5.50 
5.47 
5.51 
5.49 
5.45 
5.49 
5.50 

5.49 
5.45 

5.51 

* 
Measuring  point = 5.97 ft  above ground surface 

W. K. Summers & Associates 
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Appendix 1-4. -- S l u g   t e s t   o f  CNS-29(P) 

December Hour 
Date 

1976 (MST) 

10 1520 
1521 

1521.33 
1522 
1523 
1524 

1526 
1525 

1527 
1528 
1529 
1530 
1531 
1532 
1534 
1536 
1538 
1540 
1542 
1544 

1548 
1546 

1550 
1552 
1557 
1602 
1607 
1612 
1617 
1622 

Elapsed 
time (min )  

t o  

0 
.67 

1.67 
2.67 
3.67 
4.67 
5.67 
6.67 
7.67 
8.67 

10.67 
9.67 

12.67 
14.67 
16.67 
18.67 
20.67 
22.67 
24.67 
26.67 
28.67 

35.67 
30.67 

40.67 
45.67 

55.67 
50.67 

60.67 

Depth to   water  
below  measuring 

p o i n t   ( f t ) *  

39.56 

33.50 
34.93 
36.29 
37.30 
37.80 
38.31 
39.56 

39.62 
39.62 

39.62 
39.62 
39.56 
39.56 

39.59 
39.59 

39.56 
39.56 
39.59 
39.56 
39.58 
39.56 
39.59 
39.59 
39.56 
39.59 

39.59 
39.59 

s (ft)  Comments 

i n j e c t  1 g a l  i n  20 
secs 

6.06 
4.63 
3.27 

' 1.76 
2.26 

1.25 
0 

-0.06 
-0.06 
-0 .06  , 

-0.06 
0 
0 
-0.03 
-0.03 

0 
0 
-0.03 

0 
-0.02 

0 
-0.03 
-0.03 
0 

.-0.03 
-0.03 

-0.03 

* Measuring  point = 1.80 ft above  ground  surface 

W. K. Summers & Associates 

34 



Appendix 1-4. -- Slug t es t  of CNS-30(P). 

Date 
December Hour 
1976 ("ST) 

9 1536 
1537 

1537.33 
1538 
1539 
1540 
1541 

1543 
1542 

1544 
1545 
1546 
1547 
1548 
1550 
1552 
1554 

1558 
1556 

1600 
1602 
1604 
1606 
1608 
1613 
1618 
1623 
1628 
1633 
1638 

Elapsed 
time (min) 

t o  

0 
.67 
1.67 
2.67 
3.67 
4.67 
5.67 
6.67 
7.67 
8.67 

10.67 
9.67 

12.67 
14.67 
16.67 
18.67 
20.67 
22.67 
24.67 

28.67 
26.67 

30.67 
35.67 
40.67 
45.67 
50.67 
55.67 
60.67 

Depth t o  water 
below measuring 

p o i n t   ( f t )  * 

43.49 

37.66 
37.67 
37.65 
37.67 

. 37.65 
37.67 
37.63 
37:61 
37.62 
37.65 
37.67 
37.65 
37.65 
37.65 
37.67 
37.67 
37.65 
37.63 
37.64 
37.64 
37.63 
37.63 
37.65 
37.65 
37.63 
37  .'65 
37.65 

s ( f t )  Comments 

i n j e c t  1 g a l  i n  2.0 
secs  

5.83 
5.82 
5.84 
5.82 
5.84 
5.82 
5.86 
5.88 
5.87 
5.84 
5.82 
5.84 
5.84 
5.84 
5.82 
5.82 ' 

5.84 
5.86 
5.85 
5.85 
5.86 
5.86 
5.84 
5.84 
5.86 

5.84 
5.84 

* Measuring  point = 2.95 f t  above  ground su r face  

W. K. Summers & Associates 
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Appendix 1-4. -- Slug tes t  of CNS-31(P). 

December Hour 
Date 

1976 (MST) 

8 1505 
1506 

1506.33 
1507 
1508 
1509 
1510 
1511 

1512 
1513 
1514 
1515 
1516 
1517 
1518 
1519 
1520 
1521 
1522 
1524 
1526 
15'2 8 
1530 
1532 
1534 
1536 
1538 
1540 
1542 
1547 
1552 

1602 
1557 

1607 
1612 

Elapsed 
time (min)  below  measuring 

Depth t o  water 

t o  p o i n t   ( f t )  * 

0 
.67 

1.67 
2.67 

4.67 
3.67 

5.67 
6.67 
7.67 
8.67 

10.67 
9.67 

11.67 

13.67 
12.67 

15.67 
14.67 

19.67 
17.67 

21.67 
23.67 
25.67 
27.67 
29.67 
31.67 
33.67 

40.67 
35.67 

45.67 
50.67 
55.67 
60.67 
65.67 

28.40 

28.40 
28.44 
28.45 
28.45 , 

28 :44 
28.46 
28.46 
28.45 
28.45 
28.46 
28.45 
28.46 
28.45 

28.45 
28.47 

28.45 
28.45 
28.46 
28.45 
28.45 
28.46 
28.45 
28.44 
28.45 
28.46 
28.45' 
28.47 . 
28.46 
28.46 
28.47 
28.47 

i n j e c t  1 g a l  i n  20 
s ecs  

, o  
-.04 

-.OS 
-.OS 

i n j e c t  1 g a l  i n  20 
secs 

-.04 
-.06 

-.05 
-.06 

-.OS 
-.06 
-.05 
-.06 
- .05 
- .07 
- .05 
-.OS 
-.05 
-.06 

-.05 
-.05 

-.06 
-.05 
- .04. 
- .05 
-.06 
- .05 
-.07 
-.06 
-.06 
07 

-.07 ' 

* 
Measuring  point = 2.83 f t  above  ground  surface 

W. K. Summers & Associates 
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Appendix 1-4. -- s l u g  tes t  of CNS-31(P). 

December Hour 
Date 

1976 ( MST) 

29 
1231 
1214 

1232 
1232.5 
1234 
1234.5 

1241 

1315 

1320 

1328 

t ime  (sec)  
Elapsed 

t 

0 
20 

45 
35 

100 

0 
20 
25 
33 
40 
50 
60 
65 

85 
75 

0 
13 
25 
35 
43 
50 
60 
70 

0 
13 
25 

43 
34 

51 
60 
67 
75 
85 

below  measuring 
Depth to   water  

p o i n t   ( f t )  * 
28.32 
29.26 
29.18 
29.18 
29.16 
29.17 

29.17 
28.44 
29.12 

29.17 
29.18 

29.17 

28.68 
29.05 
29.14 
29.15 
29.06 
29.16 
29.17 
29.17 

29.17 

29.18 
28.91 

29.14 
29.15 , 

29.17 
29.17 

29.18 

29.04 
29.13 
29.14 
29.16 
29.16 
29.17 
29.17 
29.18 

W. K. Summers & Associates 
37 . 

s ( f t )  Comments 

0 
.73 
.05 

-.01 
0 

0 

.49 

.12 

.03 

.02 

.11 

.01 
0 
0 

0 

.26 
- .01 
.02 
.03 

0 
0 

.01 

.13 

.04 

.03 

.01 

.01 

0 
0 

.01 

i n j e c t  1 g a l  

i n j e c t  1 g a l  

i n j e c t  1 g a l  

i n j e c t  1 g a l  



Appendix 1-4. -- Slug test  of CNS-31(P). ( con t )  

Date Elapsed Depth t o   w a t e r  
December Hour time (sec) below  measuring 

1976 (MST) t p o i n t   ( f t )  * s (ft)  Comments ' 

29 1330 
20 
0 

25 
32 
37 
45 
53 
60 
65 
75 

88 
so 

105 
95 

29.18 

28.45 
28.95 
29.18? 
29.16 
29.15 
29.16 
29.17 
29.17 
29.17 
29.17 
29.17 
29.18 

.01 
i n j e c t  1 ga l  

.72 

.22 
- .01 
.01 
.02 
.01 

0 
0 
0 

0 
0 

-.01 

* 
~~~~~~~~ 

Measuring  point = 2.83 f t  above  ground  surface 

W. K. Summers & Associates 
38 . 



Appendix 1-4. -- Slug test of  CNS-32(P). 

Date 
December Hour 
1976 (MST) 

8 1350 
1351 

1351.33 
1352 
1353 
1354 
1355 
1356 
1357 
1358 

1400 
1359 

1401 
1402 
1404 
1406 
1408 
1410 
1412 
1414 

1418 
1416 

1422 
1420 

14.27, ' 
1432 
1437 
1442 
1447 
1452 

Elapsed 
time (min)  

t o  

0 

1.67 
.67 

2.67 

4.67 
3.67 

5.67 
6.67 
7.67 
8.67 
9.67 
10.67 
12.67 
14.67 
16.67 
18.67 
20.67 
22.67 
24.67 
26.67 
28.67 
30.67 

40.67 
35.67 

45.67 
50.67 
55.67 
60.67 

Depth t o  water 
below measuring 

p o i n t   ( f t )  * 
31.83 

29.50 
30.27 
30.60 
30.89 

' 31.18 
31.04 

31.25 
31.30 
31.33 
31.36 
31.37 
31.41 
31.43 
31.46 
31.46 
31.50 
31.50 
31.52 
31.53 
31.53 
31.54 
31.55 
31.54 
31.55 
31.55 
31.56 
31.56 

s (ft)  Comments 

i n j e c t  1 g a l  i n  20 
secs  

2.33 
1.55 
1.23 
0.94 
0.79 
0.65 
0.58 
0.53 
0.50 
0.47 
0.46 
0.42 
0.40 
0.37 
0.37 
0.33 
0.33 

0.30 
0.31 

0.30 
0.29 
0.28 
0.29 
0.28 
0.28 
0.27 
0.27 

* Measuring  point = 2.95 f t  above  ground su r face  

W. K. Summers & Associates 
39 



Appendix 1-4. -- Slug tes t  of CNS-34(P) 

Date 
December Hour 
1976 (MST) 

14 1440 
1441 

1441.33 
1442 
1443 
1444 
1445 
1446 
1447 
1448 
1449 

1451 
1450 

1452 
1454 

1458 
1456 

1500 
1502 
1504 
1506 
1508 
1510 
1512 
1517 
1522 
1527 
1532 
1537 
1542 

Elapsed 
time  (min) 

t o  

0 

1.67 
.67 

2.67 
3.67 
4.67 
5.67 
6.67 
7.67 
8.67 

10.67 
9;67 

12.67 
14.67 
16.67 
18.67 
20.67 
22.67 
24.67 
26.67 
28.67 
30.67 
35.67 
40.67 
45.67 
50.67 
55.67 
60.67 

below  measuring 
Depth to   water  

p o i n t   ( f t )  * 

41.92 

37.39 

39.00 
38.70 

29.38 
39.87 
40.35 
40.57 
40.81 
41.04 
41.15 
41.28 
41.52 
41.63 
41.71 
41.79 
41.87 
41.91 
41.95 
41.98 
42.. 01 
42.04 
42.07 
42.09 
42.10 
42.11 
42.12 
.42.12 

s (ft)  Comments 

i n j e c t  1 ga l  i n  io 
s e c s  

4.53 
3.22 
2.92 
2.54 
2.05 
1.57 
1.35 
1.11 
0.88 
0.77 
0.64 
0.40 
0.29 
0.21 
0.13 
0.05  
0.01 

-0.03 
-0.06 

-0.12 
-0.09 

-0.15 
-0.17 
-0.18 
-0.19 
-0.20 
-0.20 

* Measuring p o i n t  = 3.70' f t  above  ground  surface 

W. K. Sutnmers & Associates 
40 



Appendix I -4A.  -- Slug test  of CNC-6-1 -- open  hole. 

Date  Elapsed 
December  Hour time (min)  below  measuring 

Depth t o  water 

1976 (MST) t o  p o i n t  (ft)" s (ft) Comments 

6 1547 

1547: 30. 
1549:25 
1551: 30 
1552:25 

1555 : 30 
1554:  08 

1557 : 27 
1559:13 

1603:57 
1600 : 37 

1605 : 2 1  
1607:47 
1609 : 38 
1611:07 
1616:OO 
1621:OO 
1626:OO 
1631:OO 
1636:OO 
1641 : 00 
1646 : 00 

0 

. 5  
2.42 
4.50 
5.42 
7.13 
8.50 

10.45 
1 2 . 2 2  
13.62 
16.95 

20.78 
18.35 

22.63 
24.12 
29.00 
34.00 
39.00 
44.00 
49 .OO 
54.00 
59.00 

77.30 

29.82 
31.70 
32.10 
34.35 

38.55 
36.02 

45.15 
4 2 . 1 1  

47.90 
53.70 
53.70 
53.70 
53.70 
53.68 
53.70 
53.66 

53.65 
53.65 

53.65 
53.60 
53.56 

i n j e c t  30 ga l  i n  
30 secs  

1. 

Measuring  point = 4.5'  above  ground s u r f a c e  

W. K. Summers & Associates 
.1 . 



Appendix I -4A.  -- S l u g  test  of CNC-8-1 -- open  hole. 

Date 
December  Hour 

1976  (MST) 

1 1030  
1030:50 

1031 
1032  
1 0 3 3  
1034 
1035 
1036 
1037 
1038 

1040 
1045 
1050 
1055 
1100 
1105 
1110 
1115 
1120  
1125 
1130  

i o 3 9  

Elapsed 
time (min) 

t 0  

0 

1 . 1 7  
.17  

2.17 

. 4 . 1 7  
3 .17  

5 .17  
6.17 
7.17 
8.17 
9.17 

. 1 9 . 1 7  
1 0 . 1 7  

24 .17  
29.17 
34.17 

44 .17  
39 .17  

49 .17  
54 .17  
59 .17  

Depth t o  water  
below  measuring 

p o i n t   ( f t ) "  

27.30 
22 .05  

22.02 
22 .03  
22.03 
22 .02  
22 .02  
22.02 
22.02 
22 .02  

22 .03  
22 .03  

22.04,  
22 .06  
22.07 
22.08 
22.10 
2 2 . 1 1  
22 .12  
22.14 
22 .15  
22 .16  

s ( f t )  Comments 

5 . 2 5  i n j e c t  10 g a l   i n  

5 . 2 8  
5 . 2 7  
5 .27  
5 . 2 8  
5 .28  
5 .28  
5 ..28 
5 . 2 8  
5.27 
5 .27  
5 . 2 6  
5 . 2 4  
5 . 2 3  
5 . 2 2  
5 . 2 0  
5 . 1 9  
5 .18  
5 .16  
5.15 
5 . 1 4  

50 s e c s  

~~~~ ~~ 

x 
Measuring  point = 5.3'  above  ground  surface 

W. K. Summers & Associates 
2 .  



Appendix  I-4A. -- S l u g  test of CNC-8-2 -- o p e n   h o l e .  

Date 
December  Hour time (min)   be low  measur ing  

E l a p s e d   D e p t h   t o  water 

1976  @ST) t o  p o i n t   ( f t ) "  s ( f t )  Comments 

2 1225  : 00 

1225:  30 
1226  : 00 
1227:OO 
1229 :oo 
1230  : 00 

1232:OO 
1231:OO 

1233:OO 
1234:OO 
1235:OO 
1240:OO 

1 2 5 0  : 00 
1245 :00 

1255:  00 
1300  : 00 
1305  :00 
1310  : 00 
1315 :00 
1320:OO 
1325 : 00 

0 

1 . 0  
.5 

2 .0  
4 . 0  
5 
6 
7 
8 
9 

10 
1 5  
20 
25  
30 

40 
35 

45  
50 
55 
60 

48 .39  

44 .83  
44.74 
44.72 
44 .72  
44.70 
44.70 
44.70 
44.70 
44 .70  . 
44.70  
44 .68  
44.69 
44.68 
44.68 
44.68 
44.67 
4 4 . 6 8 ,  
44.68 

44 .68  
44 .68  

i n j e c t  5 g a l   i n -  
30 secs 

* 
M e a s u r i n g   p o i n t  = 5.3' above   g round  surface 

W. K. Summers & Associates 
3 .  



Appendix I-5.--Pressure-Injection Test Data 



Appendix 1-5. -- Pressure- inject ion test da ta .  

Hole NO. CNA-1 Test No. 1 Total   depth 29:5 feet, uncased i n t e r v a l  19.2' to 144.3' below M!? 

A i r  Released: yes & N o  __ f i leasuring  point :   top of cas ing  1.8' above l and   su r f ace  

Applied  Pressure 
Date  Elapsed  (Feet of Input  Depth to Water 

. -  Day Hour time (min)   (psi)   water)  * Volume ( g a l )  (ft) ** CorrJnents - MO 

12 9  0921: 00 
0922 : 00 
0923:OO 

0925:OO 
0924: 00 

0926: 00 
0927 : 00 
0928: 00 
0929:OO 
0930: 00 
0931: 00 
0932.00 
0933:OO 
0934 : 00 
0935 : 00 

0 
1 

' 2  

4 
3 

5 
6 
7 
8 

' 9  
10 
11 
1 2  
1 3  

' 1 4  

0 0 
1.0 2:31 
1.0 2.31. 
1.0 2.31 
1.0 . 2.31 
1.0 2.31 
1.0 2.31 

40.0 92.40 
10.0 23.10 

7 .0  16.17 
5.2 12.01 
4.0 9.24 
3.0 6.93 
2.0 4.62 
1.0 ' 2.31 

0 
6.40 

14.00 
21.80 
31.10 
40.10 
49.00 
50.30 full 

* above measuring  point 
** below measuring  point 



Appendix 1-5. -- Pressure-injection test  data.  

Hole NO. CNA-1 Test NO. 2 Total  depth 50.0 f e e t ,  uncased in te rva l  19.2 '  t o  144.3'  below MP 

A i r  Xeleased:  yes NO ___ Measuring point:  top of casing 1.8'  above land  surface 

, .  

Day 
Date 

Hour - 
12 9  1058: 00 

1059:OO 
1100: 00 

1102: 00 
1101: 00 

,1102: 37 
1102 : 20 

time (min) 
Elapsed 

0 
1 

3 
2 

4 
4.3 
4.6 

Applied  Pressure 
. (Feet of 

(psi)   water) * 

0 .  0 
3.0 ' 6.93 
3.0 .: 6.93 
3.0 . 6.93 
3.0 6.93 

47.0  108.57 
0 0 , .  

Input Depth t o  Water 
volume (ga l )  . ' ( f t )  ** Comments 

0 
18.10 
37.4 
56.6 
75.7 
79.7 

0 

* above measuring point  
** .below measuring'point 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole NO. CNA-1 Test No- 3 Total depth 7.05 f e e t ,  uncased in te rva l  19.2' t o  144.3'  below MP 

A i r  Released:  yes x NO - Measuring point:  top  of  casing  1.8' above land  surface 

Applied  Pressure 
Date Elapsed  (Feet of Input Depth t o  Water 

MO Day - Hour t i n e  (min) (ps i )  water) * volume ( g a l )   ( f t )  ** Comments 

12  9  1403 : 00 
1404 : 00 
1405:OO 
1406:OO 
1407 : 00 
1408:OO 
1409 :OO 
1409:09 
1413: 00 
1414:OO 
1415 : 00 
1416:OO 
1417 : 00 
1418 : 00 
1419: 00 

0 
1 

3 
2 

4 
5 
6 
6.15 

10 
11 
12 

' 1 3  
1 4  
1 5  

' 16  

0 '  0 
3.0 6.93 
3 . 0  ' 6.93 
3.0 6.93 
3.0 6.93 
3.0 6.93 

40.0 92.4 
0 0 

0 
18 .'2 
36.4 
55.9 
74.6 
92.9 

109.7 
0 

0.87 
1.10 
1.40  
1.71 
2.00 
2.36 
2.70 

full 

* above measuring point 
** below measuring po in t  



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

.Hole No. CNA-1 Test NO. 4 Total  depth 91.0 f ee t ,  uncased in t e rva l  19.2 '  t o  144.3' below MP 

A i r  Released: yes __ x No-' Neasuring  point:  top  of  casing 1.8' above land  surface 

Applied  Pressure 
Date 

Mo .Day Hour t i n e  (min) 
Elapsed 

" 

12 ' 10  
0830:OO 
0829: 00 

0831:OO 
0832:OO 
0833 : 00 
0834 : 00 
0835 : 00 
0836:OO 
0837: 00 
0838:OO 
0839:OO 
0840:OO 

5 
? 

5 
2 

e; 0841 : 00 

$ 0842 : 00 

g. ~. ,0843: 00 

v) 

- 

- - 
0 
w 

0844 : 00 
0845 : 00 
0846: 00 
0847 : 00 
0848: 00 
0849:OO 
0850: 00 
0851: 00 
0852 : 00 
0853:OO 
0854 : 00 
,0857 : 20 

0901 : 00 
0859:20 

0902: 00 
0903: 00 
0904 : 00 
0905 : 00 

0 
1 
2 

4 
3 

5 
6 
7 
8 

1 0  
9 

11 
12 

1 4  
13 

1 5  
1 6  

18 
17 

19  
20 
2 1  
22 
23 
24 
25 
28.3 
30.3 
32 
33 
34 
35 
36 

(psi) 

0 

3.0 
3.0 

3.0 
3.0 
3.0 
3.0 

39.0 
3.0 

33.0 , 

32.0 
30.0 
28.5 
25.0 
24.3 
22.0 
21.2 
20.4 . 
19.8 
19.2 
18.7 ' 

18.0 
18.5 

18.0 
17.9 
17.9 

(Feet of Input Depth t o  Water 
water) * 

0 .  
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 

90.09 
6.93 

76.23 
73.92 
69.3 
65.84 
57.75 
56.13 
50.82 

47.12 
45.74 
44.35 

42.74 
43.20 

41.58 
41.58 
41.35 
41.35 

48,97 

Volume ( g a l )   ( f t )  ** Comments 

0 
17.0 

' 35.7 
54.1 
72.6 
91.2 

110.3 
128.3 
144.3 
159.7 
176.3 
194.3 
211.5 
229.6 

266.3 
247.9 

284.5 
302.8 
320.9 
339.1 
357.1 
375.1 
393.3 
411.0 
429.1 
447.0 

4.15 
7.45 

11.1 
9.9 

12.05 
12.85 
13.55 

f u l l  

* above measuring point 
** below measurinq point 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole No. CNA-1 Test No. 5 Total  depth 111.5 f e e t ,  uncased in te rva l  19.2'  to 1'14.3' below MP 

A i r  Released:  yes ___ X No - . Measuring point:  top  of  casing 1.8' above land  surface 

Date 
Mo Day iiour 
" 

. .  Applied Pressure 
(Feet of Input Depth t o  Water 
water) * Volume (ga l )  ( f t )  ** Coments 

. 12  10 1145:OO 
1146:OO 
1147 : 00 
1148: 00 
1149:OO 
1150:OO 

3 .  1151 : 00 

? 1153: 00 
1152: 00 

r 
3 1153: 28 
1, 1154 : 00 

1155:OO 
1156:OO 
1157 : 00 

1159: 00 
1158: 00 

1159:36 
1202:oo 

1204:OO 
1203:OO 

1205: 00 
1206: 00 
1207 : 00 
1208:OO 
1209:OO 

Elapsed 
t i m e  (min) 

. o  
1 
2 

' 3  
4 
5 
6 
7 
8 

9 
8.5 

10 
11 
12 

' 13 ' 

14  
15.6 
18 
1 9  
20 
2 1  
22 
23 
24 
25 

(psi) 

0 
3.0 
3.0 
3 . 0 .  
3.0 
3 . 0 -  

3.0 ' 

3.0 . 
3.0 

35.8 
28.8 

25.0 
26.0 

25.0 
24.9 

0 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 

82.7 
66.53 
60.06 
57.75 
57.75 
57.52 

0 
19.5 
39.7 
59.8 
79.7 
99.6 

119.5 
139.4 
159.2 
168.4 
176.5 
194.7 
214.5 

253.5 
234.1 

272.8 
284.5 

f u l l  

2:15 
3.8 
5.4 

8 
6.8 

9 
10.15 
11.2 

* above measuring point 
** below measuring point 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  ' 

Hole NO. CNA-1 Te.st No- 6 Total  depth 132.0 f ee t ,  uncased in t e rva l  19.2' to 144.31 below ~p 

A i r  Released:  yes x N o  - Measuring point:  top of casing 1.8' above land  surface 

Applied  Pressure 
(Feet of Date  Elapsed 

Mo Day Hour time (min) 
Input ' Depth t o  Water 

" (psi) water)* Volume ( g a l )  ( f t ) * *  Comments . . 

12 10 1517:OO 
1518: 00 
1519:.00 
1520:OO 
1521:OO 
1522 : 00 
1523: 00 
1524: 00 

. l525:OO 
1526:OO 
1527: 00 
1527 : 28 

' 1528:OO 
, 1529:OO 

1431:OO 
1530:OO 

. .  

0 0 
1 
2 
3 
4 
5 3.0 
6 3.0 
7 
8 

3.0 
3.0 

9 3.0 . 
10 3.0 

11 
10.5 ' 35.0 

'32.3 . 

13 
12 

27.0 
29.0 

14'  26.5 

3.0 
3.0 
3.0 
3.0 . 

0 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 

80.85 
6.93 

74.61 
66.99 
62.37 
61.22 

. .  

0 
19.20 

58.8 
39.1 

78.4 
98.1 

137.4 
117.7 

157.2 
176.4 
196.0 
203.6 
212.2 
230.1 
249.4 
268.5 

f u l l  

' ** below measuring point  

* above measuring point  



‘A 
C 
3 
3 

Appendix  1-5. -- Pressure- in jec t ion  test  da ta .  

Hole No C N A - 1  Test No. 7 Total   depth  142.5 feet ,  uncased  interval   19.2‘   to   144.3’   below MP 

A i r  Released: yes __ X No __ t leasuring  point :   top  of   casing  1 .8’   above  land  surface 

Applied  Pressure 
Date 

” 
MO Day Hour 

12 . 1 4  1116:OO 
1117 : 00 
1118 : 00 
1119: 00 
1120: 00 
1121: 00 
1122: 00 
1122 : 44 
1123: 00 
1124: 00 
1125: 00 
1126: 00 
1127: 00 
1128:OO 
1129: 00 
1130:OO 
1131: 00 
1132: 00 
1133: 00 
1134 : 00 
1135:OO 
1136:OO 
1137: 00 
1138: 00 
1139: 00 
1140:OO 

1142 : 00 
1141: 00 

1142:30 
1143 : 00 
1143:30 

Elapsed 
t i n e  (rnin) 

0 
1 
2 
3 

. 4  
5 
6 
6.7 
7 
8 
9 
10 

1 2  
11 

.13  
1 4  
15  
1 6  
1 7  
1 8  
19 
20 
21 
22  
23 
24 
25 

. 26 
26.5 
27 
27.5 

e 
0 
3.0 
3.0 . 
3.0 
3.0 . 

3.0 , 

3.0 

29.0 
35.0 
35.3 
34.9 
33.9 ’ 

32.8 
31.9 
31.5 
31.1 
30.9 
30.6 
30.3 

30.0 
30.1 . 

30.0 
29.9 
29.9 
29.8 
29.8 
29.6 

6.0 
3.2 
1 . 5  

(,Feet  of 
water) * 

0 
6.93 
6.93 . 
6.93 
6.93 
6.93 
6.93 

66.99 
80.85 
81.54 
80.62 
78.31 
75.77 
73.69 
72.76 
71.84 
71.38 
70.69 
69.99 
69.54 
69.3 
69: 3 
69.07 
69.07 
68.84 
68.84 

13.86 
68.38 

73.92 
3.46 

Inpu t  Depth t o  Water 
Volume ( g a l )   ( f t )  ** Corments 

0 
18.8 
38.3 
57.8 
77.2 
96.8 

116.1 
130.2 

150.8 
134.3 

167.3 
183.9 
200.8 
217.9 

. 252.6 
235.3 

270.6 
287.5 
305.0 
322.5 
340.0 
357.5 
314.9 
392.4 
409.8 

444.4 
427.1 

461.8 

f u l l  



Appendix 1-5. -- Pressure-injection  test  data.  (cont) 
Hole No. CNA-~ ..Test No. 7 Total  depth  142.5  feet,  uncased  interval  19.2'  to  144.3'  below MP 

Air  Released: yes x Measuring  point:  top of casing 1.8' above  land  surface No - 

Date 
Applied  Pressure 

Elapsed , (Feet  of  Input  Depth  'to  Water 
No Day  Hour  time  (min)  (psi)  water) * Volume (gal) (ft)**  Comments 
" ~ . .  
12 14 1145: 00 

1146:OO 
. 29 

1147 : 00 
30 

1148 : 00 
31 
32 

1149: 00 
1150: 00 34 

.33 

' 1151:OO  35 

0.85 
2.02 

4.44 
3.22 

5.65 
6.75 
8.00 

* above  measuring  point 
** below  measuring  point 



ApwndixI-5.  -- Pressure- in jec t ion  tes t  da t a .  

H o l e  NO. CNA-2 Test NO. 1 Tota l  Depth 28.8 f ee t , uncased ,   i n t e rva l  19.0' to 153.8' below MP ' 

A i r  Released: y e s  __ X no - Measuring  point:   top of cas ing2 .0 '  above  land  surface 

"_ - 
Date ;.;ox HOUK 

12  15  0933: 00 
. 0934: 00 

0935 : 00 
0936:OO 
0937:OO 
0938: 00 

e . 0939:OO 
X 0940: 00 
z. 0940:20 - - 0940:40 - - 
I - - .? - 0941:OO 

w *  0941 : 20 

' 2  0941 : 40 
c ,  0942 : 00 

0942 : 20 
w 0942:40 

.? 

5. .. - - 
- 
0 

0943 : 00 
0943:20 
0943 : 40 
0944 : 00 
0944 : 20 
0944:40 
0945 : 00 

time (min) 
Elapsed 

0 .  
1 
2 

4 
3 

5 
6 
7 
7.3 

8 
7.7 

8.3 
8.7 
9 
9.3 
9.7 

10  
10.3 
10.7 
11 
11.3 
11.7 
12 

Applied  Pressure 
( F e e t  of Inpu t  Depth to Water 
water) * Volume ( g a l )   ( f t )  * *  Comments .(psi) 

0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

43.0 
21.0 
14.5 
11.4 

9.0 
8.0 
7.0 
6.2 
5.5 

4.8 
5.0 

4.4 
4.2 
4.0 
3.8 
3.4 

0 
4.62 
4.62 
4.62 
4.62 
4.62 
4.62 

48.51 
99.33 

33.50 
26.33 

18.48 
20.79 

16.17 
14.32 
12.71 
li. 55 
11.09 
10.16 

9.70 
9.24 
8.78 
7.85 

0 

40.5 
33.6 

47.5 
54.3 . 
61.2 
68.1 
74.1 

full 

* above  measuring  point 
** below  measuring  point 



A p e n d i x  1-5. -- P r e s s u r e - i n j e c t i o n  t es t  d a t a .  

Hole No. CNA-2 T e s t  N0.2 To ta l   Dep th   49 .3  feet ,  u n c a s e d   i n t e r v a l   1 9 . 0 '  t o  153.8' .   below pp 

A i r  R e l e a s e d :   y e s  X M e a s u r i n g   p o i n t :  top of c a s i n g 2 . 0 '   a b o v e   l a n d   s u r f a c e  no - 

Date Elapsed . . ( F e e t  of I n p u t   D e p t h  t o  Water 
A p p l i e d   P r e s s u r e  

x0 eav Hour time (min) " (psi) water)" Volume (ga l )  ( f t )  ** Comments 

1 2  15 1131:OO 0 0 0 
1132: 00 

0 
1 

1133:OO 
2.0  4 .62 

2 2 . 0  
1 7 . 6  

1134 : 00 3.  4.62  55.3 
4.62 

2.0 
36.5 

1135: 00 4 2.0  4.62 
1135':lO  4.2  48.0  110.88  77.3 stop 

. 1135:30 4.5 5.0 11.55 
1135:40  4.7 0 0 
1138 : 00 7 
1139: 00 ' 8  

.14  

1140: 00 9 
.24 

1141: 00 10  
.39 

1142:OO' 
.53 

1143: 00 
11 
12  .87  

.69 

1144: 00 1 3  
1145: 00 1 4  
1146: 00 

1 .30  
15 

1147: 00 
1 . 5 0  

16 
1148: 00 1 7  

1.80 

1149: 00 18 
2 .15  

1150: 00 
2.65 

1151: 00 
1152: 00 

20 
21  

1153: 00 22 ' 

1154: 00 23 
1155:OO 
1156 : 00 25 

24 

0 

74.2 I .  

missed 

1 9   3 . 2 0 '  
3.85 
4.45 
5 .30  

. 6.20 

8 . 0 5  
7.04 

* above   measu r ing   po in t  
* *  below m e a s u r i n g   p o i n t  



Appendix  1-5. -- P r e s s u r e - i n j e c t i o n  test  data. 

Hole NO. CNA-2 T e s t  NO.  To ta l   Dep th   69 .8  feet ,  uncased  i n t e r v a l  19 .0 '  t o  153.8 '   be low MP 

A i r  ~ e l e a s e d :   y e s  __ x no ___ Measuring po in t :  top of c a s i n g 2 . 0 '   a b o v e   l a n d   s u r f a c e  

. .  Date E x  Hour 

1 2  ' 15 1412:OO 
1413: 00 
1414 : 00 
1415: 00 
1416: 00 
1417:OO 

' 1418: 00 
1418:32 

3 x 
- 1419: 00 - 1420: 00 

' 1421:OO 
-E= 1422: 00 

- 
2 - 

-7. 
- 
m 

2 
I 

1423:OO 
1424 : 00 
1425: 00 
1426:OO 
1427: 00 
1428 : 00 
1429:OO 
1430: 00 
1431: 00 
1432 : 00 
1433:OO 
1434 : 00 
1435: 00 
1436:OO 

1438: 00 
1437 : 00 

I 

r. 
* 
c 

-. - 
.a 

A p p l i e d   p r e s s u r e  
Elapsed ? ( P e e t . o f  - 

time (min )  

0 
1 
2 
3 
4 
5 
6 
6 .5  
7 
8 
9 

10  
11 
1 2  
13 
1 4  
1 5  
16 
1 7  
18 
1 9  
20 
21  
22 
23 
24 
25 
26 

(psi) 

0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

40.0 
27.0 

24.5 
24 ..5 

24.8 
24.7 
24.9 
25.0 

.24.0 
23.5 
22.4 
22.0 
21.5 
21.0 
20.5 
20.0 
19.8 
18 .9  
18.5 

18 .3  
18.5 

water) * 

0 
6 .93  
6 .93  
6 .93  
6 .93  
6.93 
6.93 

92.40 
62.37 
56.60 
56.60 
57.29 
57.06 

.57.75 
57.52 

55.44 
54.29 
51.74 
50.82 

48.51 
49.67 

47.36 
46.20 
45.74 
43.66 
42.74 
42.74 
42.27 

Inpu t  Depth t o  Water 
vol.ume ( g a l )  ( f t )  ** Comments 

0 
1 7 . 9  
37.4 
56.7 
76 .1  +. 
95.6 

114 .3  
124 .3  
129.4 
1 4 8 . 1  
166.4 
184.5 

220.2 
202.6 

237.7 
254.6 
270.3 
285.. 8 
301.0 
316.1 
330.9 
345.2 
359.1 
373.1 
385.7 
398.4 
410.9 
423.2 



Appendix 1-5. -- Pressure-injection  test   data.   (cont) 

Hole No. CNA-2 Test No. 3 Total Depth 69.8 f e e t ,  uncased in te rva t  19.0' t o  153.8' below MP 

Air ileleased:  yes x no - Measuring point:   top of casing2.0'  above land  surface 

Date Elapsed . 
Applied  Pressure 

(Feet of 
water) * Volume (ga l )  

Input Depth t o  Water 
( f t )  ** Comments 

12  15 18.3 
18.9 
18.5 
18.2 
18.0 
18.2 
18.2 
18.2 
18.1 
18.1 
18.1 
18.0 
16.0 
16.0 
15.9 

0 

1438 : 00 26 
1439:OO  27 
1440: 00 28 
1441:OO  29 
1442: 00 30 
1443 : 00 .31 
1444: 00 ' 32 
1445:OO  33 
1446:OO  34 
1447 : 00 35 
1448: 00 
1449:'OO 37 

36 

1450:OO 
1451:OO 

38 

1452 : 00 
39 

,1452:lO 
40 
40.2 

1454: 00 
1454:30 

42 

1455:OO 
42.5 

1455:30 
43 
43.5 

42.27 
43.66 
42.74 
42.04 
41.58 
42.04 
42.04 
42.04 
41.81 
41.81 
41.81 
41.58 
36.96 

36.73 
36.96 

0 

423.2 
435.6 
448.2 
460.6 
472.9 . 
485.1 
4.97.6 
510.0 
522.5 

547.5 
535.0 

560.0 
572.5 
583.1 
594.7 

4.00 
5.31 
6.60 
7.71 

* above measuring point 
** below measuring point 

, . . ... 



Appendix 1-5. -- pressure- in jec t ion  test  da t a .  

Hole So. CNA-2 Test No. 4 Tota l  Depth 90.3 fee t ,   uncased   in te rva l  19.0'. t o  153.8'. below MP 

A i r  Released:  yes __ X no " Measuring  point:  top of   casing2.0 '   above  land  surface 

12 16 0849:OO 
0850:OO 
0851:OO 
0852:OO 
0853 : 00 
0854 : 00 

3 . 0855:OO 
x 0856: 00 
- 0857 : 48 - - - - -. - 0858 : 00 

0859: 00 9 t;; * 0900: 00 
2 
E, ' - 0903 : 00 
w 0904 : 00 

0905 : 00 
0906: 00 
0907 : 00 

0901: 00 
0902: 00 2 

.. - 
CI 

0908: 00 
0909: 00 
0910: 00 
0911: 00 
0912 : 00 
0912:30 
0913 : 00 
0915 : 00 
0915: 30 

Applied  Pressure 
Elapsed  (Feet  of Input  Depth t o  Water . 

time (min) 

0 
1 
2 
3 
4 
5 
6 
7 
7.8 

10 
9 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
23.5 
24 
26 
26.5 

(psi) 

0 
3.0 
3.0 

3.0 
3.0 

3.0 
3.0 

25.0 
3.0 

31.5 
30.2 
30.2 
30.1 
30.2 
30.2 
30.1 
29.9 
29.9 
29.8 
29.2 
29.0 
28.8 
28.8 
28.8 
5.0 
0 

water) * 

0 
6.93 
6.93 

6.93 
6.93 

6.93 
6.93 
6.93 

72.77 
57.75 

69.76 
69.76 
69.53 
69.76 
69.76 
69.53 
69.07 
69.07 
68.84 
67.45 
66.99 
66.53 
66.53 
66.53' 
11.55 

0 

full 

volume ( g a l )   ( f t )  ** comments 

. O  
17.5 
36.7 
55.6 
74.6 ,. 
94.3 
112.6 
131.4 
149.5 
167 .O 
183.9 
200.8 
217.6 
234.4 
250.7 
266.8 
282.4 

' 297.7 
312.9 
328.1 

351.7 
343.0 

372.3 
387.3 

3.18 
4.21 



Appendix  1-5. -- Pressure- in jec t ion  test  da t a .   ( con t )  

Hole No. CNA-2 T f s t  NO. 4 Total Depth90.3 feet ,  uncased   in te rva l  19.0' t o   153 .8 '  below MP 

A i r  Released:  yes __ X Measur ing   po in t :   top   o f   cas ing2 .0 '   above   land   sur face  no - 

Date  Elapsed  (Feet 'of  Input  Depth  to  Water 
Applied  Pressure 

;.;o& Hour time (min) . ipsi) wate r )*  Volume (gal)  ( f t )  * *  Comments 

12 16 0916: 00 27 
0916:30  27.5 
0917 : 00 28 
0917:30  28.5 

5.21 
6.20 
7.20 
8.10 

3 
x * .above measuring  point 



Appendix 1-5. -- P r e s s u r e - i n j e c t i o n  tes t  data. 

Hole NO. CNA-2 T e s t  No. 5 T o t a l   d e p t h  110.8 fee t ,  uncased in te rva l  1 9 . 0 '   t o   1 5 3 . 8 '   b e l o w  MP 

A i r  R e l e a s e d :   y e s  x no __ M e a s u r i n g   p o i n t :  top of c a s i n g 2 . 0 '   a b o v e   l a n d   s u r f a c e  

Date .';ox Hour 

12 16 1138 : 00 
1139:OO 
1140:OO 
1141: 00 
1142: 00 
1143:OO 

3 ' .  1144:OO 
X 1145:OO 

1146:OO - - 
2 - 1147 : 00 

-2 
- 1147 : 18 

1148:OO 
1149:OO 

2. 
c.. 

1150: 00 
- 1151: 00 

VI '3 

. ?  
~ 

.. - 
c_ = 1152 : 00 

1153 : 00 
1154 : 00 
1155 : 00 
1156: 00 
1157: 00 
1158: 00 
1159: 00 
1200:oo 
1201: 00 
1202:oo 
1203:OO 
1204:OO 

1206:OO 
1205:OO 

1207 : 00 
1208 : 00 
1209:OO 

Elapsed : 
time (min) 

0 
1 
2 

4 
3 

5 

7 
6 

8 
9 
9.3 

10  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18 

' 19 

2 1  
20 

22 
23 
24 
25 
26 
27 

29 
28 

30 
3 1  

~~ ~ 

Appiied~pressurc 
( F e e t  of 
water)* 

0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

3.0 
3.0 

30.1 
'29.8 
29.0 
28.3 

27.9 
28.0 

27.8 
27.8 
27.3 
27.0 
26.6 
25.5 
25.7 
25.2 
24.9 
24.7 
24.3 
24.2 
24.2 
24.2 
24.3 
2 4 . 8  

0 
6.93 
6 .. 93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 

69.53 
68.84 
66.99 
65.37 
64 ~ 68 
64.45 
64.22 
64.22 
63.06 
62.37 
61.45 
58.91 
59.37 
58.21 
57.52 

56.13 
57.06 

55.90 
55.90 
55.90 
56.13 
57.29 

I n p u t  Depth to  Water 
Volume (gal)  ( f t )  ** Comments 

.O 
1 7 . 6  
36.5 
55.3 
74 .2  ,. 
92 .9  

1 1 2 . 3  
129 .2  
147 .1  
165 .1  
170 .5  
181.6 
198.0 
214 .1  
230.1 
245.8 
261.2 
276.4 
291.5 
306.8 
321.9 
336.6 
351.2 
365.6 

392.7 
379.2 

405.9 
418.9 
431.9 
444.7 
457.5 
470.2 
482.9 

f u l l  



Appendix 1-5. -- P r e s s u r e - i n j e c t i o n  tes t  d a t a .   ( c o n t )  

Hole NO. CNA-2 T e s t  NO. 5 T o t a l   d e p t h  110.8 f ee t ,  u n c a s e d   i n t e r v a l   1 9 . 0 '  t o  153.8'  below MP 

A i r  R e l e a s e d :   y e s   n o  __ M e a s u r i n g   p o i n t :  top of c a s i n g 2 . 0 '   a b o v e   l a n d   s u r f a c e  

Date E l a p s e d   ( F e e t  of I n p u t   D e p t h  to Water 
A p p l i e d   P r e s s u r e  

Pia PSV Hour time (min) (psi) water)* Volume (ga l )  ( f t )  ** Comments .. . 
" 

12 16 121o:oo 
1211: 00 

1213  : 00 
1212: 00 

1214: 00 
1215 : 00 

. 1216:OO 
1217:OO 
1218 : 00 
1218:20 
1218:40 
1219:OO 
1219:20 
1219:40 

1220:20 
1220:oo 

1221:30 
1222:oo 
1222:30 
1223: 00 
1223:30 
1224: 00 
1224:30 
1225:OO 
1225:30 
1226:OO 

32 

34 
33 

35 
36 
37 
38 

40 
39 

40.3 
40.7 
4 1  
41.3 
41.7 
42 

43.7 
42.3 

44  
44.5 
45  
45.5 
4 6  
46.5 
47 
47.5 
48 

24.5 , 

24.5 
56.60 

24.3 
56.60 

24.5  56.60 
56.13 

24.0  55.44 
23.9  55.21 

24 .0  
24.0 55 .44  

55.44 
24 .O 55.44 
1 4 . 0  
10.5 

32.34 
24.26 

8.1 18 .71  
6.0 13.86 
4.1  9 .47 
2.6 
0 . 5 ,  

6 . 0 1  
1.16 

495.8 

521.3 
508.6 

534.0 
546.6 

571.4 
559.0 

583.9 
597.3 

1 .25  
1 . 9 3  
2.66 
3.45 
4.17 
4.90 
5.67 
6 .40  
7.10 
7.78 

* a b d v e   m e a s u r i n g   p o i n t  
** be low  measu r ing   po in t  



Appendix 1-5. -- Pressure-injection  test data. ' 

Hole No. CNA-2 Test No. 6 Total depth' 131.3 feet, uncased  interval 19.0' to 153.8' below p.p 

A i r  Rslaased: y e s  __ X 110 __ Measuring point:  top of casing2.0' above land surface 

Date 
- ,\io % Hour 

12  16  1526:OO 
1527 : 00 
1528:OO 
1529:OO 
1530:OO 
1531: 00 

.. 1532:OO 
1533:OO 
1534: 00 
1535: 00 
1536:OO 
1537: 00 
1537:30 
1538 : 00 
1539:OO 
1540:OO 
1541:OO 
1542:oo 
1543:OO 
1544 : 00 
1545:OO 
1546 : 00 
1547 : 00 
1548 : 00 
1549-00 
1550: 00 
1551:OO 
1551:20 
1551:40 
1552:OO 
1552:20 

Elapsed 
time (rnin) 

0 
1 

3 
4 
5 
6 
7 .  
8 
9 
10 
11 
11.5 
12 
13 
1.4 
15 

17 
16 

19 
18 

20 
21 
22 
23 
24 
25 
25.3 
25.7 
26 
26.3 

Applied pressure 
(Feet of 

'(psi) water)* 

0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

' 3 . 0  
3.0 
3.0 

26.0 
26.3 
25.4 
25.4 
25.2 
25.0 
24.9 
24.8 
24.8 
24.8 
24.5 
24.0 
24.0 
23.9 
16.2 
13.5 
11.0 
8.5 

0 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 

60.06 
60.75 
58.67 
58.67 

57.75 
58.21 

57.52 

.57.29 
57.29 

57.29 
56.60 
55.44 
55.44 
55.21 
37.42 
31.19 
25.41 
19.64 

Input Depth to Water 
Volume  (gal) (ft) * *  Comments 

.o 
12.6 
30.3 
48.2 
66.1 ., 
83.7 
101.5 
119.0 
136.3 
154.4 
171.1 
188.4 
197.0 full 
204.8 
221.9 
239.2 
256.2 
273.1 
289.9 
306.5 
323.0 
339.2 
355.5 
371.8 
388.0 
404.3 
420.1 



Appendix 1-5. -- Pressure-injection  test  data. ' .  (cont) 

Hole SO. CNA-2  Test NO. 6 Total  depth  131.3  feet,  uccased  interval  19.0' to 153.81 below ~p 

Air Released:'  yes __ x no - Measuring  point: top of  casing2.0'  above  land  surface 

12 16 1552:40 
1553 : 00 
1553:ZO 
1553:40 
1555: 00 
1555:30 

. 1556:OO 
1556:30 

, 1557:oo 
1557:30 
1558 : 00 
1558 : 30 
1559: 00 

26.7 
27  4.2 

6.3  14.55 

27.3 
9.70 

2.7 
27.7 

6.24 
0.5 

29 
1.16 

29.5 
30 
30.5 
31 
31.5 
32 
32.5 
33 . .  

1.43 
2.10 
2.88 
3.71 
4.56 
5.40 
6.24 
7.05 
7.83 

* above  measuring  point 
** below  measuring  point 



Appendix 1-5.. -- Pressure- in jec t ion  test  da t a .  

Mole NO.  CNA-2 T e s t  No. 7 Tota l   depth  151.8 f e e t ,  uncased  interval  19.0' to 153.8' below ~p 

Air Released:  yes X no __ Measuring  point:   top of casing2.O'   above  land  surface 

- >io 

12 17 

Date Elapsed 
Hour time  (min) 

1509: 00 
1510: 00 
1511 : 00 

. 1512:OO 
1513 : 00 
1514: 00 

1516:OO 
1515: 00 

1517: 00 

1519:OO 
1518: 00 

1520:OO 
1521: 00 
1522 : 00 
1523: 00 
1524 : 00 

. 1524:35 
1531: 00 
1531:14 
1541 : 00 

1549: 00 
1541:OO 

1549:07 

0 
1 
2 

4 
3 

6 
5 

7 
8 
9 
10 

12 
11 

13 
14 
15 
15.6 

0 
0.2 
0 
0 
0 
0,. 1 

Applied  Pressure 
(Feet   .of  

('psi) wate r )*  

0 0 
3.0  6.93 
3.0 6.93 
3.0  6.93 
3.0  6.93 
3.0 
3.0 

6.93 
6.93 

3.0 
3.0 

6.93 
.6.93 

3.0  6.93 
3.0  6.93 
3.0  6.93 
3.0 6.93 
3.0  6.93 
3.0  6.93 
3.0  6.93 

-'Input Depth t o  Water 
Volume ( g a l )  ( f t )  ** Comments 

. o  
13.5 
28.1 
42.6 
57.1 ., 
85.9 
71.5 

100.2 
114.4 

142.7 
128.7 

156.6 
170.7 
184.6 
198.6 
212.5 
220.6 f u l l  

. 226.8 r e s t a r t  
240.1 f u l l  
248.5 r e s t a r t  
260.5 f u l l  
272.4 r e s t a r t  
284.6 

* above  measuring  point 
** below  measuring  point 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole No. CNA-2 Test NO- 8 Total  depth 151.8 f e e t ,  uncased in te rva l  1 9 . 0 '  t o  153 .8 '  below MP 

Air Released:  yes no - Measuring point :   top of casing2.@'  above  land surface 

Appliedpressure 
Date Elapsed  (Feet  of  Input Depth t o  Water 

Ex Hour time (min) (psi) water)* Volume ( g a l )   ( f t )  ** Comments 

20  1253 : 00 
1254 : 00 
1255:OO 
1256:OO 

1258 : 00 
1257: 00 

. 1258:46 
1259:OO 
1300:OO 
1301:OO 
1302:OO 
1303 : 00 
1304 : 00 
1305:OO 
1306:OO 
1307 : 00 
1308 : 00 
1308:20 
1308:40 

1309:  20 
1309: 00 

1310:OO 
1309:40 

1313  : 00 
1312:30 

1313:30 
1314:OO 

0 
1 
2 
3 
4 
5 
5 . 8  
6 
7 
8 '  

10 
9 

11 

1 3  
1 2  

1 4  
15 
15.3 
1 5 . 7  
16  
16 .3  
16 .7  
1 7  
1 9 . 5  
20 
20.5 
2 1  

0 
2 .0  
2 .0  
2 .0  
2 . 0  
2 .0  

1 8 . 0  
24 .0  
23.6 
2 3 . 1  
23.0 

22.7 
22.9 

22 .5  
22 .7  

22 .3  
14.0 
11.0 
8.5 

3.1 
5.8 

0.5 

0 
4.62 
4 .62  
4.62 
4.62 
4 .62  

41.58 
55.44 
54.52 
53.36 
53.13 

52.44 
52.90 

52.44 
51.98 

32.34 
51.51 

2 5 . 4 1  
19.64 
1 3 . 4 0  
'7.16 
1.16 

14.7 
. O '  

3 0 . 5  
46.4 

77 .9  
62 .1  ,. 

. 90.0 

108 .3  
93.0 

, 124.2  
140 .0  
155.8 
171 .4  
187 .3  
208.0 
219 .3  
234.3 

f u l l  

4.59 
5.65 
6.72 
7.75 

* above measuring point 
** below measurinq point 



Appendix 1-5. -- P r e s s u r e - i n j e c t i o n  test data. 

kIOle 30. CNA-3 T e s t  No. 1 T o t a l   d e p t h   2 9 . 0  feet ,  u n c a s e d   i n t e r v a l  18.5' t o  154 .5 '   be low MP 

A i r  R e l e a s e d :  yes 2 No - Measuring poin t :  top of casing 2 - 5 1   a b o v e   l a n d   S u r f a c e  

Date 
NO - .  

E l a p s e d  
t ine  (min) 

A p p l i e d   P r e s s u r e  
( F e e t  of Depth t o  Water 

20 1340:OO 
1341: 00 
1342: 00 
1342:40 
1342:55 
1343: 00 
1343:  20 
1343:40 
1344:OO 
1344 : 20 
1344:40 

1345 :20 
1343 : 00 

1345:40 
1346:OO 
1346:20 
1346:40 

. 1347:ZO 
1347 : 00 

1347:40 
1348: 00 
1348:20 
1348:40 
1349: 00 

0 
1 
2 
2.7 
2.9 
3 
3.3 
3 ..7 
4 
4 . 3  
4.7 
5 
5.3 
5.7 
6 
6 .3  
6.7 
7 
7 . 3  
7.7 
8 
8 .3  
8.7 
9 

(ps i )  water) * volmo ( g a l )  ( f t ) * *  C o m e n  t s  

0 0 0 .  
3.0   6 .93  18 .2  
3 .0   6 .93  37.3 

55.0  127.05 51.1 
22.0  50.82 
15.5 35.81 
12.0  27.72 
11.8 27.26 
10.2  23.56 

9.0  20.79 
8 .2   18 .94  
7.2 
7 .0  

16 .63  
16 .17  

6.6 15.25 
6.1 14 .09  
5 .9   13 .63  
5;4  12.47 
5.1 11.78 
5.0 11.55 
4.8 11 ~ 09 
4 . 6   1 0 . 6 3  
4.3  9.93 
4 .1   9 .47  

full 

* above m e a s u r i n g   p o i n t  
**' below m e a s u r i n g   p o i n t  



Appendix 1-5. -- Pressuie- inject ion  tes t   data .  

Hole NO. CNA-3 Test  NO. 2 Total  depth 49.5 f e e t ,  uncased in te rva l  18.5'  t o  154.5' below ~p 

A i r  Released: yes x No - Measuring point:   top of casing 2.5' above land  surface 

&plied  Pressure 
(Feet of Input Depth t o  Water Date 

Mo Day 
Elapsed 

Hour time (min) 

12  20 1459:OO 
1500:OO 1 

0 

1501 : 00 2 
1502: 00 
1503: 00 4 

3 

1503: 22 4.37 
1503  :40  4.67 

" 

5 
2; 1504 : 00 5 
a 1505:OO 6 
E: 
2 1506: 00 7 

0 1507 : 00 8 
N" 1508:OO 
NE- 

9 

? 1509:OO 10  

z 1510: 00 11 
P. 1511 : 00 12 
c; z 1512: 00 13 

- 

1513 : 00 14  
1514:OO 
1515: 00 

15 

1516: 00 
1 6  
17 

1517:OO , 

1518: 00 
18  

1519: 00 
1 9  
20 

1519: 20 20.3 
1521: 00 22 
1521: 30 22.5 
1522:OO 23 

* above measuring point  
** .below  measuring point 

- (ps i )  

0 
3.0 
3.0 
3.0 
3.0 

45.0 

19.8 
32.0 

17.0 
15.2 

14.8 
15.3 

13.9 
12.8 

12.5 
13.4 

12.5 
12.0 
11.8 
11.7 

11.7 
11.6 

0 

volume (ga l )  
- 

( f t )  ** Coments 

0 
16.8 
36.1 
55.4 
74.7 
81.9 
86.6 
90.4 

109.7 

148.0 
129.1 

167.0 
185.8 
204.3 
222.7 
240.8 
258.8 
276.8 
294.7 
312.5 

348.1 
330.4 

366.6 

5.70 
5.70 
7.50 

water) * 

0 
6.93 
6.93 
6.93 
6.93 

103.95 
73.92 
45.74 
39.27 
35.11 
35.34 
34.19 
32.11 
31.88 

28.88 
30.95 

28.88 
21.72 
27.14 
27.03 
26.80 
27.03 

0 

f u l l  



Appendix 1-5. -- Pressure-injection  test  data. 

€IOk NO. CNA-3 Test No. 3 Total  depth 70.0 feet,  uncased  interval 18.5' to 154.5' below ~p 

Air Released: yes x No - Neasuring  point:  top of casing 2.5' above  land  surface 

Applied  Pressure 
Date  Elapsed  (Feet of m put.  Depth to Water 

Mo Day Hour  tine  (min)  (psi) 
" - .  

12  21  0841:OO 
0842 : 00 
0843 : 00 
0844 : 00 
0845: 00 
0846: 00 
0847 : 00 
0848:OO 
0849 : 00 
0849:26 
0850:OO 
0851 : 00 
0852 : 00 
0853:OO 
0854 :00 
0855 : 00 

0857 : 00 
0856: 00 

0858 : 00 
0859:OO 
0900: 00 
0901: 00 
0902 I 00 
0903 : 00 
0904 : 00 
0905 : 00 
0906:OO 
0906:40 
0908:  30 
0909: 00 
0909:  30 
0910. co 

0 0 
1 
2 

2 
? 

. 3  2 
4 2 
5 
6 

2 
3 

7 3 
8 3 
8.4 
9 25.5 
10 21.5 
11 
12 18.5 

19.6 

13 17.5 
14 16.8 
15 16.0 
16  15.3 
17 
18 

14.9 
14.5 

19 
20 

14.3 
14.0 

21  13.3 
22  13.5 
23  13.2 
24  10.0 
25  14.1 
25.7 0 
27.5 
28 
28.5 
29 

water) * 

4.62 
4.62 
4.62 

.4.62 
4.62 

6.93 
6.93 
6.93 

58.91 
49.67 
45.28 
42.74 
40.43 
38.81 

35.34 
36 - 96 
34.42 
33.50 
33.03 
32.34 
30.7'2 
31.19 
30.49 
23.10 
32.57 

0 

generator  trouble 
generator  trouble 
generator  trouble 

full 

volUme ( g a l )  
- 

(ft) ** Comments 

0 
17.9 

55.2 
36.7 

73.8 
85.3 

100.0 
92.8 

117.6 
125.2 
134.8 

171.3 
153.1 

189.4 
208.8 
225.2 
244.5 
259.6 
276.5 
293.3 
310.4 
327.3 
342.1 

373.2 
357.8 

382.6 
399.5 
0 

water  froze 

4.32 
5.61 
6.75 
7.75 

* above  measuring  point 
** below  measuring  point 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole No. &A-3 Test No. 4 Total  depth 90.5 f e e t ,  uncased in t e rva l  18.5' t o  1 5 4 . 5 '  below M P  

A i r  Released:  yes X No - Measuring point:  top  of  casing 2 .5 '  above land  surface 

Applied  Pressure 
(Feet of Input Depth t o  Water 
water) * Volume (ga l )  ( f t )  ** Comments 

Date 
-Ex Mo Hour 

1 2   2 1  1119:oo 
1120:  00 
1 1 2 1  : 00 
1122: 00 
1123 : 00 
1124 : 00 

3 1125  : 00 
?: 

5 1127:   31  
0 1128:OO 

1126:OO 
1127:OO L n  

C 

3 
I 

N 
F. 

.. 
2 

?.- 
1129: 00 

> 1130:OO 
z . 1 1 3 1 : O O  
0. 1132:OO 
0 

?L - - a 1133:OO 
1134: 00 
1135: 00 
1136:OO 
1137:OO 
1138: 00 
1139:OO 
1140:  00 
1141: 00 
1142 : 00 
1143 : 00 
1143:15 
1145 : 00 
1145:30 
1146:  00 
1146:30 

Elapsed 
t i n e  (min) 

0 
1 

3 
2 

4 
5 

7 
6 

8 
8 . 5  

10 
9 

11 
1 2  

1 4  
1 3  

1 5  
1 6  
1 7  

' 18 
1 9  
20  
2 1  
22 
23  
24 
24.3 
26 
26.5 
21 
27 .5  

(p s i )  

0 .  

- 
3 
3 
3 
3 
3 
3 
3 
3 

1 4  .'O 
15 .3  
14 .3  

1 3 . 8  
14 .1  

1 3 . 5 '  
13 .0  
1 2 . 9  
12.7 
1 2 . 3  
11.8 
11.2 
11 .0  
10 .0  

9.8 
9.8 
0 

0 
6.93 
6.93 
6.93 
6.93 
6.93 
6 . 9 3  

6 . 9 3  
6.93 

32.34 
35.34 
33.03 
32.57 

31.19 
31.88 

30 .03  
29.80. 
29.34 
2 8 . 4 1  
27.26 
25.87 

23.10 
25.41 

22.64 
22.64. 
0 

0 
1 9 . 0  

57 .1  
38.0 

75.9 
94 .7  

1 1 3 . 6  
131 .7  

158 .8  
149 .6  

'166.6 
184 .0  
201.5 
218.9 
235.8 
252.8 
269.8 
286.7 
303.4 
319.5 
335.9 
351.4 
366.9 

396.6 
381.7 

411.4 

full 

4.94 
6 .40  
7.72 

* above measuring point 
** below measuring point 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  
- .. . .. 

IIOle NO. CNA-3 Test No. 5 Total  depth 111.0 f e e t ,  uncased in te rva l  18 .5 ’  t o  154.5’  below MP 

A i r  Released: yes 2 NO __ Measuring point :   top of casing 2 . 5 ’  above land  surface 

Date 
Mo Day Hour 
” 

2 1  1415:OO 
1416: 00 
1417:OO 
1418 : 00 
1419: 00 
1420: 00 
1421: 00 
1422 : 00 
1423 : 00 
1424 : 00 
1425 : 00 
1425:  32 
i426 :  00 
1427 :00 
1428: 00 
1429:OO 
1430:OO 
1431:OO 
1432:OO 
1433 : 00 
1434:OO 
1435 : 00 
1436:OO 
1437 : 00 
1438 : 00 
1439:OO 
1444: 30 
1441: 00 
1441:30 
1442 : 00 

Elapsed 
t i a e  (min )  

Applied  Pressure 
(Feet of In put ’  Depth t o  Water 
water) * volume (ga l )  ( f t )  ** comments 

0 
1 
2 

4 
3 

6 
5 

8 
7 

9 
10 
10 .5  
11 
1 2  
13 
1 4  
15 
16 
1 7  
18 
1 9  
20 
2 1  
22 
23 
24 
25 .5  
26 
26.5 
27 

(psi) 

0 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1 2 . 0  
12.4 
13: 0 
12 .9  
12 .6  
1 2 . 2  
1 2 . 1  
12 .0  
12 .0  
12 .0  
11.5 
11.4 
11.2 
11.1 

0 
6.93 
6.93 
6.93 
6 .93  
6.93 
6.93 
6.93 
6.93 
6.93 

. 6 . 9 3  

27.72 
28.64 
30.03 
29.80 
29.11 
28.18 
27.95 
27.72 
21.72 
27.72 
26.51 
26.33 
25.87 
25.64 

0 
16 .7  
35.4 
54 .2  
72.1 
91.2 

109.6 
1 2 8 . 2  
146.6 
164 .7  
182.7 
1 9 2 . 3  
200.0 
217.5 
235.1 
252.6 
269.8 
286.8 
302 -8 
320.4 
331.4 
354.2 
370.7 

403.9 
381.3 

420.. 7 

full 

water a t  surface 

3.39 
5 .17  
6.80 
8.25 

* above measuring point 
** below measuring point 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole No.  CNA-3 T e s t  N O -  6 Total  depth 131.5 f e e t ,  uncased in t e rva l  18.5 '  t o  154.5 '  below MP 

A i r  Released:  yes No Measuring point:   top  of  casing 2 .5 '  above l and  surface - 

Date 

-Ex Mo Hour 

Applied  Pressure 

12  22 0849:OO 
0850: 00 
0851: 00 
0852 : 00 
0853 : 00 
0854 : 00 
0855 : 00 
0856:OO 
0857 : 00 
0858:OO 
0859 : 00 
0900 : 00 
0900: 04 
0901:oo 
0902 : 00 
0903 :00 
0904 : 00 
0905 : 00 
0906 : 00 
0907 : 00 

0909:oo 
0908: 00 

0910: 00 
0911:oo 
0912 : 00 
0913 : 00 
0914: 00 
0915 : 00 
0916:OO 
0917 : 00 

Elapsed 
time (min) (psi) 

0 
1 

0 

2 
3.0 
3.0 

3 
4 

3.0 

5 
3.0 

6 
3.0 
3.0 

7 3.0 
8 3.0 

, 9   3 . 0  
10 
11 

3.0 

11.07 
3.0 

1 2  16.0 
13  
14 

16.2 

1 5  
16.4 
15.5 

16   15 .5  
17  16.5 
18   17 .0  
19  
20 

16 .9  

z i  
17.0 

22  
17.0 

2 3  
17 .1  

24 
17.5 

25 
17.9 

26 
20.0 

27 
21.8 

28 
24.9 
18.0 

(Feet  of 
water) * 

0 .  
6.93 
6.93 
6.93 
6.93 
6.93 

6.93 
6.93 

6.93 
6.93 
6.93 
6.93 

36.96 
37.42 
37.88 
35;Sl 
35.81 
38.12 
39.27 
39.04 
39.27 
39.27 

40.43 
39.50 

41.35 
46.20 
50.36 
57.52 
41.58 

full 

Input 
Volume (ga l )  

Depth t o  Water 
( f t )  ** - 

17.4  
39.1 
54.4 
72.7 
91.3 

109.8 
127.7 
146.0 
164.3 
182.2 

201.2 
200.0 

216.9 
234.4 
251.8 
269.2 
286.6 
304.1 
321.3 
338.2 
355.9 
373.5 
390.9 
408.1 
425.0 
442.4 
460.3 
474.6 
491.1 

Comments 

' no water a t  surface 



Appendix  1-5. -- Pressure- in jec t ion  test  da ta .   ( con t )  

Hole No. CNA-3 T e s t  NO. 6 Total   depth  131.5 feet ,  uncased   in te rva l  18.5' to   154.5 '   below MP 

R i r  Released:  yes X .  no - Measuring  point :   top of cas ing2 .5 '   above   land   sur face  

Appl ied   p ressure  
Date Elapsed 1 (Fee t   o f   Inpu t  Depth t o  Water 

NO Dav Hour time (min) ( p s i )   w a t e r )  * Volume ( g a l )   ( f t )  * *  comments 

1 2  22  0918:OO 29 17.9 41.35 507.1 
14.2  '32.34 523.2 
12.8 29.57  539.4 
12.1 27.95 555.3 
10.0 23.10  569.7 . 

" 

0919:OO 30 
0920:OO 31 
0921: 00 32 
0922 : 00 33 

3 
T. 
-5 * above  measuring  point 
3 - ** below  measuring  point 

N E  
us: 
R 

- - 

2 a - - c.. _. - - 
r_ < 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole NO. CNA-3 T e s t  NO. 7 Total  depth 152.0 f e e t ,  uncased in te rva l  18.5' t o  154.5' below M P  

A i r  Released: yes  x. NO - Measuring point:   top of casing 2.5' above land  surface 

Applied  Pressure 
(Feet of In put Depth t o  Water Date  Elapsed 

- .  NO 

12 22 1253:OO 

1258 : 06 
1257 : 00 

1259:OO 
1300:OO 
1301: 00 
1302: 00 
1303: 00 
1304 : 00 

1306:OO 
1305; 00 

1307: 00 
1308: 00 

1310:OO 
1309:OO 

' 1312:OO 
'1311:OO 

1313 : 0 0 .  
1314 : 00 
1314: 55 
1315: 00 
1316 : 00 

' 1317:OO 
1318:OO 
1319:OO 

.1320:00 
1321:OO 
1322 : 00 
1323:OO 
1324:OO 

. .  

0 0 
0 0 
1 3.0 
2  3.0 

4 3.0 
5 3.0 
6 3.0 
7 
8 

3.0 
3.0 

9 
1'0 

3.0 
3.0 

11 
12  

3.0 
3.0 

13  
14 

3.0 

15 
3.0 
3 .0  

1 7  
16 3.0 

3.0 
17.9 
18 
19  

4.0 

20 
4.2 

2 1  
4.5 

22 
4.5 
4.6 

23 
24 

4.6 

25 
4.0 
3.8 

27 
26  3.5 

3.4 

3. 3 . 0  

water) * 

0 
0 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 

6.93 
6.93 

6.93 
6.93 

6.93 
6.93 

6.93 
6.93 
6.93 

9.24 

10.40 
'9.70 

10.40 

10.63 
10.63 

8.78 
9.24 

8.09 
7.85 

- 
volme (gal) - 

15.1 
32.9 
52.4 
71.9 
91.4 

110.9 
130.4 
149.9 
169.5 
189.1 
208.3 
227.5 
246.6 
265.7 
284.8 
303.8 
322.9 
341.9 

360.5 
359.3 

399.4 
380.0 

436.9 
418.3 

455.6 
474.4 
493.2 
511.9 
530.7 

- 
( f t )  ** Comments 



Appendix  1-5. -- Pressure- in jec t ion  tes t  data,   (conc) 

Hole NO. CNA-3 Test No. 7 Total   depth  152.0  feet ,   uncased  interval   18.5 '   to   154.5 '   below MP 

A i r  Released: yes X .  No - Measuring  point :   top of  casing  2.5 '   above  land surface 

Applied  Pressure 
Date Elapsed  (Feet   of  Input  Depth t o  Water 

Mo Day Hour time (min) (p s i )  water) * Volume (gel) (ft) ** Comments 
" 

1 2  22  1325:OO . 2 8  3.2  7.39  549.3 
1326:OO 29 3.0  6.93  566.8 
1327: 00 30 
1329:14  32.2 
1329: 20 32.3 

8.3 

* above measuring  point 
** below  measuring  point 



Appendix  1-5. -- Pressure- in jec t ion  tes t  d a t a .  

Hole No. CNC-1 Test No. 1 Total   depth  88.7  feet ,   uncased  interval   60.7 '   to   400.0 '   below MP 

A i r  Released: yes - NO - x Measuring  point :   top of casing  0.7 '   above 1ar.d s u r f a c e  

Applied  Pressure 
Elapsed   (Fee t   o f   Input   Deuth   to  Water Date 

No Day 
" - 
10 18 

Hour 

1544 : 00 
1545 : 00 
1546:OO 
1547: 00 
1548 : 00 
1549: 00 

1551:OO 
1550:OO 

1552 : 00 
1553:OO 
1554 : 00 
i555 :oo 
1556:OO 
1557 : 00 
1558: 00 
1559:OO 
1600:OO 
1601 : 00 
1602: 00 
1603 : 00 
1604 : 00 
1605: 00 
1606:OO 
1607 : 00 
1608 : 00 
1609:OO 
1610:OO 
1611:OO 
1612 : 00 
1613:OO 
1614 : 00 

- 
time (min) (psi) 

0 
1 

0 
5.4 

2 
3 

5.5 

4 12.3 
6.0 

6 
5 21.0 

7 
43.0 

8 .  
4'4. 0 

9 
45.0 

10 
45.5 
46.0 

11 46.0 
1 2  
1 3  

46.0 

1 4  
46.0 

15  
46.0 

16 
45.8 

1 7  
45.8 

18 
45.6 

19 
45.2 
45.1 

20  4.5. 0 
2 1  
22  

45.0 

23 44.8 
44.9 

24 
25 

44.3 

26 
44 .2  
4 4 . 1  

28 
27 44 .1  

29 
' 44.0 

30 
43.9 
43.8 

- 
water) * Volume ( g a l )  ( f t )  ** Comments 

0 
12.47  7.10 
12.71 
13.86  44.00 

27.70 

28.41  65.10 
48.51  85.00 
99.33  104.70 

101.64 
103.95 
105.11 
106.26 
106.26 
106.26 
106.26 
106.26 

105.80 
105.80 

105.34 
104.41 
104.18 
103.95 
103.95 
103.72 
103.49 
102.33 
102.10 
101.87 
101.87 
101.64 . 
101.41 
101.18 

0 small l eak  a t  casing  head 

L 



Appendix 1-5. -- Pressure-injection  test   data.   (cont) 

Hole No. CNC-1 Tes t  No. 1 Total  depth 88.7 f e e t ,  uncased in te rva l  60.7' t o  400.0' below MP 

A i r  Released:  yes __ NO - x Measuring point:  top  of  casing 0.7' above land  surface 

Date 
Applied  Pressure 

Elapsed  (Feet  of  Input Depth to Water 
MO Day Hour time (min) (psi) water) * Volume (ga l )   ( f t )**  Corrments - 

10 18 , 1615:OO 3 1  
1616:OO 

43.6  100.72 
32 43.3  100.02 

1618: 00 
1617 : 00 33  43.1 99.56 

34 
1619: 00 

43.0 
35 43.0 

99.33 
99.33 

' ' * above measuring point ' ** below measuring point  VI. 
C 

2 



Appendix.1-5. -- Pressure- inject ion  tes t   data .  

Hole No. CNC-1 Test NO. 2 Total  depth 108.7 feet , 'uncased  interval 60.7' t o  400.0' below MP 

A i r  Released:  yes __ NO 2 Measuring point:  top  of  casing 0.7' above land  surface 

Date Elapsed  (Feet of Input Depth t o  Water 
Applied  Pressure 

" 
Mo Day Hour t i n e  (min) (psi)   water) * Vollume ( g a l )  ( f t )  ** Coinments 

10 19 . 1518:OO 
1519:OO 
1520: 00 
1521: 00 
1522:OO 
1523:OO 

3 '  1524 : 00 

7: 1525: 00 
v1 1526:OO 
5 1527 : 00 
2 
2 1528: 00 

Ld= 
NP= 

1529: 00 
1530:OO 

z 1531: 00 
1532 : 00 

. ?  
2. s 
c, .. 
M 1533:OO 

1534: 00 
1535:OO 
1536:OO 
1537: 00 
1538: 00 
1539:OO 
1540: 00 . .  
154i: 00 
1542: 00 
1543:OO 
1544 : 00 
1545:OO 
1546: 00 
,1547: 00 
1548: 00 
1549:0(: 

0 
1. 
2 

4 '  
3 

5 
6 
7 
8. 

10 
9 

11 
1'2 

14 
13 

15 
16 
17 
18 
19 
20 

22 
21 

23 
24 
25 
26 
27 
28 
29 
30 
31 

0 
6.0 

10.2 
7.5 

14.5 
20.2 
30.5 
48.0 
48.0 
47.0 
46.2 
45.8 
45.0 
44.3 
43.8 
43.0 
42.8 
42.0 
41.3 
40.5 
40.0 
39.2 
38.8 
38.0 
37.4 
36.9 
36.2 
35.4 
35.0 
34.2 
33.9 
33.1 

0 
13.86 
17.32 
24.00 
33.50 
46.66 

110.88 
70.45 

108.57 
106.72 
105.80 
103.95 
102.33 
101.17 
99.33 
98.87 
97.02 
95.40 
94.00 
92.40 
0 0 ;  55 
89.62 
87.78 
86.39 
65.23 . 
83.62 
81.77 
80.85 , 

79.00 
78.30 
76.46 

18.9. 
37.8 
54.2 
71.8 
79.6 
91.7 
106.3 

vol.  gauge not working 

small  leaks 

* above measuring point 
** below measuring point 

,. . ~ -I 



Appendix  fi5. -- Pressure-injection  test'data. 
Hole No. CNC-1  Test  NQ.3  Tota1,depth  128.7  feet,  uncased  interval  60.7'  to  400.0'  below ~p 

Air  Released:  yes __ No x.' Measuring  point:  top of casing  0.7'  above  land  surface 

ltio Day ' Hour tire  (min) 
Date  Elapsed 
" - 

20  140O:OO 
1401 : 00 
1402 : 00 
.1403:00 
1404:OO 
1405: 00 
1406:OO 
1407: 00 
1408:OO 
1409:OO 
1410:OO 
1411: 00 
1412 : 00 
1413 : 00 
1414 : 00 
1415:OO 

1417 : 00 
1416:OO 

1418:OO 
1419:OO 
1420:OO 
1421:OO 
1422 : 00 
1423: 00 
1424: 00 
1425:OO 
1426:OO 
1427:OO 
1428 : 00 
1429:OO 
1430:OO 
143l:c'' 
1432:OO 

1 
0 

2 
3 
4 
5. 
6 
7 . '  

8 
9 
10 
11 
12 
13 
14 
15 
16 

18 
19 
20 
21 
22 
23 

25 
24 

26 
27 
28 
29 
30 
31 
32 

1.7 

(psi) 

0 
6.0 
7.5 

12.0 
9.0 

16.0 
22.5 
33.3 

48.9 
49.0 

48.9 
48.9 

48.9 
48.9 
48.9 
48.9 
48.8 
48.2 

48.1 
48.2 

48.1 
48.1 
48.0 
48.0 
47.8 
47.6 
47.2 
47.1 
47.0 
46.9 
46.6 
46.2 
46.1 

Applied  Pressure 
(Feet  of  Input  Depth to Water 
water) * 

17.32 
6.0 

20.79 
27.72 
36.96 
51.98 

113.19 
76.92 

113.00 
113.00 
113.00 
113.00 
113.00. 
113.00 
113.00 
112.72 

111.34 
111.34 

111.11 
111.11 
111.11 

110.88 
110.41 
110.00 
109.03 

108.57 
108.80 

108.33 
107.64 
106.72 
106.49 

110.88 

~ 

Volume  (gal)  (ft) ** Comments 

20.9 
41.4 
61.7 
81.3 
101.0 
121.5 
139.1 
152.8 

0 very  slight  leak 

* above measuring point ** below measuring point 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole No. CNC-1 Test No. 4 Total  depth 148.5 f e e t ,  uncased in te rva l  60.7' t o  400.0' below MP 

A i r  Reieased: yes __ No _x- Measuring point:  top  of  casing 0.7' above iand  surface 

Date 
NO Day Hour 
" 

10  21  1543:OO 
1544 :00 
1545 : 00 

1547 : 00 
1546:OO 

1549:OO 
1548 : 00 

1550:OO 
. 1551:OO 

1552:OO 
1553 : 00 
1554 :00 
1555:OO 
1556:OO 

1558:OO 
1557:OO 

1600:OO 
1559:OO 

Elapsed 
time ' (min)  

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

13 
12 

i4 
' 15 
16 
17 

Applied Pressure 
(Feet of 

( p s i )  water) * 
0 0 
5.9  13.62 
6.9  15.93 
8.5 
10.5 

19.63 

13.0 
24.25 
30.03 

17.0 
23.0 

39.27 

31.5 
53.13 
73.00 

43.0 
42.0 

99.33 

38.0 
97.02 
88.00 

36.0  83.16 
35.0 
33.0 

80.85 

31.0 
16.23 
71.61 

28.5  65.83 
26.0 60.'06 

Input Depth t o  Water 
volme (ga l )  . ( f t )  ** Comments 

0 0 la rge   l eaks  
21.4 
41.1 
61.4 
81.7 . 
101.6 
121.2 
141.1 
158.9 
174.6 

* above  measuring point  
** below masuring point 

. .  ! 4 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole No. CNC-1 Test NO. 6 Total  depth 148.5 f e e t ,  uncased in te rva l  60.7'  t o  400.0'  below ~p 

A i r  Released:  yes __ NO 2 Measuring point:  top  of  casing 0.7 '  above land  surface 

. .  Applied  Pressure 
(Feet of Input Cepth t o  Water Date 

Mo Day Hour t i n e  (min) (psi) 
Eiapsed 

" 

10 22 953:OO 

955: 00 
954: 00 

956:OO 
957 : 00 
958 : 00 

1000 : 00 
959: 00 

1001: 00 
1002: 00 
1003 : 00 
1004 : 00 
1005 : 00 
1006:OO 
1007: 00 
1008: 00 

101o:oo 
1009: 00 

1011: 00 
1012 : 00 

i o i 4  : 00 
1013 : 00 

1015: 00 
1016: 00 
1017 : 00 
1018: 00 

1020: 00 
1019: 00 

1021: 00 

1023 : 00 
1022: 00 

0 0 
1 
2 

5.0 
5.6 

3 7.0 
4 
5 

8 .0  

6 
9.6 

11.5 
7 
8 

14.0 
17.2 

9 21.2 
10 
11 

26.5 
31.5 

12  34.5 
13  
14 

35.0 

15   35 .0  
35.0 

16  35.0 
17  35.0 
18  35.0 
19 35.0 

21 
20 35.0 

35.0 
22 
23 

35.0 
35.0 

24 35.0 
25 34.8 
26 
27 

34.8 
34.8 

28  34.8 
29  34.8 
30  34.8 

water) * 

0 
11.55 

16.17 
12.93 

18.48 
22.17 

32.34 
27.00 

49.00 
39.73 

61.21 
73.00 
78.00 
80.85 
80.85 

.80.85 
80.85 
80.85 
80.85 
80.85 
80.85 
80.85 
80.85 
80.85 
80.85 
80.38 
80.38 
80.38 
80.38 
80.38 
80.38 

vo1m-e ( g a l )  - 

0 

19.2 
37.7 
55.6 
72.6 

101.3 
87.7 

114.4 
126.7 
138.8 
149.8 

162.7 
158.0 

162.8 

( f t )  ** - Comments & 



Appendix 1-5. -- Pressure-injection  test   data.   (cont) 

Hole No. CNC-1 T e s t  NO-.  6 Total  depth 148.5 f e e t ,  uncased in t e rva l  60.7' to 400.0' below ~p 

A i r  xeleased:  yes __ NO x: Measuring point:  top  of  casing 0 . 7 '  above land  surface - 

Date Elapsed 
Applied  Pressure . .  

(Feet of Input Depth t o  Water 
-. E x  MO Hour time (min )  (psi)   water) * Volume ( g a l )   ( f t )  ** Comments 

10  22 1024:OO 31  34.8  80.38 
1025 : 00 '32 
1026:OO 33 

34.8  80.38 
34.8  80.38 

1027 : 00 34  34.8 
1028: 00 35  34.8 80.38 

80.38 

1029:OO 36  34.8  80.38 

* . above measuring point 
** below measuring point 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole No.  CNC-1 Test No* Total  depth 168.4 f e e t ,  uncased in te rva l  60.7'  t o  400.0' below M P  

A i r  Released:  yes - NO - X. Measuring point:   top of casing 0.7 '  above land  surface 

Date 
Mo Day Hour 

10 25 1243:OO 
1244 : 00 
1245 : 00 
1246:OO 
1247 : 00 
1248 : 00 
1249:OO 
1250:OO 
1251: 00 
1252 : 00 
1253 : 00 
1254:OO 
1255 : 00 
1256: 00 
1257 : 00 
1258: 00 
1259 : 00 
1300:OO 
1301:OO 
1302:OO 
1303 : 00 
1304: 00 
1305:OO 
1306: 00 
1307 : 00 
1308 : 00 
1309 : 00 
1310:OO 
1311:OO 
1312:OO 
1313:OO 

" 

Elapsed 
tixle (min) 

1 
0 

2 
3 
4 
5 
6 
7 
8 
9 
10  
11 
12  

' 1 4  
1 3  

1 5  
16  
17 
1 8  
19 
20 
2 1  
22  ' 

23 
24 
25 
26 
2 1  
28 

' 30 
29 

(ps i )  - 
0 
4.8 
5.5 
7.8 
9.0 
9.0 

13.8 
18.4 
23.8 

47.0 
33.0 

46.8 
46.8 

46.8 
46.8 

46.8 
46.8 
46.8 
46.8 
46.8 
46.8 
46.8 
46.8 
46.8 
46.8 
46.8 
46.8 
46.8 
46.8 
46.8 
46.8 

&l ied  Pressure 
(Feet  of 
water) * 

0 
11.08 
12.70 
18.01 
20.79 
20.79 
31.87 

55.00 
42.50 

108.57 
76.23 

108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 
108.10 

out   of   fuel  

Input Depth t o  Water 
volums ( g a l )   ( f t )  ** Corrments 

. .  

0 

41.5 
2 1 . 1  

82.9 
62.0 

112.9 
93.1 

133.1 
152.2 
171.7 
187.4 



Appendix 1-5. -- Pressure-injection test data. (cont) 

Iiole No. CNC-1 Test No. Total  depth 168.4 feet, uncased interval 60.7' to 400.0' below M q  

Air Released: yes - No __ x' Meassring  point: top of casing 0.7' above land surface 

10 25 1314:OO 31 46.8 
1315:OO 

108.10 
32 46.8 

1316:OO 
108.10 

33 
1317 : 00 

46.8  108.10 
34 46.8  108.10 

1319:OO 35 
1320:OO 

46.8 
36 

108.10 
46.8  108.10 

* above  measuring  point 

** below measuring  point 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole No.  CNC-1 T e s t  No. 8 Total  depth 188.2 f ee t ,  uncased in te rva l  60.7' t o  400.0' below ~p 

A i r  Released:  yes __ NO x Measuring point:   top of casing 0.7' above land surface 

MO 
Date 

- 
26 

0917 : 00 
0916: 00 

0918: 00 
0919: 00 
0920:OO 
0921 : 00 
0922: 00 
0923 : 00 
0924: 00 
0925: 00 
0926:OO. 

' 0328:OO 
0927 : 00 

0929: 00 
0930: 00 

. 0932: 00 
0931: 00 

0933:OO 
0934 : 00 
-0935: 00 
0936:OO 

0938 : 00 
0937:OO 

' 0939:OO 
0940:OO 
0941: 00 
0942:OO 
0943:OO 
0944 : 00 
0945 : 00 
0946 : 00 

Elapsed 
time (min) 

0 
1 
2 
3 

. 4  
5 

7 
6 

TJ 
9 
10 
11 
12 

14  
13 

1 6  
15 

17  
18  
1 9  
20 
2 1  

. 22 
23 
24 
25 
26 
27 
28 

30 
29 

~~ 

Applied  Pressure 
(Feet of 

(psi) 

0 
4.0 
5.3 
6.5 
8.0 
9.7 

12.2 
15.5 
20.2 
27.2 
38.0 
37.8 
37.8 

38.0 
37.8 

38.0 
38.0 

38.0 
38.0 

38.0 
38.0 

38.0 
38.5 
38.5 
38.5 
38.5 
38.5 
38.5 
38.5 
38.5 
38.5 

Input Depth t o  Water 

0 

12.24 
9.24 

15.01 
18.48 
22.40 

35.80 
28.18 

46.66 
62.83 

87.31 
87.78 

87.31 
87.31 
87.78 
87.78 

. 87..78 
87.78 
87.78 
87.78 
87.78 
87.78 
88.93 
88.93 
88.93 
88.93 
88.93 
88.93 
88.93 
88.93 
88.93 

18.8 

59.9 
39.9 

81.0 
100.7 
121.1 
140.9 
161.0 
180.2 
199.8 

L 



Appendix 1-5. -- Pressure-injection  test   data.   (cont) 

Hole No. mc-1 Test NO. 8 Total  depth 188.2 f e e t ,  uncased in t e rva l  60.7'  t o  400.0' below MP 

A i r  Released: yes __ No x. Measuring point:  top  of  casiny 0.7 '  above land  surface 

Applied  Pressure 
Date Eiapsed  (Feet of Input Depth to Water 

No Day . Hour' t i n e  (min) " (psi) water)* Volume ( g a l )   ( f t )  ** Comments 

10 26 0947:OO . 31  38.5  88.93 
0 948: 00 32 38.5  88.93 
0949:OO 33 
0 950: 00 ' 34 

38.5  88.93 

0951:OO 
38.5 

35 
88.93 

38.5  88.93 

€ 

s .. ** below measuring point . . 

7: * .  above' measuring point  
m 

3 
P "  
0%. 

' :  
0. 

z 

5 
c - 



Appendix 1-5: -- Pressure- inject ion  tes t   data .  

Hole NO. CNC-1 Test No. 9 Total  depth 204.4 f e e t ,  uncased in t e rva l  60.7' t o  400.0' below M P  

A i r  Released: ycs X. No - Measuring point:   top of casing 0.7' above land  surface 

10 27 

Date 
140 Day " .  Hour 

1055:OO 
1056:OO 
1057 : 00 
1058: 00 
1059 : 00 
11oo:oo 
1101 : 00 
1102 : 00 
1103 : 00 
1104 : 00 
1105:OO 
1106: 00 
1107 : 00 
1108: 00 
1109:oo 
1109:  20 
111o:oo 
1111:oo 
1112 : 00 
1113 : 00 
1114 : 00 
1115: 00 
1116: 00 
1117 : 00 
1118 : 00 
1119 :oo 
1120:oo 
1121: 00 
1122 : 00 
1123 : 00 
1124 : 00 
1125 : 90 

Elapsed 
time (min) 

0 
1 
2 
3 
4 
5 
6 

' 7  
8 

' 9  
10  
11 
12  
13 
14  

15 
14.3 

16  
11 
18  
1 9  
20 
2 1  

.22 
'23 
24 
25 
26 
27 
28 
29 
30 

(psi) 

0 
2.5 
2.5 
2.5 
2.5 
2.5 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

44.0 
41.0 
40.0 
38.5 
35.0 
32.4 
30.5 
29.0 
28.0 
27.8 
26.5 
25.6 
25.0 
24.3 
23.8 
23.0 
22.3 

Applied  Pressure 
(Feet of Input Depth t o  Water 
water) * volume (ga l )  ( f t )  ** Comments 

5.78 
5.78 
5.78 
5.78 
5.78 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 
6.93 

101.64 
94.71 
92.40 
88 ~ 93 
80.85 
74.84 
70.45 
67.00 
64.68 
64.21 
61.21 
59.13 
57.75 
56.13 
55.00 
53.13 
51.51 

27.8 
46.7 
65.8 
84.5 
93.8 

112.9 
130.5 
148.9 
167.1 
185.9 
203.8 
222.0 
240.3 
258.5 
274.0 f u l l  



~ ~~ 

Appendix 1-5. -- Pressure-Zinjection t e s t   d a t a .  (cont) 

Hole NO. CNC-1 Test No. g Total  depth 204.4 f e e t ,  uncased in t e rva l  60.7' t o  400.0' below MP 

A i r  Rcleased: yes x. No - Measuring point:   top of casing 0.7' above land  surface 

Date  Elapsed . (Feet of  Input Depth t o  Water 
Applied  Pressure 

Mo Day Hour time (min)  (ps i ) .   water )  * volume ( q a  ( f t )  ** Corrments 
" 

10 27 1126:OO 3 1  21.9  50.58 
1127:oo .32  21.3 
1128: 00 .33  21.0  48.51 

49.20 

1129: 00 34  20.6  47.58 
1130: 00 35 20.8  48.04 

3 
F * above measuring point  

** below measuring point 3 
3 

mR= 

C 

0 

.. 



Appendix  1-5. -- Pressure-injection tes t  da ta .  

Hole NO. CNC-1 Test NO- 9~ Tota l   depth  204.4 feet, uncased   in te rva l   60 .7 '  t o  400.0' below M P  

A i r  Released: yes __ No _XL Measuring  point :   top of cas ing   0 .7 '   above   land   sur face  

Applied  Pressure 
[Fee t  of Inpu t  Depth t o  Water Date Elapsed 

Mo Day Hour time (min) 
" 

10 23 1308:OO 0 
1309: 00 1 
1310: 00 2 
1311:OO 3 
1312: 00 4 
1313 : 00 5 
1314:OO 6 
1315:OO 7 
1316: 00 8 
1317 : 00 9 
1318:OO 10 
1319:OO 11 
1320:OO 1 2  
1321 : 00 1 3  
1322: 00 1 4  
1323:OO 1 5  
1324:OO 1 6  
1325:OO 17 
1326:OO 18 
1327:OO 19  
1328:OO  20 
1329:OO 21 
13.30:OO  22 
1331: 00 23 
1332:OO . 24 
1333:OO 25 
1334:OO 26 
1335:OO 2 1  
1336:OO 28 
1337:OO 29 
1338:OO 30 

0 
2.5 
4.5 
5.0 

7.8 
6.3 

11.5 
9 .5  

13.0 
14.8 
17.2 
20.2 
24.0 
28.6 
34.3 

40.0 
40.0 

39.9 
39.9 
39.9 
39.9 
39.9 
39.9 
39.9 
39.9 

39.9 
39.9 

39.9 
39.9 
39.9 
39.9 

~ 

water) * volume ( g a l )   ( f t )  ** Comnnts  

10.39 
5.8 

11.55 
14.55 
18.01 
21.94 
27.00 
30.03 
34.18 

46.66 
39.73 

55.44 
66.00 
79.00 
92.40 
92 ;40 
92.16 
92.16 
92.16 
92.16 
92.16 
92.16 
92.16 
92.16 
92.16 
92.16 
92.16 
92.16 . 
92.16 
92.16 

18 .4  
37.0 
55.5 
74.0 

110.7 
92.4 

128.8 
139.1 
161.6 
164.2 
176.3 
187.8 
199.3 
209.8 
219.0 



Appendix 1-5. -- Pressure-injection  test   data.   (cont) 

Hole fi0- CNC;1 ' Test No. 9A Total depth 204.4 f e e t ,  uncased in t e rva l  60.7' t o  400.0' below MP 

A i r  Released: yes __ NO x: Measuring point:   top of casing 0 .7 '  above land  surface 

Date Elapsed 
Applied  Pressure 

(Feet  of 
. .  

Mo Day 
Input 

Hour 
Depth t o  Water 

____ time  (min) (psi)   water) * Volume ( g a l )  ( f t )  ** Comments . 

10 27 1339:OO 31 

" 

1340:OO 
39.9 

: 32 
92.16 

39.9 
1341: 00 

92.16 
33 39.9  92.16 

1342: 00 34  39.9  92.16 
1343: 00 ' 35 39.9 
1344 : 00 

92.16 
36 39.9  92.16 

3 1345: 00 .37 39.9 . 92.16 

z, - ** .below  measuring point 

2 

;c 
C * above measuring point . m 
J 

e" e* 

z c. 
!L 

0 - 

L, 
e 

.. 



Appendix  1-5. -- Pressure-injection  test  data. 
Hole Xo. CNF1  Test NO. 10 Total  depth  223.5  feet,  uncased  interval  60.7'  to  400.0'  below ~p 

air Released:  yes 'no Measuring  point:  top of casing  0.7'above  land  surface 

Date 
- X0 IIour 

10 28  1052:OO 
1053 : 00 
1054 : 00 
1055:OO 
1056: 00 
1057:OO 
.1058:00 

. 1059:OO 
1100: 00 
1101 : 00 
1102 : 00 
1103 : 00 
1104: 00 

1106: 00 
1105: 00 

. . 1108:OO 
1107: 00 

1109: 40 
111o:oo 
1111: 00 
1112: 00 
1113 : 00 
1114 : 00 
1114 : 02 
1115: 00 
1116: 00 
1117 : 00 

Elapsed ! 
time  (rnin) 

0 
1 
2 
3 
4 
5 

7 
6 

8 
9 
10 
11 
12 
13' 
14 
15 
16 

18 
17 

19 
20 
21 
22 
22.02 
23 
24 
25 

(psi) 

0 
3.0 
3.0 
4.0 
5.0 
5.5 
5.5 
6.5 

8.5 
7.5 

10.0 
9;  5 

11.5 
13.5 
16.0 
20.5 
39.0 
50.0 
12.0 

4.5 
5.5 

4.0 

50.0 
4.0 

25.0 

15.5 
19.0 

Applied  Pressure 
(Feet of Input  Depth  to  Water 
water) * 

0 
6.93 
6.93 

11.55 
9.24 

12.71 
12.71 
15.02 
17.33 
19.64 
21.95 
23.10 
26.57 
31.19 
36.96 
47.36 
90.09 
115.50 
27.72 
12.71 
10.40 
9.24 
9.24 

115.50 
57.75 
43.89 
35.81 

Volume (ga l )  (ft) **  Comments 

. o  air  released  partially 
29.6 
49.0 
58.2 
77.f 
97.2 

. 116.8 
134.4 
153.4 
171.9 
190.5 
208.9 
227.0 
244.9 
262.8 
280.4 
297.0 
301.0 

301.0 
301.3 

repressure 



Appendix '1-5. -- Pressu re - in j ec t ion   t e s t   da t a .   ( con t )  

i lO l t ?  so. CNC-1 Test No-10 Total depth 223.5 f e e t ,  uncased  interval  60.71 to 400.07 below MP 

Air Released:  yes x __ no-." X Measuring  point: top of cas ing0 .7 '  above  land  surface 

Date  Elapsed ! (Fee t   o f   Inpu t  Depth to  Water 
Applied  Pressure 

.';ox Hour time (min) (hsi) water)* Volume ( g a l )   ( f t )  ** Comments 

10 28 1118:OO 
'1119:OO 
1120: 00 
1121: 00 
1122 :.oo 
1123 : 00 
.1124: 00 
1134: 00 
1136: 00 

26 
27 
28 
29 
30 
31 
32 
42 
44 

14.0 32.34 
13.5 31.19 
12.9 29.80 
12.0 27.72 
11.5 26.51 
11.0 2 5 ~ 4 1  
10.5 24.26 

0.42 
0.47 

* above  measuring  point 
** below  measuring  point 



Appendix 1-5. -- Pressure-injection  test data. 

Hole NO. CNC-1 Test N ~ .  11 Total  depth 242.3 feet,  uncased  interval 60.7' to 400.0' below ~p , 

Air Released: yes - No __ X Measuring point: top of casing 0 . i '  above land surface 

' Date 
" 
MO Day Hour 

10  29 1006:OO 
1007: 00 
1008: 00 
1009:oo 
1010 : 00 
1011: 00 
1012 : 00 
1013:OO 
1014 : 00 
1015: 00 
1016 : 00 
1017 : 00 
1018 : 00 
1019: 00 
1020: 00 
1021: 00 
1022 : 00 
1023 : 00 
1024 : 00 
1025 : 00 
1026: 00 
1027: 00 
1028: 00 
1029:oo 
1030: 00 
1031: 00 
1032: 00 
1033 : 00 
1051: 00 
1052:OO 
1053: on 

time (min) 
Elapsed 

0 
1 
2 

4 
3 

5 
6 
7 
8 
9 

10 
11 
12  
13  
14 
15 
1 6  
17 
18  
1 9  
20 
2 1  
22 
23 
24 

26 
25 

45 
27 

46. 
47 

Applied Pressure 
(Feet  of Input 

- (psi) 

0 
4.0 
4.5 

6.2 
5.0 

7.0 

10.0 
8.5 

11.8 
14.2 
15.5 
19.0 
21.5 
28.0 
32.0 
38.5 
44.0 
44.0 
44.0 
44.0 
44.1 

44.2 
44.2 

44.2 
44.2 
44.2 
44.2 
44.2 

0 

Deuth to Water .~ ~ - 
water) * Volume (gal)  (ft)** Comments 

0 
9.24 

10.40 
11.55 
14.32 
16.17 
19.64 
23.10 
27.26 
32.80 
35.81 
43.89 
49.67 
64.68 
73.92 

101.64 
88,94 

101.64 
101.64 
101.64 

102.10 
101.87 

102.10 
102.10 
102.10 
102.10 
102.10 
102.10 

0 

27.6 
37.1 
55.2 
73.1 

100.7 
108.0 
125.3 
142.2 

. 158.9 
175.5 
193.0 
218.2 
224.1 
247.8 
250.0 
258.7 

258.7 
279.6 
300.1 

filling with  water 

open hole 



Appendix 1-5. -- Pressure- inject ion  tes t   data .   (cont)  

Hole N o .  CNC-1 Test No. .11 Total  depth 242.3 f e e t ,  uncased in te rva l  60.7' t o  400.0 '  below ~p 

A i r  Released:  yes __ NO Measuring point:   top  of  casing 0.7 '  above land  surface 

Applleci Pressure 
Date Elapsed  (Feet of Input Depth t o  Water 

( f t ) * *  Comments " MO Day Hour time (min)  (psi)   water)  * Volume (ga l )  __ 

10 29 1054 : 00 48 
1055 : 00 49  
1056:OO 
1057 : 00 5 1  

50  

1058: 00 52  
1059:OO 53 

313.9 
323.1  

0.01 

0.03 
0.02 

0.05 

m 
C 

71 * above measuring point  

a 
** below measuring point 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole NO. CNC-1 Test  No- 12 Total  depth '260.0 f ee t ,  uncased interval"60.7'  to 400.0' below ~p 

A i r  Released: yes X No - Measuring point:   top  of  casing 0.7' above Ian6 surface 

Date 
MO Day - Hour 

11 1 
1140:OO 
1139: 00 

1141: 00 
1142 : 00 

' 1143:OO 
1144 : 00 

' 3  1145 : 00 
2; 1146 : 00 
v1 1147: 00 
5 1148: 00 
2 

c-F" 

m 
u7 
-. 1149:OO 

1150: 00 
1151:OO 

" 2  1152: 00 
2. 1153:OO 
Y 
m 1154 : 00 

1155: 00 
1156: 00 
11.57: 00 

1158 : 00 
1157 : 48 

1159: 00 

u, 

1200:bo 
1201:oo 
1202:oo 
1203 : 00 
1204 : 00 
1205 : 00 
1206:OO 
1207 : 00 
1208 : 00 

Elapsed 
Applied Pressure 

(Feet of 
~ 

time (min) (psi) 

0 
1 

0 
3.5 

2 3.5 

4 
3 3.5 

3.5 
5 
6 

3.5 
3.5 

8 
7 3.5 

3.5 
9 
10 

3.5 
3.5 

11 3.5 
12 
13 

. . 3.5 
3.5 

14 3.5 
15  3.5 
16 3.5 
17 3.5 
18 3.5 

19 
18.8 

20  11.2 
21 10.2 
22  9.9 
23  9.5 
24  9. 0. 
25 
26 

8.8 
8.5 

27 
28 

8.2 

29 
8.0 
7.9 

1 5  
50 

water) * 

0 
8-09 
8.03 
8.09 
8.09 
8.09 

8.03 
8.09 

8.03' 
8.09 
8.09 

8.09 
8.09 

8.09 
8.09 
8.03' 
8 :09 
8.09 
8.09 

115.50 
34.65 
25.87 

22.87 
23.56 

20.79 
21.95 

19.64 
20.33 

18.94 
18.48 
18.25 

Input Depth t o  Water 
Volume (ga l  ) ( f t )  ** Comments 

19.4 
38.6 
57.6 
76.6 

114.5 
95.5 

133.4 
152.3 
181.2 
199.4 
207.1 

242.3 
224.8 

259.8 

294.1 
277.0 

327.9 
311.0 

342.5 full 

* above  measuring point 
** below measuring  poitit 



Appendix 1-5. -- Pressure-injection  test   data. .   (cont) 

Hole No. mc-1 Test NO. 1 2  Total  depth 260.0 f e e t ,  uncased in t e rva l  60.7' to 400.0' below MP 

A i r  Released: yes  No Measuring point:   top of casing 0.7' above land  surface - 

Applied  Pressure 
Date Elapsed  (Feet  of Input Depth t o  Water 

Mo Day Hour - time (min) (ps i )  water) * Volume ( g a l )   ( f t )  ** Comments 
" 

11 1 1209 : 00 30 
1210:oo 
1211:oo 

3 1  

1212: 00 
32 
33 

1213:OO 34 
1213:OO 
1219: 00 

0 
40 

7.5 
7.4 

17.33 

7.3 
17.09 
16.86 

6.8 
7.2  16.63 

15.71 
0.23 
0.27 

* above measuring point 
** below measuring point  



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole No. a c - 1  Test No. 13 Total  depth 279.6 f e e t ,  uncased in te rva l  6 0 . 7 '  t o  400.0'  below &IP 

A i r  Released:  yes __ x No - Measuring point:   top  of  casing 0.7' above land  surface 

Applied Pressure 
Date 

Mo Day Hour . -  - 

11 2 1036:OO 
1037 : 00 
1038: 00 
1039: 00 
1040:OO 
1041: 00 
1042 : 00 
1043 : 00 
1044 : 00 
1045:OO 
1046 : 00 
1047 : 00 
1048: 00 
1049: 00 
1050: 00 
1051: 00 
1052 : 00 
1053 : 00 
1054 : 00 
1055: 00 
1056: 00 
1056; 10 
1057 : 00 
1058 : 00 
1059:OO 
1100: 00 
1101: 00 
1102: 00 
1103 : 00 
1104 : 00 

Elapsed 
time (min) 

0 
1 
2 
3 
4 
5 
6 

8 
7 

9 
10 

' 11 
' 12 
13 
14 
15 
16 

18 
17 

19 
20 
20.2 
21 
22 
23 
24 . 
25 
26 
27 
28 

(psi) 

0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

50.0 
4.0 

24.8 
18.2 
14.2 
10.9 
7.8 
5.5 
3.5 
2.0 

(Feet of 
water) * 

9.24 
9.24 
9.24 
9.24 
9.24 
9.24 
9.24 
9.24 
9.24 
9.24 
9.24 
9.24 
9.24 
9.24 
9.24 
9.24 
9.24 

9.24 
9.24 

9.24 
115.50 

42.04 
57.29 

25.18 
32.80 

18.02 
12.71 
8.09 
4.62 

Input Depth to Water 
Volume ( g a l )   ( f t )  ** Comments 

18.8 
38.3 
51.6 
76.8 

115.2 
96.0 

134.5 
153.7 
172.3 
190.9 
209.5 
227.9 
246.9 
264.1 
281.9 
299.6 
316.8 
334.1 
351.3 
368.6 
370.1 f u l l  



.~ppendix 1-5. -- Pressure-injection t e s t  data. '(cant) 

A i r  Released:  yes _x, No __ Measuring point:  top of casing  0.7' above land  surface 

Date Elapsed 
Applied  Pressure 

(Feet  of Input 

Mo Day ' Hour ___ time (min) (Ps i )  water) * Volume ( g a l )   ( f t )  **  Comnents 
Depth to Water 

" 

11 2 1107 : 00 31 
1109: 00 
1111:oo 

33 
35 

1131: 00 55 

0.15 
0.17 
0.17 
0.20 

* above measuring point  
** below measuring point  

. .  . . .  .. 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole No. CNC-1 Test No. .14  Total  depth 350.0 f e e t ,  uncased in te rva l  60.7 '  t o  400.0 '  below ~p 

A i r  Released: yes __ x NO - Mensurinq point:   top of casing 0.7'  above l a d  surfzce 

Date 
Mo Day 
" 

Hour 

11 3 1520:OO 
1521:OO 
1522 : 00 
1523:OO 
1524 : 00 

1526:OO 
1525 : 00 

1527:  00 
1528:  00 
1529:OO 
1530:OO 
1 5 3 1  : 00 
1532:OO 
1533:OO 
1534:OO 
1535:OO 
1536:OO 
1537:OO 
1538 : 00 
1539:OO 
1540:  00 
1541:  00 
1542 : 00 
1543:OO 
1544 : 00 

1546:OO 
15'45 : 00 

1546:05 

Elapsed 
time (min) 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
1 9  
20  
2 1  
22 
23 
24 
25 
26 
26.1 

(psi) 

0 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4 .5  
4.5 
4 .5  
4 .5  
4.5 
4 .5  
4.5 
4.5 

4.5 
4.5 

4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 

45.0 

Applied Pressure 
(Feet  of 
water) * 

10.40 
10 .40  
10 .40  
10.40 

10.40 
10.40 

10.40 
10 .40  

10.40 
10.40 

10.40 
10.40 
10.40 
10.40 
10.. 40 
10 .40  
10.40 

10.40 
10.40 

10.40 
10 .40  
10 .40  
10.40 
10.40 
10.40 
10 .40  

103.95 

Input Depth t o  Water 
Volume ( g a l )   ( f t )  ** Comments 

19.8 
39.5 

78.3 
58.8 

97.3 
116.7 
136.0 
1 5 5 . 1  
1 7 4 . 1  
193.0 
211.9 
230.9 
259.5 
270.3 
285.9 
303.8 
321.7 
349.3 
360.4 
374.3 

408.2 
391.3 

424.9 
441.7 
458.4 
474.9 , 

477.0 full 



Appendix  1-5. -- Pressure- in jec t iqn  test  da ta .   ( con t )  

Hole NO. CNC-1 Test NO. -14 Total   depth  350.0.feet ,   uncased inter+ax 60.7' t o   400 .0 '  below M P  

A i r  Released:  yes - X NO Measuring  point :   top  of   casing  0 .7 '   above  land  surface - 

Date 
Applied  Pressure 

Mo Day Hour time (min) ( p s i )  
E lapsed   (Fee t   o f   Ingut  Depth t o  Water 

" - - .  
11 ' 3 . 1547:OO 

1548 : 00 
1549:OO 
1550:OO 

1552: 00 
1551: 00 

1554: 00 
1553:OO 

1555:OO 

1557 : 00 
1556: 00 

1558: 00 
1559: 00 
1600: 00 
1601 : 00 
1602 : 00 
1603 : 00 
1604: 00 
1606: 00 
1615 : 00 
1625 : 00 

27 25.0 
28 18.2 
29 16.0 
30 
31 

14.9 

32 12 .0  
13.2 

33 
34 

11.5 

35 
11.0 
10.2 

36. 10.0 
37 
38 

9.8 
9.0 

40 
39 8.5 

' 8.0 
4 1  
4 2  

7.6 

43 
7 .1  
6.8 

44' 6.7 
46 
51 
61 

- 
water) * Volume ( g a l )  (ft) ** Comen ts 

57.75 
42.04 
36.96 

30.49 
34.42 

27.72 
26.57 
25.41 
23.56 
23.10 
22.64 
20.79 
19'.  64 
18.48 
17.56 
16.40 
15.71 
15.48 

0.17 
0.18 
0.19 

* above  measuring  point 

** below  measuring  point 

' 9  



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole NO. CNC-1 N o .  '15 Total  depth 400.0 feet, uncased in te rva l  60.71 to 400.0s below MP 

A i r  Released: ycs __ X NO - Measuring point:   top  of  casing 0.7 ' above land  surface 

Applied  Pressure 
Date 

Mo Day Hour 
" 

time (min) 
Elapsed 

11 ' 4 1103 : 00 
1104 : 00 
1105: 00 
1106:OO 
1107 : 00 
1108:OO 
1109 : 00 
111o:oo 
1111 : 00 

f 
ij 

1112 : 00 

unm 
1113: 00 

u 9. 1114 : 00 
2= 1115: 00 
2 m 1116: 00 

0. 1117 : 00 
5 1118 : 00 

s 
7i 
,A 

C 

.a 1119:oo 
1120: 00 
1121 : 00 
1122 : 00 
1123:OO 
1124 : 00 
1125: 00 

,1127 : 00 
1126: 00 

1128 : 00 
1129: 00 
1130:OO 
1131 : 00 
1132:OO 
1133:OO 

0 
1 
2 
3 
4 
5 

7 
6 

8 
9 

10 
11 
1 2  
1 3  
14  

16 
1 5  

1 8  
17 

1 9  
20 
2 1  
22 
23 
24 
25 . 
26 
27 
28 
29 
30 

(psi) 

0 
1.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5'. 0 

5.0 
5.0 

5.0 
5.0 

5.0 
5.0 

5.0 
5 .0  
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5 .0  
5~. 0 

(Feet  of 
- water) * 

2.31 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11'. 55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 
11.55 

Input Depth t o  Water 

Volume ( g a l )   ( f t )  ** Comments 

17.8 
35.6 
53.4 
71.2 
89.0 

107.1 
125.2 
144.5 
161.0 
179.1 
196.6 
214.6 
232.2 
249.9 
267.2 
284.3 . 
301.3 
318.2 
335.0 
352.0 

385.2 
368.6 

401.6 
417.9 
434.1 
450.4 
466.6 
482.8 
498.6 
513.3 



Appendix  1-5. -- Pressure- in jec t ion  test da ta .   (cont )  

Hole No. cNc-1 Test NO. 15  Total   depth  400.0 feet ,  uncased in te rva l   60 .7 '  to 400.0' below ~p 

A i r  Released:  yes No Measuring  point:  top of .cas ing   0 .7 '   above   land   sur face  - 

Date 
Applied  Pressure 

Elapsed  (Feet  of  Input  Depth to Water 
"Day I40 Hour time (min) (psi) 

11 4 
1135:OO 
1134:OO 

1136: 00 
1136:50 
1137 : 00 
1138:OO 
1139:OO 
1140: 00 

1142:OO 
1141  : 00 

1144:OO 
1143:OO 

1145: 00 
1146:OO 
1147 : 00 
1148: 00 
1149: 00 
1150: 00 

1152: 00 
1151 : 00 

1154:OO 
1153:OO 

1155:OO 
1156:OO 
1157:OO 
1200 : 00 
1215 :oo 
1230 :oo 

31 
32 

5.0 

33 
5.0 
5.0 

33.8  55.0 
34 
35 

32.0 

36 
29.8 

37 
27.5 

38 
25.9 
24.5 

39 23.0 
40 
4 1  

21.5 

42 
20.2 
19.8 

43 18.9 
44 
45 

17 .5  

46 16.0 
17.0 

47 15.2 
48 14.2 
49 13.7 
50 
51  12.3 

13.0 

'52 
53 

11.9 

54 
11.2 

57 
10.9 

72 
87 

water) * Volume ( g a l )   ( f t )  ** CoIrments 

11.55 
11.55  545.5 

529.9 

11.55 
127.05 

561.1 
567.2 

73.92 
68.84 
63.53 
59.83 
56.60 
53.13 
49.67 
46.66 

43.66 
45.74 

40.43 
39.27 
36 i 96 
35.11 

31.65 
32.80 

30.03 
28.40 
27.50 
25.87 
25.18 

0.12 
0.14 
0.17 

* above  measuring  point 
** below  measuri,lg  point 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole NO. CNC-4 T e s t  No- 1 Total  depth 26.7 f e e t ,  uncased in te rva l  50.6 '  t o  53.3' below MP 

A i r  Released:  yes x No - Keasuring  point:  top  of  casing 0.8'  above land  surface 

Date 
MO Day Hour 

11 24 1115:OO 
1116: 00 
1117:OO ~ 

1119: 00 
1120: 00 
1140: 00 
1150: 00 
1200: 00 
1220:oo 

1245 : 00 

" 

1118 : 00 

3 
? 
rn 

3 
E 

. ?  
U I m  
UB 

0 1230:OO -. 

t i n e  (min)  
Elapsed 

(psi) 

0 
1 

0 

2 
4.0 
4.0 

3 5.0 
4 6.3 
5 8 . 1  

. .  

25 
35 
45 
65 
75 
90 

Applied  Pressure 
(Feet  of  Input Depth t o  Water . 
water) * Volume . ( g a l )   ( f t )  ** Coments 

0 0 
9.24 
9.24 

5.0 

11.55  15.5 
9.8 

14.55 
18.71 

24.4 
32.4 

14.30 
14.50 
14.45. 
14.60 
14.63 
14.65 

Packer s e a l  broken 

. $  
g. 
c ** below measuring point 

* above measuring point  
E 



Appendix 1-5. -- Pressure-injection test data. 

Hole NO. CNC-6 Test No. 1 Tota l  depth 21.3 feet,  uncased  interval $3.6'  to 9 6 , 3 '  below MP 

Air Released: yes -x no __ Measuring point: top of casing0.5'  above land surface 

Applied Pressure 
Date Elapsed I (Feet'of ' Input Depth  to  Water 

: E x  Hour time  (min) (psi) water)* Volume (gal) (ft) * *  Comments .. 
2 

. 1115:OO 
1114 : 00 

1116: 00 
1117 : 00 
1118 : 00 
1119:oo 

. 112o:oo 
1121:oo 
1124 : 00 
1125: 00 
1126:OO 

1128:OO 
1127 : 00 

1129:OO 
1130:OO 

1132:OO 
1131 : 00 

1133:OO 
1134 : 00 

. 1139:OO 
1144: 00 
1149 : 00 
1154 : 00 
1159: 00 
1204 : 00 

1214 : 00 
1209: 00 

0 
1 
2 

4 
3 

5 

7 
6 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
1 6  
17 
18 
1 9  
20 
25 
30 
35 
40 
45 
50 
55 
60 

0 0 
2.0 4.62 
2.0 4.62 
2.0 4.62 
2.0 4.62 

50.0 115.50 
2.0 4.62 

1.0 2.31 

0 
5.90 
11.30 
16.50 
21.70.. 
26.90 
31.50 

0.15 
0.16 
0.17 

' 0.18 

0.19 
0.19 

0.20 
0.20 

0.21 
0 ..21 

0.24 
0 . 2 1  

0.28 
0.30 
0.33 
0 .36  

0 .41  
0.39 

0.45 

* above  measuring point 
** below measuring  point 



Appendix 1-5. -- Pressure-injection test data. 

IiOk NO. CNC-6 Test No- . 2 Total  depth 50.3 feet, uncased interval 93.6' to 96.3' below ~p 

Air Released: yes .x No __ Measuring Faint: top of casing 0.5' above land surface 

Date Elapsed 
MO Day Hour  time  (min) 
" 

3 ' 1052: 00. 
1053:OO 
1054 : 00 
1055:OO 
1056: 00 
1057: 00 
1058: 00 
1059: 00 
1100: 00 
1101: 00 
1102: 00 
1103: 00 
1104: 00 
1105 : 00 
1106: 00 
1107 : 00 
11.08 : 00 

1110:30 
1111 : 00 
1111: 30 
1112: 00 

1114: 00 
1113 : 00 

1115 : 00 
1116: 00 
,1117: 00 

1119 : 00 
1118: 00 

1120: 00 
1122 : 00 

1110: 00 

0 

2 
1 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16  
18 
18.5 
19.0 

20 
19.5 

21 
22 
23 
24 
25 
26 
27 
28 
30 

Applied Pressure 
(Feet  of Input Deuth  to  Water 

(psi) water) * 

0 0 
1 2.31 
1 2.31 
1 
1 2.31 

2.31 

2 4.62 
20.0  46.20 
19.0 43.89 
15: 0 34.65 
17.0  39.27 . 
17.5 
17.8 

40.43 
41.12 

17.5  40.43 
17.2  39.73 
17.4 
17.0 

40.19 
39.27 

17.0  39..  21 

- 
Volume  (gal) (ft) ** Comments 

0 
11.60 
23.20 
34.40 
47.40 
58.10 
76.80 

112.70 
95.60 

130.70 
150.50 
170.00 
189.70 
209.40 
229.20 
248.70 
267.90 

1.45 
2.21 
2.78 

4.32 
3.60 

6.40  
5.45 

7.30 

8.30 
8.70 
9.04 

9.89 
9.38 



Appendix 1-5. -- Pressure-injection  test   data.   (cont) 

Hole No. CNC-6 Test No; 2 Total  depth 50.3 f e e t ,  uncased in t e rva l  93.6' t o  96.3' below MP 

A i r  Released:  yes _x, No Measuring point:   top  of  casing 0.5' above land  surface 

Mo Day 
Date 
" 

Hour . 

12  3 
. 1125:OO 

1124 : 00 

1128: 00 
1131: 00 
1134: 00 
1137 : 00 
1140: 00 3 

iT .1143 : 00 
9 

a $  

2 

1147 : 00 
3 
3 

1151:OO 
1155:OO 

FP 
1159:OO 
1203 : 00 

m 1218 : 00 
c. 
Y 

1241 : 00 
z 

0 

0 

t i n e  (min)  
Elapsed 

32 
34 
36 

42 
39 

45 
48 
51 

59 
55 

63 
67 

86 
71 

109 

Applied  Pressure 

(psi)   water) * Volume ( g a l )   ( f t )  ** Comments 
(Feet  of  Input Depth t o  Water 

10.22 

10.71 
10.48 

11.00 
11.25 
11.45 
11.60 
11.75 
11.91 
12.04 
12.16 
12.27 
12.37 
12.69 
13.20 

* above measuring point  
** below measuring point  



Appendix 1-5. .-- Pressure-injection test data. 

Hole No. CNP-8 Test No. 1 Total depth 54.0 feet, uncased  interval 51.3 '  to 54.0 '  below ~p 

Air Released: y e s  - NO - x Measuring point: top of casing 2.15 above land surface 

Date 
MO Day Hour 
" 

Applied Pressure 
[Feet of Input Depth  to  Water 

. .  

1 2  8 1230:OO 

1235 : 00 
1231:OO 

1236:OO 
1235:  36 

1236: 10 
1236:20 
1236:30 
1236:40 
1236:50 
1237:OO 

1237:20 
1237: 10 

1237:40 
1237:  30 

1238:OO 
1237:50 

1238:lO 

1238:30 
1238:20 

1238:40 

Elapsed 
time  (min) 

0 
1.0 
5 .0  ' 

5.6  

6.17 
6.0 

6 .5  
6 .3  

6.83 
6.67 

7.17 
7 .0  

7.3 
7.5 ' 

7.67 
7.83 
8.0 
8 .17  

8.5 
8.3 

8.67 

(psi) 

0 
21.2 

3.0 
40.0 
18.0 
15 .0  
u.. 0 
11.0 

9 .5  
8.'5 
7 .9  
7 .0  
6.5 
6 .0  
5.8 
5 . 2  
5.0 

4 .8  
4.9 

4 .5  
4.2 

- - 
water) * volume (gal) (ft) ** Comments 

0 0 
10.0 

6.93 10.1 
22.4 repressure 

48;  97 
27.65 

92.4 
41.58 
34 .65  
.30.03 
25.41 
21.95 
19.64 
1 8 . 2 5  
16.17 
15 .02  

13 .40  
13 .86  

1 2 . 0 1  
11.55 
11 .32  
11 .09  
10 .40  

9.70 

* above measuring point 
** below measuring point 

. .  



Appendix 1-5. -- Pressure-injection  test  data. 
Hole No. CNEJ-8A ' Test NO. 1 Total  depth 19-5 feet, uncased  interval 16.8' to 19.5' below ~p 

Air  Released: yes - No 1' Measuring  point:  top of casing4.45'  above  land  surface 

Applied  Pressure 
Date 

.. . 
Elapsed  (Feet of Input  Depth  to  Water 

Mo  Day  Hour  tine  (min) ' (psi)  water) * Volume (gal)  (ft) ** Comments 
" 

12 8 1214: 00 
1215: 00 
1216: 00 
1217: 00 
1218 : 00 
1219: 00 

r; 1220: 00 
x 1221: 00 

1221:02 
3 1223:15 
v) 
E 

= 

0 
1 
2 

4 
3 

5 
6 
7 
7.03 
9.2 

0 
11.5 
12.0 . 27.72 

26.57 

11.8 27.26 
14.0 32.34 
15.0 34.65 
19.8 45.74 
25.0 57.75 

0 

15.40 
29.60 
43.40 

70.00 
56.90 

83.80 
97.10 

0 
E. 
2 

* above  measuring  point 
CI ** below  measuring  point m 



Appendix 1-51 -- Pressure- inject ion  tes t   data .  

Hole No. CNS-4 Test No. Total  depth 50.0 feet, uncased in te rva l  47.3'to  50.0' below ~p 

Date 
No Day Hour 

12  14  1412 : 00 
1413 : 00 
1413:20 
1413:40 
1414 : 00 
'1414:  20 
1414 : 40 
1415 : 00 

" 

€ 
? 1415 : 20 

2 1416:OO 

Et= 
2 1416:ZO 

, 2  1417 : 00 
c. 1417:20 

v) 
C 
3 1415t40 

m 

1416:40 

g 

2 
ci 
c 1417:40 

1418: 00 

1418:40 
1418:20 

1419:OO 
1419:20 
1419:40 

' 1420:20 
1420: 00 

1420:40 
1421:OO 
1423 : 00 
1425: 00 
1426:OO 

Elapsed 
time (min) 

0 
1 
1.3 
1.7 
2 
2.3 
2.7 
3 
3.3 
3.7 
4 
4.3 
4.7 
5 
5.3 
5.7 
6 
6.3 
6.7 
7 
7.3 
7.7 
8 
8.3 
8.7 
9 

13 
11. 

14 

(psi) 

0 
42.0 
36.0 
31.9 
29.2 
27.0 
25.4 
24.3 

22.3 
23.5 

21.8 
21.1 
20.9 
20.2 
20.0 
19.8 
19.2 
19.0 

18.5 
18.8 

18.0 
17.9 

17.2 
17.5 

17.0 
16.9 

A i r  Released: yes __ X Measuring point:   top of casing above land  surface No - 

Applied  Pressure 
(Feet of Input Depth t o  Water 
water) * volume (ga l )  ( f t ) * *  Coments 

0 
97.02  6.7 
83.16 
73.69 
67.45 
62.37 
58.67 
56.13 

51.51 
54.28 

48.74 
50.35 

48.27 
47.00 
46.20 
45.73 
44.35 
43.89 
43.42 
42.73 
41.58 
41.34 
40.42 
39.73 
39.27 
39.03 

42.30 

17.72 
17.85 
17.96 



Appendix  1-5. -- Pressure- in jec t ion  test  d a t a .  (cant) 

Hole NO. CNS-4 T e s t  No. 1 Tota l   dep th  50.0 feet, uncased  interval   47.3 '  to 50.0'  below MP 

A i r  Released:  yes - NO x Measuring  point:  top of   casing  1-64,   above lan'd surface 

Applied  Pressure 
Date Elapsed   (Fee t  of Input   Depth t o  Water 

MOX Hour time (min)   (psi)  water) * volume ( g a l )  ( f t )  ** Comnents 

12  14 1427:OO 
1428: 00 
1430:OO 
1432:OO 
1434 : 00 
1436:OO 
1438:OO 3 

7: 1440:OO 
v1 1445:OO 

15 
16 
18 
20 
22 
24 
26 
28 
33 

5 
5 
J 

1450: 00 38 
1455: 00 43 ~ 

1500:OO 48 

18.03 
18 .14  
18.30 
18.46 
18.64 
1.8 ~ 84 
19.04 
19.28 
21.05 
21.09 
22.37 
23.90 

" 
Li 

a 0 

". 
-. 

* above  meas,uring p o i n t  
** below  measuring  point 

. .  Y 



Appendix 1-5. -- pressure-injection  test  data.  (cont) 
Hole No. CNS-30  Test No. 1 Total  depth  74. 5 feet,uncased  interval  71.8'  to  74.5'  below ~p 

'Air  Released: yes -' NO x Measuring  point:  top of casing  1.32'  above  land  surface 

Applied  Pressure 
' (Feet of Input  Depth  to  Water 

water) * Volume  (gal)  (ft) ** Comnents 

12 14  1307:OO 
1308: 00 
1308 : 20 
1308:40. 
1309: 00 
1309:  20 

1310:OO 
1309:40 

1310:40 
1310:  20 

1311: 00 
1311:20 
1311 : 40 
1312:OO 
1312:20 
1312:40 
1313 : 00 
1313:20 
1313:40 
1314 : 00 
1314:20 
1314:40 
1315: 00 
1315:20 
1315:40 
1316:OO 
1316.:20 
1316 : 40 
1317 : 00 

Date 
No Day 
" 

Hour time  (min) 
Elapsed - 

(psi) 

0 
1 

0 

1.3 
45.0 
33.0 

1.7 
2 

27.4 
24.5 

2.3  21.5 
2.7  19.4 
3 
3.3 

17.7 

3.7 
16.1 

4 
15.0 
14.0 

4.3  13.1 
4.7  12.5 

. : 5 12.0 
5.3 
5.7 

11.2 

6 
10.8 
10.2 

6.3  9.9 
6.7 
7 

9.7 

7.3 
9.2 
9.0 

8 
1.7  8.5 

8.3 
8.2 
8.0 

8.7 7.9 
9 7.6 
9.3  7.2 
9.7  7.1 

7.0 ' 10 

103.95 6.5 
76.23 
63.29 
56.60 
49.67 
44.81 
40.89 
37.19 
34.65 
32.34 
30.26 
28.88 
27.72 
25.87 
24.95 
23.56 
22.87 
.22.41 
21.25 
20.79 

18.94 
19.64 

18.48 
18.25 
17.56 
16.63 
16.40 
16.17 

37.29 

L 



Appendix 1-5. -- Pressure- inject ion  tes t   data .  

Hole No. CNS-30 Test No. 1 Total  depth 74.5 f ee t ,  uncased in t e rva l  71.8' t o  74.5' below ~p 

A i r  Released: yes __ No x Measuring point:  top  of  casing 1-32, above land  surface 

Date 
Applied  Pressure 

Elapsed 
Mo Day Hour t i n e  (min) (psi)   water) * Volume ( g a l )   ( f t )  ** Comrrents 

12 ' .  14 ' 1317:20 . 11.. 3 6.9  15.94 
1317:40  11.7 6.5 15.02 
1318:OO 12 6.4  14.78 
1318:20  12.3  6.1  14.09 
1318 : 40 12.7 
1319:20  13 

6.0  13.86 
5.9  13.63 

c 1320:36 1 

7: 
1321:OO 
1322:OO 
1323: 00 5 1324 : 00 2 -. 1326:OO 

n 19 

2 1328 : 00 21 
1329:OO 

0 1330:OO - 23 
.,7 1331:OO 24 

26.10 

1332:OO 
25.25 

1333:OO 
25  26.37 
26 

. ' 1334:OO 
26.48 

1335:OO 
'27 
28 

26.62 

1336:OO 
26.74 

29 
1337:OO 

26.86 
30 

1345 : 00 
26.98 

38 
1350: 00 

27.89 

(Feet  of  Input Depth t o  Water 
" 

< 14 
15 
16 
17 

v1 25.79 
25.30 
25.44 
25.57 
25.71 
25.84 

g2= 1327 : 00 20 
. m 

g. .22 25.99 

0 

43 28.05 

* above measuring po in t  
** below measuring point 



Appendix I-6.--Air Pressure at Cimmaron,  New  Mexico 



Appendix 1-6. -- Air  pressure  at  Cimarron,  New  Mexico 

Date 

11- 5-76 
11- 6-76 

11- 7-76 

11- 8-76 

11- 9-76 

11-10-76 

11-11-76 

11-12-76 

11-13-76 

11-14-76 

11-15-76 

11-16-76 

Hour 

1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200 

0000 
1800 

0600 
1200 
1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200 

0000 
1800 

0600 
1200 

0000 
1800 

0600 
1200 
1800 
.oooo 
0600 
1200 
1800 

Barometer 
(in Hg) 

30.13 
30.13 
30.12 
30.15 

30.41 
30.30 

30.42 
30.42 
30.33 
30.30 
30.20 
30.15 
30.11 

30.10 
30.11 

30.09 
30.07 
30.14 
30.09 
30.02 
29.94 
30.03 
30.07 
30.10 
30.10 
30.12 
30.16 
30.16 
30.16 

30.09 
29.97 
29.93 
29..89 
29.90 
29.85 

29.87 
29.82 

,29.93 
29.97 
29.98 
29.98 
30.04 
30.16 
30.22.  

30.14 

W. K. Snmmers & Associates 
1 .  



Appendix 1-6. -- Air p r e s s u r e   a t   C i m a r r o n ,  New Mexico (cont)  

Date 
Barometer 

__ Hour (in Hg) 

11-19-76 

11-20-76 

11-21-76 

11-22-76 

11-23-76 

11-24-76 

11-25-76 

11-.26-76 

11-27-76 

11-17-76 0000 
0600 

30.26 

1200  30.22 
30.26 

1800  30.21 
0000 
0600 

30.18 

1200 
30.10 

1800 
30.03 
29.99 

0000 
0600 

30.04 
30.00 

1200 
1800 

29.92 
29.93 

0000 
0600 

30.00 
30.03 

1200 
1800 

29.97 

0000 
30.02 

0600 
30.17 

1200 
30.20 
30.14 

0000 
1800  30.13 

30.13 
0600  30.10 
1200  30.05 
1800 
0000 30.07 

30.02 

0600 
1200 

30.16 

1800 
30.19 
30.17 

0600 
0000 

.30.14 
30.18 

1200 30.09 

0000 
1800  30.02 

0600 
29.94 

1200 
29.83 
29.71 

1800 
0000 29.62 

29.66 

0600  29.58 
1200 29.63 
1800 
0000 '29.94 

29.87 

0600 
1200  29.95 

29.95 

1800  29.96 

11-18-76 

W. K. Summers & Associates 
2 .  



Appendix 1-6. -- Air   pressure   at  Cimarron, New Mexico (cont)  

Date 

11-28-76 

11-29-76 

11-30-76 

11- 1-75 

12-  2-76 

12- 3-76 

12- 4-76 

12- 5-76 

12- 6-76 

12- 7-76 

12- 8-76 

Hour 

0000 
0600 

1800 
1200 

0000 
0600 
1200 
1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200 
1800 
0000 
0600 ' . 

1200 
1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200 

0000 
0600 
1200 
1800 

- 

1800 

Barometer 
( i n  Hg) 

29.98 
29.98 
29.99 
29.97 
30.00 
29.99 
30.00 
30.07 
30.12 
30.10 
30.06 
29.97 
30.03 
30.17 
30.23 
30.26 
30.25 
30.26 
30.22 
30.12 
30.09 
30.07, 
30.07 
30.06 
30.08 
30.07 
30.06 
29.97 
29.96 
29.86 
29.80 
29.90 
30.00 
29.97 
30.02 

29.96 
30.02 

29.93 
30.02 
30.03 
30.04 
30.01 
30.00 
29.96 

W. K. Summers & Associates 
3 



Appendix 1-6; -- Air  pressure a t  Cimarron,  New Mexico (cont) 

- 
Date 

12-  9-76 

12-10-76 

12-11-76 

12-12-76 

12-13-76 

12-14-76 

12-15-76 

12-16-76 

12-17-76 

12-18-76 

12-19-76 

Hour 

0000 
0600 
1200  
1800  
0000 
0600 
1200 

0000 
1800 

1200  
0600 

1800 
0000 
0600 
1200  
1800  
0000 
0600 
1200 
1800  
0000 
0600 
1200 

0000 
1800 

0600 
1200  
1 8 0 0  
0000 
0600 
1200 
1800  
0000 
0600 
1200.  

0000 
1800 

0600 
1200 
lS00 
0000 
0600 
1200 
1800 

- 
Barometer 
(in Hg) 

29.93 
29.86 
29.83 
29.87 

. 30.02 
29 .91  

30.18 
30.15 

30.18 
30.12 
30.09 
30.03 
30.02 
30.16 

30.24 
30.22 

30.28 
30 .21  
3 0 . 1 1  
30.08 

3 0 . 0 1  
30.04 

30.05 
30.08 
30.07 
30.08 
30.15 

.' 30.19 

30.17 
30.23 

30.13 
30.14 
30.13 
30.10 
30.02 
29.97 
29.97 
29.93 

29.88 
29.89 

29.92 
29.98 
30.05 
30.15 

W. K. Summers &.Associates 
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Appendix 1-6 .  -- Air  pressure a t  Cimarron, New Mexico (cont) .  

Date 

12-20-76 

12-21-76 

12-22-76 

12-23-76 

12-24-76 

12-25-76 

12-26-76 

12-27-76 

12-28-76 

12-29-76 

12-30-76 

Hour 

0000 
0600 
1200 
1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200 

' 1800 
0000 
0600 
1200  
1800  
0000 

1200 
0600 

1800 
0000 
0600 
1200 
1800  
0000 
0600 
1200 
1800 
0000 

1200,  
0600 

1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200 
1800 
0000 
0600 
1200  
1800  

- 

W. K. Summers 61 Associates 
5 .  

Barometer 
(in Hg) 

30.23 
30.25 
30.18 
30.16 
30.11 
30.03 
29.92 
29 .84  

29 .95  
29 .91  

29 .99  
29 .99  
30 .04  
30 .06  

29.90 
30 .00  

29 .85  
29 .76  

29 .76  
29.74 

29.89 
2 9 . 9 8 ,  
30 .03  
30.08 
30 .10  
30 .09  
30.09 ' 

30.02 
29 .99  
29.84 

29 .79  
29 .88  
29.97 
29.97 
29.93 
29.92 
29 .87  
29 .79  
29.72 
29.68. 
29 .66  ' 

29.78  
29 .80  

29 .69  . .  



Appendix 1-6. -- Air  pressure a t  Cimarron,  New  Mexico (cont)  

Date 

12-31-76 

1- 1-77 

1- 2-77 

1- 3-77 

1- 4-77 

Hour 

0000 

1200  
0600 

1800  
0000 
0600 
1200 
1800  

0600 
0000 

1 8 0 0  
1 2 0 0  

0000 
0600 

,1200 
1800 
0000 
0600 
1200  
1800 

- 
Barometer 
(in Hg) 

29.80 
29.75 
29.70 
29.75 
29.82 
29.86 
29.82 
29.82 
29 .81  

29 .80  
29 .80  

29 .81  
29.81 

29 .61  
29 .70  

29.59 
29.56 

29.68 

29 .81  
29.73 

W. K. Summers & Associates 
6 .  



Appendix I-7.--Stream Flow Measurements 



Appendix 1 - 7 .  -- Stream-flow  measurements f o r  VB-1 

Date  

10-22-76 

10-23-76 
10-24-76 
10-25-76 

10-27-76 
10-26-76 

10-28-76 
10-29-76 
10-30-76 
10-31-76 
11- 1-76 
11- 2-76 

11- 4-76 
11- 3-76 

11- 6-76 
11- 5-76 

11- 7-76 
11- 8-76 

11-10-76 
11- 9-76 

11-11-76 
11-12-76 
11-13-76 
11-14-76 
11-15-76 
11-16-76 

11-18-76 
11-17-76 

11-19-76 

11-20-76 
11-21-76 
11-22-76 
11-23-76 
12- 2-76 

Discharge 
Hour CFS 

1230  .039 1.7 .5  

- GPM 

1350 
.045 
.039 

.057 

.051 

.078 
1045 

.086 

.086 

.086 

.086 

.086 

.095 

.095 

.095 

.096 

.095 

.095 

.095 

.095 

.095 

.095. 

.095 

. l o 4  

.134 

. I34  

.123 

.113 

.113 

.094 

20.2 

22.9 
17.5 

25.6 
35.0 

38.6 
38.6 

38.6 
38.,6 
38.6 

42.6 
42.6 

42.6 
42.6 
42.6 
42.6 

42.6 
42.6 

42.6 
42.6 
42.6 
46.7 
60.1 
60.1 
55.2 
50.7 
50.7 
42.6 

.113 50.7 

.113 50.7 

.113 

.113 
50.7 
50.7 

" " 

Comments 

ins ta l led   90°v-nor th  
weir 
'breached 
breached 
breached 
breached 
s t a b i l i z e d  
s t a b i l i z e d  

f r e e z i n g  

f rozen   wi th   runoff  
snowing 

runoff  

run  over  by dozer 

breached 
r e b u i l t  dam 

breached 
breached 

breached 
f rozen  - 2 i n c h   i c e  

W. K .  Sulnnws Rr Associates 
1 



Appendix 1-7.  -- Stream-flow  measurements f o r  VB-2. 

Date 

10-13-76 
10-15-76 

10-16-76 

10-17-76 

10-18-76 

10-19-76 
1.0-21-76 
10-22-76 
10-23-76 
10-24-76 
10-25-76 
10-26-76 
10-27-76 
10-28-76 
10-29-76 

10-31-76 
1.0-30-76 

1.1- 1-76 

11- 3-76 
11- 2-76 

11- 4-76 
11- 5-76 
11- 6-76 
11- 7-76 
11- 8-76 
11 -9-76 
11-10-76 

11-12-76 
11-11-76 

11-13-76 
11-14-76 
11-15-76 
11-16-76 

11-18-76 
11-17-76 

1230 
.015 
.026 

.026 

.026 

.026 

1615  . lo4 
. l o 4  
. l o 4  

1342 

. l o 4  

. l o 4  

.IO 8 

.113 

1025 
.113 
.113 
.113 

. . l o 4  
.lo4 

.113 

. l o 4  

.lo4 

.113 

.113 

.113 

.113 

.118 

.113 

.11.3 

.113 

.118 

.118 

.145 

.123 

.145 

.1.13 

.086 

11 .7  
6.73 

11.7 

11.7 

11.7 

46.7 

46.7 
46.7 

46.7 
46.7 
48.5 

50.7 
50.7 
50.7 
46.7 
46.7 
46.7 
50:7 
46.7 

50.7 . 

extreme  underflow 
dam breached  and , 

r e p a i r e d  less under- 
flow 
dam breached  and 
r epa i r ed   l e s s   unde r -  
flow 
dam breached  and 
r epa i r ed  less under- 
flow 
dam breached  and 
r epa i r ed  less under- 

underflow  reduced 
flow 

50.7 

50.7 
50.7 

53.0 
50.7 

50.7 
50.7 

53.0 
53.0 
65.1 
65 .1  
55.2 
50.7 
38.6 

f rozen  

breached 
breached 
breached 
breached' 

Hour - CFS GPM Comments 
Discharge 

I_ 

W .  K. Summers 61 Associates 
2 .  



W. K. Summers & Associ2tcs 
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Appendix 1-7. -- Stream-flow  measurements f o r  VB-3 

Date Hour - CFS GPM Comments 
Discharge 

10-13-76 
10-14-76 

10-15-76 

10-16-76  1045 

10-17-76 
10-18-76 
10-19-76 1530 

10-21-76 
10-22-76 

10-23-76 
10-24-76 
10-25-76 1320 
10-26-76 
10-27-76 
10-28-76 1010 
10-29-76 
10-30-76 
10-31-76 

11- 2-76 
11- 1-76 

11- 3-76 
11- 4-76 
11- 5-76 
11- 6-76 
11- 7-76 
11- 8-76 
11- 9-76 
11-10-76 
11-11-76 

11-13-76 
11-12-76 

11-14-76 

11-15-76 
11-16-76 
11-17-76 
11-18-76 

.030 

.030 

.030 

.034 

.034 

.030 

.026 

.030 

.026 

.026 

.034 

.030 

.030 

.030 

.032 

.030 
,026 
.026 
.026 
,030 

.030 

.026 

.045 

.039 

.039 

.034 

.034 

.034 

.039 

.039 

.057 

.145 

.134 

.063 

.045 

.057 

13 .5  
13 .5  . 

1 3 . 5  

1 5 . 3  

15 .3  
13.5 
11.7 

13 .5  
11 .7  

11 .7  
13.5 
15 .3  
13 .5  

14.4 . 
13.5 

1 1 . 7  
13.5 

1 1 . 7  
11 .7  

1 3 . 5  
11.7 
13 .5  
.20.2 
17.5 
17 .5  
1 5 . 3  
1 5 . 3  
15 .3  
17.5 
17.5 
25.6 
65.0 

60.1 

20.2 
28.3 

25.6 

b u i l t  dam 
dam smashed  by c a t t l e  

dam smashed  by c a t t l e  
r e b u i l t  

r e b u i l t  
dam smashed  by c a t t l e  
r e b u i l t  

dam smashed  by c a t t l e  
r e b u i l t  

dam smashed  by c a t t l e  
r e b u i l t  

r e b u i l t  dam 
r e b u i l t  dam 
r e b u i l t  dam 
r e b u i l t  dam 
r e b u i l t  dam 
r e b u i l t  dam 
r e b u i l t  dam 

cows gone-dam holding 
cows gone-dam hold ing  
cows gone-dam hold ing  
cows broke dam 
cows broke dam 
cows broke dam 
cows broke dam 
dam bolding-not  breached 
f rozen  
dam badly  breached 
couldn ' t   keep  up wi th  
w a t e r   l e v e l  

stable-cows removed 
from  pasture  

W. K. Summers & Associate: 
4 .  



Appendix 1-7. -- Stream-flow measurements  for VB-3 (cont) 

Date Hour - 

11-20-76 
11-19-76 

11-21-76 
11-22-76 
11-23-76 
12-  2-76 
12-28-76 
12-29-76 
12-30-76 

1550 
1420 

CFS 
Discharge 

GPM 

.078 

.Ob3 

.063 

.OS7 

.057 

.071 

.086 

.086 

35.0 
28.3 
28.3 

25.6 
25.6 

38.6 
31.9 

38.6 

Comments 

breached 
breached 

breached 
breached 
frozen breached 

W. K. Summers & Associates 
5 



Appendix  1-7. -- Stream-flow  measurements  for VB-4 

Date 

10-15-76 
10-14-76 

10-17-76 
10-16-76 

10-18-76 
10-19-76 
10-21-76 
10-22-76 
10-23-76 
10-24-76 

10-26-76 
10-25-76 

10-27-76 
10-28-76 
10-29-76 
10-30-76 
10-31-76 
11- 1-76 
11- 2-76 
11- 3-76 
11-  4-76 
11-  5-76 

11-  7-76 
11- 6-76 

11-  8-76 
11-  9-76 

11-11-76 
11-10-76 

11-13-76 
11-1.2-76 

11-15-76 
11-14-76 

11-16-76 
11-17-76 
11-18-76 
11-19-76 
11-20-76 
11-21-76 
11-22-76 
11-23-76 
12-  2-77 
12-  3-77 

Hour - CFS 
Discharge 

- GPM 

1630  .057  25.6 
.060 26.9 

1337 .060 26.9 
'. 060 26.9 

1815 
.060 
.060 

26.9 
26.9 

1830 .060 
.060 

26.9 
26.9 

1700 
.060. 
.060 

26.9 
26.9 

.060 26.9 

.060 

.060 
26.9 
26.9 

.060 26.9 

.060 26.9 

.060 

.060 
26.9 
26.9 

.060 

.057 

.057 

.057 

.057 

.057 

.060 

.060 

.057 

.057 

.057 
. .063 

.067 
-134 
.123 
.071 
.063 
.057 
.057 
.054 
.051 
.045 
.045 

26.9 
25.6 
25.6 
25.6 
25.6 

26.9 
25.6 

26.9 
25.6 
25.6 
25.6 

30.1 
28.3 

55.2 
60.1 

28.3 
31.9 

25.6 
25.6 
24,2 
22.9 
20.2 
20.2 

Comments 

installed  1630 

freezing  and'snowing 

melted  snow  runoff 
snowing 

frozen - 2-inch ice 
frozen - 2 inch  ice 

W. K. Summers & Associates 
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Appendix 1-7.  -- Stream-flow  measurements f o r  W-I 

Date Hour CFS 
Discharge 

GPM - Comments - - 
10-24-76 

10-26-76 
10-25-76 

11-18-76 
10-27-76 

11-19-76 
11-20-76 
11-21-76 
11-22-76 
11-23-76 
12- 2-76 
12- 3-76 
12-  4-76 
12-  5-76 

12-  6-76 

12-  7-76 

12-  8-76 

.403 180.9 i n s t a l l e d  90'v-north 
weir  - below  Vermejo 
River 
washed o u t  
washed out 
weir gone 

l a r g e  amount of  under- 

.403 180.9 

.403 

.403 
180 .9  
1 8 0 . 9  

.336  150.8 i n s t a l l e d  120°v notch 

,315 
.336 
.336 
.347 
.357 
.269 
.315 
.315 
.315 

.315 

.315 

.315 

141.4  
150 .8  
150 .8  

160.2 
155.8 

141.4  
120.7 

141.4  
141.4  

141 .4  

1 4 1 . 4  

1 4 1 . 4  

f 101; 
washed o u t  
washed out  
washed out  
s taked  i n  
washed out-replaced 
breached 
breached 
extreme  underflows 
extreme  underf  lows 
f rozen  
extreme  underflows 
f rozen  
extreme  underflows 
f rozen  
extreme  underflows 
f rozen  

W. K. Summers gi Associates 
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Appendix 1-7. -- Strem-flow  measurements f o r  VV-2. 

Date 

11-17-76 

11-18-76 
11-19-76 
11-20-76 
11-21-76 
11-22-76 
11-23-76 
12- 2-76 

12- 3-76 

12- 4-76 

12- 5-76 

12- 6-76 

12- 7-76 

Hour - CFS 
Discharge 

GPM 

.192  86.2 

.192  86.2 

..l92 

.178 
86.2 

.192 
79.9 
86.2 

.192  86.2 

.192  86.2 

.164  73.2 

.164  73.2 

.164 ' 73.2 

.178  79.9 

.164  73.2 

-_ " 

Comments 

weir - 300' N of Road 
ins ta l led   120°v-nor th  

Bridge (U.S. 64)E of 

ve ry   r ap id  river 
' Colfax 

s l igh t   f r eez ing -no t  
breached 
s l i g h t   f r e e z i n g - n o t  
breached 
s l i g h t   f r e e z i n g - n o t  
breached 
s l i g h t   f r e e z i n g - n o t  
breached 
s l igh t   f r eez ing -no t  
breached 
f rozen  

W. K. Summers & Associates 
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Appendix I-8.--In-situ Temperature  and  Conductivity 



Appendix  I-E.--In-situ  temperature  and  conductivity--CNC-3(P). 

- ”_ - ” 

Date   A l t i t ude  of Observed Conductivi.ty 
December measurement 

1976 
t c!npzra t u r e  

(Et) 
(vlnllos) 

(“0 ’ obs I? 25oc  

”” - - 
- ”- 

Coisntsn t s  - ”_ ”“ 

8 , 6 2 2 3  water l e v e l  s l u g  t e s t e d  12-18-76 
2.6222.5 11.5 1520  2006 end of po in t  . 

2 3   6 2 2 3  water l e v e l  
6 2 2 1   1 2 . 9  1130 1442  end of p a i n t  



Appendix 1-8.--111-situ tc lnperaturc   and  conduct ivi ty--CNCL4 , 

"" Date A l t i t u d e  of Obse rved   Conduc t iv i ty  
December measyremrnt t e m p e r a t u r e  - ( m h o s )  

1.976 "_ (ft)" ( " 0  - obs  " @ 25oc Comments . 

23  6241  water level  
6240   12 .4  720  929 end of p o i n t  



Appendix  I-S.--In-situ  temperature  and  conductivity--CNC-6. 

Date A l t i t u d e  of Observcd  Conductivity 

1976 
December measturelnent temperaturf ( U d k  
- - ( f t )  (“C)  obs @ 25’C Comments - 

28  6190 water level  
6 188  13.3 
6185 
6180 

13.8 

6175 
13.9 

6170 
14.0 

6165 
14.0 
14.-0 

-6160 
6155 

14.0 
14.1 

6150  14.1 
6145  14.2 
6140 
6135  14.3 

14.2 

6130  14.5 

3510 
3590 
3600 
3620 
3650 
3650 
3680 
3700 
3700 
3700 
3700 
3710 
3750 

4437 
4487 
4490 
4505 
4542 

4579 
4542 

4594 
4594 
4584 . 
4584 
4586 
4616 end of p o i n t  

slug t e s t e d  12-6-76 



Appendix  1-8.--1n-situ  temperature  and  conductivity--CNC-7(P), 

Date A l t i t u d e  of Observed  Conduct ivi ty  

1 9 7 6   ( f t )  ("C) obs @ 25OC ' Comments 
December- measurement tempera ture  - ( m h o s )  

8 6179 water l e v e l  
6177 12 .8  
6174  13.5 
6169  14 .O 
6164  14.2 
6159 
6157 

14.2 
14 .3  

23 6179 water level 
6177 
6174 

13 .0  
13 .1  

6164 
6169 

13.2 
13.2 

6159 13.2- 

28 
6176 
6178 water l e v e l  

13 .2  
6173 13.2 
6168 . 13.2 
6163  13.2 
6159 13.5 

1290 
1310 
1320 
1910 
2010 
2070 

510 

680 
610 

820 
8 70 

660 
660 
690 
700 
820 

1649 
1648 
1642 
2366 
2490 
2558  end of point 

s l u g   t e s t e d  12-9-76 

649 
775 
864 

1039 
1102  end of p o i n t  

836 
836 
876 

1032 
887 . 

W. K. Summers & Associoks 
4 '  



23  

i 
Appendix I-D.--In-situ temperature and conductivity--CNC,-2(P). 

" 

Date  Altitude o f  Observed  Conductivity 
December  measurement 

1976 
temperature (Un:hos) 

" 

(ft) ("0 obs I3 25°C Comments 

8 6196 water  level  slug tested 12-17-76 
6194  14.0  1750 2177 
6191  14.1  1780 2210 
6 186  14.2 1810 2242 
6181  14.2 1810 2242 
6176 14.2  1800 2230 end of point 

6196 water  level 
6194 13.1 308  391 
6191  13.2 480 608 
6186  13.2  1050  1330 
6181 13.5 '1030  1296 end of point 

W. I;. Summers S; Associates 
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Appeodix  I-8.--In-situ  temperature and concluctivity--CNP-2(P). 

Date- A l t i t u d e  of Observed 

1976 
December  measurement  temperature 

- ( f  t) - ( " 0  

23  6186 

6181 
6184 

6176 
6171 

6161 
6166 

6156 
6151 
6146 
6141 
6136 
6131 

6121 
6126 

6116 
6111 
6106 
6101 

28  6186 
6184 
6181 
6176 

6166 

6156 
6161 

6151 
6146 
6141 
6136 
6131 
6126 
6121 
6116 
6111 
6106 
6101 

. 6171 

water level  
13.3 
13.4 
13.3 
13.3 

13.5 
13.3 

13.6 
13.7 
13.7 
13.8 
13.8 
13.8 
13.8 
13.9 
14.0 
14.0 
14.1 
14.1 

water l e v e l  
13.9 
13.9 
13.8 
13.5 

, . 13.8 
13.8 
13.8 
13.8 
13.9 
13.9 
13.9 
14.0 
14.0 
14.0 
14.0 
14.0 
14.0 
14.1 

obs __ 

1110 
1120 
1160 
1290 
1290 
1300 
1300 
1310 
1310 
1320 
1330 
1330 
1330 
1330 
147.0 
1510 
1620 
1680 

910 
910 

1090 
990 

1110 
1140 
1150 
1150 
1150 
1170 
1170 
1190 
1200 
1200 
1210 
1320 
1450 
1490 

Conduccivity 
( L l n h l  

@ 25OC Conlmen ts 
" 

1403 

1466 
1413 

16 31 
1631 
1636 
1632 
1641 
1641 
1650 
1662 
1662 
1662 
1659 
1829 
1879 
2011 
2086 

1135 
1135 
1237 
1372 
1387 
1425 
1437 
1437 
1434 
1459 

1481 
1459 

1493 
1493 

1643 
1506 

1804 
1850 

W. K. Summers R; Associates 
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Appendix  I-S.--In-situ  temperature  and  conductivity--CNp-3. 

28 

Date A l t i t u d e  o€  Observed 

1976 ( f t )  ("0 
Deceln3er  measurement temperature  

ti 6138 water l e v e l  
6136 
6133 
6128 

23 6138 w a t e r   l e v e l  
6136 13.7 
6133 
6128 

13.9 
14.0 

6138 water  level 
6136 
6131 

13.9 

6126 
14.0 
14.0 

6123  14.0 

14 .8  
15 .0  
15 .O 

Conduct iv i ty  

obs @ 25OC 
(umhos) 

1150 1406 
1500 ,1826 
2400 2922 

380 476 

1600 1991 
680 848 

. 310 387 
452 562 

1200 1493 
1100 1369 

Comments 

s l u g   t e s t e d  11-19-76 

end of p o i n t  

end of point 

end of po in t  

\V. K. Summers & Associates 
-7 . 



Appendix  1-8.--In-situ  temperature  and  conduccivity--CNP-3B . 
- 

Date  Altitude of Observed  Conductivity 

1.976 U t )  ("0 o b s  @ 25°C 
December  measurement  temperature (umbos) 

Conmen t s  

8 6185 
6183 
6180 
6175 
6170 
6165 
6160 
6155 

23  6183 
6181 
6178 
6173 
6168 
6163 
6158 
6153 
6151 

.2 8 6183 
6181 
6178 
6173 

6163 
6158 
6153 
6151 

6168 

water  level 
14.3 
14.5 
14.5 
14.5 
14.6 
14.8 
14.8 

water  level 
13.2 
13.3 
13.4 
13.5 
13.6 
.13.7 
13.8 
13.8 

water  level 
13.3 
13.5 
13.5 
13.5 
13.8 
13.9 
13.9 
13.9 

2150 
2150 
2110 

2090 
2100 

2080 
2080 

270 

1360 
395 

1360 
1360 
1350 
1350 
1350 

245 
418 
1000 
1000 
1010 
1010 
1010 
1010 

slug  tested  12-15-76 
2657 , 

2646 
2597 
2584 
2567 
2543 
2543 

499 
342 

1715 
1711 
1707 
1691 
1687 
1687 

526 
310 

1258 
1258 
1262 
1260 
1260 
1260 

W. K. Summers Rr Associates 

8 .  



- 

D a t e   A l t i t u d e  of Observed  Conductivity 

1976 ( f t )  ("C) obs @ 2S0C Comments 
December  measurement t f inperature  - (umbos) 

23 

Q '  6175 
6173 
6170 
6165 
6160 

6150 
6155 

6140 
6145 

28 

w a t e r   l e v e l  
13.8  
14 .0  
1 4 . 2  
14.6 
1 4 . 8  
14.8 
1 4  .,8 
14 .8  

6175 water l e v e l  
6173 
6170 
6165 
6160 
6155 
6150 
6145 
6140 
6135 

13 .5  
1 3 . 7  
13 .8  
13.8 
13.9 
14 .0  
14 .0  
1 4 . 0  
1 4 . 0  

6175 
6173 

6165 
6170 

6160 

6150 
6155 

6145 
6140 
6135 

water l e v e l  
1 3 . 1  
1 3 . 5  
13.7 
1 3 . 9  
13 .9  
1 4  .O 
1 4 . 0  
14.0 
14.0 

1310 
3000 
7000 
7000 
7100 

8100 
7500 

8100 

1560 
5300 
6800 
6900 
7050 
7900 
7900 
7900 
7850 

1450 

5100 
2470 

5900 
6000 
6500 
6800 
6900 
6900 

1637 
3733 
8672 
8597 
8683 
9172 

9906 

s l u g   t e s t e d  11-16-76 

. 9906 , 

1963 
6639 
,8499' 
8624 
8792 
9830 
9 830 
9830 
9768 

1 8 4 1  

6389 
3108 . 

7358 
7483 
8088 
8462 
8586 
8586 

W. K. Summers &. Associates 
9 



23 

28 

Appendix  I-S.--In-situ  temperature  and  conductivity--CNp-4B. 

Do tc  A l t i t u d e  of  Observed . Conduct iv i ty  
December  measurement temperature 

1 9 7 6   ( f t )  ("C) obs (3 25°C 
(IlrnhOS) 

__ Comments __ 
a 6187 water level s l u g   t e s t e d  12-15-76 

6185 14.5 2500  3077 
6182  14.6 
6177 

2500 3070 
14.6 2500 3070 

6172  14.6  2600 3193  end of p o i n t  

6187 water l e v e l  
6185 13.2 320 405 
6182 13.5 320  403 
6177 
6172 

13.5  1550  1950 

6169 
13.8  1550  1937 
13.8 1590  1987  end of p o i n t  

6187 water level . 
6185 13.1 310  394 
6182 13.5 
6177 

492  619 
13.8 

6172 
1380  1725 

13.9 
6167 
6165 

14.0  1540  1916 
1380 1721 

14.0 1500 1867 . end of p o i n t  

. .  

W. I;. Summers EC Associates. 

10 . 



Appendix  1-8.--Ln-situ  temperature and conductivity--CNP-5. 

- Da te A l t i t u d e  of Observed  Conductivity 
December  measurement  temperature 

1976 f f t )  ("0 obs (3 25OC Comments 
(umh0s)- 

___ 

23 

8 
6167 
6169 water l e v e l  

6164 
6159. 
6154. 
6149 
6144 

14.8 
14.8 
14.8 
14.8 
14.8 
14.8 

,6142 14.8 

28 

1680 2055 
1680  2055 
5000 6115 
5000  6115 
5100  6237 
5100  6237 
5100  6237 end of po in t  

slug t e s t e d  12-4-76 

6169 water l e v e l  
6167 
6164 

13.2 1720  2179 
13.8 

6159  13.9 ' 4600 ' 5737 
1720  2150 

6154 13.9 
6149 

4620  5762 
13.9  4620  5762 

6145 14 .O 4650  5786 end of p o i n t  

6170 water l e v e l  
6168 13.5 1520 ' 1913 
6165 ' 13.9  1610  2008 
6160 14.0  4000  4977 

14 .O 4030  5015 
6150 14 .O 4050  5040 
6145 14.0 4060  5052 end of po in t  

6155 

.. 



Appendix  I-8.--In-situ  temperature zind conductivity--CNP-6(P). 

" 
DR t e Altitude of Observed 

,December measurement temperature 
1976 ( f t') ("C) 

8 6131 water level 
6129  12.0 
6126 
6121 

13.0 
14.0 

6116 14.0 
6111 
6106 

13.6 

6101 
13.1 
13.1 

6096  13.1 
6091  13.1 

23 6131 water level 
6129  9.7 
6126  10.6 
6121 
6116 
6111 
6106 
6101 
6096 

12.8 
.13.0 
12.9 
12.7 
12.4 
12.4 

Conductivity 
(umbos) 

obs @ 25OC  Comments - 

slug tested  12-6-76 
13500 17597 
13900 17692 

14300 17794 
14100 17946 

14800 18580 
15100 19174 
15500 19682 

,15900 20190 
15800 20063 

. .  

Appendix  I-8.--In-situ  temperature zind concluctivity--CNP-6(P). 

- 
DR t e Altitude of Observed Conductivity 

(umbos) 
1976 ( f t') ("C) obs @ 25OC  Comments 

" 

,December measurement temperature 
- 

8 6131 water level slug tested  12-6-76 
6129  12.0 
6126 

13500  17597 
13.0 

6121 
13900  17692 

14.0 14100 17946 
6116 14.0 14300  17794 
6111  13.6 
6106 

14800  18580 

6101 
13.1  15100  19174 
13.1 

6096 
15500  19682 

13.1  15800  20063 
6091  13.1  ,15900  20190 

6129 
6131 water level 

9.7  12800  17732 
6126 10.6 
6121 

13100  17701 
12.8 13800  17647 

6116 
6111 

.13.0 13800 17565 
12.9 14000 17861 

6106  12.7 14200 18201 
6101  12.4 14500 18719 
6096  12.4 14800 19106 

. .  

\V. K. Surnnws & A s s o c i w s  
' 12. 

12800 17732 
13100 17701 
13800 17647 
13800 17565 
14000 17861 
14200 18201 
14500 18719 
14800 19106 

\V. K. Surnnws & A s s o c i w s  
' 12. 



Appendix 1-8.--In-situ temperature and conductivity--CNP-6A(P) 

Date  Altitude oE Observed 
DeccmSer measurement temperature 

' 1976 (ft) ("0 

8 .  

23 

6134  water  level 
6132 14.1 
6129 
6124 

14.8 
14.8 

6134  water  level 
6132 12.2 
6129 13.0 

Conductivity 
(wnhos) 

obs @ 25OC Comments - 

slug tested 12-11-76 
1190 1478 
1200 1468 
1210 1480 

380 493 
385 490 

\V. K. Summers & Associates 
13 . 



Appendix.  I-8.--In-situ  temperature  and concluctivity--CNP-6B(P). 

Date A l t i t u d e  of Observed 

1976 

___" 
December  measurement  temperature 

( f t )   ( " 0  

8 6129 water level 
6127 
6124 

12.8 

6119 13.2 
13.2 

23 6136 water l e v e l ,  
6134 
6131 

12.8 

6130 12.9 
12.9 

Conduct ivi ty  
"___ 
obs @ 25'C 

(urnhos) 
Commen ts 
" 

slug t e s t e d  12-11-76 
1100  1406 
1120  1418 
1150 1456 end of p o i n t  

290 371 
335  427 
680  868  end of p o i n t  

W. K .  Sunmers PC Associates 
14 : 



Appendix  I-8.--In-situ  temperature 2nd conductivity--CNP-7(P). 

D a t e   A l t i t u d e  of Observed 
December  measurement 

. Conduct iv i ty  
temuera ture  

" 

a 6148 w a t e r   l e v e l  slug t e s t e d  12-7-76 
6146 13.9 480 598 
6143 13.9 . 790 985 end of p a i n t  

23  6148 water level 
6146 13.2 720 912 
6141 13.3 1460 1845 

W. K. Summers Er Associates 

15  . 



Appendix  I-8.--ln-situ  temperature  and  conductivity--CNP-8(P). 

- Date A l t i t u d e  of Observed 
December  measurement  temperature 

1976 ( f t )  ("C) 

8 6096 water level 
6094 
6091 

12 .8  

6086 
13 .0  

6081 
13.0 

6076 
13.1 

6071 13.1 
13.1 

6069 13.1 

23  6096 water level  
6094 1 2 . 8  
6091 . 12.9 
6086 13.0 
6081  13.0 
6076 13.0 
6071 -13.1 

Conduct iv i ty  
- (mhos )  
obs @ 2 5 q  Comments . 

1310  1675 
1320  1680 
1340  1705 
1810  2298 
2010  2552 
2100  2666 
2150  2730 end of p o i n t  

s l u g   t e s t e d  12-7-76 

1090  1394 
1090  1391 

1080 1375 
1080 1375 

1080  1375 
2340  2971 end  of p o i n t .  

\V. K. Surnm:rs S: Associates 
16 . 



Appendix  1-8.--In-situ  temperature  and  conductivity--CNp-g(p). 

__- Date A l t i t u d e  of Observed ' Conduct iv i ty  
December  measurement  temperature (!mhos) 

1976 ( f  t) ("C) - obs " @ 25'C Comnents 

8 

23 

6042 water l e v e l  
6040 
6033 

6043 water l e v e l  
6041 
6039 

13 .1  
13.5 

12.9 
13 .1  

460 584 
740 931 

s l u g   t e s t e d  12-6-76 

270  ,344 
730  927 end of p o i n t  

W. K. Summers & Associates 
17  . 



Appendix  1-8.--In-situ  temperature and conduct ivi ty--  CNS-2(P). 

Dn tc A l t i t u d e  of  Observed 

1 9 7 6  (Et) 
December meast~rement tempe'rature. 

( "C)  

8 6190 w a t e r   l e v e l  
6188 
6185 

1 4 . 7  

6180 
1 4 . 8  

6175 
1 4 . 8  
1 4 . 8  

6170  14 .8  
6167  14 .8  

23   6189 water l e v e l  
6187  13.2 
6184 13.3 
6179 
6174 

13.5 

6169 
1 3 . 6  

6164 
1 3 . 8  
13.8 

2950 3615 
3050 3730 
3650 4463 
3650 4463 
3650 4463 
3600 4403 

270 342 
720 910 

2010 2529 
2000 2511 
2000 2500 
2000 2500 

Comments 

s l u g  t e s t e d  12-17-76 

" ". 

end of p o i n t  

end of po in t  



Appendix I-8.--ln-situ tcnlperature  and conduct ivi ty--  CNS-3(P). 

- " 

DR te A l t i t u d e  of Observed 

1376 

__- Conduct iv i ty  
December  neasurement temperature  . (unlims) 

( f t )  ("C) _" 01,s @ 25OC - - corninen ts  

s l u g  t e s t e d  11-21-76 8  6263 water l e v e l  
6261 14.2 910  1127 
6278 14.5 920 2006 
6253  14.2  2100  2601 
6248  14.3  2380  2942 
6243  14.2  2380  2948 end of poin t  

23  6263 w a t e r   l e v e l  
6261  13.3 460  581 ' 

6258  13.3 460 581 
6253 13.2 810  1026 
6248 
6246 

13.2 890 1128 
13.2 900 1140 

\Y. K. Summers & Assouixres 
19 



Appendix 1-8.--In-situ  temperature  and  conductivity--CNS-4(P).  

D a t e   A l t i t u d e  oE Observed Conduc t iv i ty  

1976 
(Illntlos) Ilecemher measurmeut temperature 

( f t )  - ( " 0  obs  @ 25'C  Commen ts - " _____ - 

8 6202 water l e v e l  
6200 
6297 
6294 14  .O 4100  5101  end of p o i n t  

s lug  t e s t e d  11-19-76 
13 .9  1050  1309 
14 .0  3000  3733 , 

2 3  6202 water l e v e l  
6200 13 .0  ' 830  1056 
6297 13.1 820 1041 
6294  13.2 1000 1267  end of point 



Appendix  I-8.--In-situ  temperature  and conductiv.ity--CNS-5(P). 

"_ Dn te A l t i t u d e  of Observeil 

1 9 7 6  ( € 0  
D?cember  nleasure!nalt temperature  

( " 0  

8 6225 w a t e r   l e v e l  
6223 
6220 

13 .9  
. 14 .0  

6 2 1 5   1 4 . 1  
6210  14 .2  
6208  14 .2  

23  6224 w a t e r   l e v e l  
6222 
6219 
6214 
6209 

13 .0  
13.1 
1 3 . 2  
13.5 

Conduct ivi ty  

obs  @ 25°C Conlinen ts - 
__- (llnlhos) 

- _" 

1850  2307 
slug t e s t e d  11-19-76 

1900  2364 
slug t e s t e d  12-20-76 

2050  2545 
2150  2663 
2200  2725 end of point 

275 350 
900 1143  
900 1 1 4 0  
910 1145  



Aypendi2c 1-8.--1n-situ  temperature and. conduct iv i ty- -  CNS"I(P). 

1)R t C  A l t i t u d e  of Observed  Conductivity 
Dzcamber  laessurem.ent te inperature  (\ lI!h~s) 

1976 ( f c )  - ( " 0  " obs  @ 25OC Comments - - 

8  6246 w a t e r   l e v e l  
6244 13.9 
6241 
.6240 

14 .0  
1 4 :  0 

23  6246 water  level 
6244 12.9 
6239 1 3 . i  

28 6246 water l d v e i  
6244 13.0 
6241  ,13.5- 
6238 13.5 

1300  1621 
3000 ' 3733 
2950  3670  end of pci?.int 

slug t e s t e d  11-17-76 

680 $68 
39013 4952 . end of p o i n t  

840  1069 
2642  3324 
3460  4354  end of p o i n t  



Appendix  1-8.--In-situ  temperature  and  conductivity-- CNS-lO(P) 

--..___ " 

Date A l t i t u d e  of O b s e r v d  

1976 
December  measuremen: 

Conduct iv i ty  
tempsrature  (lmhos?-- 

obs @ 25OC ( f t )  ("C)  - -" Cornmen t s  

8 6201 
6199 
6196 
6194 

28 

23  6201 
6199 
6196 
6194 

6201 
6199 
6196 
6194 

w a t e r   l e v e l  
1 4 . 1  

l 4 . 3  
14.3 

w a t e r   l e v e l  
12.9 
13 .0  
13.0 

water leve l  

13.3 
13.2 

13 .5  

1500 
3010 
3710 

1630 
3500 
6000 

1840 
4100 
6110 

1862 
3720 
4586 end of po in t  

s l u g  t e s t e d  11-2.2-76 

2080 
4465 
7637 end of po in t  

2331 
5183 
7688 end of po in t  

:V. K. Summers & Associ:tres 
23 



Append ix   I -8 . - - In - s i tu   t enpe rn tu rc  and cpnduct iv i ty- -   CNS- l l (P) .  

"_ l h  t e  
Doc.ember 

1976 

A l t i t u d e  of  Obse rved   Conduc t iv i ty  
measurement   t empera ture  - (unhos) 

( f t )  ("C) o b s  @ 2S°C Comments ., 

8  6200 water level 
6198 13 .6  

s l u g  t e s t e d  11-16-76 
1600  2008 

6195 
slug t e s t e d  12-20-76 

13.8  1600  1999 
6193  13.8  1600  1999 end of p o i n t  

23  6200 water leve l  
6198 12 .5  350  451 
6195  13.0 369  470 end of p o i n t  

28  6200 water leve l  
6198 13 .0  360  458 
6195 13.1 373  474 end of p o i n t  



Appendix I-S.--In-sltu temperature  and  conductivity-- CNS-lZ(P) 

D a t e   A l t i t u d e  o f  Observed 
December  measurement  temperature 

Conduct iv i ty  

1 9 7 6  ( f t )  
(Ilmhus) 

obs 0 2 5 7  
". 

("C) -__ " Commmts 

8 6211 
6209 
6206 
6201  
6196 
6194 

23   6212 
6210 
6217 
6202 
6197 
6195 

2 8   6 2 1 i  
6209 
6206 
6201  
6296 
6294 

w a t e r   l e v e l  
1 3 . 7  
13 .8  
13.8 
14 .0  
14 .0  

water l e v e l  
12 .6  
1 2 . 9  
13.0 
13.1 
13.1 

water l e v e l  
1 3 . 6  
13 .0  
13.1 
13.1 
13.1 

1 2 6 0  

1 7 1 0  
1260  

1720  
1790  

390 
388 
780 
800 
850 

410 
510 
790 
890 
910 

1578  
1574  
2137 
2140 
2227 end  of po in t  

slug t e s t e d  11-17-76 

501 
495 
993 

1016  
1079 end of poin t  

516 
649 

1 0 0 3  
1130 
1156  end of poin t  



Appendix  I-8.--In-situ  tcmperoture cnd conduct ivi ty--  CNS-l3(P).  

" 

"_ DJ te A l t i  t u& of Observed  Conductivity 
Decenlber n!easuTenlmt t e i n p x a t u r e  (un:'nos) 

1 9 7 6  - "" 
(€E) ( " 0  obs @ 25'C Comments ." " - 

8 6209 w a t e r   l e v e l  
6207   14 .1  7100 8815 

slug t e s t e d  12-14-76 
end of p o i n t  : 

23  6208 water l e v e l  
6206  12.9 
6204 

7000  8930 

28  6209 water l e v e l  

12.9  6800  8675 end of p o i n t  

6207 13.0  4180 5320  
6205 13 .1  6500 8000 end of p o i n t  



Appendix  L-8.--In-situ  tcmperaturz  and  conductivity-- CNS-l8(P). 

." ._ 

Dr! te A l t i t u d e  of Observed Conduct iv i ty  

1976 U t )   ( " 0  obs @ 25°C 
Dwembe?r measurement  temperature ' 

"" 
( \ I & W )  

" - " Comrnen t s  
. .  

" 

8 6213 water l e v e l  s l u g  t e s t e d  11-21-76 
6211  14.5 
6206 

1050  1292 
14.6  4500  5526 

6203  14.6  4610  5662 
6198  14.5  5200  6400 end of po in t  

23  6214 water level 
6212 
6209 

13.1 370 . 470 
13.1 1050  1333 

6204 
6199 

. 13.2  . 3810  h827 
13.3 3820  4829 

6197 13.3 3820  4829 

. .  



Appendix  I-8.--In-situ  temperature  and conduc.tivity--.CNS-l9p. 

"_ "_ 
" 

Da tc A l t i t u d e  of Observed 
Decembar measurment  . temperature  
- 1976 (f  t) PC)- 

8 

2 3  

6219 w a t e r   l e v e l  
6217 
6214 
6209 

6219 water  l eve l  
6217   13 .1  
6214  13.2 
6211   13 .3  

- 1 . 8  
2.0 
3 . 1  

. .  

Conduct iv i ty  
Olmhos) 

obs @ 25oc Comments 
"___ 

slug t e s t e d  11-21-76 
1070 2174 
2 5 3 0   5 0 3 9 '  
4030  7348 end of p o i n t  

340  432  
1710 2166 
3090  3906 end of p o i n t  

1. 

" 



Appendix 1-8.--In-situ temperature   and conduct.ivity--CNS-21(P). 

8 6218 
6216 
6213 
6208 
6203 

6196 
6198 

23  6217 
6215 

6207 
6212 

6202 
6197 
6195 

28  . 6217 
6215 
6212'  
6207 
6202 
6197 
6195 

w a t e r   l e v e l  
13.8 
1 4 . 0  
14 .0  
1 4 . 1  
1 4 . 1  
1 4 . 2  

water  1,evel 
1 2 . 8  
13.0 
13.1 
13.5 
1 3 . 7  
1 3 . 8  

w a t e r   l e v e l  

1 3 . 2  
13.0 

13.5 
1 3 . 6  
13 .6  
1 3 . 6  

1010 
1010 
1100 
1150 
1280 
1320  

248 

253 
248 

260 
3750 
3300 

265 
262 
2 65 
300  

3900 
3090 

s l u g   t e s t e d  11-22-76 
1262 
1256  
1368 

1589 
1427 

1635 end o.f po in t  

317 

3 2 1  
316 

327 
4697 
4125 end of po in t  

337 
332 
252 
377 

4896 
3879 end of poin t  



Appgndix I-8.--T.n-situ t e a p e r o t u r e  and concluct.ivity--CNS-22(P) 

_" 
"~ " 

- ._ 

17a tf A l t i t u d e  of  Observed  Conduct ivi ty  
Dece._mbzr measurement temperature (ucthos) 

obs (3 25OC 1976 ( f t )  ( " C L  " 
" 

8 6182 
6180 
6177 
6172 
6167 
6162 
6157 

6147 
6152 

23 

28 

6181 
6179 
6176 
6173 

6181 
6179 
6176 
6173 

water l e v e l  
13 .8  
14.0 
14.2 
14.6 
14.8 
14 .8  
14.8 
14.8 

water level 
13 .0  
13.1 
13 .2  

water l e v e l  
13 .5  
13 .2  
13 .5  

1310 
3000 
7000 
7000 
7100 

8100 
7500 

8100 

305 

2720 
1290 

377 
1039 
2794 

1637 
3733 
8672 
8597 
8683 
9172 
9906 
9906 

388 
1638 
3446 

474 
1316 
3516 

Commen ts 

s l u g   t e s t e d  11-18-76 

end of  p o i n t  

end of p o i n t  

end of p o i n t  

30 . .. . .  
. I  



Appendix   I -8 . - - In-s i tu   t e rnpera turz   and  conductivity--CNS-23(P).  

U i l  t C  A l t i t u d e  o f  D h s e r v e d  C o n d u c t i v i t y  

( E c )  ( "C)  obs (1 25'C 
Dece!n?,er n?ansu rmmt   t cmperaCure  

1976 ' 

(1Il!+WS) 

" 
Commeilts __ 

8 6133 water level slug t e s t e d  11-16-76 
6131  14 .1   7000  8691 
6128  14.5  7100  8739 
6123  14.6  7200  6828  end of p o i n t  

28 

23  6133 water level  
6131 13.3 410 518 
6128 13.7 1730  2167 
6126 13.8 3400  4250  end of p o i n t  

6133 water l eve l  
6131  13.5  435  547 
6128 13.8 1050 1312 

. 6125  13.9  1950  2432  end of p o i n t  



Appendix  I-8.--In-situ  temperature  and  conductivity-- CNS-25(P). 

"" 

"" __ -" 

" 
I)a te t l l t i t u d e  of Observed Conduct ivi ty  

1376 ( f t )  ( " 0  o b s  Cd 25°C 
December  measurement  temperature (umbos! 

- " Corniten ts 

8 .  
6163 
6165 water l e v e l  s l u g  t e s t e d  12-16-76 

6160 

23 6165 w a t e r   l e v e l  
6163 12.9  370  506 
6160 13.1 
6155 13.2  4250  5780 end  of p o i n t  

1970  2685 

14.1 5500  6828 
14.1  5300  6580 end of p o i n t  

29  6165 w a t e r   l e v e l  
6163 
6160 13.2 

13 .0  
1300 1647 

399  508 

6155  13.2 
6153 

3100  3928 
13.2  3160 4004 end  of  point 

\V. K. Summers & Associ3tes 
32 . 



Appendix  1-8.--In-situ temperature and  conduct ivi ty--  CNS-26(P). 

29 

Date " A l t i t u d e  oE Observed 
December measuremmt teinperature 

1 9 7 6   ( f t )  - ("C) 

8 6180 water level 
6178 14 .0  
6175  14.1 

23  6180 water level 
6178 
6173 

12.9 

6170 
13.2 
13.3 

6165  13.5 

6179 ' water l e v e l  
6177 13.2 
6174  13.2 
6169 13.5 
6164  13.5 

Conduc t i v i .   t y  

2000  2488 
2000  2483  end of p o i n t  

s lug  tes ted 12-15-76 

210 ,268 
360 456 

1180 1492 
1180  1485  end of po in t  

250 
279 354 

317 

1000 1258 
1000 1258  end of p o i n t  



Appendix 1 -8 . - - ln - s l tu  t f n ~ p e r a t u r e  and conduct ivi ty--  CNS-29(P). 

- - 
-~ 

" " 

Date   A l t i t ude  of Observed  Conductici.ty 
December 
1976 

meaaurwlent  tc1npercttxe ( u o , i ! o L  
"_ 

( f  t )" ( " 0  obs P 25OC Comma1 ts  
"" 

8 6197 w a t e r   l e v e l  slug t e s t e d  12-10-76 
6195 1 2 . 8  
6192 1 3 . 0  1180  1501 end of p o i n t  

1150 1470  

23 6196 water  level 

6191 
6194 13.0 910 1158 

28 6196 water l e v e l  

13.1 970  1232 end of po in t  

6194 13.0 950 1 2 0 9  
6190 13.2 990  1254 end of po in t  



Appendix  I-a.--In-situ  tenperoture  and  conductivity-- CNS-30(P). 

- " ""_ - 
D a t e   A l t i t u d e  of  Observed  Coxductivity 
"" 

w a t e r   l e v e l  
13.3 
13.7 
13.9 

w a t e r   l e v e l  
12.9 
13 .0  
1 3 . 1  
13.2 
13.4 

6163 
6158 

13 .6  
13.7 

28 

13.8 
13 .8  

w a t e r   l e v e l  
13.0 
1 3 . 1  
13.1 
13.2 
13.5 
13.5 
13 .8  
13.8 
13 .9  
14.0 

1460 

1520 
1480 

. 770 
770 

790 
790 

780 

aoo 
aoo 
a05 
a10 

790 
750,  

750 
750 

760 
770 
780 
780 

590 
750 

1845 
1853 
1895 

982 
980 

1003 
990 

1004 
996 

1002 
1006 
1012 

1006 
952 
952 

' 956 
950 

969 
975 
975 
935 
734 

Connlents 

s l u g  t e s t e d  12-9-76 

end  of  point 

end  of p o i n t  



Appendis 1-8.--In-situ temperature  and ~ 0 ~ 1 d u ~ t i ~ i t y - - C N S - 3 1 ( P ) .  

"" 

"~ 

c 

"" 

1)a te A l t i t u d e  o f  Observed  Conduct:Lvity 

1 9 7 6  ( f t )  ( " C )  
(1.1111?105) 

0'3s @ 25oc  

-" 
Decc.nber rneawrenent tempera ture  

- " " Corninen ts 

8 6174 water l e v e l  slug t e s t e d  12-8-76 
6172   16 .1   1480   1762  
6169 

s l u g  t e s t e d  12-29-76 
15 .O 

6164 
1410  1717 

14 .5  
6159 

1 4 0 0   1 7 2 3  
14 .3   1380   1705  end of p o i n t  

2 3  6174 water level 
6172  13 .2  '1000 1267 
6169 13.1 950  825 
6164 
6162 

1 3 . 1   9 6 0  1219 
13.1 1000 1270  end of poin't 

\V. K. Summers S. Associ:lks 
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Appendix  1-8.--J.n-situ  tamperaturc and conductivity--CNS-32(P). 

D a t e   A l t i t u d e  of Ohserved  Cond1lc:ivity 

.8 6137 w a t e r   l e v e l  
6135 13.7 1390 1741 
6132 13.9 1510 1883 
6127 14.0 3230 4019 

28 

23  6174 
6172 
6169 
6164 
6159 
6154 
6149 
6.144 
6139 
6134 
6132 

w a t e r   l e v e l  
12.9 
13.1 

13.2 
13.2 

13.3 
13.5 
13.5 
13.6 
13.8 
13.9 

6174 w a t e r   l e v e l  
6172 
6169 
6164 
6159 
6154 
6149 
6144 
6139 
6134 

13.1 
13.3 
13.3 
13.5 
13.6 
13.6 
13.8 
13.8 
14.0 

1390 1773 
2210 2806 
3530 4472 
3680 &662 
3700 ,4677 
3710 4668 
3710 4668 
3720 4670 
3720 4649 
3600 4490 

1310 
1800 
3080 

3300 
3280 

3300 
3300 

3310 
3300 

1664 
2275 
3893 
4127 
4143 
4143 
4125 
4125 
4119 

" 
Comlnento 

slug t e s t e d  12-8-76 

"- 

end of p o i n t  

end of p o i n t  

end of p o i n t  



Appendix 1-8.--1n-situ temperature and conductivity-- CNS-34(P). 

Da t e  Altirude of Observed 
December measurement temperature 

Conductivity 

1976 (ft) ( " 0  obs @ 25OC Comments 
(Lllilhos) 

8 

23 

6201 water  level 
6199 13.8 
6196 14.0 
6191  14 .O 
6186 14.0 

6201 water  level 
6199 
6196 

12.9 

6191 
12.9 
13 .0  

6186 13.1 

28  6201 water  level 
6199 
6196 1 3 . 0  

13.0 

6191 13.1 
6189 13.2 

1400 
1380 
1390 
1400 

330 
435 
830 
880 

380 
384 
800 
a70 

1749 
1717 
1729 
1742 end of point 

slug tested 12-14-76 

421 
555 

1056 
1117 end of point 

484 
489 

1016 
1102 end of point 

r 

.. 

W. K. Summers & Associates 
38 . 



Appendix I-g.--Infiltration Studies 



Appendix 1-9 I n f i l t r a t i o n   S t u d i e s  

A d o u b l e   r i n g   i n f i l t r o m e t e r  was u s e d   t o   d e t e r m i n e   t h e   i n f i l t r a t i o n   r a t e ,  

F o l l o w i n g   t h e   c o m p l e t i o n   o f   t h e   i n f i l t r a t i o n   t e s t ,   e x c a v a t i o n   o f   t h e   s o i l  
i n  i n c h e s   p e r   h o u r ,  a t  v a r i o u s   l o c a t i o n s   w i t h i n   t h e   p r o p o s e d  s i t e ,  

a t  t h e  t es t  s i t e   p e r m i t t e d  a c r o s s - s e c t i o n a l  view o f   t h e   w e t t e d   p r o f i l e  
a n d   e v a l u a t i o n  of t h e   s u b s u r f a c e   m a t e r i a l .  

Appara tus   (See   d iagram 1)  

The d o u b l e   r i n g   i n f i l t r o m e t e r   c o n s i s t s   o f  two open   ended   me ta l   cy l inde r s ,  
o n e   1 2   i n c h   d i a m e t e r   c y l i n d e r   p l a c e d   c e n t r a l l y   i n s i d e  a 24 i n c h   d i a m e t e r  
c y l i n d e r .   E a c h   c y l i n d e r   h a s   a n   o p e n i n g  t o  a n   e x t e r n a l   w a t e r   s u p p l y  
(Mar io t t e   t ube )   and  a hook   gage .   The   Mar io t t e   t ubes   a r e   vo lumet r i c  

M a r i o t t e   c y l i n d e r s   a l l o w  a p r e d e t e r m i n e d  water level  t o   b e   m a i n t a i n e d   i n  
cy l inders   mounted   on  metal r o d s . .   A r r a n g e m e n t   o f   v a l v e s   a n d   t u b e s   i n   t h e  

t h e   i n f i l t r o m e t e r  rings. The h o o k   g a g e s   a r e   p o i n t e d   m e t a l   r o d s   u s e d   f o r  
v i s u a l   o b s e r v a t i o n  of w a t e r   l e v e l   c h a n g e s   i n   t h e   i n f i l t r o m e t e r   r i n g s .  

- P r o c e d u r e  

E i g h t  tests were   run .  The p r o c e d u r e   f o r   s e v e n   o f   t h e   t e s t s  was t o   d r i v e  

f i l l  e a c h   r i n g   w i t h   w a t e r   t o  a d e p t h  of one   foo t ,   and   r eco rd   t he   vo lumes  
t h e  i n f i l t r o m e t c r   r i n g s  4 t o  6 i n c h e s   i n c o   t h e   u n d i s t u r b e d   g r o u n d   s u r f a c e ,  

o f   w a t e r   n e e d e d  t o  m a i n t a i n  the o n e   f o o t   w a t e r   l e v e l .   I n   t h e   e i g h t h  t e s t  

a p p r o x i m a t e l y  two f e e t   o f   s u r f a c e   s o i l   a n d   v e g e t a t i o n   w e r e   r e m o v e d .   A f t e r  
t he  i n f i l t r o m e t e r   r i n g s   w e r e   d r i v e n   i n t o  a brown  c lay   exposed  a f t e r  

e m p l a c e m e n t   o f   t h e   r i n g s   i n   t h e   e i g h t h   t e s c ,   t h e   p r o c e d u r e   f o l l o w e d  was 
t h e  same as i n   t h e   o t h e r   s e v e n  t e s t s .  Water   "olumes  were  recorded a t  
f i f t e e n   m i n u t e   i n t e r v a l s   f o r  a p e r i o d  of s i x   h o u r s   f o r   e a c h   t e s t .  

After s i x  h o u r s ,   t h e   i n f i l t r o m e t e r   r i n g s  were removed  and a t r e n c h  was 
dug a t  e a c h   s i t e .  The   t rench   permi t ted   measurement  of t h e   a r e a   a f f e c t e d  
by t h e  t e s t  ( w e t t e d   p r o f i l e ) ,   a n d   e x a m i n a t i o n   o f   t h e   s u b s u r f a c e  material. 

C a l c u l a t i o n s   a n d  Data Repor t  

The water u s e d   d u r i n g  each f i f t e e n   m i n u t e  in te rva l  w a s   c o n v e r t e d   t o   d e p t h  
o f  water p e r   u n i t  o f  t i m e   ( i n c h e s   p e r   h o u r )   a n d   p l o t t e d   g r a p h i c a l l y .  

o f   t h e   m o i s t   a r e a   a n d  a s o i l   p r o f i l e   d e s c r i p t i o n .  
I n c l u d e d   w i t h   e a c h   g r a p h   f o r   t h e   2 4   i n c h   d i a m e t e r   r i n g  i s  a c r o s s   s e c t i o n  

Diameter Of 

Water)  Inch  Depth (Sq. In.) (Sq . ln . )  (inches) 

(In  Milliliters) Ring Ring Ring 
Conversion factor Volume of Wafer A r e a  of Outer Area of Inner 

Providing I (Mls.10 Depth of 

12' 5,39 X IO-" 1854 113.1 

2 4  1.80 x iow4 5561 3'39.3 

EXAMPLE: ilnncr Ring) 
Milliliters u s e d  X Conversion  Factor t Time  Period = Inches/Tirne  Period 

2000 ML. X 5.39 X - : I Hour = 1.078 'nches/Hour 

1 



L 

d 



Test   Locat ions  and Comments 

Test  1/1 - (Locat ion - N2,028,375  E378,635) 

Large  cobbles  prevented  proper  emplacement of t h e   i n f i l t r o m e t e r   r i n g s .  
The water   levels   could  not   be  maintained.   Test  No. 1 was abandoned a f t e r  
3% hours.  

Tes t  //2 - (Locat ion - N2,026,970  E380,985) 
Tes t  1/3 - (Locat ion - N2,028,700  E381,280) 
Tes t  #4 - (Location - N2,026,815  E379,070) 
Tes t  1/5 - (Location - N2,027,755  E378,160) 
Tes t  116 - (Location - N2,026,875  E377,325) 
Test  1/7 - (Location - N2,030,260  E383,240) 

Tes t  1/8 - (Locat ion - N2,029,397  E379,492) 

A two f o o t   h o l e  was dug p r i o r   t o   t h e  emplacement of t h e   i n f i l t r o m e t e r   r i n g s .  
The purpose  of  the  hole was t o   e l i m i n a t e   t h e   e f f e c t s  of t h e   s u r f a c e   s o i l  
and vege ta t ion ,  and t o   d e t e r m i n e   t h e   i n f i l t r a t i o n   r a t e   o f  a brown c l ay  
t h a t  i s  p resen t   ove r  a l a r g e   a r e a  of t h e   d i s p o s a l   s i t e .  

The i n f i l t r a t i o n   r a t e   i n   t h e   c l a y  was very  slow. The i n f i l t r o m e t e r   r i n g s  
were  covered  to   e l iminate   water  loss  by evapora t ion .  The amount  of  water 
i n f i l t r a t i n g   t h e   c l a y  was so s m a l l   t h a t  i t  could   no t   be   recorded   accura te ly .  
The amount of   water   used   per   t ime  in te rva l  was recorded as l e s s   t h a n  10 m l .  

3 
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CROSS  SECTION OF MOIST A R E A  A N D  GRAPH OF INFILTRATION  RATE 
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Appendix '1-10. "Stratigraphic sections. 



t-"G " 
F-Iz-4 " 
" 

Stra t igraph ic   Sect ion  1 
S c a l e : l i n c h = 3 f e e t  



"_ "_ 
"_ "_ 
"_ 
"" 
" - 
"" 
"" 
"" 

"" 
"" 

"" 
"" 

Z - -Y Homopsneom B l ~ c k  $hole (Unwaolhsrad Shot.) 
" 

"" 
"" 

"" 
"" 

"" 
"" 

"" 
_"_ 
"" 
"" 
"" 
"" 
"" "_ 
"" 
"" 

"" 
"" 

"" 
"" _"_ 
"" 
"" 
"" 
"" 
"" 

f"-& - Calc(1m0Ys Shale (.l'lhlch) 
"" 
"" 

"" 

"" 
"" 

- "7 
"" 

"" 
"" 

"" 

"" 

"" 
"" 

"" 

"" 

"" 

C o I c m e o u ~  Shale (5'lhlek) 

"" 
"" 
"" 
"" 
"" 
"" 
"" 

"" 
"" 

" " - -7 I"OLBl(lrn". sp. 
5°F - 

R M  C, Jr. 2/774 
E ~ C O I ~ O Y S  S h a h  (Z'lhleh) 

. St rat igraphic   Sect ion 2 
Scale-1 inch = 6 feet  

L .  



W.K. Summers 8 Asras. . . . . . . . . . . . . . . .  . . . . .  . .  
. .  

. . . . . . .  . . . .  .". ...... ....... .: . .  . - . - . -, - . - . - . - . -. -. - . 

silly soil With piont rmn 

Sill-Oorh qmysi l tx i lh  10% fine proined $and, 

Sondy Silt-Unconsolidated, light gray$ilt  wilhchonnel  congiameraler. 

Sand- Fine grained cross-bedded sand. 

Conglomemle- Composed of cobbler of buff-brown sandstone, fragments of blach  shale 8 u ) o m  pmined sand. 
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"" 

"" RWrB Shale  (Weathered zonal- Leached block $ha18 *Ilh 25% COSO, on outcrop s ~ r f m e .  
"" 

"" 

" - - -1- " - -"""" -"" - 
"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 
"" 

"" 
"" 

"" 
"" 

"" 

"" 

"" 

" - - "" 

"" 

"" 

"" 

" " 
"" 

"" 

"" 

"" 
"" 

"" 

"" 
"" 

Homogeneous Block Shale  (Unwothemd  Shale) 

- 
"" 

"" 

"" 
"" 

"" 
"" 

"" 
"" 

"" 

"" 

"" 
"" 

"" 

"" 

5%- Cdcoreous  Shale --=-" a- 
" 

concretion zona 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 
"" - - - - Homageneoua Block Shale - N o  foraila 
"" 
"" 

"" 
"" 

"" 
"" 

"" - - "" 

"" 

"" 

RMC,J,. 2/77 Bollom of Arroyo 

Strat igraphic   Sect ion 4 
Scale-linch:4feet 

L 
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Appendix 11-1. -- 
Chemical Analysis 

DaLa Gol lcc ted  11-4-76 E383,lOO 

Data  analysis  complet? 11-11-76 

Laboratory  Orlando  Laboratories,   Inc.  Lab. No. 12490-23 

Source of Data Orlando  Laboratories,  InC. 

Remarks 

N2,028,490 
CNP- 3 

co2 = 9.1 mg/L 

cu = <.1 mg/L 

Cons t i t uen t  

Si02 . 

F e + 3 / t o t a l  

Mn+2 

ca+ 
Mg+2 

K+ 

Na + I  

Concentrat ion 
mq/l 

15 

600 

12.20 

20 

9.7 

540 

7.2 

531 

690 

€55 

2.6 

C d i s s o l v e d   s o l i d s  2223 

Residue @ L- 
Lab Date 

pH 
sp . Cond . 2 3 5 0  

8.0 

Discharge rate 

1 c a t i o n s  

C anions  

F i e l d  

me 1 

1.00 

.80 

23.49 

.18 

25.47 

8.70 

0 

14.37 

1.83 

.14 

0 

25.04 

x 

3.93 

.3.14 

92.23 

.71 

100.01 

34.74 

0 

57.39 

7.31 

.56 . 

100.00 - - 

Cations-Anions 
cat ionscnnions 

x 100 = .85% 

Date 

" " 
*excluded  from  computations W. K. Sulnnlcrr Sr rissociaks 

1 : 



Appendix 11-1. -- 
Chemical  Analysis CNP-4 

Data'collected 11-4-76 - E383,080 

Data  analysis  complete 11-11-76 

Laboratory  Orlando Laboratories, Inc. Lab. No. 12490-15 

Source of Data Orlando Laboratories, Inc. 

Remarks co2 = 18 mg/L 

t 

N2,025,940 

cu = C.1 

Concentration 
Constituent mo/l 

Si02 

Ee+3/total 

Mn+2 

ca +2 

Mg+2 

Na + I  

K+ 1 

6 .0  

1 . 9 0  

.10 

56 

34 

1800 

24.0 

1330 

255 

2050 

1.0 

.< .1 

C dissolved  solids A R R ?  

Residue @ 5500 
Lab  Date 

PH ' 8.1 
Sp.Cond. 8 3 5 0  

Discharge rate 

mel 

.10 

0 

2.80 

2 .80  

78.30 

. 6 1  

C cations 8 4 . 6 1  

21.80 

0 

5 .31  

57.83 

.05  

0 

C anions 84 .99  

.12 

0 

3 .31  

' 3 .31  

92.54 
" 

100.00 

A 
0 

6.25  . 

68.04 

.06  

Cations-Anions 
Cations+Anions x 100 = .22% _ _  

Field Date 

6400 11-4-715 



Appendix 11-1. -- 
Chemical  Analysis CNS-3(P) 

N2,029,460 
Date'collected 11-4-76 E379,600 

Data analysis  complete 11-11-76 

Laboratory  Orlando  Laboratories, Inc. Lab. No. 12490-13 

Source of DataOrlando Laboratories, Inc. 

Remarks Co2 = 25 mg/L 

cu = <.1 

Concentration 
Constituent m q / l  

Si02 9.6 

~e+~/total .30 

Mn+2 1.31 
+ 2  116 ca 

Mgf2 39 

Na + I  140 

K+ 5.2 

C cations 

HCO 3 476 

Co 3 0 

so4 295 

c1 35 

F 1.0 

B 

Po4 

NO 3 

< .1 

E anions 

C dissolved  solids 876 

Residue @ 1000 

' Lab  Date  Field 

me 1 

.02 

.05 

5.80 

3.21 

6.09 

.13 

15.30 

7.80 

0 

6.14 

.99 

.05 

0 

14.98 

% 

.13 

.33 

37.91 

'20.98 

39.80 

.85 

100.00 

52.07 

40.99 . 

6.61 

.33 

100.00 __ - 
Cations-Anions 
Cations+Anions X 100 = 1.06% 

Date 
pH "72.5 
Sp.Cond. 1280 900 11-4-76 

Discharge  rate 
W. K. Sulnnlers S: Associatus 

3 



Appendix 11-1. -- 
C h e m i c a l   A n a l y s i s  CNS-4(P) 

Data qol lcc ted   11-4-76   E381,330 

Data a n a l y s i s  complete 11-11-76 

L a b o r a t o r y   O r l a n d o   L a b o r a t o r i e s ,   I n c .   L a b .  NO.  12490-22 

S o u r c e  of Data O r l a n d o   L a b o r a t o r i e s ,   I n c .  

Remarks co2 = 23 

N2,028,720 

c u  = <.1 

C o n c e n t r a t i o n  
C o n s t i t u e n t  A 
S io2 10 

F e t 3 / t o t a l  . 43  

Mn+z 5.00 

ca+2 524 

Mg+2 228 

K+ 1 1 1 . 2  

Na + l  430 

C c a t i o n s  

HCO 3 634 

co 3 0 

sob 2550 

c1 35 

F 2.8 

B 

POI, < ,1 

NO 3 

E a n i o n s  

C . d i s s o l v e d   s o l i d s   4 1 0 8  

Res idue  @ 4000 

Lab Date F i e l d  

.02 

.18 

26.18 

1.8.76 

1 8 . 7 1  

.29  

64.14 

10 .39  

0 

53.09 

. 9 9  

40.82 

29.25 

29.17 

.45 

100.00 

16.08 

82.16 

1 .53  

.15 .23 

Cat ions-Anions 
Ca t ions+Anions  

Date 

x 100 = .37% 

PH 7.7 
Sp . Cond . 6400  11-4-76 

Discharge rate 

W. K. Su~n~l~err .  S; Associates 
L .  



Appendix 11-1. -- 
Chemical  Analysis CNS- 5 

D a t a ' c o l l e c t e d  11-4-76 E381,030 

Data  anal;rsis  complete 11-11-76 

Laboratory  Orlando  Laboratories,  Inc. Lab. No. 12490-20 

source of Data  Orlando  Laboratories,  Inc. 

Remarks co2 = 29 mg/L 

N2,027,030 

Cu = < .1 mg/L 

Concentrat ion 
Cons t i t uen t  ma/l 

Si02 1 2  

Fe+3/total   .47 

Mn+ * .88 

Mg+2 22 
+ l  240 

Kt 1 3.4 

Ca +2 74 

N a  

C c a t i o n s  

HCO 3 811 

CO 3 0 

so+ 100 

c1 1 5  

F 1 . 8  

B 

POI, < .1 

NO 3 

anions 

C d i s so lved   so l id s   868  

Residue k? 1100 

Lab Date F i e l d  

mrl 

.03 
.03 

3.70 

1.81 

10.44 

.09 

16.10 

13.29 

0 

2.08 

. 4 2  

.09 

15.88 

.19 

.19 
22.98 

1 1 . 2 4  

64.84 

.56 

100.00 

83.69 

0 

13.10 . 

2.64 

.57 

100.00 

Cations-Anions 
Cations+Anions 

Date 

X 100 = .69% 

pH 7 .7  
Sp . Cond . 1330 1200 11-4-76 

Discharge  ra te  

W. K. Sumrlers 9r Assosi:!ll?s ' 

5 



Appendix 11-1. -- 
Chemical  Analysis CNS-7 

Data collected 11-4-76  E377,450 

Data  analysis complete 11-11-76 . .  

Laboratory Orlando Laboratories, Inc. Lab. No. 12490-11 

Source of Data Orlando Laboratories, Inc. 

Remarks  C02 = 1 3  mg/L 

N2,027,140 

cu = <.1 mg/L 

Constituent 

Si02 

Fe+3/total 

Mn+2 

caf2 

Mg+2 

K+ 1 

Na + 1  

Concentration 
m s / l  

3 . 0  

. 8 6  

2.65 , 

462 

me 1 

. 0 5  

.10 

23.08 

20.32 

34.80 

.47 

,247 

800 

1 8 . 3  

Z cations 78.82 

146  2.39 

3 4 5 0 .  ' 

150 

1 . 4  

71.83 

4.23 

.07 

anions 78.52 

C dissolved  solids 5707 

Residue @ 4700 

Lab Date 
PH 7.3 
Sp.Cond. y-5" 

Discharge rate 

% 

.06 

.13 

29.28 

25.78 

44.15 

.60 

100.00 

3.04 
0 

91.48 , 

5.39 

.09 

0 

100.00 

Cations-Anions 
Cations+Anions x 100 = .19% 

Field ' Date 

4900 " 



Appendix 11-1. -- 
Chemical  Analysis CNS-11 

N2,024.480 
Data   co l lec ted  11-4-76 E376,880 

Data analysis   complete  11-11-76 

Laboratory  Orlando  Laboratories,.  Inc. Lab. No. 12490-4 

Source of Data Orlando  Laboratories,   Inc.  

Remarks co2 10 mg/L 

cu = <. 1 mg/L 

Concentration 
Cons t i t uen t  mg/l 

Si02 3.4 

Fe+3 / to t a l  2.10 

Mn+2 .80 
+2 60 ca 

Mg+' 1 9  

N a + '  
164 

K+ 6.3 

C cations 

HCO 3 232 

CO 3 0 

so4 340 

. c1 40 

F .9 

B 

Po4 < .1 

NO 3 

anions  

1 d i s so lved   so l id s   751  

Residue @ 815 

Lab Date F i e l d  

me 1 

.11 

.03 

3.00 

1.56 
7.13 

.16 

11.99 

3.80 

7.08 

1 . 1 3  

.05 

12.06 

% 

.92 

.25 

25.02 

13.01 
59.47 

1.33 

100.00 

31.51 

58.71 . 

9.37 

.41 '  

100.00 

Cations-Anions 
Cations+Anions x 100 = -29% 

Date 
pH 7 . 6  
Sp.Cond. 1095 1100 " 

Discharge rate 

W. K. Summers Sr Associates 

, 7  



Appendix 11-1. -- 
Chemical Analysis 

I 

CNS-l9(P) .~ 
N2,028,110 
E380,610 Data'collcctcd 3 1-4-76 

r -  

Data analysis complete 11-11-76 ... 
Laboratory Orlando  Laboratories, Inc.  Lab. No. 12490-14 

Constituent 

Si02 

Fe+3/total 

Mn+* 
ca+2 

Mg+2 

Na+ 1 

K+l 

Concentration 
mo/l 

LL 

1.46 

4.00 

536 

156 

410 

10.4 

756 

0 

2150 

40 

2.4 

1 dissolved  solids 
Residue @ 3600 

Lab  Date 
pH 7.3 

\. Sp.Cond. 4150 - - 
Discharge rate 

me 1 % 

.08 

.15 

26.78 

12.83 

17.84 

.27 

Z cations 57.95 

12.39 

44.76 

1.13 

.13 

anions 58.41 

.14 

.26 

46.21 

22.14 

30.79 

.47 

100.01 
~ 

21.21 

0 

76.63 

1.93 

.22 

99.99 I Cations-Anions 
Cations+Anions x 100 = .40% . 

/ i  
I ;  

Field  Date 

3300 " 

a .  "i 



Appendix 11-1. W.S. #13 Vermejo Ditch 

Chemical  Analysis 1460.0'  East of Vermejo River 

Data   co l lec ted  2 - 5 - 7 6  E386,700 
N2,032,590 

Data  analysis  complete 11-11-76 

Laboratory  Orlando  Laboratories,   Inc.  Lab. No. 12490-21 

Source of Data Orlando  Laboratories,  InC. 

Remarks C02 = ' 6 . 8  mg/L 

Cu = <.1 mg/L 

c o n s t i t u e n t  

Si02 

F e f s / t o t a l  

Mn+2 

caf2 
Mg+2 

K+ 

Na +1 

Concentrat ion 

mn/l 
7 . 3  

.40 

.10 

-120 

2 2  

86 

2 .8  

mpl 

.02 

0 

6.00 

1.81 

3.74 

.07 

I: . c a t ions  11.64 

4.80 

0 

6.56 

.28 

.06 . 

0 

anions  11.70 

si 

.17 

0 

51.55 

15.55 

32.13 

.60 

100.00 

41.03 

0 

56.07 

2.39 

' .51 

100. oc- 

C d i s s o l v e d   s o l i d s  709 

Residue @ 7 8 0  

L a b  Date ' 

pH - 7.9 
Sp.Cond. 1000 

Discharge  ra te  

Cations-Anions 
Cations+Anions X 100 = .26% 

F i e l d  Date 

900 " 



Appendix 11-1. -- 
Chemical A n a l y s i s  

Data   co l lec ted  10-5-76 

W.S. #12 Vermejo Ditch 
3950.0 '  Eas t  of Vermejo River 
N2,027,500 
E393 I 130 

Laboratory  Orlando  Laboratories,   Inc.  Lab. No. 12490-18 

Source of Data  Orlando  Laboratories,  Inc. 

Remarks C02 = 6 . 9  mg/L 

cu = <.1 mg/L 

Concentration 
Cons t i t uen t  m q / l  

S i 0 2   7 . 3  

F e + 3 / t o t a l  . 05  

Mn+* < . 0 5  

C2.+2 104 

M,+Z 32 

K+ 1 3 .2  

N a  f l  84  

c 
HCO 3 305 

Co 3 0 

so4 320 

c1 10 

F .8 

B 

Po4 < .1 

NO 3 

E 

C dissolved s o l i d s  

Residue @ 780 

Lab Date 

ca t ions  

anions 

F i e l d  

me1 

0 

0 

5 .20  

2 .63  

3 .65  

.OS . 

11.56  

5.00 

0 

6 .66  

.28  

.04  

0 

11 .98  

44.98 

22.75 

31.57 

. 6 9  

- 

99.99 

41.74 

55 .59  , 

2.34  

.33  ' 

100.00 - 

Cations-Anions 
CationsiAnions 

Da t e  

X 100 = . 1.78% 

pH 7 . 9  
Sp.Cond. 995 
Discharge rate 

- 
800 " 

W. K. Sumners & A s s o o h t c s  

10 . 



Appendix 11-1. -- 
Chemical  Analysis 

Data'collected - 10-5-76  E381,360 

Data  analysis  complete 11-11-76 

W.S. g16 Vermejo  River 

N2,037,360 
26,600.0 '  above  confluence 

Laboratory  Orlando  Laboratories,  Inc.  Lab. No.  12490-2 

Source of Data  Orlando  Laboratories,  Inc. 

Remarks  C02 = 9.7 mg/L 

cu = <.1 mg/L 

Constituent 

Si02 

Fe+3/total 

Mn+2 

Ca+2 

Mg+2 

KC 

Na + I  

HCO 3 

co 3 

so4 
c1 

F 

B 

Po4 

NO 3 

Concentration 
. ms/l 

3.9 

.25 

c0 .05  

132 

39 

120 

3.2 

342 

0 

450 

10 

1.0 

<0.1 

C dissolved solids  928 

Residue (3 995 

me 1 

.01 . 

0 

6.59 

3.21 

5.22 

.08 

C cations 15.11 

5.61 

9.37 

.28 

.05 

0 

anions 15.31 

% 

.07 

0 

43.61 

21.24 

34.55 

.53 

Inn.nn - 
36.64 

61.20 

1.83 

.33 . 

100.00- 

Cations-Anions 
Cations+Anions X 100 = 1.18% 

Lab  Date  Field  Date 
PH ' 7.4 
Sp . Cond . 1270 1200 " 

Discharge  rate 
W. K. Suln!tlers Sr Associates 

11 .. ' 



Appendix 11-1. -- 
Chemica l  Anolvsis 

W . S .  #14 vermejo  River 
16,800' above  confluence 
N2,031.800 
E385,630 Data q o l l c c t e d  

Data analysis   complete  11-11-76 

Laboratory  Orlando  Laboratories,   Inc.  Lab. No. 12490-12 

Source of Data  Orlando  Laboratories,  Inc. 

Remarks C02 = 8 . 2  mg/L 

Cu = <.1 mg/L 

" 10-5-76 " 

Cons t i tuen t  

Si02 

~ e + ~ / t o t a l  

Mn+2 

ca+2 

Mg+ 

Na+ 

K+ 1 

Concentrat ion 
mu/ l  

6.4 

.24 

c . 0 5  

68 

6 3  

74 

2.4 

E c a t i o n s  

299 

0 

320 

10  

1.0 

< ,  

anions 

E d i s s o l v e d   s o l i d s  692 

Residue @ 820 

Lab Date F ie ld  

L 

.01 

0 

3 .40  

5.18 

3.22 

.06 

11 .87  

4.90 
0 

6.66 

.28 

.05  

0 

11.89 

% 

.08 

0 

28.64 

43.64 

27.13 

. 5 1  

100.00 

a1.71 

56.01 

2.35 

.42 

99.99 __ 

Cations-Anions 
CationscAnions x 100 = .08% 

Date 
pH 7 . 8 .  
Sp.Cond. 1- 1ooo " 

Discharge  ra te  

W. K. Sulmlerr ;G Associ:ttcs 

' 12 



Appendix 11-1. -- 
Chemical Analysis 

Data  collected 10-5-76 

W.S. #IS Vemejo River 

N2,030,900 
15,800' above  confluence 

E385.950 

Data analysis  complete 11-11-76 

Laboratory  Orlando  Laboratories, Inc.' Lab. No. 12490-3 

Source of Data  Orlando  Laboratories, I ~ C .  

Remarks C02 = 19 mg/L 

Cu = <.1 mg/L 

Concentration 
Constituent ma/l 
Si02 2.8 

Fe+3/total .10 

Mn+2 < .OS 

ca+' 228 

Mg" 83 

Na + I  160 

K+ 1 3.8 

C cations 

HCO 3 293 

co 3 0 

so4 960 

c1 10 

F 1.2 

B 

POI, <o. 1 
NO 3 

C . anions 

C dissolved solids  1593 

Residue @ 1520 

Lab Date Field 

mr-.l 

.01 

0 

', 11.39 

6.83 

6.96 

.10 

25.29 

4.RO 

0 

19.99 

.28 

.06 

0 

25.13 

p, 

.04 

0 

45.04 

27.01 

27.52 

.40 

100.01 

19.ln 

0 
79.54 

1.11 

.24 

0 

99.99 

Cations-Anions 
Cations+Anions x 100 '= . . 32% 

Date 
pH 7.4 11-11-76 
Sp.Cond. 1900 11-11-76 1700 10-5-76 

Discharge  rate 

W. I<. Sutrmlers Sr hssocialcs 

13 . 



Appendix 11-1. -- 
Chemical  Analysis 

Data  collccted  11-2-76  E393,900 

Verrile j 0 River 

N2,022,480 
1600' above  confluence 

Data  analysis  complete  11-11-76 

Laboratory  Orlando  Laboratories,  Inc.  Lab.  No.  12490-7 

Source of Data  Orlando  Laboratories,  Inc. 

Remarks c02 = 8.5  mg/L 

cu = <.1 mg/L 

Concentration 
Constituent 

Si02 3.0 

~e+~/total .06 

Mn+* < .os 
+ 2  216 

--"- 

ca 

Mg+ * 74 

Na+' 156 

K+ 1 3.4 

C cations 

HCO 3 305 

co 3 0 

so4 900 

. c1 10 

F 1.1 

B 

Po4 

NO 3 

< .1 

C ' anions 

C dissolved  solids  1514 

Residue @ 1450 

Lab  Date  Field 

me 1 

0 

0 

10.79 

6.09 

6.79 

.09 

23.76 

5.00 

0 

18.74 

.28 

.06 

0 

24.08 . 

% 

45.42 

25.63 

28.58 

.38 

100.01 

20.76 

0 

77.82 . 

1.16 
.25 ' 

99.99- 

Cations-Anions 
Cations+Anions X 100 = .674 

Date 
PH 7.8 
sp.Cond. -0 1500  1b2-76 

Discharge  rate 
W. K. SVIIII I ICIS  & Associnlcs 

14 



Van  Bremmer  Creek 
32,800’ above  confluence 
N2,029.,  260 
E370,320 

Appendix  11-1. -- 
Chemical  Analysis 

Data ~oll.cctecl 11-2-76 -. 

Data  analysis  complete 11-11-76 

Laboratory Orlando Laboratories,  Inc. Lab. NO. 12490-6 

Source of Data  Orlando  Laboratories,  Inc. 

Remarks c02 = 4.0 mg/L 

cu = <.1 mg/L 

Constituent 

Si02 

Fe+3/total 

Mn+2 

Mg+2 

K+ 1 

ca +2 

Na +1 

.Concentration 
mo/l 
.7 

.05 

< .05 

62 

21 

150 

2.7 

c 
354 

0 

243 

20 

.8 

< .1 

.x 

cations 

anions 

- 
0 

0 

3.10 

1.73 

. 6.53 

.07 

11.43 

5.80 

0’ 

5.06 

.56 

.04 

n 

11.46 

% 

0 

0 
27.12 

15.14 

57.09 

.61 

99.96 

50.61 

44.15 

4.89 

.35 

n 

100.00 __ 

1 dissolved  solids 674 

Residue ‘2 760 

Lab  Date Field 

Cations-Anions 
Cations+Anions x 100 = .13% 

Date 
PH - 8.2 
Sp.Cond. 960 ”- - _  
Discharge  rate 

W. K. Sumnlers & Arsociaws 

15 



Appendix 11-1. -- 
Chemical Ana lys i s  

Data   col lccted -11-2-76 E376,800 

Van Bremmer Creek  

N2,022,800 
22 ,800 '  above  confluence 

%- , 

Data  analysis  complete 11-11-76 

Laboratory  Orlando  Laboratories,  Inc, Lab. No. 12490-16 

Source of Data  Orlando  Laboratorieg,  Inc. 

Remarks c02 = 4.7 mg/L 

Cu = < .1 mg/L 

Cons t i t uen t  

Si02 

Fe+3 / to t a l  

Mn+2 

ca+' 
Mg+2 

K+ 

N a  + 1  

Concentration 
m s  /1 

2 . 9  

. 17  

< .05 

78  

18 

2 00 

27 .2  

415 

280 

50 

4 . 3  

C d i s s o l v e d   s o l i d s  8 6 5  6 2  

Residue @ 955 

Lab Date 
PH 7 . 2  
S p . C o n d . 1 2 3 5  

Discharge  ra te  

mpl 

01 

0 

3 .90  

1 .48  

8 . 7 0  

. 7 0  

C c a t i o n s  1 4 . 7 9  

6 .80  

0 

5.83 

1 . 4 1  

.05 

.14  

anions 14 .23  

p. 

. . 0 7  
0 

26.37 

10.01 

58.82 

4 .73  

100.00 

47.79 

0 
40.97 . 

9 .91  

.35  ' - 
100.00 

Cations-Anions 
Cations+Anions X 100 = 1 .93% 

Field  Date  

600 11-2-76 
" 

c 

. .  



Van  Bremmer Creek 

N2,021,120 
17,800'  above  confluence 

E380,920 

Appendix 11-1. -- 

Chemical Analysps 

Data  Collected - 10-4-76 

Data analysis   complete  11-11-76 

Laboratory  Orlando  Laborator ies ,   Inc.  Lab. N O .  12490-1 

source of D a t a  Orlando'Laborator ies ,   Inc.  

Remarks co2 = 10 mg/L 

cu = <.1 mg/L 

Cons t i t uen t  

Si02 

Fe+3 / to t a l  

Mn+2 

ca+' 

Mg" 

Na+'  

K+ 1 

Concentrati.on 

mn/l 
4.6 

.27  

.53 

80 

19 
160 

3.1 

366 

0 

275 

10  

.9 

<o. 1 

C d i s s o l v e d   s o l i d s  734 

Residue @ 845 

Lab Date 
p H  7.8  11-11-76 
Sp.Cond. 1 0 9 5  11-11-76 

me 1 

c a t i o n s  

.01 

.02 

4.00 

1.5L 
6.96 

.08 

12.63 

an ions  

F i e l d  

6.00 

0 

5.73 

.28 

.05 

12.06 

% 

.08 

.16 

31.67 - 
55.11 

.63 

100.00 

49.75 

47.51 

2.32 

. 4 1  ' 

0 

99.99-. 

Cations-Anions 
Cations+Anions 

Date 

X 100 = 2.31% 

1100 10-4-76 

Discharge   ' r a te  



Appendix 11-1. -- 
Chemical Aria lys i s  

W.S. #11 Van Bremmer Creek' 

N2,020,380 
3600' above confluence 

Data'collected 10-14-76  E392,620 

Data  analysis complete 11-11-76 

Laboratory Orlando  Laboratories, Inc. Lab. No. 12490-10 

Source of Data  Orlando  Laboratories, Inc. 

Remarks co2 - 
cu = 

- 

Constituent 

Si02 

, ~e+~/total 

Mn+2 

ca+2 

Mg+2 

K+ ' 
N a  +1 

Concentration 
mq/l 

A 

. 05  

< .os 
48 

36 

240 
" 

378 
?. 

Z dissolved  solids 973 

Residue @ 1070 

Lab  Date 
pH ' a 
Sp.Cond. 1400 

Discharge rate , 

425 

30 

1.1 

<.1 

me1 

0 

0 
2 .40  

2.96 

10 .44  

.07 

C cations 15.87 

6 . 2 0  ' 

0 
8.85 

.85 

.06 

0 

1 anions 15 .96  

15.12 

18.65 

65.78 

.44 

99.99 

38.85 

55.45 

5.33 

.38 ' 

100.01 __ 

Cations-Anions 
CationsfAnions X 100 = .28% 

Field Date 

1 0 - 1 ~ - 7 6  , 

18 



Appendix 11-1. -- 
Chemical A n a l y s i s  S t o c k  well ( w i n d m i l l )  

N2,033',250 
Da ta   co l l ec t ed   10 -4 -76   E364 ,200  

Data ana lys i s   comple te   11-11-76  

Labora to ry   Or l ando   Labora to r i e s ,   Inc .   Lab .  No. 12490-9 

S o u r c e  of Data O r l a n d o   L a b o r a t o r i e s ,   I n c .  

RemarksC02 = 7 .7  mg/L 

cu = <. 1 mg/L 

- 

C o n c e n t r a t i o n  
C o n s t i t u e n t  mn/l' 

2.8 

.70 

< . 0 5  

4.8 

1 . 9  

680 

8.1 

781 

37 

60 

520 

3 . 0  

C d i s . s o l v e d   s o l i d s   1 7 0 2  

R e s i d u e  @ 2000 

Lab Date 
pH x 
Sp.Cond. z85a. 
D i s c h a r g e  rate 

- 
.04 

0 

.24 

.16 

29.58 
.21 

G c a t i o n s   3 0 . 2 3  

12 .80  

1 .23  

1 . 2 5  

14.67 

.16 

0 

E a n i o n s   3 0 . 1 1  

B 

.13 
0 

.79 

' .53 

97.R5 - 
99.99 

42.51 

4.09 

4.15 

48.72 

.53 ' 

100.00- 

Cat ions -Anions  
Ca t ions+Anions  x 100 = . 2 0 %  

F i e l d  Date 

" " 



Appendix  11-1. -- . .  

Chemical  Analysis W.S. #9 Stock  Pond 

Data'collected 10-4-76 E366,OOO 

Data  analysis  completell-11-76 

Laboratory  Orlando  Laboratories,  Inc.  Lab. No. 12490-17 

Source Of Data  Orlando  Laboratories,  Inc. 

Remarks c0 = 8.8 mg/L 
2 

cu = c.1 mg/L 

N2,023,650 

Constituent 

Si02 

Fe+3/total 

Mn+' 
C.8+' 

Mg+2 

K+ 1 
Na+' 

Concentration 
mg/l 

3.9 

19.6 

<.05 

3 2  

7.3 

21 

8 . 0  

153 

16 

5 

me 1 

1.60 

. .60 

.91 

.20 

C cations 3.31 

2.51 

. 3 3  

<. 1 

<.1 

anions- 2.98 

C dissolved  solids 188 

Residue @ 240 , 

Lab  Date 
pH 7.5 
Sp.Cond. 375 
Discharge  rate 

Cations-Anions 
CationsfAnions x 

Field  Date 

200 10-4-76 . 

c 

* 

0 

48.34 

18.13 

27.49 

6.04 

100.00 

84.23 

11.07 , 

4.70 

100.00 

100 = 5.25% 

* Excluded from 
computations 



Appendix  11-1. -- 
Chemical  Analysis  Domestic  well 

Data'collocted  11-2-76 

Data  analysis  complete  11-11-76 

Laboratory  Orlando  Laboratories,  Inc.  Lab. No. 12490-8 

source of Data  Orlando  Laboratories,  Inc. 

Remarks C02 = 14 mg/L 

N2,029,220 
E370,000 

.. 

cu = <.1 mg/L 

Constituent 

Si02 

Fe+3/total 

Mn+2 

ca+2 

Mg+2 

K+ 1 

Na + 1  

Concentration 
m s / l  

4.3 

.32 

c.05 , 

80 

29 

170 

1.2 

403, 

0 

345 

20 

1.0 

<.1 

E dissolved  solids 849 

Residue @ 960 

Lab  Date 
pH 
Sp.Cond. x 7.7 

Discharge  rate 

me 1 

.02 

0 

4.0 

2.39 

7.40 

.03 . .  

E cations  13.84 

6.61 

0 

7.18 

.56  

.05 

E anions 14.40 

% 

.14 

0 

28.90 . 

'17.27 

53.47 

.22 

100.00 

45.90 

49.86 

3.89 

75  

- -. 

100.00- 

Cations-Anions 
Cations+Anions s 100 = 1.98% 

Field  Date 



Appendix 11-1. -- 
Chemical  Analysis 

Data  collected 

CNW-2 
N2,024,050 
E379,970 

Data  analysis complete January 17,   1977 

Laboratory Orlando Laboratories, Inc. Lab. No. 12753 

Source of Data Orlando Laboratories, Inc. 

Remarks 
C 0 2  = 8 . 0  mg/L 

Cu = <.1 mg/L 

Constituent 

Si02 

~e+~/total 

Mn+2 

ca+2 

Mg+ * 

K + l  

Na +1 

Concentration 
m n L  

12 

.60  

<.05 

26 

8.7 

200 

2 .9  

178 

0 

315 

25. 

1.1 
" 

-.-I 

.31 
" 

mpl 

.032 
0 

1.299 

.716 

8.700 

.074 

E cations 10.821 

2.917 

0 

6.558 

.071  

.058 
" 

.010 
" 

anions 9.614 

0 - 
n 
L 

6.61 7 

80.399 
.684 

100.000 

30.341 

0 

68.213 

,739 

.603 
-_ 

. l o 4  
" 

100.000 - - 

C dissolved solids 679 

Residue @ 790 

Lah Date 
pH ' 7.6  
Sp . Cond . 1238 
Discharge  rate 

Cations-Anions 
. Cations+Anions X 100 = 3 . 9 1  

Field Date 

t 
i 

I 
I 
I 
I 

I 
I 
I 
I 
r 

I 
I 
I 
I 
I 

I 
I 
I 



Chemical  Analysis CNW-4 

Data   co l lec ted  E379,370 

Data.analysis  complete  January 2 4 ,   1 9 7 7  

Laboratory  Orlando  Laboratories,   Inc.  Lab. No. 12782 

source of ~~t~ Orlando  Laboratories,   Inc.  

Remarks 

N2,021,790 

C 0 2  = 9.8 mg/L 

Cu = <0.1 mg/L 

Cons t i t uen t  

S i 0 2  

F e + 3 / t o t a l  

Mn+2 

ca+2 

Mg+2 

K+ ' 
Na . + 1  

Concentrat ion 
ma/L 

6 . 4  

2.20 

.05 

55 

19 

148 

2 .47  

385 
n 
235 

15 
8 

09  

C d i s s o l v e d   s o l i d s  6 2 4  

Residue @ 680  

Lab Date 
7.7  PH 

Sp.Cond.1- 

D i scha rge   r a t e  

" 

mpl 

.118 

0 

2 .748  

1 .563  

6 .438  

.03 

1 c a t i o n s  
10.930 

4 .671  

0 

4 .893  

.423 

.042 

" 

- 

" 

.003 
" 

C anions '  10.032 

D 

1.n8n 
n 

25.142 

14.300 

58.902 

.576 

100.000 

46.561 "- 
0 

48.774 

4 .217  

.419 . 
" 

.030 
" 

100.000 

Cations-Anions x 100 = 4.28 
Cations+Anions 

Field  Date  



Appendix 11-2.--Radiochemistry 



ALBUQUERQUELABORATORY 

CUSTOMER GORDON HERKENHOFF & 'ASSOCIATES 
ATTENT,ON Mr. W .  K. Summers 

302 E i g h t h   S t r e e t ,  N. W. 
Albuquerque, New EIexico 87102 A D D R E S S  

CITY 

5 . 0 .  NO. 5323 

I Sample  Sample To ta l   pCi /ml   pc i l l  
I d e n t i f i c a t i o n  Number Volume (ml )  Tr i t ium 5r-90 Ra-22.6 

Water 

Water 

Water 

Water 

Water 

CNS-3 

CNP-4 

CNS-4 

CNS-5 

CNS-1 

0 R E P O R T E D   V I A   T E L E P H O N E  

0 R E P O R T E D ' V I A  TWX 

0.0 t 1.0 

3000 
0.0 f 1.0 

0.0 f 1.0 
0.0 t 1.0 

3000 
0.0 i: 1.0 

3000 
0.0 t 1.0 

0.0 2 1.0 
0.0 t 1.0 

3000 

1 0.0 i: 1.0 

3000 
0.0 It 1.0 

0.09 t 0.02 

0.07 t 0.02  

0.03 t 0.02 

0.12 t 0.02. 

0.38 t 0.04 

PAGE 1 OF 1 PAGE 

I 

I 

I 

I 

J 

~~~~~~~~~~~ A P P R O V E O B Y  

12 /27 /76  
DATE 

P.O. BOX  3874 ALBUOUERQUE. NEW MEXICO  87110 
PHONE (505) 345.3461 TWX: 910-985.0678 1 . ,  Albuquerque  Laboratory 



ALBUUUERUUE L A B u h A l O n Y  

Identification 
Sample 

Number 
Sample pCi/l. 

K-40 

Water 

Water 

Water 

!,later 

Water 

CNS-3 

CNP-4 

C N S - 4  

CMS-5 

CNS-11 

* A11  other gamma  emitters were  below 

minimum  delectable activity  concentrations 

shown in  the attached table. 

I 
R E P O R T E D  V I A  T E L E P H O N E  

R E P O R T E D  V I A  TWX 
' PAGE 1 OF 1 PAGE 

E PNSTRLJMENT 
' CORPORATION D A T E  

P.O. BOX 3874 ALBUQUERQUE. NEW MEXICO 87110 Kathy Burnham,  Environmental Reports 
PHONE E451 345.3461 TWX: 910.985.0678 2 Albuquerque Laboratory 



ALBUOUERQUELABORATORY 

Sample  Sample Date T o t a l  
I d e n t i f i c a t i o n  Number Col lec ted  Volunle (ml) ' p c i / m l *  

Resample CNS-5 01/05/77 3800 0 : o  c 1.0 

Van Ilremmer CRK. Weir 113 01/05/77 3800 0.0 c 1.0  

Water Sample CNW- 2 01/19/77 3800 0.0 c 1.0 

" " " " ~ ^ ~ ~ ~ " ~ ~ ~ " ~ " ~ ~  . Ill".lCY.."",i(l(.- _..,.. "-." ,_., .. ._ ._..., ...I -. 

R E P O R T E D  V I A  T E L E P H O N E  01/21/77 
R E P O R T E D  V I A  TWX 

PAGE 1 OF 1 PAGE 



Appendix 11-2.--Radiochemistry. 

Nuclide 

CO-57 
Ce-144 

Ce-141 

Ra-226 

Hg-203 

Cr-51 
1-131 

Sb-125 

Be-7 

La-140 
Ru-103 
Ba-140 

CS-134 
Ru-106 
CS-137 

Zr-95 
Nb-95 
CO-58 
1.111-54 I 
Zn-65 
CO-60 
Na-22 
K-40 

CAbC.W SENSITLVITIES 

EIC GeLi SYSTEN 

Energy Used t o  m A *  
Quantify (KcV) pCi/Snmple 

122 4.3 
134 35 

145  8.5 

186 110 

279  4.8 
320 40 
364 4.4 
427 14 

477 32 

487 9.4 

497  4.0 
537  15 
605 4.8 
622 11 
662 4.5 
724 7.7 
765 4.0 
810 4.3 
835 4.3 
1115 8.4 
,1173 4.7 
1275 3.9 
1460 43 

I,ll)A** 
L." Ki/Snm~lc - 

1 3  

103 

2 3  

280 

11 

91 
9.7 

28  

70 

19 
8 . 4  

30 
10 

69 

9.7 
1.5 
9.4 
8.7 
7.9 
19 
8.5 
7.6 

84 

*Minimum  detectable  activity  for  100 mm diameter  x 19 mln deep Petri dish 
geometry and 200-minutes  counting  time. 
**Minimum  detectable  activity f o r  550  ml Marinelli  beaker  geometry and 
200-minutes  counting time. 

4 



Appendix  II-3.--Clay  mineralogy 



Dr. Charles  W. Walker 
P.O. Box 224 
Cimmaron, Nbi 87714 

Southern Illinois 
University a t  Carbondale 
Carbondale, Illinois 62901 

r r  
epartment of Geology 

ecember 10,  1976 

Dear Buzz, 

Here are   the   x - ray   ana lyses   o f   the   seven   sha le  and clay  samples  as 
wel l   as   the   th ree   sand   samples .  

Four separa te   x - ray   scans   were  made on each   sha le  and c lay   sample .  

procedure and t h e   x - r a y   s t r i p   c h a r t s   a r e   i n c l u d e d   a l o n g   w i t h  our  
and  one  scan was made on each  sand  sample. The d e t a i l s   o f  our experimental  

i n t e r p r e t a t i o n s .  

We hope   tha t  you i d i l l  f i n d ' t h i s   d a t a   u s e f u l  i n  your   s tudy.  If you 
have   any   ques t ions   about   the   ident i f ica t ions  o r  methods.used  please 
f e e l   f r e e   t o   c a l l .  

Paul D. Robinson 
Ass i s t an t   P ro fes so r   o f  Geology 

William C.  Hood 
Assoc ia te   Professor   o f  Geology 

1 



X-RAY STUDY OF SHALES AND SANDS 

Submit ted   to :  

Char les  W .  Walker 

Paul  D.  Robinson, M.S. 
1807 W. Freeman 
Carbondale, I1 

and 

William C.  Hood, Ph.D. 
202 N. Oakland  St .  

Carbondale, I1 
C.P.G.  No. 2185 

. .  2 
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In t roduc t ion  and Authorizat ion 

A t  the   reques t   o f   Char les  W .  Wglker, x - r a y   d i f f r a c t i o n   i d e n t i f i c a t i o n s  

were made of   the   minera ls   p resent  i n  t en   sha l e ,   c l ay  and sand  samples 

from an unspec i f ied  area. Ident i f ica t ion   of   c lay   minera ls   were  maae by 

Dr. William C.  Hood, Cer t i f ied   Profess iona l   Geologis t  and Charter  Member 

o f   t he   C lay   Mine ra l s   Soc ie ty .   Iden t i f i ca t ions   o f  s i l t s  and sands  were 

made by Paul D.  Robinson,  X-ray  Crystallographer. 

3 
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SAlrlPLE PREPARATION 

I.  Sands 

The sands  were  crushed  and  then  ground t o   l e s s   t h a n  200 mesh using  an 

automatic   mortar  and p e s t l e .  

- 

11. S i l t   S i z e   F r a c t i o n  

The s i l t  s i z e   f r a c t i o n s  from the   c lay   samples   were   d r ied   in  an  oven  and 

ground t o   l e s s   t h a n  200 mesh i n  an  automatic  mortar and p e s t l e .  

111. Or ien ted   Clay   S l ides  

The c l ay   s i ze   ma te r i a l s   were   s epa ra t ed  from shale  samples by f irst  

c rush ing   t he   sha l e s   w i th  a c a s t   i r o n   m o r t a r  and pes t le ,   fo l lowed by 

gr inding   wi th  a mechanical   mortar   and  pest le .  Each pu lve r i zed   sha l e  

was p l a c e d   i n  a beaker   wi th   water   ad jus ted   to  pH 9 .5  with  sodium 

carbonate ,  and t h e   s l u r r y   s u b j e c t e d   t o   u l t r a s o n i c   d i s a g g r e g a t i o n   f o r  

twenty   minutes .   Fol lowing   d i saggrega t ion ,   the   s lur rys   were   t ransfer red   to  

s ed imen ta t ion   cy l inde r s   where   t he   c l ay   s i ze   f r ac t ions   were   s epa ra t ed  from 

c o a r s e r   m a t e r i a l s  by, d i f f e r e n t i a l   s e d i m e n t a t i o n   r a t e s .  The sedimentat ion 

s t e p  was r e p e a t e d   u n t i l  most  of  the  clay was separa ted  from t h e  s i l ts .  

The c l a y  was then   concen t r a t ed   i n to  a convenient volume  by c e n t r i f u g e .  

The  concentrated  c lays   were  then  saturated  with magnesium by  suspension 

i n  magnesium ch lo r ide   so lu t ion ,   aga in   cen t r i fuged ,   r i n sed   t o  remove excess 

magnesium c h l o r i d e  and resuspended. From t h i s   s u s p e n s i o n ,   t h r e e   o r i e n t e d  

samples  of  each  clay  were  prepared: 

a) Untreated  magnesium-saturated  clay 

b)   E thylene   g lycol -sa tura ted   c lay  

c )   Clay   hea ted   to  600' C for   one   hour  



-3- 

The p r o c e d u r e   f o r   p r e p a r i n g   t h e   o r i e n t e d   c l a y   s l i d e s   i n v o l v e s   p l a c i n g  

t h e   c l a y   s l u r r y  on t h r e e   g l a s s   s l i d e s  and allowing them t o   a i r   d r y .  

One s l i d e  i s  then   hea t   t rea ted ,   the   second i s  g lyco la t ed  and t h e   t h i r d  

r ece ives  no further  treatment.   This  procedure  produces  oriented  samples 

of   c lay  which  a l lows  x-ray  ident i f icat ion of  most common c lay   minera ls  by 

use   o f   t he i r   basa l   p l ane   spac ings .  To b e t t e r   a s c e r t a i n   t h e   i d e n t i t y  of a 

minor   phase  that   appeared  in  some of t h e   p a t t e r n s ,  a fou r th   t r ea tmen t ,  

po tass ium  sa tura t ion ,  was a l so   used .  

X-RAY EQUIPMENT 

A l l  samples  were run with a Norelco  wide-angle powder d i f f r ac tomete r  

us ing  CuK r a d i a t i o n ,  a g raph i t e  monochromator  and a s c i n t i l l a t i o n  

detector.  Clay  samples  were  scanned  over  the  range 3 t o  40" two- 

t h e t a .   S i l t s  and sands  were  packed i n   s t a n d a r d  aluminum sample  holders 

.and scanned  over  the  range 10  t o  80' two- the ta .   In   the  s i l t  scans ,   t he  

quartz  peak was purposely  a l lowed  to  go o f f   s c a l e   i n   o r d e r   t o  enhance 

the   peaks   o f   any   o ther   minera ls   p resent .  

INTERPRETATION 

I.  clays 

Clay   mine ra l s   r ecogn ized   i nc lude   i l l i t e ,   kao l in i t e ,  mixed l a y e r   i l l i t e  

/montmor i l lon i te ,   quar tz ,  a very  small  amount of d i sc re t e   mon tmor i l l on i t e ,  

and c h l o r i t e .  The ch lor i te   mer i t s   spec ia l   ment ion   due  t o  i t s  somewhat 

unusual   behavior .   The  basal   spacing  of   chlor i te  i s  approximately 1 4  A,  

and i s  o f t e n  weak.  The second  and  fourth  order  peaks  coincide  with 

k a o l i n i t e  which r e s u l t s   i n   a n   i d e n t i f i c a t i o n  probl.em.  The usua l  method 

f o r   i d e n t i f i c a t i o n  i s  hea t   t r ea tmen t ,   wh ich   des t roys   t he   kao l in i t e  and 
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enhances   the   ch lor i te   x - ray   peaks .  I n  the   s amples   unde r   i nves t iga t ion ,  

bo th   t he   kao l in i t e   peaks  and t h e  14 A peak  disappeared  with  heat 

t r ea tmen t .  T h i s  i s  a t y p i c a l   b e h a v i o r   f o r   c h l o r i t e  and  suggested  the 14 A 

peak  might   be  vermicul i te .   Potassium  saturat ion,  which co l l apses  t h e  

14 A v e r m i c u l i t e   p e a k   t o  10  A ,  was t h e n   t r i e d   w i t h   n e g a t i v e   r e s u l t s .  

T h e r e   a r e  some p o o r l y   c r y s t a l l i z e d   c h l o r i t e s   w i t h  low t h e r m a l   s t a b i l i t y  

t h a t   a p p e a r   t o  form within  sedimentary  rocks.  I t  a p p e a r s   t h a t  t h e  c h l o r i t e  

p r e s e n t   i n   t h e s e   s h a l e s  i s  such a minera l .  

11. Si l t   S i ze   F rac t ion   and   Sands  

A l l  x-ray  peaks  were  checked  against   the  J .C.P.D.S. powder d i f f r a c t i o n  

f i l e   i n   o r d e r   t o   a f f e c t   i d e n t i f i c a t i o n   o f   e a c h   s p e c i e s   p r e s e n t .  In  t h e  

case   o f   t he   s ands   t he   peak   he igh t   o f   t he   l a rges t   qua r t z   peak  was d iv ided  

i n t o   t h e   p e a k   h e i g h t   o f   t h e   f e l d s p a r   p e a k s   i n  order t o   g e t  a general  

impression of t h e i r   r e l a t i v e   a b u n d a n c e s .  
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Sample No. 1. CNC-1 253.5'  Core  sample.  Unweathered  Pierre  shale. 

Clay s ize   f rac t ion   Rela t ive   abundance  

I l l i t e  5 
Kao l in i t e  3 
Mixed l a y e r   i l l i t e / m o n t m o r i l l o n i t e  
C h l o r i t e  

3 
1 

Quartz 1 

S i l t   s i z e   f r a c t i o n  
" 

Quartz 
C a l c i t e  
Dolomite 
P lag ioc la se  

5 
3 
2- 3 
2 

Sample No. 2.  CNC-2 22.5'   Core  sample.   Weathered  Pierre  shale 
approximately 10' above  unweathered  shale.  

clay s i z e   f r a c t i o n   R e l a t i v e  abundance 

I l l i t e  4 
K a o l i n i t e .  3 
Mixed l a y e r   i l l i t e / m o n t m o r i l l o n i t e  3 
Montmori l loni te  1 

Quartz . 

Dolomite 
P lag ioc la se  

Potass ium  fe ldspar  
C a l c i t e  (?) 

5 
3 
2-3 
1 
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Sample No. 3 .  CNC-2 32.9' Core  sample.   Unweathered  Pierre  shale 
approximately 0 .4 '  below  weathered  zone. 

Clay - s ize   f rac t ion   Rela t ive   abundance  

I l l i t e  
K a o l i n i t e  
Mixed l a y e r   i l l i t e / m o n t m o r i l l o n i t e  
C h l o r i t e  
Quartz 

S i l t   s i z e   f r a c t i o n  
" 

Quartz 
Dolomite 
P lag ioc la se  
C a l c i t e  

Sample No. 4.  CNP-2 20' Drill c u t t i n g s  from 5' in t e rva l   o f   s and  and 
gravel .   Less   than 7 5  um washed ou t .  

Sand s ize   f rac t ion   Rela t ive   abundance  -~ 
Quartz 
P l a g i o c l a s e  
Potass ium  fe ldspar  
C a l c i t e  

Approximate  abundance of f e l d s p a r   r e l a t i v e   t o   q u a r t z ,   b a s e d  on peak 
h e i g h t   r a t i o s  

Potass ium  fe ldspar  
P lag ioc la se  

28% 
26% 

9 
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Sample No. 5. CNS-29 20' Drill c u t t i n g s  from 8 '  i n t e rva l   o f   s andy   c l ay .  
Approximately 1 2 %  mois ture .  

Clay s ize   f rac t ion   Rela t ive   abundance  

I l l i t e  3 
K a o l i n i t e  3 
Mixed l a y e r   i l l i t e / m o n t m o r i l l o n i t e  3 
C h l o r i t e  2 
Quartz  4 

S i l t  s ize  f r a c t i o n  
" 

Quartz  

Potassium  feldspar  
P lag ioc la se  

C a l c i t e  

5 
3-4 
3-4 
1 

Sample No. 6.  CNS-29 40 '  Drill cut t ings   f rom 9 '  i n t e rva l   o f   s and  and 
gravel.   Water  producer.  Less than  75 um washed ou t .  

Sand s ize   f rac t ion   Rela t ive   abundance  

Quartz 5 
P l a g i o c l a s e  3 
Potass ium  fe ldspar  2 
Calcite 1 

Approximate   abundance   of   fe ldspar   re la t ive   to   quar tz ,   based  on peak . 

" 

h e i g h t .   r a t i o s .  

P l a g i o c l a s e  15% 
Potass ium  fe ldspar  7% 

lo 
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Sample No. 7. Outcrop  sample.  Unweathered Pierre s h a l e .  From Vermejo 
River v a l l e y ,  A.T.S.F. RR c u t .  

Clay s i z e   f r a c t i o n   R e l a t i v e  abundance 

I l l i t e  
K a o l i n i t e  
Mixed l a y e r   i l l i t e / m o n t m o r i l l o n i t e  
C h l o r i t e  
Quartz 

S i l t   s i z e   f r a c t i o n  

4 
3 
3 
2 
3 

" 

Quartz 
C a l c i t e  
P l a g i o c l a s e  
Dolomite 

Sample No. 8:. Outcrop  sample.   Weathered  Pierre   shale .  From Vermejo 
River v a l l e y ,  A.T.S.F. RR c u t .  

C lay   s i ze   f r ac t ion   Re la t ive   abundance  

I l l i t e  . 
K a o l i n i t e  3 

3 

Mixed l a y e r   i l l i t e / m o n t m o r i l l o n i t e  4 
C h l o r i t e  2 
Quartz  2 

S i l t  s ize  f r a c t i o n  

Quartz 
C a l c i t e  
P l a g i o c l a s e  
Dolomite 

" 

5 
3 

2 
2-3  

11 . 



-10- 

Sample No. 9 .  Outcrop  sample.   Unweathered  Pierre  shale.  From 100 '  
below the   T r in idad   s ands tone   con tac t  on west  face  of 
r i d g e   d i v i d i n g  Van  Bremmer Creek  and  Vermejo  River. 

Clay s i z e   f r a c t i o n   R e l a t i v e  abundance 

I l l i t e  3 
K a o l i n i t e  4 
Mixed l a y e r   i l l i t e / m o n t m o r i l l o n i t e  3 
C h l o r i t e  2 
Quart z~ 3 

S i l t   s i z e   f r a c t i o n  
" 

Quartz 

Dolomite 
P l a g i o c l a s e  

Potass ium  fe ldspar  

5 
2-3 
2 
1 

Sample No. 10. Outcrop  sample.   Tr inidad  sandstone.   Composi te   l i thology.  

Vermejo,  River. 
From wes t   f ace   o f   r i dge   d iv id ing  Van  Bremmer Creek  and 

Sand s i z e   . f r a c t i o n  

Quartz 
P l a g i o c l a s e  
C a l c i t e  
Potass ium  fe ldspar  

" 

5 
3 
3 
2. 

Approximate   abundance   of   fe ldspar   re la t ive   to   quar tz ,   -based  on peak 
h e i g t h   r a t i o s .  

P l a g i o c l a s e  
Potass ium  fe ldspar  

40% 
10% 
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RELATIVE ABUNDANCE CODE 

5. The predominant   phase  present   in   the X-ray p a t t e r n .  Peak he igh t  

exceeding 70 percent  of  t h e   t o t a l .  
suggests  i t  i s  by far t h e  most  abundant mater ia l   p resent ,   p robably  

4.  The  main phase   p resent ,   bu t   no t  s o  outs tandingly  more abundant  than 
the   o the r   mine ra l s   p re sen t  as 5 (above).  Approximately 40 t o  70 
percent  of  t h e   t o t a l .  

3 .  An impor tan t   phase ,   eas i ly   recognized  on t h e  X-ray p a t t e r n .  Peak 
he igh t   sugges t s   t he   mine ra l   migh t   cons t i t u t e  on t h e   o r d e r  of  10 t o  
40 percent  of t h e   t o t a l .  

2.  Minor  phase. Main peak  recognizable ,   but   probably n o t  over 10  per.cent 
of  t he   t o t a l   s ample .  

1. Trace  amount.  Peak recognizable   bu t   very   smal l .  

13 
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c 

Sample No. 11. 6NC-1 400.0' Pierre  shale, cuttings. 

Clay - size fraction  Relative  abundance 

Illite 

Mixed layer illite/montmorilloqite 
Kaolinite 

Chlorite 

Silt size fraction 

Quartz 
Plagiclase 
Dolomite 
Pyrite 

" 

Sample No. 12 CNC-5 46' Pierre shale, altered.  Core sample 

Clay size fraction  Relative  abundance 

Illite 

Mixed  layer illite/montmorillonite 
Kaolinite 

Chlorite 
Quartz 

Silt size fraction 
" 

Kaolinite 
Quartz 
Pyrite 

14 

4 
3 
2 
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Sample No. 1 3 .  CNC-6 6 5 . 3 '  P i e r r e   s h a l e ,   c o r e .  

Clay size fract ion  Relat ive  abundance 

I l l i t e  3 
Kaol in i t e  3 
Mixed l a y e r   i l l i t e / m o n t m o r i l l o n i t e  
C h l o r i t e  

3 
1 

Quartz 2 
C a l c i t e  2 

" 

S i l t   s i z e   f r a c t i o n  
" 

Quartz 
C a l c i t e  
Dolomite 
P lag ioc la se  
Potassium  Feldspar (?) 
P y r i t e  

5 
3 
3 
2 - 
1 

Sample No. 14. CNC-8 41.0 Pierre s h a l e ,   c o r e .  

C l a y   s i z e   f r a c t i o n  

. .  

" 

I l l i t e  
K a o l i n i t e  

. C h l o r i t e  
Mixed l a y e r   i l l i t e / m o n t m o r i l l o n i t e  

Quartz 

S i l t   s i z e   f r a c t i o n  
" 

3+ 
3 
3+ 
1 
2 

Quartz  
C a l c i t e  

' Dolomite 
P lag ioc la se  
P y r i t e  (?) 

5 
2 - 3  

2 
2 - 

15 . 
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Sample No.  15 CNG-2 58.5' Pierre  shale,  core. 

Clay size  fraction  Relative  abundance 

Illite 
Kaolinite 
Mixed  layer  illite/montmorillonite 
Chlorite 
Quartz 

Silt  size  fraction 
" 

Quartz 
Dolomite 
Plagioclase 

4 .  
3 
3 
2 
1 

5 
3 
2 

Sample-No. 16 CNC-6 14.5'  Weathered  Pierre  shale,  core. 

Clay  size  fraction 

Illite 

Mixed  layer  illite/montmorillonite 
Kaolinite 

Chlorite 
Quartz 

Silt  size  fraction 
" 

Quartz 
Plagioclase 
Potassium  Feldspar 
Calcite (?) 

5 

2 
3 

16 
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Sample No. 17  CNC-8 15.0'  Weathered  Pierre  shale,  cuttings. 

size  fraction  Relative  Abundance 

Illite 

Mixed  layer  illite/montmorillonite 
Kaolinite 

Quartz 
Chlorite 

Silt  size  fraction 

Quartz 
Plagioclase 
Dolomite 
Calcite 

" 

3 
3 
4 
1 
1 

\ 5  
2 
2 
1 

Sample No. 18 CNS-34 20.0' Brown  sandy  clay,  cuttings. 

Clay size  fraction 

Illite 
Kaolinite 
Mixed  layer  illite/montmorillonite 
Chlorite 
Quartz 

Silt  size  fraction 

Quartz 
Plagioclase 
Dolomite 
Potassium  Feldspar 

" 

3+ 
2 
3+ 
1 
2 

5 
1-2 
1 
1- 

17 '. 
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Sample No. 19 CNG-2 45.0’ Weathered  Pierre  shale,  cuttings. 

Clay  size  fraction 

Illite 3 
Kaolinite 3 
Mixed  layer  illite/montmorillonite 3 
Chlorite 2-3 

Silt  size  fraction 
” 

Quartz 
Calcite 

Dolomite 
Plagioclase 

Potassium  Feldspar (?) 

Sample No. 20 GNG-2 50.0’ Partially  weathered  Pierre  shale,  cuttings. 

Clay size  fraction 

Illite 3 
Kaolinite 3 
Mixed  layer  illite/montmorillonite 3 
Chlorite 2 
Quartz  1 

Silt  size  fraction 

Quartz 5 
Dolomite 2-3 
Plagioclase 2 
Calcite 2 
Pyrite 1 
Potassium  Feldspar (?) - 

” 

18 
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Sample No. 2 1  CNP-1 5 .0 '  Sand  and g r a v e l ,   c u t t i n g s  

Sand s ize   f rac t ion   Rela t ive   abundance  
" 

Quartz 
Potass ium  fe ldspar  
P lag ioc la se  
C a l c i t e  (?) 

Approximate   abundance   of   fe ldspar   re la t ive   to   quar tz ,   based  on peak 
h e i g h t   r a t i o s .  

P l ag ioc la se  
Potass ium  fe ldspar  

28% 
43% 

Sample No. 2 2  CNP-6 15' Sand  and g r a v e l ,   c u t t i n g s .  

Sand s i z e   f r a c t i o n  
" 

Relative  abundance 

Quartz 
Potass ium  fe ldspar  
P lag ioc la se  
I l l i t e  
Kao l in i t e  o r  c h l o r i t e  

Approximate   abundance   of   fe ldspar   re la t ive   to   quar tz ,   based  on peak 
h e i g h t   r a t i o s .  

Potass ium  fe ldspar  
P lag ioc la se  

31% 
25% 

19 
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Sample No. 23 CNG-2 25’  Sand  and.grave1;  cuttings 

Sand s i z e   f r a c t i o n  
” 

Relative  abundance 

Quartz 

.Potassium  Feldspar 
P lag ioc la se  

K a o l i n i t e  o r  C h l o r i t e  (?) 

Approximate  abundance of  f e l d s p a r   r e l a t i v e  t o  qua r t z ,   based  on peak 
h e i g h t   r a t i o s .  

P l ag ioc la se  
Potassium  Feldspar 

44% 
34% 

20 
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DEPARTMENT OF GEOLOGY 

T H E  U N I V E R S I T Y  O F  N E U  H E X I C O  

TO : C. #. Walker 

FROM: John  Husler 

SUBJECT: Rock Analysis  Procedure 

S i l i c a  was d.etermined  gravimetrically by fusion  with sodium carbonate.  

S u l f u r  was determined  on  the f i l t r a t e  by p r e c i p i t a t i o n  w i t h  barium ch lo r ide  

and  weighing as barium s u l f a t e .  

T o t a l  Fe, Al2O3, MgO, CaO,  Na20,  K20, TiOz,  MnO, and S r C  were de te r -  

mined by atomic  absorpt ion  spectrophotometry by a method developed a t  UNK. 

Cal ib ra t ion   cu rves  were  prepared  from  in-house  standards  prepared  from 

USGS s tandard   rocks ,  The P205 was determined   co lor imet r ica l ly  by a n  adapta- 

t i o n  of t h e  Molybdenum Blue Method. The H20(-) was determined by weight 

l o s s  a t  l l O ° C ,  and   the   o rganic  matter was estimated by weight l o s s  between 

i i O ° C  and 500°C. The H20(+) remaining af ter  500°C was est imated by i g n i t i o n  

loss a t  l ,OOO°C,  t ak ing  i n t o  account   the  change i n  weight  due t o  Fe ox3.da- 

t i o n  by K2Cr207 t i t r a t i o n   o f   f e r r o u s   i r o n  i n  both   the   ign i ted   and  unignited 

sample. 
Trace metals were  determined by a tomic   absorp t ion  using a por t ion   of  

t h e  f i l t r a t e  from t h e   s i l i c a   f u s i o n ,   o r  by HF - HNO3 - Hcl04 d i s s o l u t i o n  

using larger sample  amounts  than  those  used  for  the  major  oxides.. 

1 



IIA'E: March  15,  1977 

TO : C. W.  Walker 

FWX: John Hmlcr 

SUBXCI': Whole Rock  Analyses 

CNC-6  (14.0-14.5)  CNC-6  (65.8)  CNS-29@  20'  intervals CNG-2 (58.5) 

SiOz 64.49  54.37  68.09  59.84 

Az203 18.2  13.5 " 13.9 " 14.6 - . . " . . . . . 
Fe203 2.86  1.34  3.56  1.47 
FeO 0.59  3.12  0.41  2.08 

MgO 

_".. "" I...""." . . 

-."."I "._""" 

- - 
1.70  2.58  1.07  2.76 . 

CaO 1.08 6.98  1.80  3.29 

NaZO 0.80 1.02  1.23  0.89 

2.89 2.61  2.52  2.65 

H20+ 5.99 12.12  4.74  10.27 

I. __.-.- "" 

I ___c_"""- .I_ 

K20 

H20- 0.06  0.66  2.19  0.76 

-._ . . 

- _."""~-."""I*-""..-.~"X.-." 

"""." -.""."".- ~ 

-_ "_. ""- ."__ 

Ti0 

'2'5 0.16  0.19  0.10 

"-. - .... . 

0.54  0.51  0.52  0.54 

0.15 
."" ""&. - . 

k 0  0.018  0.030' 
"+... ' - . .  

0.054  0.023 

sro 0.014  0.027  0.014  0.014 

BaO  0.146  0.044 . ,  . 0.082  0.029 

"-. "" . " .. 

-. " .""" _. 

"." .---.- " . - .- . . 
S < 0.1 0.63 < 0.1 0.82 

mrm 99.54 '99.73  100.28 100.19 
I_ __.- ""- I"_ ""-..- -I-. " -. ". . . . . , . . . 

""-."""- "."" ""_.. . . 

Total Fe 3.52 
. . .  

4.81 
. . >  . 

4;  02 
. .. 

3 . 7 6  
C a s  Fez031 
L.O. I. 5.93  11.77  4.69  10.04 ' 

110- 5OO0C  3.63 

content) . 
(approx.  organic 

4.33 

I 500-10OO0C  2.30  .7.44 
2 

0.0 

2.58 

2.11 

0.0 

4.38 .. 

5.66 



3/9/77 
TO: C. I?. Walker 

FRON: John  Husler ,   Virginia   Glugla  

SUBJECT: Trace  e lement   analyses ,  PARTS PER FIILLION 

co 

Cu 

Pb 

.I. JX 9: 

38 34  26 

34  42  46 

9: 

40 

22 

Zn 128  114 86 116 

.l. .\ 1 < 60 < 60 < 60 < 60 

< 120 < 120 120 < 7.20 

cd 2.4 2 .4 1.8 2 . 2  

L i  98 57 29 ' 7 1  

C r  94 SO 42 S 4 

_. 

7': Cobalt  i s  not   repor ted   due  t o  contaminat ion from b i n d e r  i n   t u n g s t e n  
carb ide   capsule  used fo r   g r ind ins , ,  



A p p e n d i x   I I - 5 . - - P a r t i c l e   S i z e   A n a l y s i s  



Appendi.x II-5a.--Particle size analyses.  

Las Cruces ,::larch 21,1977 

I;r.W.K.Sumers, 
P .O .Box 634 
S o c o r r o ,  Tiew :.Iexico, 87801 

Tlear K e l l y ,  

P l e a s e   f i n d  encl.oc3ed t h e   r e s u l t s  0:' t h e   m c h a n i c a l .  
a n a l y s i s  o f  t h e   s a m p l e s  you  send me. 
i h c e p t  for no.10  most s o i l s  a r e   r a t h e r   l i g h t   t e x t u r e d .  
The s o i l s   s h o u l d   h a v e  a cood i n f i l t r a t i o n  r s t c .  
I h o p e   t h i s  i.3 t h e   i n f o r m a t i o n   y o u   m n t e d .  .If thC:rr? i s  
a n y t h i n g   e l s e   y o u   n e e d ,   p l e a s e   l e t  me know. 

1 



Append ix   I I -5a . - -Pa r t i c l e   s i ze   ana lyses  

SUBJECT: >!ec'mnical Analys is  o f  Geological   Soi l   Samples  ( 1 - 1 4 ) .  

Sample Z Sand z S i l c  ' Z Clay  Texture 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1.1 
12 
14 

67.2 
70.0 
54.8 
82.6 
65.0 
55.6 

73.6 

35.6 
5k.4 
53.6 

46.8 

80.4 

80.8 

8 .5  
6.4 

23.8 
5.4 

1 6 . 6  
18.4 
28 .a 

6.G 
5 .0  

19.0 
31.0 

20.0 
4 .8  

24.4 
23.6 
21.4 
12.0 
18.4 
26.0 
24.4 
20.0 
14.6  
33.4 
26.6 
26.4 
14.4 

~~~ ~~~~~~ ~ ~ 

Sandy  clay loam 
Sandy c l a y  loam 
Sandy loam 
Loamy sand 
Sandy  loam 
Sandy c l a y  loam 
Loam 
Sandy  loam 

Clay loam 
Sandy loam 

Sandy c l a y  1oa.m 
Sandy c l a y  loam 
Loamy sand 

Analyses   by P . J .  Wierenga, Agronomy Dept . ,  New Mexico S t a t e  Univ. 

2 



Appendix  II-5b.--Particle-size  distribution  analyses: ' : ,   sample  no.  1 
[ s e e   p i t   d i a g r a m   f o r   l o c a t i o n ]  . 

S i e v e  no. 
USA Tyler inches  mm r e t a i n e d   r e t a i n e d  

Size   re ta ined   Percent   Cumula t ive   percent  
" 

4 

10 

20 

40 

80 

100 

200 

325 

Pan 

1 

-5  

4 .187 

9 .07 

20  .0331 

35  .Ol65 

80 .0070 

100 .0059 

200 .0029 

325 .0017 

25.0 

12.5 

4.76 

2.00 

.850 

.425 

.180 

.150 

.075 

.044 

0 

0 

0 

0 

.6 

5 . 2  

29.4 

8.0 

1 7 . 4  

5.8 

33.6 

0 

0 

0 

0 

.6 

5.8. 

35.2 

43.2 

60.6 

66.4 

100.0 

2- ,. 
Analys i s  by Dennis  Engineering Co. 

, .  

W. K. Surnnws Sr Associates 



Appendix   I I -5b . - -Par t ic le -s ize   d i s t r ibu t ion   ana lyses" ,   sample  no. 2 
[ s e e   p i t   d i a g r a m   f o r   l o c a t i o n ]  . " 

USA TyLer 
S i e v e  no. 

inches  
S i z e   r e t a i n e d  

nun 
Percen t  
r e t a i n e d  

Cumulative  percent 
r e t a i n e d  

4 

10 

20 

40 

80 

100 

200 

325 

Pan 

1 

. 5  

4 . l a 7  

9 .07 

20 .0331 

35  .0165 

80 .0070 

100 .0059 

200 .0029 

3 2 5  .0017 

25.0 

12.5 

4.76 

2.00 

.850 

.425 

.180 

.150 

.075 

.'044 

0 

0 

0 

0 

' .1 

1 . 9  

25.7 

8.6 

27.0. 

7.2 

29.6 

0 

0 

0 

0 

.1 

2.. 0 

2 7 . 7  

36.3 

63.3 

70.5 

100.1 

.I. ,. 
Analysis   by  Dennis   Engineer ing Co. 

W. K. Summers & Associites 

n 
L 



Appendix   11-5b . - -Par t ic le -s ize   d i s t r ibu t ion   ana lyses" ,   sample  no. 3 
[ s e e  p i t   d i a g r a m   f o r   l o c a t i o n ]  . 

Sieve  no. S i z e   r e t a i n e d  
USA Tyler 

Percent   Cumulat ive  percent  
i nches  mm r e t a i n e d  - r e t a i n e d  

4 

1 0  

20 

40 

80 

100 

200 

325 

Pan 

1 

.5 

4 .187 

9 .07 

20 .0331 

35 .0165 

80 .0070 

100 .0059 

200  .0029 

325 .0017 

25.0  

12.5 

4.76 

2 . 0 0  

.850 

.425 

.180 

.150 

.075 

.044 

0 

0 

0 

0 

. 2  

.6 

12.1 

5.5  

2 3 . 8  

1 5 . 1  

42 .6  

0 

0 

0 

0 

.2 

.a  
12.9 

1 8 . 4  

42 .2  

57.3 

99.9 

* 
- 

A n a l y s i s  by  Dennis  Engineering Co. 

W. K. Summers & Associates 
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Appendix   I I -5b . - -Par t ic le -s ize   d i s t r ibyc ion   ana lyses* ,   sample   no .  4 
[ s e e   p i t   d i a g r a m   f o r   l o c a t i o n ] .  

S i eve   no .  
- USA Tylfr i nches  

S i z e   r e t a i n e d  
mm 

Percent  Cumulative  percent 
r e t a i n e d  r e t a i n e d  

4 

10 

20 

40 

80 

100 

200 

325 

Pan 

1 

- 5  

4 .187 

9 .07 

2 0  .0331 

35  .0165 

80 .0070 

100 .0059 

200 .0029 

325 .0017 

25.0 

1 2  -5  

4.76 

2.00 

.850 

.425 

.180 

.150 

.075 

.044 

0 

0 

0 

0 

0 

3.0 

54.2 

14.0 

2 4 . 4  

2 . 8  

1 . 6  

0 

0 

0 

0 

0 

3.0 

57.2 

71.2 

95.6 

98.4 

100.0 

x. 
A n a l y s i s  by  Dennis  Engineering Co. 

IV. K. Suntrners & Associates 
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Appendix   11-5b . - -Par t ic le -s ize   d i s t r ibu t ion   ana lyses" ,  sample no. 5 
[ see  p i t   d i a g r a m  f o r  l o c a t i o n ] .  

S i e v e  no. 
USA Tyler - i nches  

S i z e   r e t a i n e d  

4 

10 

20 

40 

80 

100 

200 

325 

Pan 

- 

4 

9 

20 

35 

80 

100 

200 

325 

1 

.5 

.187 

.07 

.0331 

.0165 

.0070 

.0959 

.0029 

.0017 

m 

25.0 

12.5 

4.76 

2.00 

.850 

.425 

.180 

.150 

.075 

.044 

Percent  
r e t a i n e d  

0 

0 

0 

0 

0 

3 . 1  

42.6 

10.2 

2 9 . 1 -  

8 .5  

6.6  

Cumulative  percent 
r e t a i n e d  

0 

0 

0 

0 

0 

3 . 1  

45.7 

5 5 . 9  

85.0 

93.5 

100.1 

Ji 
- 

Analys i s  by  Dennis  Engineering Co. 

\'i. K. Summers & Associates 
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Appendix  I I -5b.--Part ic le-s ize   dis t r ibut ion  analyses" . ,   sample no. 6 
[ s e e   p i t   d i a g r a m   f o r   l o c a t i o n ] .  

USA Tyler 
S i e v e  no. 

inches  
S i z e   r e t a i n e d  

mm 
Pe rcen t  Cumulative  percent 
r e t a i n e d  r e t a i n e d  

4 

10 

20 

40 

80 

100 

200 

325 

Pan 

1 

.5 

4 .187 

9 .07 

20 .0331 

35  -0165 

80  .0070 

100 .0059 

200 .0029 

325 .0017 

25.0 

12.5 

4.76 

2.00 

.850 

.425 

.180 

.150 

.075 

.044 

0 

0 

0 

0 

. 3  

2.9 

17.4 

5 .7 .  

1 9 . 2  

10.6 

43.9 

0 

0 

0 

0 

. 3  

3.2 

20.6 

26.3 

45.5 

56 .1  

100.0 

- 
x- 
Analysis   by  Dennis   Engineer ing Co. 

W. K. Summers & Associates 
6 .  



Appendix   I I -5b . - -Par t ic le -s ize   d i s t r ibu t ion   ana lyses$<,   sample  no. 7 
[ s e e   p i t   d i a g r a m   f o r   l o c a t i o n ] .  

S i e v e  no. S i z e   r e t a i n e d   P e r c e n t  Cumulat ive  percent  
USA Tyler inches  mm r e t a i n e d   r e t a i n e d  - 

4 4 

10 9 

20 20 

40 35 

80 80 

100 100 

200 200 

325 325 

Pan 

1 

.5 

.187 

.07 

.0331 

.0165 

.0070 

.. 0059 

.0029 

.0017 

25.0 

12.5 

4.76 

2.00 

.850 

.425 

.180 

.150 

.075 

.044 

0 

0 

0 

.2 

.2 

4 . 1  

1 2 . 7  

2.8  

11.6 

11.8 

56.6 

0 

0 

0 

. 2  

.4 

4.5 

17.2 

20.0 

31.6 

43.4 

100.0 

x- 
Analys i s  by Dennis  Engineering Co. 

\'I. K. Summers & Associates 
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Appendix   I I -5b . - -Par t ic le -s ize   d i s t r ibu t ion   ana lyses" ,   sample  no. 8 
[ s e e   p i t   d i a g r a m   f o r   l o c a t i o n ] .  . 

S i e v e  no. S i z e   r e t a i n e d  
USA - Tyler inches  . 

4 

1 0  

20 

40 

80 

100 

200 

325 

Pan 

1 

.5 

4 . l a 7  

9 .07 

20 .0331 

35  .0165 

80 .0070 

100 .0059 

200  .0029 

325  .0017 

mm 

25.0 

12.5 

4.76 , 

2.00 

.850 

.425 

.180 

.150 

.075 

.044 

Percent  
r e t a i n e d  

0 

0 

2.2 

1 .3  

1.8 

7.8 

9.5 

6 .5  

17.6 

7 .0  

46.2 

Cumulative  percent 
r e t a i n e d  

0 

0 

2 . 2  

3 .5  

5 . 3  

13.1 

22.6 

29 .1  

46.7 

53.7 

99.9 

* 
Analysis   by  Dennis   Engineer ing Co. 

W. K. Summers & Associates 
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Appendix   I I -5b . - -Par t ic le -s ize   d i s t r ibu t ion   ana lyses* ,   sample  no. 9 
[ s e e   p i t   d i a g r a m   f o r   l o c a t i o n ] .  

S i e v e  no. S ize   re ta ined   Percent   Cumula t ive   percent  
- USA Tyler inches  mm r e t a i n e d   r e t a i n e d  

4 

10 

2 0  

4 0  

80 

100 

2 0 0  

325 

Pan 

1 

.5 

4 .187 

9 .07 

20   . 0331  

35  .0165 

80 .0070 

100 .0059 

200  .0029 

325  .0017 

25 .0  

1 2 . 5  

4.76 

2 .oo 

.850 

.425 

.180 

.150 

:075  

.044 

17 .2  

7 . 4  

6 .6  

2.4 

9 .4  

8.6 

17 .7  

3 . 9  

10.5 

7 . 9  

8 .5  

17 .2  

24 .h  

31 .2  

33.6 

43 .0  

51 .6  

69.3 

73 .2  

83 .7  

91.6 

100.1 

* 
Analys is 'by   Dennis   Engineer ing  Co. 

W. K .  Summers 6c Associates 
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Appendix   I I -5b . - -Par t ic le -s ize   d i s t r ibu t ion   ana lyses" ,  sample no.  10 
[ s e e   p i t   d i a g r a m   f o r   l o c a t i o n ] .  

S i e v e  no. S ize   re ta ined   Percent   Cumula t ive   percent  
- USA Tyler inches  Wn r e t a i n e d   r e t a i n e d  

4 

1 0  

20  

40 

80 

100 

200 

325 

Pan 

1 

:5 

4 .187 

9 .07 

20 .0331 

35  .0165 

80 .0070 

100  .0059 

200  .0029 

325 .0017 

25.0 

12.5 

4.76 

2.00 

.850 

.425 

.180 

.150 

.075 

.044 

26.7 26 .7  

3.8  30.5 

1 2 . 1  42.6 

8.7  51.3 

4.0  55.3 

3.2  58.5 

13.0  71.5 

3.4  74.9 

8.3  83.2 

4.9  88.1 

12.0 100 .1  

~ ~ " 
A n a l y s i s  by Dennis  Engineering Co. 

W. K. Summers Er Associates 

10 
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Appendix  11-5b.--Part ic le-s ize   dis t r ibut ion  analysesi ' i ,   sample ,,0.11 
[ s e e   p i t   d i a g r a m   f o r   l o c a t i o n ] .  

S i e v e  no. 
USA Tyler - i nches  

S i z e   r e t a i n e d  

4 

10 

20 

40 

80 

100 

200 

325 

Pan 

1 

.5  

4 .187 

9 .07 

20 .0331 

35  -0165 

80 .0070 

100 .0059 

200 .0029 

325  .0017 

mm 

25.0 

12.5 

4.76 

2 .00  

.850 

.425 

..la0 

.150 

,075 

.044 

Percent  Cumulative  percent 
r e t a i n e d  

0 

0 

.1 

0 

0 

. 9  

7.8 

2.9 

1 2 . 2  

10.5 

65.5 

r e t a i n e d  

0 

0 

.1 

.1 

.1 

1.0 

8.8 

11 .7  

23.9 

34.4 

99 .9  

9: 
Analys i s  by  Dennis  Engineering Co. 

W. K:Surnmers & Associates 
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Appendix  I I -5b.--Part ic le-s ize   dis t r ibut ion  analyses^,   sanlple  no. 1 2  
[ s e e   p i t   d i a g r a m   f o r   l o c a t i o n ] .  

S i eve  no. 
USA Tyler inches  

S i z e  r e t a i n e d  
mm 

Percent  Cumulative  percent 
r e t a i n e d   r e t a i n e d  

4 

10 

2 0  

40  

8 0  

100 

2 0 0  

325 

Pan 

1 

.5 

4 .187 

9 .07 

20  .0331 

35 .0165 

8 0  .0070 

100 .0059 

200  .0029 

325  .0017 .044 

25.0 

1 2 . 5  

4 .76  

2 .00  

850 

425 

1 8 0  

1 5 0  

.075 

0 

0 

1 . 4  

.5 

.5 

1.8 

14.7 

4 . 0  

1 7 . 9  

11.0 

4 8 . 1  

0 

0 

1 . 4  

1 . 9  

2 . 4  

4.2 

1 8 . 9  

22.9 

40 .8  

51 .8  

99 .9  

rl- 
Analys i s  by Denn i s  Engineer ing Co. 

W. K. Summers 61 Associues 

12 . 



Append ix   I I -5b . - -Pa r t i c l e - s i ze   d i s t r ibu t ion  analyses*, sample no. 1 3  
[ s e e   p i t   d i a g r a m  f o r  l o c a t i o n ] .  

S i e v e  no. S i z e   r e t a i n e d  
USA Tyler 

Percen t  Cuau ln t ive   pe rcen t  
i nches  mm r e t a i n e d   r e t a i n e d  

1 25.0  36.0  36.0 

.5 12 .5   10 .5   46 .5  

4 4 . l a 7  4.76 9.0  55.5 

1 0  9 .07 2.00 7.2  62.7 

20 20 .0331 . a50 3.6  66.3 

40  35 .0165 .425 3.6  69.9 

80 ' 80 .0070 . l a 0  11.9 81. a 
100 100 .0059 .150 2.8  84.6 

- 

200 200 .0029  .075 . 6.0  90.6 

325  325 .0017 .044 2.0 92.6 

Pan  7.3 99.9 

3. - 
Analysis   by  Dennis   Engineer ing Co. 

\V. K. Summers & Associates 

13 



Appendix II-Sb.--Particle-size distribution analyses*,  sample no. 1 4  
[see pit diagram  for 1.ocationJ. 

Sieve no. 
- USA Tyler inches nun 

Size  retained 

4 

10 

2 0  

40 

80 

100 

2 0 0  

325 

Pan 

1 

- 5  

4 .18? 

9 .07 

20  .0331 

35 .0165 

80 .0070 

100  .0059 

200  .0029 

325 .0017 

2 5 . 0  

12 .5  

4.76 

2.00  

.850 

.425 

.X30 

.150 

.075 

.044 

Percent Cumulative percent 
retained retained 

0 

0 

1.7 

.5 

.2 

2.0 

18.3 

6 . 1  

17.1 

8 . 3 .  

45.9 

0 

0 

1.7 

2.2 

2.4 

4 . 4  

22.7  

28 .8  

45.9 

54.2 

100.1 

* 
Analysis by Dennis  Engineering Co. 

W. K. Summers & Associates 
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Appendix  11-5b.--Part ic le-s ize   dis t r ibut ion  analyses*,   sample  no.15 
[ s e e   p i t   d i a g r a m   f o r   l o c a t i o n ] .  

USA Tyler 
S ieve  no. 

i n c h e s  
S i z e   r e t a i n e d  

mfU 

4 

1 0  

20 

40 

80 

100 

200 

325 

Pan 

1 

.5 

4 .187 

9 .07 

20 .0331 

35  .0165 

80  .0070 

100 .0059 

200  .0029 

325  .0017 

25.0 

12 .5  

4 :76 

2.00 

.850 

.425 

.180 

.150 

.075 

.044 

Pe rcen t  Cumulative  percent 
r e t a i n e d  r e t a i n e d  

15.8 

3.4 

4 .6  

2.2 

1 . 4  

4.9 

35.5 

9 . 4  

1 8 . 1  

2.8 

1 . 8  

15.8 

19.2 

23.8 

26.0 

2 7 . 4  

32.3 

67.8 

77 .2  

95.3 

98 .1  

99.9 

-L 
Analys i s  by Dennis  Engineering Co. 

W. K. Summers LQ Associates 
15 . . 



Appendix II-5b.--Particle-size distribution analyses", sample no. 16 
[see pit diagram for location]. 

" 

Sieve no. Size retained 
USA Tylfr - inches mm retained 

Percent 

4 

10 

20 

40 

80 

100 

200 

325 

Pan 

1. 

.5 

4 .I87 

9 .07 

20  .0331 

35  .0165 

80 .0070 

100 .0059 

200 .002 9 

325 .0017 

25.0 

12.5 

4.76 

2.00 

.850 

.425 

.180 

.150 

.075 

.044 

0 

0 

0 

.3 

.4 

2 . 1  

42.6 

1 5 . 2  

31.4 

5 . 1  

2.8 

Cumulative percent 
retained 

0 

0 

0 

.3 

. 7  

2.8 

45.4 

G O .  6 

92.0 

97.1 

99.9 

-L 
Analysis by Dennis  Engineering Co. 

W. K. S u m m m 6  Associates 
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Appendix II-6.--Physical tests of cores 



PHYSICAL  TEST  SAMPLES 

C N C - l A  
CNC-1B 
CNC-1C 
CNC-1D 
CNC-4A 

CNC-6A 
CNC-5A 

CNC-2A 
CNC-4B 
CNC-6B 

Core  1.0 '  l o n g  
Core  0 . 9 '  l o n g  
Core  1.0' l ong  
Core  1.0' l o n g  
Core  1.0' l o n g  

Core  1.0' l o n g  
Core 1.0' l o n g  

Core  1.0' l o n g  ( 2   p i e c e s )  
Core  0.9' l o n g  ( 4   p i e c e s )  
Core 0.9' l o n g  ( 2   p i e c e s )  

Box i\l 
CNC-6A,  CNC-5A,  CNC-4A,  CNC-4B,  CNC-2A 

Box ij2 
CNC-6B, CNC-lA, C N G l B ,  CNC- lC ,  CNC-1D 

Samples  sent 12 /7 /76  v ia  bus t o  Terra Tek 

147.1-148.0 
63 .1-64 .1  

215.5-216.5 
285.0-286.0 

40.0-41.0 
35.0-36.0 
14.5-15.5 
26.1-27.1 
24.1-25.0 
64.3-65.2 

( s h a l e )  

( s h a l e )  
( s h a l e )  

( s h a l e )  
( s h a l e )  
( s h a l e )  
( w e a t h e r e d   s h a l e )  
( w e a t h e r e d   s h a l e )  
( w e a t h e r e d   s h a l e )  
( s h a l e )  

1 
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INTRODUCTION 

Material  properties  determined for ten cores, Table 1, extracted  from 

the potential  nuclear waste storage site in northeastern  New  Mexico are 

outlined below. Tests were performed  to evaluate physical properties,  gas 

permeability, brine permeability,  ultrasonic  velocity and hydrostatic 

compression. 

TABLE 1 

Cores  Received 

DESIGNATION 
SAMPLE 

(1) CNC-1A 
(2) CNC-1B 
( 3 )  CNC-IC 
(4) CNC-1D ' 

( 5 )  CBC-2A 
(6) CNC-4A 
( 7 )  CNC-48 
(8) CNC-5A , 

(9) CNC-6A 
(10) CNC-GB 

MATERIAL 

Shale 
Shale 
Shale 

i Shale 
C1 ay 
Shale 
C1 ay 
Shale 
C1 ay 
Shale 

The material  consisted of both weathered and non-weathered  shale. All 

of the non-weathered shale were extensively.layered, but.were competent and 

cored  easily. The weathered shale (clay) samples were much  less  competent. 

One sample o f  the  weathered shale (CNCAA), for example, was so friable 

that it crumbled  during handling. Tests with this core were  limited due 

to  sample preparation  difficulties. 

3 .  



This report  contains a summary of the test d a t a  obtained from each 

of the five  test programs. The appendix contains a brief  description o f  

each test  series. 

4 
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TEST RESULTS AN0  DISCUSSION 

A summary of the physical  properties  data is contained in Table 2. The 

samples containing significant amounts of clays, CNC-2A,  CNC-48,  CNC-6A, 

demonstrated  slightly lower bulk densities than the other shale type 

materials. The low bulk density for sample CNC-6A reflects the extensive 

amount of inter-layer fracturing present within the core. This particular 

material  had  very  little cohesion between  layers  and  was extremely friable. 

The moisture contents of the material are consistently  below 3% with 

the exception of the CNC-4B and CNC-6A footages  which  contain  moisture con- 

tents of 6.9% and 7.8% respectively. 

Effective  porosity  measurements were made on all footages with the 

exception of the CNC-6A footage. The state o f  the CNC-6A prevented  the 

type of sample preparation  necessary for a  meaningful  test.  Effective 

porosity  values  ranged from a low of 2.5%, sample CNC- lC,  to a high of 

14.0%, sample CNC-46. 

The results of the permeability  tests are contained in Table 3 .  The 

water permeabilities are consistently lower than the gas  permeabilities. 

. The values  determined for the lateral gas  permeability are significantly 

higher  than the vertical gas permeabilities. The  flow in the lateral case, 

however, appears to be principally via cracks  opened in  the  horizontal 

bedding'  planes. 

A summary o f  the ultrasonic test  results is also contained in Table 3. 

The shale test samples show consistently  higher  velocities  than the clay 

samples.  Typical shale p-wave  velocities are approximately 10,000 ft/sec 

while the clay samples were approximately 5,000 ft/sec. 



TABLE 2 

Physical Property Test Summary 

DESIGNATION 

CNC-SA 

2.3 71.6 7.6 8.1 2.2 2.73 2.52 2.58 CNC-60 

23.1 18.5 " 27.5 7.8 2.71 1.70 I .85 CIIC-6A 

2.0 78.8 5.8 9.5 1.0 2.71 2.45 2.52 

Accuracy: Bulk  Density :0.002 gmlcc Total Porosity :0.2% 
Dry Density rO.002 gnlcc E f f .  Gas Porosity :0.5% 
Grain Density rO.04 grnlcc 
UdteP content 0.1; 

Sazwation !0.6% 
Air  Voids *0.4% 

TABLE 3 

Permeability and Ultrasonic Velocity Test Summary 

DESIGNATION 

. .  

. .  

.. 
Accuracy: Penneabllities  repeatable  to  within 20% 

Velocities t 1 4  
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One clay sample and one shale sample were tested  to  determine  the 

material 's   response  to  hydrostatic  pressure.  The r e su l t s  of these  tes ts  

are contained i n  Figures 1 and 2 .  

Both samples  demonstrated anisotropic  behavior. The axial  deforma- 

t ion i n  both instances was  much larger  than  t t ie  lateral   strain.  This 

was apparently caused by the  extensive  horizontal bedding present  in 

both  samples. The clay  contained more bedding than  the  shale  as  verified 

by the  larger   axial   s t ra in   during the c lay   t es t .  



I I I 

HYDROSTATIC COMPRESSION CNC-ID SHALE 

6 
STRAIN, % 

F igure  1. Hydrostat ic  Compression o f  Sample CNC-1D. 

I I 4 I 

HYDROSTATIC COMPRESSION C K -   2 A  CLAY 

STRAIN, % 

Figure 2. Hydrostat ic  Compression o f  Sample CNC-2A. 
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PHYSICAL  PROPERTIES TEST PROGRAM 
.. 

Physical  property tests were performed to  determine  the b u l k  densi ty ,  

moisture  content by wet weight,  grain  density, and ef fec t ive  gas  porosity 

of  each  footage. From these  values the dry  densi ty ,   to ta l   porosi ty ,  per- 

cent saturat ion and percent   a i r  voids were calculated.  Samples fo r  the 

physical  properties measurements were obtained from the wrapped and waxed 

sealed  cores. Two fragments of approximately 30 t o  50 cc  in volume were 

broken from each of the cores.  The cores were then re-sealed  to  maintain 

"as-received''  moisture  content. 

The bulk density  represents  the  "as-received' '   density of the  core. 

These measurements were made using the Ruska Mercury Porometer which 

determines volumes by mercury displacement. The densit ies  obtained  in ' 

t h i s  manner are   accurate   to  i0 .002  gm/cc.' 

.The moisture  content  is  expressed  as a percent  of the wet-weight and 

i s  determined by measuring the weight  loss of a crushed  sample  during oven 

drying for 24 hours a t  105OC. The weight l o s t  can be measured t o  0.1%  of 

the  total  weight. 

The grain  density  represents  the  density  of  the  actual  crystals  or 

pa r t i c l e s   t ha t  make up  the rock structure. To determine t h i s ,  a sample 

weighing approximately 50 gms i s  f i rs t  ground t o  a -100 mesh pa r t i c l e   s i ze .  

The pulverized  material ' is then dried i n  a forced  convection oven a t  105'C 

f o r  24 hours.  Approximately 25 gms of  dried  material  are  placed  into a 

cal ibrated 50 ml f lask 'and weighed. A vacuum i s   f i r s t  drawn on the  f lask 

t o  remove any entrapped a i r ,  then   the   f lask   i s   f i l l ed  w i t h  water and weighed. 

10 



The water weight and the oven dried sample  weight a r e  then used t o  deter-  

mine the grain  density.  Densities  obtained by this method are  repeatable 

t o  a0.04 gm/cc. 

The total   porosity,   percentage  saturation, and percentage  a i r - f i l led 

voids  are  determined  arithmetically from the bulk and gra in   dens i t ies ,  

and moisture  content. The total   pqrosi ty   represents  the to t a l  amount 

of  pore volume,  both accessible and occluded,  present  within  the  material. 

Total  porosity  values  are  accurate  to aO.2%. The air-f i l led,void  content  

i s  the amount of  pore volume not  occupied by pore  fluids. These values 

are  accurate t o  i0.4% of t o t a l  pore volume. Sa tu ra t ion   i s  a measure of 

the to t a l  pore volume f i l l e d  w i t h  pore  fluid.  Saturation  values have a 

a0.6% accuracy. 

The effective  porosity  determinations were made with a Beckman  Gas 

Pycnometer on samples oven dried a t  1 0 5 O C .  The ef fec t ive   poros i ty   i s  a 

measure of the connected  pore volume, The Beckman technique  uses  helium 

gas t o  impregnate the sample and measure the volume of the connected 

accessible  pores. By using this technique,  effective  porosity measure- 

ments accura te   to  +0.5% porosity  are  obtained. 

11 



PERMEABILITY TEST PROGRAM 

Vertical  gas  and water permeabilities (i.e. gas flow perpendicular to 

bedding  planes)  were  determined for all footages  with the exception of 

the CNC-6A  footage. Additionally, lateral gas  permeabilities (i.e. gas 

flcw parallel  to the bedding  planes) were determined on samples CNC-1A 

and  CNC-46. All tests were performed  with the transient  pressure test 

method. 

The gas  permeability tests were conducted on unconfined  samples in 

the "as-received''  state. The samples were 0.990 _c 0.005" (2.51 cm i: 0.013 

cm) in diameter and 0.30" (0.76 cm) in  length. The tests employed  nitrogen 

gas as  a  permeating  fluid  and were'conducted at room temperature, 20°C. 

The water permeability tests were made on samples  saturated in a n  

aqueous brine. The principal  ionic  constituents of this  brine were 

calcium, sodium, bicarbonate  and sulfate ions. The concentration of 

these ions  was  manipulated 20 achieve a  fluid  conductivity of 1000 7 umhos 

while maintaining  roughly  equal  proportions.  This water make-up was 

an approximation to  the in situ ground water chemistry.* 

The water permeability samples were sealed and confined at a  pres- 

sure equal to  1 psi per foot of overburden -- the clay samples were 
confined at 25 psi  and the shale samples were confined at 50 psi. 

* Private communication with W .  K. Summers, December, 1976. 
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ULTRASONICS  VELOCITY TEST PROGRAM 

The technique used t o  measure the ul t rasonic   veloci t ies  of the various 

footages  is  best  described as the "through  transmission  system". I t  has 

the  capabi l i ty  of determining  small  delay  times  to a high degree of accuracy. 

A schematic of t h i s  system i s  shown in  Figure 3.  

The frequency  synthesizer i s  extremely  stable  with a signal  error  of 

?I part  in 10'lmonth. The signal  passing  through the tes t  sample is  compared 

w i t h  the signal coming d i r e c t l y  from the synthesizer.  The delay  experienced 

by the signal coming through the sample i s  then determined by comparing 

wave forms on an oscilloscope. The path  length  divided by the elapsed 

time o f  the signal  passing  through'the sample s ives  the resul t ing  acoust ic  

ve loc i ty   for   tha t  medium. The designation "p-wave" i s  given the  longitudinal 

wave while the term 'Is-wave" is  applied  to  the  shear wave. 

The samples tes ted were 1.00 i 0.005" (2.54 + 0.013 cm) diameter  with 

lengths  ranging from 0.30" (0.76 cm) t o  1.00" (2.54 cm). In each  case  the 

length repr.esented the maximum length  obtainable from t h a t  core. The 

samples were tes ted i n  the   "as-received ' '   s ta te   a t  room temperature and  

pressure. .The ul t rasonic   veloci t ies   are   accurate  t o  +1%. 

* 13 
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Figure 3. Ultrasonic  Velocity Test Schematic. 
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HYDROSTATIC  COMPRESSION TEST PROGRAM 

One shale sample and one clay sqmple were tes ted t o  determine  the 

volume s t r a i n  as a function  of  hydrostatic  pressure. From the  slope o f  

this   curve,   the  bulk modulus can he obtained. 

The samples tes ted were CNC-la, a shale ,  and CNC-2A, a clay. Both 

samples were 1.0“ (2.54 cm) diameter and 1.0” (2 .54  cm) i n  length. The 

samples were sealed w i t h i n  a urethane  jacket, t o  prevent  contact w i t h  

the confining  f luid,  and mounted t o   s t e e l  endcaps. The jacket   is   then 

sealed  to   the endcaps w i t h  several turns o f  lockwire. 

The sample i s  then  subjected  to  hydrostatic  pressurization  within 

a pressure  vessel   while  the  strains of the sample are  monitored. The 

confining  pressure measurement i s . accu ra t e  t o  within 5 psi. The axial  

and t ransverse  s t ra ins  o f  the  sample,  designated Ea and E t ,  resoectively,  

a r e  measured inside  the  vessel by a s t r a i n  gauged cant i lever  system. 

Lateral   s t ra in  measurements are   accurate   to  0.04% s t r a i n  and axial   s t ra ins  

are  accurate t o  0.05% s t r a i n .  
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Appendix 11-7 .  --Cation  exchange. 



Cation  Exchange 

Depth 
Well # (feet) Sample  Description  Comments 

CNC-1  231.5 Pierre  shale  core 

CNC-1  400.0 Pierre  shale  cuttings 

CNP-2  400.0 Pierre  shale  cuttings 

CNC-5 46.0 Pierre  shale 
(rotten) 

core 

CNC-8 41.0 Pierre  shale  core 

CNG-2 58.5 Pierre  shale  core 

CNG-2 50.0  partially  weathered 
Pierre  shale 

cuttings 

CNG-2 45.0  weathered  Pierre cuttings 

CNS-34 20.0  brown  sandy  clay cuttings 

CNC-8 15.0  weathered  Pierre cuttings 

CNC-2 22.5  weathered Pierre core 

1 



GEOCHEMICAL EXPLORATION 
POLLUTION ANALYSIS I U M P I R E I  

METALS 
SALTS A N D  B R I N E S  
B I O C H E M I C A L  
E N V I R O N M E N T A L  B A C K G R O U N D  
CROPS A N D  PLANTS 
C O K E S  A N D  C O A L S  
W A T E R S  A N 0  E F F L U E N T S  
GASES 

SOILS A N D  ~ E R T I L I Z E U S  

American 
Chemical 

Research 

March 3, 1977 

Mr. W. K. Summers 
W. K. Summers and  Associates 
Box 684 
Socono, NM 87801 

Dear Mr. Summers: 

A s  per   your   request ,  I a m  including a b r i e f   d e s c r i p t i o n  
of our "Cation Exchange Capacity" (CEC) procedure. 

with sodium ace ta te   so lu t ion   to   d i sp lace   exchangeable  
ca t ions  from t h e   s o i l   s o l u t i o n ,   c l a y   l a t t i c e ,  and 
o rgan ic   ma te r i a l   w i th in   t he   so i l .  

A screened ( 8  mesh),   air-dried  sample i s  mixed 

The extraneous  ions  are  then washed f r e e  with 
ethanol.  The exchanged  sodium is  then   d i sp laced  
by add i t ion  of ammonium a c e t a t e   s o l u t i o n  and 
c o l l e c t e d   i n  a volumetr ic   f lask.  

i s  determined by atomic  absorption or  flame  emission 
The exchanged  and  subsequently d isp laced  sodium 

and r e p o r t e d   i n  Meq.Na/lOO g .   s o i l  (= CEC).  

t h e  CEC i n   t h e   s o i l  it i s  necessary   to  combine t h e  
sodium a c e t a t e  and ethanol wash so lu t ions  and 
de termine   the   quant i t ies  of  each  of t he   i ons   p re sen t .  

This procedure is one o f m q  approved f o r   u s e  by t h e  

To determine  the  extraneous  ions  which make up 

Associat ion  of   Off ic ia l   Agricul tural   Chemists  (AOAC) f o r  
Western S o i l s .  We have made s l igh t   modi f ica t ions  on t h e  
procedure t o  enhance t h e   r e p r o d u c i b i l i t y  of t h e   r e s u l t s .  
Some changes  have  also  been made i.n o r d e r   t o   a l l o w   f o r  a 

. 

Laboratories 



Mr. W. K. Summers 

March 3, 1977 
W. K. Summers and Associates 

Page 2 

particular  analytical   procedure on  some of the  cations 
(Cs, Ca, and Mg). 

i n  the  habi t  of  providing  customers  with  detailed  procedures 
(volumes,  concentrations, and weights)  for  .the  obvious 
reasons, 

I hope t h i s  is adequate  for  your  purpose. We are  not 

Thank you f o r  your  patronage. 

V .  Brent Benson 
American Chemical & Research Labs 

VBB: s w  

. .  
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3 2  E A S T  3 3 3 5  S U J T H  * S A L T   L A K E   C I T Y ,   U T A H  8 4 1 1 5  * T E L  ( 8 0 1 )  4 6 7 - 7 9 2 2  
t 

W. K. Summers and Associates 

Socono, NM 87801 

CERTIFICATE OF ANALYSIS 

Description 

ple No. and  Description 

CNC-1 231.5' P ie r re  
Shale Core 

CNC-1 400.0' P i e r r e  
Shale  Cuttings 

Shale  Cuttings 
CIJP-2 400.0' P ie r re  

CNC-5 46.0' P i e r r e  
Shale   ( ro t ten)  Core 

CNC-8 41.0'   Pierre 
Shale Core 

CNG-2 58.5' P i e r r e  
Shale Core 

CNG-2 5O.O' 'Partially 
weathered  Pierre  cut. 

CNG-2 45 .Or Weat .' Pie 
Cuttings 

CNST34  20 . O f  Brown 
Sandy Clay  Cuttings 

CNC-8 15.0' Weat. P ie r  
Cuttings 

CNC-2 22.5' Weat. P ie r  
Core 

r .  

Exchange Capacity & 
Cation 

26.9 376 

27.0 368 

16.5 244 

30.4 276 

24.4 576 

23.5 512 

20.0 256 

22.6 232 

29.6 452 

27.0 396 

25.2 2 60 

Analysis 

ppm Ca 

3200 

1820 

640 

4080 

3400 

2240 

2080 

3040 

3440 

2840 

1802 

l.zL&i 

144 

164 

183 

676 

436 

552 

664 

664 

528 

520 

584 

ppm  Co 

76 

76 

80 

72 

72 

73 

72 

80 

74 

76 

72 

ppm Sr  

138 

179 

1 4 4  

172 

186 

164 

42 

48 

42 

48 

36 

Thank you for  your  patronage. 

V. Brent Benson 
American  Chemical & Research Labs 

10.0 

1O.L 
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lo.( 

10 .( 

lo . (  

1o.r 

1o.n 

10.0 

10.0 
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Appendix 11-8a.--Sorption s t u d i e s  
, .  



Radioisotope  Exchange 

Well # 
Depth 
(feet)  Sample  Description  Comments 

CNC-1 173.2  unweathered  Pierre  shale 

CNC-1 231.5 unweathered  Pierre  shale 

CNC-5 4 6 . 0  unweathered  Pierre  shale 
(rotten  zone) 

CNC-8 4 1 . 0  unweathered  Pierre  shale 

CNC-2 21.2 weathered  Pierre  shale 

CNC-4 17.5 weathered  Pierre  shale 

CNC-5 18 .8  weathered  Pierre  shale 

CNC- 6 11.8 weathered  Pierre  shale 
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February 14,   1977 

W. K .  Summers and Associates 
P .  0 .  Box 684 
Socorro, New Mexico 87801 

Dear Kelly:  

Please  excuse  the  "bare  data" we s e n t .  I f e l t   t h a t  time was 

precursor .  To r e c o n f i r m ,   a l l  exchanges  were i n  a s t a t i c  
Of the  essence and t h a t  our  conversation was enough  of a 

l i t e r   w i th   t he   excep t ion   o f   t he  wet   case  for   the  sol id  
cond i t ion   fo r  24 hours.  The so lu t ion  volumes  were a l l  1 . 0  

conf igura t ions .  Those  were not   repor ted   s ince   the  wet case 
r e su l t ed   i n   b reak ing  up to   nonspec i f i c   su r f ace   a r eas   be fo re  
exchange was permitted.  

The percentage   t ab les   a re   s t ra ight   forward  and  should  be 
relat ively  nonconfusing.  Two of the  pages of tables   deserve 
some c l a r i f i c a t i o n .  

That  page  labelled  Powdered, Wet Weight  and with  the  second 
s e t  of  data  headed Dry Weight ,   deserves   c lar i f icat ion.  The 
f i r s t  l i n e  under  each  of  the.respective  isotopes,  shown as  
"Ava i l . " ,   i nd ica t e s   t he   t o t a l   ac t iv i ty   i n   t he   one   l i t e r   ava i l ab le  
f o r  exchange in to   t he   sha l e .  The second l i n e  "Conc.", 
i nd ica t e s   t he   concen t r a t ion   i n   t ha t   so lu t ion .  The numbers 
i n   t h e   l e f t  column a r e   o u r   s p e c i f i c  sample  numbers. They 
are   c ross   re fe renced  on o the r   t ab l e s .  For  examples, 0735 i s  
C N C - 1  a t  173 .2  f t .  The second column gives  the  sample  wet 
weight o r  the  weight   of   the   shale   af ter   soaking  in   deionized 
water .  Under each  isotope,   the   concentrat ion,   in   pCi/g,  i s  
t h e   r e s u l t a n t   c o n c e n t r a t i o n   i n   t h e   s h a l e .  The numbers, 
g i v e n   i n   t e n ' s  of  thousands, show the   to ta l   quant i ty   absorbed  
i n  each  specific  shale  sample.  One e r r o r   t h a t  d i d  occur was 
i n   t h e  Co-57 data .   Instead  of  4 7 , 2 0 0  and 42.9 pCiIml,  i t  
should  be 94 ,400  p C i  and 85.8  pCi/ml. A f a c t o r  of two  was 
dropped  during  calculation. 

hu r ry   fo r   t he   da t a .  I was ca l l ed   ou t  of town on a rush   job  
P lease   excuse   the   ind is t inc t   repor t .  We knew you  were i n  a 

her   to   send  the  data   a l though I could  not   proof   read  the 
and my secre ta ry   had   to  work  from my da ta   shee t s .  I asked 

r e s u l t .   T h i s  i s  not  normal  procedure. ' 

P l e a s e   c a l l   f o r  any a .dd i t iona1   c l a r i f i ca t ion   t ha t   migh t   be  
he lpfu l .  

Very t ru ly   your s ,  

EBERLTNE INSTRUMENT CORPORATION 

Stanley J. Waligora, Jr. 
Sou theas t e rn   Fac i l i t y ,  Manager 

.! y%qL -- :.\ b <. I 

sJY&&6E REPLY TO: SOUTHEASTERN  FACILITY 312 MAMI  STREET  WEST COLUMBIA.  SOUTH  CAROLINA 29169 PHONE(8031706-360'1 

EBERLINE  INSTRUMENT  CORPORATION, PO BOX 2108 SANTA FE. NEW  MEXICO 87501 TELEPHONE (5051 471-3232. TWX910-985-067e 
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Frac t ion  Absorbed o r  Adsorbed 

Wet Case 

C N C - 1  1 7 3 . 2  f t .  
Unweathered p i e r r e   s h a l e  
(0735) 

C N C - 1  231 .5  f t .  
Unweathered p i e r r e   s h a l e  
(0736) 

CNC-5 4 6 . 0  f t .  
Unweathered p i e r r e   s h a l e  
(0737) 

C N C - 8  41 .0  f t .  
Unweathered p i e r r e   s h a l e  
(0738) 

CNC-2 21 .2  f t .  
Weathered p i e r r e   s h a l e  
(0739) 

C N C - 4  1 7 . 5  f t .  
Weathered p i e r r e   s h a l e  
(0 740) 

CNC-5 18 .8  f t  
Weathered p i e r r e   s h a l e  
(0741) 

CNC-6 11 .8  f t ,  
Weathered p i e r r e   s h a l e  
(0742) 

Powdered Mater ia l  
(Percent) 

CS-137  Sr-85 

52 .7   32 .3  

47.6  31.4 

50 .7   31 .3  

76 .1   44 .9  

6 0 . 3   3 5 . 7  

55 .4   29 .9  

8 1 . 2   3 7 . 9  

64.7 33.1 

CO-57 

50 .8  

40 .2  

4 9 . 1  

7 6 . 4  

66 .9  

66 .9  

9 2 . 2  

71 .5  

3 



Fraction  Absorbed or Adsorbed 
Powdered  Material 

(percent) 

Dry Case 

C N C - 1  173 .2  ft. 
Unweathered  pierre  shale 
( 0 7 3 5 )  

C N C - 1  231.5 ft. 
Unweathered  pierre  shale 
( 0 7 3 6 )  

CNC-5 4 6 . 0  ft. 
Unweathered  pierre  shale 
( 0 7 3 7 )  

CNC-8 4 1 . 0  ft. 
Unweathered  pierre  shale 
( 0 7 3 8 )  

CNC-2 21.2 ft. 
Weathered  pierre shale 
( 0 7 3 9 )  

CNC-4 17 .5  ft. 
Weathered  pierre  shale 
( 0 7 4 0 )  

CNC-5 18 .8  ft. 
Weathered  pierre  shale 
( 0 7 4 1 )  

C N C - 6  11 .8  ft'. 
Weathered  pierre  shale 
( 0 7 4 2 )  

CS-137 

6 6 . 1  

51 .3  

7 1 . 8  

6 9 . 4  

49.7 

59.0 

84 .6  

7 6 . 0  

Sr-85 

35.3 

35 .9  

40 .3  

39 .0  

3 5 . 1  

36 .0  

39 .4  

34.9 

CO-57 

64.4 

42 .5  

7 2 . 0  

64 .1  

54.7 

6 1 . 3  

88 .8  

8 1 . 3  
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C N C - 1  173 .2  f t .  
Unweathered p i e r r e   s h a l e  
(0735) 

C N C - 1  231.5 f t .  
Unweathered p i e r r e   sha l e  
(0736) 

CNC-5 4 6 . 0  f t .  
Unweathered p i e r r e   s h a l e  
(0737) 

CNC-8 46.0 f t .  
Unweathered p i e r r e   s h a l e  
(0738) 

CNC-2 41.0 f t .  
Weathered p i e r r e   s h a l e  
(0739) 

CNC-4 1 7 . 5  f t .  
Weathered p i e r r e   s h a l e  
(0740) 

CNC-5 18.8 ft .  
Weathered p i e r r e   s h a l e  
(0741) 

CNC-6 11.8 f t .  
Weathered p i e r r e   s h a l e  
(0742) 

CS-137 

7 2 . 8  

79 .5  

34 .2  

5 8 . 1  

69.9 

6 5 . 4  

61 .4  

27.9 

Fraction  Absorbed  or  Adsorbed 
Sol id  Chunks 

(Percent) 

Percen5 
Per em Sr-85 

0 .32   34 .6  

0 . 3 5   4 5 . 6  

0 .26   41 .6 .  

0 . 4 5   4 9 . 6  

0.27  55.6 

0 . 2 0   5 2 . 1  

0 . 1 9   4 1 . 3  

0 . 0 9   3 6 . 1  

Percens 
Per cm 

0 . 1 5  

0 . 2 0  

0 . 3 2  

0 . 3 8  

0 . 2 1  

0 . 1 6  

0 . 1 3  

0.11 

c0-57 

1 8 . 7  

1 6 . 3  

1 7 . 5  

1 9 . 1  

74 .7  

5 7 . 3  

6 1 . 3  

2 9 . 6  

Percc 
P e r  c 

0 . 0 8  

0 . 0 7  

0 . 1 3  

0 . 1 5  

0 . 2 9  

0 .18  

0 . 1 9  

0 . 0 9  

. .. . 



;5  
16 
17 
;8  
i9 
.O 
.1 
.2 

5 
6 
7 
8 
9 
0 
1 
2 

Wet  Weight 

160 g 
1 6 5  
145 
176 
154 

136 
117 

157 

Dry  Weight 

160 g 
191  
1 5 8  
224 
172 
152 
195 
160 

Powdered 
Wet  weight 

picocuries  per  gram 

CS-137 

Avail. 4 8 , 4 0 0  pCi 
Conc. 44.0  pCi/ml 

160 + 10 25,600 
140 i 10 23 ,100  

Sr- 85 

43 ,100  
3 9 . 2  pCi/ml 

87 + 1 13 ,920  
82 7 2 .13.530 

170 T 10  24;650 93 i 2 13 ,485  
210 7 10 36 ,960  1107 10 19,360 
190 i 10 29,260 100 T 10 15,400 
230 T 10 26 ,910  
290 i 10 39.440 

110 10 12.870 

~ I~ ~ 

200 i - 10 31;400  
120 i 10 1 6 ;  320 
9 1  +-2 - 14,287 

Dry  Weight 

Avail. 4 8 , 4 0 0  pCi 43,100 
Conc. 4 8 , 4  pCi/ml 4 3 . 1  

200 4- 10 37 ,000  

220 i 10 34.760 
130 T 10 24 ,830  

150 7 10  33;600 
140 i 10 24,080 
188 T 3 28 ,576  
210 T 10 4 0 , 9 5 0  
230 T - 10 36 ,800  

95 + 2 1 5 , 2 0 0  
81 T 1 1 5 , 4 7 1  
llO-+ 10 1 7 , 3 8 0  

88 T 2 15 ,136  
75 +-1 1 6 , 3 0 0  

1 0 2 7  2 1 5 , 5 0 4  
87 +-1 16 ,965  
94 T - 2 15 ,040  

f 

47,200 pCi 
4 2 . 9  pCi/ml 

300 + 10 48,000 
230 T 10 3 7 . 9 5 0  
326 i 10 46,400 
410 + 10 72 ,160  
410 T 10 63.140 

," ~ 

540 T 10 6 3 ;  180 

430 T 10 67,510 
640 T 10 87,040 

- 

47 ,200  
4 7 . 2 .  

380 + 10 60 ,800  
210 T 10 40.110 
430 T 10 67;940  
270 F 10 60,480 
300 T 10 51,600 

430 T 10 83,850 
381 T 3 57 ,912  

480 T - 10 76;   800  

6 



735 
736 
737 
738 
739 
740 
741 
742 

735 
736 
737 
738 
739 
740 
741 
742 

Dry weight 

1 3 5 . 5  g 
8 5 . 5  g 

1 3 8 . 0  g 
1 1 2 . 5  g 
1 4 1 . 0  g 

148 .5  g 
1 3 2 . 0  g 

1 5 5 . 5  g 

226 cm2 
226 
129 
129 
258 
3 2 2  
322 
3 22 

- C 

Chunks 
Dry o n l y  

p i c o c u r i e s   p e r   g r a m  

S-137 Sr-85  

260 + 10 35 ,230  110 + 10 1 4 , 9 0 5  
450 T 1 0  33 ,475  230 T 10 1 9 , 6 6 5  
120 T 1 0  1 6 , 5 6 0  130 T 1 0  1 7 , 9 4 0  
250 10 28 ,125  190 T 1 0  21 ,375  
240 7 1 0  33 ,840  170 7 1 0  23 ,970  
240 7 10 31 ,680  170 7 1 0  22 ,440  
200 T 10 29 ,700  120 T 10 1 7 , 8 2 0  

87 - 10 1 3 , 5 2 8  100 7 - 10 1 5 , 5 5 0  

I n i t i a l  S u r f a c e  Area 
p i c o c u r i e s   p e r  s q u a r e d  centimeters 

CS-137 S r - 8 5  

158 
168 
133  
2 1.4 
133  

99 
9 1  
42 

65 
83  

1 4 4  
164, 

95 

57 
7 1  

49 

7 

C O - 5 7  

180 10 1 5 , 3 9 0  
130 + 1 0  1 7 , 6 1 5  

120 T 10 1 6 , 5 6 0  
160 7 1 0  1 8 , 0 0 0  

410 T 10 54 ,120  
500 7 10 70 ,500  

390 F 1 0  57 ,915  
180 7 - 1 0  27 ,990  

CO-57 

80 
63  

13 9 
125 

. 

274 
169 
132 

88 



February 1 7 ,  1977 

W. K .  Summers & Associates 
P .  0 .  Box 684 
Socorro, New Mexico 57801 

Dear M r .  Summers: 

This i s  t o  d e f i n e   t h e   d e t a i l s  of   our   tes ts  of  cesium,  cobalt,  and 

you forwarded. 
strontium  absorption  and/or  adsorption  into  the  shale  samples 

The stock  solutions  used  were  purchased  from New England  Nuclear 
and cons i s t ed   o f   so lub le   s a l t s   ( i n   so lu t ion )  of cobal t -57,   s t ron-  
tium-85,  and  cesium-137. A l l  t h r ee   were   i n   s epa ra t e   d i lu t e  
hydrochlor ic   ac id   so lu t ions  and  radiochemical  purity was g r e a t e r  

log  for   cobal t -60  (given  the same chemical  form)  s.ince a pure 
than 9 9  percent.  Cobalt-57 was used  as  the  exact  chemical  ana- 

gamma ray ( 1 2 2  kev) i s  readily  measured. Cesium-137 i s  an i so -  
so lu t ion  was more immediately  available and t h e   c h a r a c t e r i s t i c  

tope   o f   in te res t   for   th i s   s tudy .   S t ront ium-85 was se lec ted   as  
the  exact  chemical  analog  of  strontium-90  (given  the same chemi- 
ca l   form) .  The use of  strontium-85  avoided  the  extensive  radio- 
chemistry  required  to  analyze  strontium-90 and use  of  the  charac- 
t e r i s t i c  gamma ray  (514  kev)  permitted  simultaneous  measurement 
o f f   a l l   t h r e e   i s o t o p e s   t h r o u g h  a s i n g l e  gamma determinat ion  for  
each  sample. 

Upon r e c e i p t  of   the  s tock  solut ions,   each was c a r e f u l l y   c a l i -  
g r a t e d   f o r  a fixed  point  source  geometry  which  has  been  accurate- 

b a s i c   s t a n d a r d s   u s e d   f o r   t h i s   c a l i b r a t i o n   a r e ,   i n  our judgement, 
l y  c a l i b r a t e d  and r e -ve r i f i ed   du r ing   t he   pas t   fou r   yea r s .  The 

National  Bureau  of  STandards  and  the  Radiochemical  Centre i n  
the  best   available.   Standards  used  were  obtained  from  the U . S .  

Amersham England.  These  standards  were  provided  in  flame  sealed 
g l a s s  ampules  and  have  never  been  opened.. 

vo lumetr ic   f lasks  and d i l u t e d  up t o   t h a t  volume. The exchange 
Once ca l ibra ted ,   the   so lu t ions   were   carefu l ly   t ransfer red   to  500 m l  

t e s t   s o l u t i o n s  were  prepared  by  transferring  one m l  of each  of 
t he   t h ree   s tock   so lu t ions ,  by   accura te   p ipe t t ing ,   wi th   d i lu t ion  
up t o   e i t h e r  1000 m l  o r  1100 ml. The b a s i c   t e s t   i n c l u d e d   s t a t i c  

' soaking   of   the   sample   in   the   so lu t ion   for  a 24.0 hour  period. 

Although  four  cases were t o  be   t e s t ed ,   on ly   t h ree  were  conducted 
due t o  problems in i t i a l ly   encoun te red .  The f i r s t  two of  the 
four  were  to  be s o l i d  p i eces   o f   t he   sha l e ,   i n  one  case  wetted 
and in   t he   o the r   d ry ,   w i th   measu rab le   su r f ace   a r ea .  Upon con- 
t a c t ,   i n   t h e  f r y  case ,   t he   so l id   p i eces  slumped  and f r ac tu red  
wi th  a g r e a t   i n c r e a s e   i n   r e a l   s u r f a c e   a r e a .  Those data  were  re- 
por ted  however t h e   r e s u l t s ,   i n  terms of i n i t i a l   s u r f a c e   a r e a ,  do 
not   represent   rea l i . ty .  

PLEASE REPLY TO: SOUTHEASTERN FACILIIY 312 MIAMI STREET, WEST COLUMBIA  SOUTH CAROLINA 29169 PHONE (6031 796 36nd 

EBERLINE INSTRUMENT CORPORATION. PO BOX 2108 SANTA FE. NEW MEXICO 87501 TELEPHONE (5051 471.3232. TWX 910-965.0678 
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For maximum potent ia l   up take   o f   the   th ree   i so topes   in   sha le .  

Both t h e  wet  and  dry  cases  were  tested.  Results  were  reported 
samples were ground  and  sieved t o   f i n e   d u s t - l i k e   p a r t i c u l a t e .  

as   the  percentage of t ha t   ava i l ab le   fo r   up take .  
i n   r e l a t i o n   t o   b o t h   t h e   a c t i v i t y   t a k e n   i n t o   t h e   s h a l e   a s   w e l l  

The gamma spectrometry  system  used  for work cons is t s  of a 
Nuclear  Data 4420 wi th  ND 512 Computer with 20 K memory f o r  

The Ge-Li de tec tor  i s  a r i g h t   c i r c u l a r   c y l i n d e r  w i t h  a 40 nun 
acquis i t ion,   s torage,   manipulat ion of spec t ra  and  programs. 

diameter i s  6 mm and "N" layer  thickness  of 0 . 5  mm. An ac t ive  
d iameter ,   d r i f ted   coaxia l ly   wi th   an  open end. The "P" cure 

ana lys i s  of photon  energies  as low as  35 kev. The reso lu t ion  
a rea  of  1 2 . 3  cm2 faces   t he   t h in  aluminum.window  which permits 

i f  2 . 2  kev  for   the 1 1 7 0  kev  peak  of Co-60 and the  peak-to-compton 
r a t i o  i s  3 2 . 1  f o r  Co-60 gamma. 

I t r u s t   t h e  above  information,  with  the  attached  Reports of 
Analysis   provide  the  information  sought .   I f  you have  any fu r -  
ther   ques t ion ,   p lease  do n o t   h e s i t a t e  t o  c a l l  upon me. 

Very t ru ly   your s ,  

EBERLINE IFSTRUMENT CORPORATION 

'Stanley  J:-yiJaligora1\ J r .  
Southeastern  FAcil i tb ,  Manager 

SJW/bs 
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rENTlON 

DRESS P.  0. Box 6 8 4  

Kelly Summers 

CITY Socorro, New Mexico 8 7 8 0 1  

REPORT OF ANALYSIS <. NO. 

'E OF ANALYSIS  CUSTOMER  ORDER  NO.  SAMPLES  REC'D 

735 

737 
736 

738 
739 
7 4 0  
7 4 1  
742  

735 
736 
737 
738  
739  
740  
7 4 1  
742  

weight  (grams) 
wet 

Tota l   p icocur ies  

CS-137 

176 
1 5 4  
1 1 7  
1 3 6  
15 7 

Dry 
weight (grams) 

160 

1 5 8  
1 9 1  

2 2 4  
1 7 2  
1 5 2  

160 
195 

2 5 , 6 0 0  

2 6 , 1 0 0  
2 3 , 1 0 0  

3 0 . 8 0 0  
3 8 , 7 2 0  

2 5 ;   7 4 0  
3 2 , 6 4 0  
3 1 , 4 0 0  

c s - 1 3 7  

3 6 . 8 0 0  
2 6 ;   7 4 0  
3 4 , 7 6 0  
3 5 , 8 4 0  
27  520 
2 7 ;   3 6 0  
5 4 , 6 0 0  
3 2 , 0 0 0  

S r - 8 5  

1 3 , 2 0 0  
1 3 , 2 8 0  

1 3 , 9 2 0  
1 9 , 3 6 0  
1 5 , 4 0 0  
1 1 , 7 0 0  
1 4 , 9 6 0  
1 3 , 8 1 6  

S r - 8 5  

1 5 , 6 8 0  
1 4 , 8 9 8  
1 7 , 3 8 0  
1 6 , 3 5 2  
1 5 , 1 3 6  
1 4 , 4 4 0  
1 5 , 7 9 5  
1 4 , 2 4 0  

GO-57 

5 1 , 2 0 0  
4 2 , 9 0 0  
5 5 , 1 0 0  
8 0 , 9 6 0  
6 4 , 6 8 0  
6 0 , 8 4 0  

6 5 , 9 4 0  
7 0 , 7 2 0  

GO-57 

4 7 , 7 5 0  
7 3 , 6 0 0  

6 6 , 3 6 0  
6 9 , 4 4 0  

5 9 , 2 8 0  
6 0 , 2 0 0  

6 2 , 4 0 0  
6 6 , 3 0 0  



ATTENTION 

ADDRESS 

CITY 

ACK. NO. 

- - 
1 

- - 

I 

I 

I 
I 

I 

I 
I 
I 

c 

M r . '  Kelly Summers 

P.O. Box 684 

Socorro, New Mexico 87801 

'YPE OF ANALYSIS CUSTOMER ORDER  NO. SAMPLES REC'D 

0735 
0736 
0737 
0738 
0739 

0741 
0740 

0742 

0735 
0736 
0737 
0738 
0739 
0740 
3741 
3 742 

Wet 
Weights 

160 g 
165 
145 

154 
176 

117 
136 
157 

Dry 
Weights 

160 g 
191 
158 
224 
172 
152 
195 
160 

Picocuries  per gram 

CS-137 Sr-85 

1.6 + 0.1 E+02 8.3 + 0.2  E+01 
1.4 T 0.1 E+02 8.0 T 0.2  E+Ol 
1.8 T 0.1 E+O2  9.6 7 0.2 E+O1 
2.2 F 0.1 E+02 1.1 T 0.1  E+O2 
2.0 T 0.1 E+02 . 1.0 T 0.1 E+02 
2.2 T 0.1 E+02 
2.4 T 0.1 E+02 

1.0 T 0.2 E+02 

2.0 T 0.1 E+02 
1.1 T 0.2  E+02 

- 8.8 T - 0.2.EC01 

CS-137 Sr-85 

2.3 + 0.1 E+02 9.8 + 0.2 E+O1 
1.4 T 0,1 E402 7.8 T 0.1 E+O1 

CO-57 

3.2 + 0.1 E+O2 
2.6 T 0.1  E+O2 
3.8 7 0.1 E+02 
4.6 7 0.1 E+02 
4.2 T 0.1 E+02 
5.2 T 0.1 E+02 
5.2 T 0.1 E+02 
4.2 T - 0.'1 E+O2 

GO-57 

4.6 + 0.1 E+02 
2.5 T 0.1 E+02 

2.2 T 0.1 E+02 1.1 T 0.1 E+02 
1.6 T 0.1  E+O2 

4.2 T 0.1 E+02 
7.3 T 0.1 E+O1  3.1 T 0.1 E+02 

1.6 T 0.1 E+02 
1.8 T 0.1  E+02 

8.8 T 0.2 E+O1 
9.5 T 0.2  E+01 

3.5 T 0.1  E+02 
2.8 T 0.1 E+02 

3.9 T 0,l E+02 
8.1 T 0.1 E+O1 3.4 T 0.1 E+02 

2.0 T - 0.1 E902  8.9 T - 0.2 E+O1 3.9 T - 0.1 E+02 

EBERLINE PAGE OF -PAGES 1 
c DATE 2-16-77 

312  MIAMI ST. 

(6031796.3604 11 . 
WEST COLUMBIA, S.C. 29169 S t a u L y  J .  W b a g p a ,  Jr. , 'Manager 



rENTlON 

DRESS . P. 0. BOX 6 8 4  

CITY Socorro,  New  Meixco 8 7 8 0 1  

. .. 

<. NO. 
WEPQRT OF ANALYSIS 

'E  OF  ANALYSIS  CUSTOMER  ORDER  NO.  SAMPLES  REC'D 

CORRECTED  REPORT 

Jet Case 

I 735  
I736  
I737 
I738 
I739 
I740 
) 7 4 1  
)742 

)ry Case 

, 735 '  
1736 
1737 
1738 
1739 
1740 
1741 
1742 

Fraction  Absorbed or Adsorbed 
Powdered  Material (Percent) 

Avail. 4 8 , 4 0 0  pCi Avail. 4 3 , 1 0 0  pCi 
S r - 8 5  

Avail. 9 4 , 4 0 0  pCi 
CS-137 CO-57 

5 2 . 9  

5 3 . 9  
4 7 . 7  

8 0 . 0  
6 3 . 6  
5 3 . 2  
6 7 . 4  
6 4 . 9  

7 6 . 0  
5 5 . 2  
7 1 . 8  
7 4 . 0  
5 6 . 8  
5 6 . 5  
8 4 . 6  
6 6 . 1  

3 0 . 8  
3 0 . 6  
32 .3  
4 4 . 9  
3 5 . 7  

3 k .  7 
2 7 . 1  

3 2 . 1  

3 4 . 6  
3 6 . 4  

40 .3  
3 7 . 9  
3 5 . 1  
3 3 . 5  

~~~~ 

3 6 . 6  
3 3 . 0  

4 5 . 4  
5 4 . 2  

5 8 . 4  
8 5 . 8  
6 8 . 5  
6 4 . 4  
7 4 . 9  
6 9 . 8  

7 8 . 0  
5 0 . 6  ~~~~ 

7 0 . 3  
7 3 . 5  
6 3 . 8  
6 2 . 8  
7 0 . 2  
6 6 . 1  

EBERLINE iNSTRUMEMB H OF -PAGES 1 . 
CORPORATION DATE 3-18-77 - 

WEST COLUMBIA. S.C. 29169 
312 MIAMI  ST. 



March 2 4 ,  1977 

Mr. Kelly Summers 
W. K .  Summers & Associates  
P . O .  Box 684 
Socorro, New Mexico 87801 

Dear Kelly:  

Considering  the  simplicity  of  our  approach  to  the  pragmatic 

any s t ab le   i so topes   p re sen t  were i n   v e r y  low concentrations.   Since 
exchange  of  strontium,  cesium  and  cobalt, we merely  assured  that  

w e  took  s teps   to   specif ical ly   determine  the  total   cesium  concentra-  
question  arose  regarding  the  lower  than  expected  uptake  of  cesium, 

very   h igh   rad iochemica l   pur i ty   and   wi th   fur ther   qua l i f ica t ion  of 
t i o n   i n   t h e  exchange  solutions. We obtained  s tock  solut ion  with 

c a r r i e r   f r e e " .  The degree   o f   t ha t   l a t t e r   l abe l  can vary based 
upon the  product ion  and  separat ion  technique  for   the  isotope.  
11 

The actual  quantity  of  cesium-137 was determined  on  the  basis 
of i t s  r ad io log ica l -phys ica l   p rope r ty   ( spec i f i c   ac t iv i ty )  and the  

and  measurement  of  cesium  chloride. The r e s u l t s  showed: 
t o t a l  cesium was determined  through  precipitation  (drying down) 

mass of  cesium-137 = 5.8 x lo-''' g/so lu t ion  

mass of  cesium+' = 4 x g l so lu t ion  

These  represent  very  small   quantit ies  of  cesium,  but  the  isotope 
d i l u t i o n  i s  on the   o rder   o f  

Th i s   f ac t   does   no t   a l t e r   t he   da t a  we repor ted   s ince   bo th   the  
absolu te  and r e l a t ive   va lues   g iven   a r e   no t   a l t e r ed  by the   i so top ic  
d i l u t i o n .  

mass of  cesium  absorbed  per mass of   sha le ,   so le ly  on th s   bas i s  of 
t h e   s p e c i f i c   a c t i v i t y   o f  cesium-137.  For  example, 60% absorpt ion of 
cesium-137  onto a s h a l e  sample  from t h i s   v e r y   d i l u t e  cesium  chloride 
so lu t ion  would mean t h a t  

One might,  however,  be  mis-lead i f  an   a t tempt   to   ca lcu la te   the  

3.5 x 10-l'' g of Cs-137 was absorbed  but   a lso  that  

2 .4  x lom6 g o f   t o t a l  cesium was absorbed. 

This i s  tha  same t y p e  of  determination  used by many inves t iga to r s  
who "tag" a s t a b l e  metal wi th  a measurable  radioisotope  of  that  
same metal  t o  de t e rmine   t he   r e l a t ive   quan t i t i e s  of t he   me ta l   t ha t  

deem i t  d e s i r a b l e   t o  add a d d i t i o n a l   s t a b l e  cesium c a r r i e r   t o   t h e  
i n t e r a c t   i n   d i f f e r e n t   c h e m i c a l  and  physical  environments. One  may 

exchange  solution in   o rde r   t o   cha l l enge   t he  t o t a l   a b s o r p t i o n  
capac i ty   o f   the   sha le .  I do no t  recommend th i s   un le s s   t he   na tu re  

PLEASE REPLY TO: SOUIHEASTERN CACILITY.  312 MIAMI STREET.  WEST COLUMBIA  SOUTH  CAROLINA 29169 PHONE @03! 796.36n4 

EBERLINE INSTRUMENT CORpORATlON  PO. BOX 2108 SANTA FE. NEW MEXICO 87501 TELEPHONE (5051 471.3232. TWX 910 985-0678 
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of  the  waste  or  the  environmental  geology  indicate an abundance 
o f   s t ab le  cesium o r  an  interfering  element.  

w i th   t h ree  samples  of sha l e  (unused  aliquots)  that   were  previously 
We have  proceeded to   r epea t   t he  24 hour  exchange  procedure 

t e s t ed .  These  three  were  constant ly   s t i r red  for   the 24 hour  period 
in s t ead  o f   t h e   s t a t i c  method  performed on a l l   t h e   p r e v i o u s l y   t e s t e d  
sha le  samples. Resul ts  show: 

DYNAMIC EXCHANGE 

CS-137 Sr-85 CO-57 

Activity  Avail.  (pCi)  4.84 Ef04 2.73 Ef04 8.46 E+04 
Shale  concentration  (pCi/g) 

CNC-4 (0740E) 152 g 1 . 5  + 0 . 1  E+02 6 . 8  f 0.1 EfOl 2.4  f 0 . 1  E f 0 2  
CNC-5 (0741E) 
CNC-6  (0742E) 136 g 2 .6  T - 0 . 1  E+02 7 . 9  T - 0 . 2  E+01 2 . 6  T 0 .1  E+02 

150 g 2 .3  T 0 . 1  Ef02  7.4 T 0 . 1  EfOl 4.6 T 0 . 1  E+02 
- 

The t a b l e  below  compares the  dynamic  and s t a t i c   r e s u l t s  on a 
percentage  basis .  

Percent  Absorbed - Dry Powder 

CNC- 4 
S t a t i c  
Dynamic 

CNC- 5 
S t a t i c  
Dynamic 

CNC- 6 
S t a t i c  
Dynamic 

- CS-137 
56.5 
47.1 

CS-137 
84.6 
71.3 

CS-137 
6 6 . 1  
73.1 

Sr -85  
33.5 
37.7 

CO-57 
62 .8  
43.1 

Sr-85 

40.6 
36.6 

Sr-85 
33.0 
39.2 

CO-57 

81.6 
70.2 

C O - 5 7  

41.4 
6 6 . 1  

A l l  one  can  say i s  t h a t   t h e r e  i s  r e l a t i v e  agreement  and only   the  
s t ront ium,   wi th in   the   obvious   uncer ta in t ies ,  shows higher   absorpt ion 
i n   t h e  dynamic case. It i s  impor t an t   t o   no te   t ha t   pa r t i c l e   s i ze  

absorpt?on/adsorption of  the  metals.  One can easily  prepare  samples 
( sur face   a rea)  of t h e  powdered sha le  could  have a grea t   bear ing  upon 

wi th   g raded   pa r t i c l e   s i ze   d i s t r ibu t ions  however we d i d  no t  make t h i s  
separation.  In  terms  of  the maximum p a r t i c l e   s i z e ,   a l l  samples  were 
screened  through a No. 1 2  U . S .  s tandard  testing  sieve  (Tyler  Equivalent 
1 0  Mesh). P a r t i c l e   s i z e s  were subs tan t ia l ly   smal le r   than   the  1 . 7  mm 
openings. 

strontium-85  were  also inves t iga ted  for def in i t i on .  The cobalt-57 i s  
The p rope r i t i e s   o f  the   o ther   s tock  so lu t ions ,  cobalt-57  and 

acce le ra to r  produced  with a d i f fe ren t   t a rge t   e lement ,  s o  the re  i s  
e s s e n t i a l l y   n e g l i g i b l e   i s o t o p i c   d i l u t i o n .  On a weight   percent   basis ,  
t h e r e  i s :  

0.18 percent  cabalt-56 
0.059 percent   cobal t -58 

14 



The s p e c i f i c .   a c t i v i t y  of  the  strontium-85  used i n  the   so lu t ion  i s ,  

Ci /g .   This   indicates  an   i so topic   d i lu t ion  of 3 . 1  x 1 0  ; there  i s  
6 . 1 6  Ci lg  compared t o  the   expec ted   spec i f ic   ac t iv i ty  og 2 . 2 9  x 10 

t h a t  much more strontium  than  strontium-85. The s i t u a t i o n  i s  there- 
f o r e   s i m i l a r  t o  t h a t   f o r  cesium-137. As s t a t e d   e a r l i e r ,   t h e   r e p o r t e d  
percentages  absorbed  remain  the same however these   f ac to r s  must  be 
considered when attempting  to  determine  the  masses  of  cesium and 
strontium  absorbed  by  the  shale.  

I t r u s t   t h i s   i n f o r m a t i o n  i s  s u f f i c i e n t   t o   c l e a r  up any 
ambiguities however reques t  any other   information  that  may be he lpfu l .  
I look  forward t o  roaming t h e  mesa with you one  day. 

Very t ru ly   yours ,  

,‘ /‘\I/ r. O . , N  

Stanley 3.  Waligora, Jr. 
Southeas te rn   Fac i l i ty  

SJW/ d l r  

cc:   Eric  Geiger 
Chuck Schwarz 
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Appendix 11-8b.--Sorption studies 



Batch  Tests 

We1 1 

CNC-1 

CNC-1 

CNC-1 

CNC-1 

CNC-2 

CNC-2 

CNC-2 

CNP-2 

CNP-2 

CNP-2 

CNP-2 

CNS-34 

Depth 
(feet) 

69.5 

153.4 

253.6 

400.0 

21.25 

32.5 

33.0 

25.0 

50.0 

200.0 

400.0 

20.0 

Sample  Description 

black  Pierre  shale 

rotten  Pierre  shale 

black  Pierre  shale 

black  Pierre  shale 

gray-brown  clay-shale 

interface  between  gray- 
brown  and  black  shale 

black  Pierre  shale 

gray-brown  shale 

black  Pierre  shale 

black  Pierre  shale . 

black  Pierre  shale 

brown-sandy  clay 

Comments 

core 

core 

core 

cuttings 

core 

core 

core 

cuttings 

cuttings 

cuttings 

cuttings 

cuttings 

W. K. Summers & Associates 
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& A s s o c i a t e s  
Box 684 
Socorro, N.M. 87801 505-835-2095 

Ion  Exchange  Experiments 

through  a  200  mesh  screen. 

Exchange #1 

All samples  were  ground so that they  would  go 

solution  containing  25.0 ppm Sr and Co in  distilled 
water at a pH of 7.0. Sr  was  put  into  solution  as  the 
chloride  and Co as  the  nitrate. 

Exchange #2 

2.0  grams of sample  was  shaken  with 50.0 mls of 

2.0 grams of sample  was  shaken  with 50.0 mls of 

water  at  a pH  of 7.0. 
solution  containing 50.0 ppm Sr and Co in  distilled 

Exchange # 3  

solution  containing  50.0  ppm Sr and Co and  saturated 
2.0  grams of sample  was  shaken  with 50.0 mls of 

with Cas04  at  a  pH of 7.0. 

Exchange  #4 

2.0 grams of sample  was  shaken with 50.0 mls of 
solution  containing 50.0 pprn Sr and 50.0 ppm C o  in 
distilled  water  at  a  pH of 5.0. 

Exchange # 5  

Same  as  previous  exchange  except  at  a  pH of 9.0. 

through  a  glass  to  remove  particles  from  the  solution 
All samples  were  shaken 24+2 hours  and  filtered 

before  determining  the  final  concentration  by  atomic 
absorption. ( C o  at a  wavelength of 240.7 nm  and Sr at 
460.7  nm) . 

Whenever pH  adjustments  proved  necessary  they  were 
made with either  HzSO,, or NaOH. 



Change in Concentration of Co  in ppm (Initial-Final) 

Sample 

CNC-1  69.5 
153.4 
256.6 
400.0 

CNC-2  21.25 
32.5' 

CNP-2  25.0' 
33.0' 

50.0' 

400.0' 
200.0' 

CNS-34  20.0' 

Rl 

>24.9 
>24.9 
>24.9 
>24.9 

23.9 
22.1 

>24.4 
>24.9 

>24.9 
>24.9 
>24.9 
>24.9 

#2 

49.5 
48.5 

48.6 
49.3 

40.4 
37.9 

48.5 
44.1 

48.5 
49.1 
40.3 
47.0 

#3 R4 

39.8  22.0 

44.0 
" 32.2 

33.3 
39.8  30.6 
36.0  16.6 

40.0 
35.7  30.6 

27.9 
40.4  28.7 
40.1  23.4 
39.4 
34.2 

14.5 
10.7 

9.2  20.0 

- R5 

>49.9 
49.6 

249.9 
49.7 

46.8 
46.2 
44.4 

49.9 
49.8 

49.9 
49.7 
49.8 

Change  in  concentration of Sr in  ppm  (Initial-Final) 

Sample 

CNC-1  69.5 ' 
153.4' 
256.6' 
400.0' 

CNC-2  21.25' 
32.5' 

CNP-2  25.0' 
33.0' 

50.0' 
200.0' 
400.0' 

CNS-34  20.0' 

#1 

17.6 
24.9 
21.9 
17.9 
17.1 
20.1 
15.2 

23.0 
20.7 

>24.9 
20.4 
21.4 

t 2  #3 

. 31.0  18 
48.1 -- 
37.0 30 
45.5 14 
36.8  13 
38.5  21 
28.3  17 
35.5  19 
36.8  28 
46.1  17 
35.0  21 
38.0  19 

#4  #5 

41.4 
31.0 

49.0 
34.0 

38.6  46.2 
37.3  48.9 
39.0  38.8 
38.0 
31.2 

42.1 
48.1 

36.6  39.5 
34.9  41.5 
40.7  48.9 
35.3  38.1 
22.4  39.6 

W. K. Summers & Associates 
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Appendix 11-8c.--Sorption studies 



Albuquerque  Assay  Laboratory 

Depth 
Well # (feet)  Sample  Description 

CNC- 1 20 
25 
30 
35 
40 
45 
50 
55 Pierre  shale 
6 0  

30 0 
330 

sandy  clay 
weathered  Pierre  Shale , 

CNC- 3 30 

40 
35 

45 

sandy  clay 

gravel. and  sand 
Pierre shale 

CNC- 6 10 weathered  Pierre  shale 

CNS-15 

CNS-16 

CNS-17 

CNS-18 

15 
25 
40 

20 
30 
40 

10 
20 
30 

25 
35 
50 

weathered  Pierre  shale 
slightly  sandy  clay 

Pierre  shale 

weathered  Pierre  shale 

Pierre  shale 

clay 
weathered  Pierre  shale 
Pierre  shale 

weathered  Pierre  shale 

Pierre  shale 

1 



Albuquerque  Assay  Laboratory 

Trench # 

2 

8 .  

11 

fraction 
Sieve 

all 
8 0  

100 
200  
3 2 5  

all 
4 0  

100 
8 0  

2 00 
3 2 5  

all 

100 
8 0  

2 0 0  
3 2 5  

Sample  Description 

clayey  sand 

sand 

sandy  clay ' 



- 
*s.L I Y C .  .... ."l.".. .... , , , 

PLEASE  REFER TO ABOVE  NUMBER ON 
ALL  CORRESPONDENCE. 

* 

". 

COMMENTS: f o r  i n i t i a l   c o n c e n t r a t i . o n s ,  s c e  blank  on first; pagen 
THANK 

CHARGES $ 

ASSAYER-CHEMIST 

GEOCHEMICAL-   B IOCHEMICAL-ENVIRONMENTAL  RESEARCH 
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I LUSTOMER: 

W . K .  Summers & Associates 
. AAL  IOENTbFICATION NO.2!&>J.__. 

PLEASE  REFER TO ABOVE  NUMBEH 0' 
ALL CORRESPONDEWE. 

~~ ~ 

D A T E :  ____ - . 27 March 1577 

Page 3 o f  4. 

ALBUQUERQUE ASSAY LAB 
4115SILVEIl S.E. 

Albuquerque, New Mexico 87108 
Phone: 605)  26H-5776 
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" ... ." 

". . " ........... 

. . . . . . .  - - "" . 

-. .. "" 

- _" .- 

. - 

._ 

"_ 

- - .. ~. 

- ....... 

_..I "" 
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T H A N <  Y O ' .  
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ASSAYER-CHtMIST 
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ALBl UQUERQUE ASSAY LAB 
4115SILVER S.E. 

Albuquerque. New hfexic(; 87108 
Phone: (505) 268.5776 

Trench  8 (all) 1 
I 

Trench 11 (all: 

.- 
Trench  2- # 8 0  

- #IO0 

- K200 

Trench 8- 84.0 

- #a0  

- # l o o  
- #200 

- #325 

I I 

Trench 11- # S O  I 
- # l o o  
- #2001 I 

i 
I 

I 

PLEASE R E F E R  TO ABOVE NUMREH OFI 
Y*L lVL,  .... ._.____i"__ 

ALL CORRESPONDENCE. 

DATE:  27 March 19'1'7 .- " . 

=I. I 

._ . 

. .. 

_. . 

I 
I 
! 
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C V S I U M E R :  

W . K .  Summc?rs and Associa~Lcs 

P . 0 .  Box 684 

S o c o r r o ,  N e w  Kexico ~ 7 8 0 1  

Page 1 o f  3 
ALBUQUERQUE  ASSAY  LAB 

41 15 SILVER SI. 

I 

I I 
.. I" 

i . '., 
: I :  

. _  

... 

. . 

". - 

.... 

- " 

. " 

. . .  

. 

.. . .  

,- . 

- 

COMMENTS: Spec i f i c   Conduc tance  1375: I n i t i a l   c o n c e n t r a t i o n  
pH 7.37 Cesium 19.0 pprn 

Fll.\NK Y C I I .  

St ron t ium 2 2 . 4  ppm 
CHARGES $ 

_ I  

C o b a l t  lS'"8 ppm B y  
'?'i.i i i  /,/&iL.d 

ASSAYER-CHEMIST 

GEOCHEMICAL-   BIOCHEMICAL-   ENVl I lONMENTAL RESEARCH 
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W.K. Summers & A s s o c i a t e s  PLEASE  REFER  TO  ABOVE EIUMLltH O N  
ALL  CORRESPONDCNCE. 

oATE:~~~ i l . . - l . . 1 . .1_Yn. .7  

Page 2 o f  3 

ALBUQUERQUE ASSAY LAB 
41 15 SILVER S.E. 

m Strontium C o b a l t  

- .. . . _. -. .- 

- "_ . " 
. - "" .. . 

T H A N K   Y O U  

CHARGES $ C o b a l t  40.0 ppw 
ASSAYER-CHEMIST 

GEOCHEMICAL-   B IOCHEMICAL-   ENVIRONMENTAL  RESEARCH 
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- . . . - . . , 
W.K. Summcrs & A s s o c i a t e s  

. _. " . - 

X M P L E   I D E N T l F i C A T l O N  

Solution l K 2 0  

CN:.:-I.~- 1 5 '  
CNS-18- 5 0 '  

S o l u t i o n  1 K " r O  

CNS-15- 1 5 '  

C N S - ! ~ -  50' 

S o l u t i o n  3K20 

CNS-15- 15 '  

CNS-18- 50' 

So1u:tion 3K40 

CNS-15- 15 '  

CNS-18- 50' 

COMMENTS: 

" -I .... 
" -i 

I I I I t- -.--I"" 

! 

CHARGES $ 312.50 (on a c c o u n t )  . ?  . I' ' 
B y  : L*4:.,4<.>2.1 . 

ASSAYER-CHtMIST 

GEOCHEMICAL-   BIOCHEMICAL-ENVIRONMENTAL  RESEARCH 
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i V M C " .  

W . K .  Summers & Associates  

Page 2 o f  2 

ALBUQUERQUE ASSAY LAB 
41 15 SILVER S I ,  

PLEASE I I F I E R  T O  ABOVE NUMUER V I >  

AAL  IDENTIF ICATION NO. , " J  _ _ _  
A L L  co~tnf srovw UCF 

I I 

Z N S - 1 6 -  2 0 '  I I I I 

CNC-1.- 20 '  . "" 

- C N C - 1 -  30 '  "_ 
C N C - 1 -  40' 

C N C - 1 -  50 '  

C N C - 1 -  60 '  ." 

C N C - 3 -  30' 

C N C - 3 -  35' 

C N C - 3 -  40' 
"_ 

I 

I 

I 

. 

.... 

...... 

I 

GEOCHEMICAL- BIOCHEMICAL-ENVI' iONMENTAL RESEARCH 
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S o c o r r o ,  New Y?exico 8 7 U O l  

]'age 1 o f  2 

A L B U Q U E R Q U E  ASSAY L A B  
41 15 SILVER S.F.  

1 
.... 

I 

, " 

! 
I 

! 
! .... 

." . 

"" 

I 
t 
I 
I 
I 

GEOCHEMICAL - BIOCHEMICAL - ENVIRONMENTAL  RESEARCH 
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Appendix 111-1.--Photogeologic ' s tudy  



. .  . 

301.B GRACELANO DRIVE. S.E. 0 ALBUQUERQUE, NEW MEXICO 0 TELEPHONE 268.9570 

January 24,  1977 

Mr. Glenn Hammock. 
Gordon Herkenhoff & Associates  
302 E igh th   S t r ee t  N . W .  
Albuquerque, N.M. 

Dear Mr. Hammock: 

Attached  hereto is a photogeologic map of t h e  ChemNuclear Cimarron 
s i t e .  

PURPOSE 

o the r   pe r t inen t   geo log ic  da t a   t ha t   cou ld   be   s een  on aer ia l   photographs  
T h e  purpose  of t h i s  s tudy  was t o  map a l 1 : t h e   f a u l t s ,   f r a c t u r e s  and 

t o   s e e  i f  a photogeologic  s tudy   could   poss ib ly  be of some h e l p   i n   e v a l -  
u a t i n g   t h i s   a r e a   f o r   u s e  a s  a p o s s i b l e   r a d i o a c t i v e  waste d i s p o s a l  s i te.  

METHOD 
^_I 

51 ae r i a l   pho tographs  of t h e   p r o p o s e d   d i s p o s a l   s i t e  and surrounding 
a rea  were s tud ied  i n  d e t a i l ,   b o t h   s t e r e o s c o p i c a l l y  and i n d i v i d u a l l y ,  A l l  
f r a c t u r e s  were  delineated  and mapped, a l l . t hose   t ha . r   appea red   t o  have 
o f f s e t  were mapped as f a u l t s .  All. anomalous a reas   such  as covered  out-  
c r o p s ,   s t r e a m   o f f s e t s ,   i n f e r r e d   a n t i c l i n e s  and syncl ines   were mapped. 
All d a t a  were p l o t t e d  on a 1" = 500' mosaic, t h e n  copied  onto a base 
map o f   t h e  same s c a l e .  

RESULTS 

fo lded   benea th   t he   Qua te rna ry   t e r r ace   g rave l s .   The re   appea r   t o   be   s ev -  
The a r e a   a p p e a r s   t o   b e   s e v e r e l y   f a u l t e d  and f r a c t u r e d  and  possibly 

eral  f a u l t s  w i t h  recent movement. T h e  nor thwes t -southeas t   f rac tures   a re  
bes t   exhib i ted   because  of t h e   d r a i n a g e   d i r e c t i o n .  

t h e  a rea   sugges t s   d ips   o f  loo t o  20° magnitude. There appear t o  be  sev- 
e r a l  s t r u c t u r a l   u n d u l a t i o n s   i n   t h e   c e n t r a l   p a r t   o f   t h e   a r e a ,  

The r e l a t i v e l y   s t r a i g h t   o u t c r o p   p a t t e r n  i n  t h e  s o u t h   c e n t r a l   p a r t  of 

A clue t o  t h e  complexity of t h e  a rea ' can   be   s een  i n  t h e  s t reams 
su r round ing   t he   p roposed   s i t e .  They have   ad jus t ed   t o  t h e  appa r ren t ly  

,S ince  t h e  same forces   were   ac t ing  all o v e r   t h e   a r e a ,  it would  seem s a f e  
rather l a r g e   f a u l t s  and s t r u c t u r a l   t r e n d s  i n  t h e  Pierre-Niobrara  bedrock, 

t o  assume t h a t  t h e  bedrock  beneath  the  proposed  disposal  s i t e  has  been 
s i m i l a r l y   a f f e c t e d .  



p.  2 -- Gordon  Herkenhoff E, Assoc. 

CONCLUSIONS 

of s t r u c t u r a l   c o m p l e x i t y   i n   t h i s  area and   due   cau t ion   shou ld   be   obse rved .  
T h e   p h o t o g e o l o g i c a l   s t u d y   i n d i c a t e s   t h a t   t h e r e  is a h i g h   p r o b a b i l i t y  

2 
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Appendix  III-2.--Geophysical log analyses. 
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CNP-2 and CNC-1 Log Analyses 

The rock material i s  r easonab ly   un i fo rm  a s   exh ib i t ed  by 
t h e   s m a l l   v a r i a t i o n s   i n   m e a s u r e d   p a r a m e t e r s  ( p  , A t ,  resist- 
i v i t y ,  e t c . )  There are s l i g h t   v a r i a t i o n s   b u t   g h e   m a g n i t u d e s  
a r e   s m a l l .   S t a n d a r d   d e v i a t i o n s   i n   m e a s u r e d   p a r a m e t e r s   v a r y  
i n   t h e  4 t o  1 0 %  range.  

The r o c k s   l o g g e d   a r e   s h a l e s  as evidenced by d e n s i t y ,  
neut ron ,   and   sonic   response .  Two c a l c u l a t e d   p a r a m e t e r s  
c a l l e d  M and N p l o t   i n   t h e   m i n e r a l   i d e n t i f i c a t i o n   g r a p h s  as 
s h a l e s .  The a p p a r e n t   a v e r a g e   m a t r i x   p r o p e r t i e s  ( A ' t m 2 ) a  and 
( p m a ) a  sugges t  a s l i g h t   d i f f e r e n c e   i n   m i n e r a l o g y   b e t w e e n  two 
wells. 

Well 

CNP- 2 
CNC- 1 

(Atma) a 
p s e c / f t  

51.6 
56.3 

mine ra l s   t han  CNC-1. The bas i c   mine ra logy  i s  a mixture   of  
q u a r t z  , dolomite ,   and o t h e r   " h e a v i e r   m i n e r a l s " .  

The mineralogy  of CNP-2 p robab ly   con ta ins  less heavy 

Each da ta   po in t   examined   sugges t s  a model   of   porosi ty ,  
so l id   ma t r ix ,   and   someth ing   ak in   t o   " suspended   f i nes" .  The 

rocks '  matr ix  i n   t h a t   t h e y   d o   n o t   s u p p o r t   w e i g h t   o f   t h e   o v e r -  
l a t te r  are p r o b a b l y   s o l i d   p a r t i c l e s   w h i c h  are n o t   p a r t   o f   t h e  

poros i ty ,   and   "suspended   f ines"  (mean v a l u e s )  are as fo l lows :  
b u r d e n   r o c k s .   A v e r a g e   f r a c t i o n s   o f   t o t a l   p o r o s i t y ,   e f f e c t i v e  

Well T o t a l   E f f e c t i v e  
P o r o s i t y   p o r o s i t y  " 'fn " 

CNP- 2 . 2 8 8  .187  . l o 2  
CNC- 1 . 2 7 7  .163 .114 

Mechanical p r o p e r t i e s . o f  t h e   s h a l e s  (mean v a l u e s )  are: 

CNP-2 CNC- 1 

P o i s s o n ' s   R a t i o  
Bulk  Modulus 

. 3146 
2.63 x 10-7psi-l 

. 3216 

Bulk   Compress ib i l i ty  
2 . 6 0  x 10-7psf-l 

'Young's  Modulus  2.93 x l o 5  p s i  
3.80 x l o 6  p s i  3.85 x l o 6  p s l  

2.80 x l o 5  p s i  
Shear  Modulus 11.1 x 1 0  p s i   1 0 . 5  x 1 0  p s i  

1 



I n d i v i d u a l   v a l u e s   o f   t h e s e   p a r a m e t e r   a t   e a c h   d a t a   p o i n t  
i n d i c a t e   t h a t   t h e   s h a l e s  are i n   c o m p r e s s i o n   i n   t h e   v e r t i c a l  

w i th   dep th   (gene ra l ly )   and   compress ion   l a t e ra l ly   f rom  the  w e l l  
d i r e c t i o n   w i t h   t h e   d e g r e e   o r  amount o f   compress ion   i nc reas ing  

bore. 

Mean v a l u e s  of s p e c i f i c   s t o r a g e  are: 

Well S p e c i f i c - f t o r a g e  
( F t  1 

Std.-pev. 
( F t  ) 

CNP-2 
CNC- 1 

4.0 x 
3 . 7  x 1 0  

-7 
. 33  x 10:; 
.30 x 10 

shown by t h e   s t a n d a r d   d e v i a t i o n s   ( o n l y   a b o u t  8 % ) .  S p e c i f i c  
s t o r a g e  was c a l c u l a t e d   b y   u s i n g   b u l k   c o m p r e s s i b i l i t y  as 
fo l lows  : 

The s p e c i f i c   s t o r a g e   v a l u e s   a r e   r e a s o n a b l y   u n i f o r m  as 

ss = pg ( 8 $ + ( 1 - Q ) a )  

8 = c o m p r e s s i b i l i t y  H 2 0  = 3 . 3  x 10 -6 psi- '  
$ = p o r o s i t y  
OL = b u l k   c o m p r e s s i b i l i t y  

where: pg = s p e c i f i c  w t .  H 2 0  = 62.4 l b s . / f t  3 

s e e :  Bear, 1972,  p.  213 

SP and   i nvas ion   p ro f i l e s .   Average   dep ths   o f   i nvas ion ,   ca l cu la t ed  
The s h a l e s  do e x h i b i t  some p e r m e a b i l i t y  as evidenced  by 

f r o m   t h e   r e s i s t i v i t y   l o g s ,   f r o m   t h e   s i d e   o f   t h e  well bore  are 
as  fo l lows  : 

Well Depth   Invas ion   ( in .  ) Std .  Dev. ( i n . )  

CNP- 2 
CNC-1 

15.0 
15.5 

3 . 0  
4.6 

Date : - P f l a A z  
Ronald M. Br imha l l ,  P.E. 
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EARTHQUAKE RISK IN THE CIMARRON SITE AREA 

The Cimarron  site  falls  within  one  of  the two principal 
seismically  active  belts  in New Mexico (Sanford  et al, 1976). 
This  belt  of  seismic  activity  extends  southwestward  from  the 
nor-theast  corner  of the state to the  Grants  area.  The  other 
main  seismic  belt  follows  the Rio Grande  valley  west  of  the 
Cimarron  site. 

Northrop (1976) lists  seven  earthguakes  with  epicenters  near  the 
Cimarron  site  during the period  1878-1970.  Two  of these,  in 

were  established  in Mew Nexico (1960). These two have  been 
1878 and 1952, occurred  before  permanent  seismograph  installations 

assigned  Modified  Mercalli  intensities  of I11 and V respectively 
(Northrop, personal  communication,  January 6, 1977). The 
remaining five, which were  instrumentally  recorded,  are  tabulated 
by  Sanford  and  Cash (1969) and  by  Northrop  and  Sanford (1972). 
The first  of  these  occurred in 1963, with an epicenter  south 
of Raton  and  about 19-20 miles  east-northeast  of  the  Cimarron 
site  and  <was  measured  at a Richter  ma.gnitude  of 3.7. The 

and 15-20 miles  west-southwest of  the  Cimarron site  area. 
others  took  place  in 1966, with epicenters  west of  Cimarron 

These  earthau.akes  had  Richter  magnitudes  of 3.4  to 3.8. 
Additional  6arthqu.akes  nay  have  been  recorded  in  the  Cimarron- 
Raton  area  since 1970, but this  information  is  not  yet  ready 

January 7, 1977). 
for  release  or  publication (Sanford, personal  communication, 

A number  of  earthauakes  originating  elsewhere  in  New  Mexic.o or 

Cimarron-Raton  area  (Northrop, 1976). Several  of  these  have 
in  nearby  parts OF Texes  and  Colorado  have  been  felt in the 

had  magnitudes  exceeding 4 on  the  Richter  scale,  though in 
the vicinity  of  the  Cimarron  site  they  have  exhibited  Mercalli 
intensities  of IV or less. 

Richter  (i959)  in a seismic  regionalization  map  of the United 
States,  showed the Cimarron  area as possibly  occasionally 

produced a. similar  map  showing the area  subject to earthquakes 
subject to earthquakes of intensity VIII. Algermissen (1969) 

of intensity V and VI. Sanford  et a1  (1972)  analyzed  the 
information  available  for  the Rio Grande  valley  and  concluded 
that Richter’s estimate  appeared  too  high  and  Algermissen’s 
too low.  This  might be taken  as  suggesting  that  the  Cimarron 

VI-Vi1  (roughly magnitude 5) . 
site  area  can  be regarded as  subject to earthquakes  of  intensity 

Consideration  of  the  available  information  leads to the  conclusion 
that  the  Cimarron  site  area is in  a seismically  active  belt 
definitely  subject  to  earthquakes  of  magnitude 3-4 and  intensity 
111-V, and  probzbly  subject  to  earthquakes  of  magnitude 4-5 
More powerful earthquakes of  magnitude 5-6 and intensity 
and intensity VI-VI11  over a longer  period of time  (say 100 years) I 

VII-VI11  are a possibility  during a period of 200-400  years. 
This  translates  into  the  possibility  of an earthquake  (during 
+he  period  of  significant  radioactivity of the  materials 
proposed  for  disposal)  which  could  cause  considerable  damage 
In ordinary  substantial  buildings or  excavations. . By  comparison 
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Northrop (1976)  s t a t e s  t h a t  a shock o f  magnitude 6 and 
i n t e n s i t y  VII-VI11 i s  expectable   once  every 100 years   between 
Socorro  and  Albuquerque. The Cimarron s i t e   a r e a  i s  c l e a r l y  
s u b j e c t  t o  e a r t h q u a k e s ,   b u t   l e s s   f r e g u e n t l y   t h a n   t h e   S o c o r r o -  
Albuquerque  area,   and o f  m o d e r a t e   i n t e n s i t y  as compared wi th  
ea r thquakes   r eco rded   i n   Ca l i fo rn ie   and   o the r   h igh ly   ac t ive  
s e i s m i c   a r e a s .  

Two p r i n c i p a l .   a f f e c t s  o f  earthquakes  of  magnitude as  g r e a t  as 
6 on   the   d i sposa l   s i - te   shoud  be   cons idered .   F i r s t   and   mos t  
obvious i s  t h e   p o s s i b i l i t y   o f   c o l l a p s e  o f  t he   excava t ion  walls. 
Second  and l e s s   o b v i o u s  i s  t h e   p o s s i b i l i t y  t h a t  such   an  
ear thquake might open new o r   e x i s t i x g   f r a c t u r e s   i n   t h e   s h a l e ,  
p r o d u c i n g   f l u i d   c o n d u i t s   l e a d i n g  t o  o r  f rom  the   t renches .  

Embankments o r  excavat ion  walls some'imes c o l l a p s e  i f  b u i l t  a t  
t o o   s t e e p   a n   a n g l e  f o r  t he   rock  o r  s o i l   m a t e r i a . l   i n  which  they 
a r e   c u t .   T h i s   c a n   b e   a g r a v a t e d  kjr the   shaking   caused   by   an  
e a r t h q u a k e   s h o c k ,   r e q u i r i n g   t h a t   t h e   e x c a v a t i o n  walls s lope  
more g e n t l y  i f  t h e y   a r e  t o  s i i rv ive   ea r thquakes   w i thou t   co l l apse .  
An advantage  can be  g:eined  by  seat i r .g   the  t renches  in   bedrock 
( h e r e ,   C r e t a c e o u s   P i e r r e   s h a l e )   r a t k e r   t h a n   i n   t h e   o v e r l y i n g  

motion  and damage in   unconso l ida t ed   a l luv ium  can   be  two or 
a l luv ium.   Th i s  i s  b e c a u s e   t h e   r e l a t i v e   i r L t e n s i t y  o f  ear thquake 

more t imes   g rea t e r   t han   i n   conso l ida t ed   rock   (Legge t ,   1962 ,   pp .395-403)  

The experience o f  t h e  New Mexico  %ighway  Department i s  t h a t  
excavat ion  walls i n   t h e   P i e r r e   s h a l e   s h o u l d   b e   c u t  a t  s l o p e s  
o f  2:l or 2 * :  1 t o   s t a n d  f o r  l ong   pe r iods   w i thou- t   co l l aps ing ,  
e s p e c i a l l y  i f  f r a c t u r e d  o r  dippir.g w r e  t h a n  a few  degrees 
( i . e . ,  bedding   p lanes   s lop ing  more t h a n  a f ew  deg rees ) .  

I n   t h e   w r i t e r ' s   o p i n i o n   t h e   g r e a t e s t   d a n s e r   c o n s e q u e n t   u p o n  
e a r t h q u a k e - i n d u c e d   p a r t i a l   c o l l a p s e   o f '   t h e   r o c k  walls o f  a 
f i l l e d   t r e n c h  i s  t h a t  of  unequal f i l l  s u b s i d e n c e   l e a d i n g   t o  

The presence   o f   the  f i l l  m a t e r i a l  v/ol!ld, o f   c o u r s e ,   r e t a r d   t h e  
e ros ion   and   unear th ing   of  .bhe b u r i e d   r a d i o a c t i v e   m a t e r i a l .  

c o l l a p s e .  Two d i f f e r e n t   a p p r o a c h e s  Lo c o n t r o l  o f  t h i s  s i t u a t i o n  
a r e   s u g g e s t e d .  The t renches   could  i;.c s o  cons t ruc t ed  as t o  

might r e q u i r e   s l o p e s  as g e n t l e  as 3 :1  f o r  t h e  walls o f   t h e  
wi ths t and   t he   g rea t e s t   p red ic t a3 le   ea r thquake   mo t ion .  T h i s  

a lso produce  an  excavat ion 230 f e e t  svide a t  t h e   t o p   t o   p r o v i d e  
excava t ions ,  o r  a r t i f i c i a l   b r a c i n g  cf t h e  walls. I t  would 

A l t e r n a t i v e l y ,   t h e   t r e n c h e s  cou.ld  be  excavated  with walls o n l y  
a d i s p o s a l   t r e n c h  30 f e e t  deep  and 50 f e e t  wide a t  t h e  b o t t o m .  

t h e y   a r e   b e i n g   f i l l e d  (l:l ,  f o r   e x a m p l e ) .  They could   then   be  
sloped  enough t o   s t a n d   s a f e l y   d u r i n g   t h e  s h o r t  pe r iods   wh i l e  

watched f o r  erosion-provoking  subsidence  caused  by  ear thquake-  
induced or o t h e r   c o l l a p s e   a n d   c o r r e c t i v e   r e c o n s t r u c t i o n   o f  
t h e   s u r f a c e   u n d e r t a k e n .  The f i r s t  acpr0ac.h  would  be more 
s t a b l e ,  bu t  would r e q u i r e  a l a r g e r   s m f a c e   a r e a   p e r   t r e n c h  
'and  would n e c e s s i t a t e  more than   tw ice  as much e x c a v a t i o n   p e r  

mound o v e r   e a c h   f i l l e d  t rench  which ;vould in i - L s c l f   i n v i t e  
t r e n c h .  I t  would a l s o  r e q u i r e  a much l a r g e r  pr .o . tect i .ve  ear th  

ma in ta ined   du r ing   t he  r e d i o a c t i - { e   l i f e   o f   t h e  b u r i e d   m a t e r i a l .  
e r o s i o n ,   a n d   t h e r e f o r e  would s t i l l  r e e d   t o   3 e  monitored  and 
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The second  approach  would  require  less  surface  area  per  trench, 
less  excavation  per trench, and  would  probably  require  no  more 
maintenance.  The  probability of earthquake-produced  collapse 
of a trench  before  it  is  filled  and  while  people  are  working 
in it would  seem  minute. 

Earthquake  shocks  sometimes  create new springs or dry  up old 
ones  along  existing  faults or fractures.  This  shows  that 
earthquakes  can  alter the ability  of  fractures to serve  as  fluid 
conduits.  Relatively  rigid  rocks  such  as  granite  are much more 
subject to such effects  than  are  the  less  brittle  rocks  such  as 
the  Pierre  shale.  The  possibility of'an earthquake  of  the  predict- 
able  intensity  opening a fracture  sufficient  to  serve  as a 
significant  fluid  conduit  in the Cimarron  site  area  is  probably 
small  because  the  plastic  nature  of the shale  tends to keep  fractures 
closed in the absence  of  high  fluid  pressures.  The  absence  of 
springs  in  the  near  vicinity  of  the  site  supports this, as  does 
the  fact  that  none  of  the  numerous  holes  drilled  into  the  shale 
in  the  site  area  produced  large  amounts of water.  Pressure  tests 
conducted  in  some of the  holes  showed  that  fractures in the  shale 

release of the pressure,  expelling the fluid. (W. K. Summers, 
could be opened  by  high  fluid  pressures,  but  closed  again  upon 

oral  communication,  February 3,.1977). 

Conclusions - 1. The  Cimarron  site  lies  within a northeast- 
southwest  belt  of  seismic  activity  subject in the short  term  to 

111-V, probably  subject  over  longer  periods  (such  as 100 years) 
earthquakes  of  Richter  magnitude 3-4, and  Mercalli  intensity 

to earthquakes  of  magnitude 4-5 and  intensity VI-VII, and 
possibly  subject  over  still longer  periods  (such  as  200-400  years) 
to  earthquakes  of  magni-tude 5-6 and  intensity VII-VIII. 

trenches  into  the  softer  fill  material  as a result  of  earthquake 
shocks  is  possible. 

2. Partial  collapse  of  the  rock  walls  of  the 

3. The  opening  of  previously  existing or new 
fractures  which  might  serve  as  fluid  conduits in the  area  is 
unlikely  because  of  the  plastic  nature  of  the  shale,  the  moderate 

of  high  fluid  pressures  and  open  fractures  at  shallow  depths 
intensity  of  the  expectable  earthquakes,  and the apparent  absence 

in the  shale  of  the  area. 

Recommendations - 1. Trenches  for  waste  disposal  should  be 
seated in the  Cretaceous  shale  bedrock  rather  than in the  over- 
lying  alluvium,  because  of  the  much  greater  motion  and  damage 
caused in unconsolidated  alluvium  by  earthquake  shocks. 

2. The earth  mounds  over  filled  trenches 

resulting from  earthquake-induced partial  collapse  of  the  rock 
should be carefully  monitored  and maintained to prevent  erosion 

3 
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uneven  fill  subsidence.  This  problem  could  be  minimized  by 
trench  walls  into  the  softer  fill  of  the  trench  and  consequent. 

but  only  at  the  cost  of  greatly  increased  excavation. 
cutting the walls o f  the  trenches to gentler  slopes  (perhaps 3:l) 

Respectfully  submitted, 

Charles c 5 x c U A l B W  B. Reynol s 

Registered  Geophysicist (Calif.) 
Certified  Professional  Geologist 
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FINAL  REPORT 

SHALLOW SEISMIC SURVEY 

CIMARRON SITE, COLFAX COUNTY,  NEW MEXICO 

SUMMARY 

I .  I n t r o d u c t i o n  - A s h a l l o w   s e i s m i c   s u r v e y   c o n s i s t i n g  of two  
r e v e r s e d   r e f r a c t i o n   p r o b e s   a n d   f o u r   s h o r t   r e f l e c t i o n   l i n e s   t o t a l l i n g  
about  2 . 5  m i l e s  i n  l e n g t h  was c a r r i e d   o u t   O c t o b e r  20-21,  1976, i n  
t h e   C i m a r r o n   s i t e   a r e a .   T h e   p r i n c i p a l   p u r p o s e  was t o  o b t a i n  

f a u l t  or f r a c t u r e   z o n e s .  
s t r u c t u r a l   g e o l o g i c   i n f o r m a t i o n ,   e s p e c i a l l y   w i t h   r e g a r d   t o   p o s s i b l e  

11. Method - A s i n g l e - v e h i c l e   o p e r a t i o n  was u s e d .  The se i smic  
energy  source was a 150 l b .   s h o t  bag d r o p p e d   f o u r   f e e t .  The 
r e f l e c t i o n   r e c e i v e r   a r r a y  was a d rag   cab le   w i th  s i x  geophone  cas.es , 

spaced . four   meters   apar t   and   towed  behind   the   vehic le .   Record ing  
was by a s ingle-channel   engineer ing-type  seismograph w i t h  programmed 
gain e x p a n s i o n ,   f r e q u e n c y   f i l t e r s ,   a n d  a p a p e r   r e c o r d e r .  The 

geophone I 
r e f r a c t i o n   p r o b e s   w e r e   f u l l y   r e v e r s e d  and used a s i n g l e   b u r i e d  

and   ranging  f r o m  about  20 t o   a b o u t  1000  f e e t   i n   d e p t h   w e r e   r e c o r d e d .  
111. R e s u l t s  - A p p a r e n t   r e f l e c t i o n s  of  good t o   v e r y   p o o r   q u a l i t y  

One o f   t h e   r e f r a c t i o n   p r o b e s   r e c o r d e d  a b e d r o c k   r e f r a c t i o n ,   t h e  
o t h e r   a p p a r e n t l y   d i d   n o t .  

I V .  I n t e r p r e t a t i o n  - Attempts were made t o   i d e n t i f y   a n d   t r a c e  a 
r e f l e c t i o n   f r o m   t h e   t o p  o f  bed rock   and   r e f l ec t ions   f rom  wi th in   t he  
C r e t a c e o u s   s h a l e   b e d r o c k .   M i g r a t e d   d e p t h   s e c t i o n s   o f   t h e   r e f l e c t i o n  
l i n e s  were  'constructed.  

V .  Conclusions - The bedrock   su r f ace   appea r s   t o   be  a b u r i e d  
l a n d s c a p e   p o s s i b l y   i n   e a r l y   m a t u r i t y   w i t h  an i n t e g r a t e d   d r a i n a g e  
system  which may h a v e   b e e n   i n f l u e n c e d   b y   f a u l t i n g   a n d   f r a c t u r i n g .  
The C r e t a c e o u s   s h a l e   b e d r o c k   h a s   a p p a r e n t l y   b e e n   a f f e c t e d  by 
sma l l - sca l e   La ramide   fo ld ing ,   p robab ly  o f  t he   f l owage  type and 
p e r h a p s   c o n f i n e d   e n t i r e l y   t o   t h e   t h i c k   s h a l e   u n i t .   F a u l t i n g   a n d  
p r o b a b l y   f r a c t u r i n g   a l s o   a p p e a r   t o   b e   p r e s e n t .  The f a u l t s ,  which 
may be most ly   h igh-angle   reverse  f a u l t s ,  do n o t   a p p e a r   t o  cut t h e  
o v e r b u r d e n .   T e c t o n i c   s t r i k e  may b e   e a s t - s o u t h e a s t .  

V I .  ' Recommendations - An e f f o r t   s h o u l d   b e  made t o   d e t e c t  and   t r ace  

r e f l e c t i o n ,  or o the r   means .  
t h e   m a i n   f a u l t ,   f r a c t u r e  and fo ld   sys tems  by   photogeology,   se i smic  
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October 2 0  and  21,  1976, in an   a r ea   abou t  two mi l e s   sou th   o f  
t he   ghos t  town  of  Col-fax, New inexicco, f o r  Gordon  Herkenhoff 
and   Assoc ia t e s ,   consu l t ing   eng inee r s .  The s t u d y   c o n s i s t e d  
of t w o  s h a l l o w   r e v e r s e d   s e i s m i c   r e f r a c t i o n   p r o b e s   a n d   f o u r  

l e n g t h  ( see   enc losed   Loca t ion  Map). The purposes  o f  t h e  
s h o r t  r e f l e c t i o n   s e i s m i c   l i n e s  t o t a l l i n g  a b o u t   2 . 5  m i l e s   i n  

su rvey   were   t o   ob ta in  r o c k  v e l o c i t y   i n f o r m a t i o n  f o r  i t s  
bea r ing  on r o c k   c o n d i t i o n s ,  arid t o   o b t a i n   s t r u c t u r a l   g e o l o g i c  
i n f o r m a t i o n ,   e s p e c i a l l y   w i t h   r e g a r 5   t o   p o s s i b l e   f a u l t i n g  
o r  f r a c t u r e   z o n e s  

11. Method - The f Q u r  s h & i l O w  s e i s m i c   r e f l e c t i o n   l i n e s   a r e  
shown  on t h e   l o c a t i o n  map, A 1% l b .  w e i g h t   ( s h o t - f i l l e d  

The r e c e i v e r   a r r a y  was a d rag   cab le  with s ix  geophone  cases ,  
l e a t h e r  bag) was dropped f o m   f e e t  as t h e  energy   source .  

f o u r   m e t e r s   a p a r t  and to\nied behind   the   weight -drop   t ruck .  
each   conta in ing  two 10 Hz d.i .gitai-grade  geophones,   spaced 

Recording was by a s ing le -channe l  Seaman Nuclear  Corp. 
engineering-type seismograph  with d ig i t a l  memory and  modified 
t o  u t i l i z e   f r e q u e n c y   f i l t e r s ,  progrzmned gain expansion,  
and a p a p e r   s t r i p - c h a r t   r e c o r d e r .   S t a t i o n   s p a c i n g  was 
2 5  m e t e r s   ( 8 2   f e e t ) .  

The  two r e f r a c t i o n   p r o b e s  w e r e   l o c t i t e d   o n   r e f l e c t i o n   l i n e s  
C N - 1  and CN-2 ( s e e   L o c a t i o n  MBp, Enclosure No. 1). The 
r e f r a c t i o n   p r o b e   l o c a t i o n s  were  selected  by  examinat ion  of  
d r i l l   d a t &   a n d   r e f l e c t i o n   l i n e s   t o   h a v e   b e d r o c k   s h a l l o w  
enough to   measure   the   p ropagat ion   ve loc i ty   o f   the   bedrock  

procedure  was used .  An 8 Hz r e f r a c t i o n  geophone was b u r i e d  a t  
(uppe r   Cre t a . ceous   sha l e ) .  A t  each  probe l o c a t i o n  t h e  fo l lowing  

one   end   of   the   re f rac t ior ,   l ine   and   the   weight -drop   t ruck  
moved away from  the  geophone,   dropping  the  weight  a t  d i s t a n c e s  
of 12.5M (Lkl f t . ) ,  25M (82  f t . ) ,  3?.5hl (123  ft.), 50M (164 f t . ) ,  
6 2 - 9 1   ( 2 C 5  f t . ) ,  75ivI (246 . f t . ) ,  and 87.5M (287 f t . )  f rom  the  
geophone. Tne geophone was t h m   S u r i e d  a t  t h e   o p p o s i t e   e n d  
o f   t h e   r e f r a c t i o n   l i n e   a n d   t h e   p r o c e d u r e   r e p e a t e d   i n   t h e   o t h e r  
d i r e c t i o n ,   y i e l d i n g  a f u l l y   r e v e r s e d   r e f r a c t i o n   p r o b e .  

111. Resu l t s  - Time-depth   p lo ts  f o r  t h e  two s h a l l o w   r e f r a c t i o n  
p r o S e s   a r e  shown by F i g u r e  No. 1, A t i m e   c o r r e c t i o n  o f  -0.012 
second has been   app l i ed  t o  c o r r e c t   f r o m   t h e  f irst  t r o u g h   o f .  
e a c h   t r a c e   t o   t h e  f i r s t  e n e r g y   a r r i v a l .  

Re f rac t ion   p robe  CN-1-44 d o e s   n o t   a p p e a r   l i k e l y   t o   h a v e   r e a c h e d  
bedrock. The d e e p e s t   r e f r a c t o r   i n d i c a t e d   a p p e a r s   t o   h a v e  a 
ve loc i ty   o f   about   7 ,300   f t / sec ,   s low  enough t o  be  more l i k e l y  

I. I n t r o d u c t i o n  - A sha l low  se i smic   survey  was c a r r i e d   o u t  



The l a y e r   a b o v e   t h i s   r e f r a c t o r   a p p e a r s   t o   b e   v e r y   d i f f e r e n t   i n  
within  the  Cenozoic   overburden thai? Cre taceous   sha le   bedrock .  

v e l o c i t y  a t  t h e  two e n d s   o f   t h e   r e f r a c t i o n   p r o b e .  The r e f r a c t o r ,  

d ips   wes t .  
which i s  probably  a sand   or   g rave l   bed   above   bedrock ,   ev ident ly  

Refrac t ion   probe  CN-2-24 appears   to   have   reached   t rue   bedrock .  
The b e d r o c k   r e f r a c t o r  has a ve loc i ty   o f   abou t   10 ,400   f t / s ec ,   wh ich  

which  were  run i n  t'ne C N C - l  and CKP-2 drill h o l e s .  The over-  
i s  compatible w i t h  t h e   - f e l o c i t i e s   i n d i c a t e d  by t h e   s o n i c  logs 

burden   ve loc i ty   appea r s  t o  i nc rease   w i th   dep th ,   p robab ly   ave rag ing  
about 2 ,500  f t / s e c .  A d e p t h   s e c t i o n   ( h o r i z o n t a l   a n d   v e r t i c a l  

Th i s   s ec - t ion ,  made by w . v e f r o n t   r e c o n s t r u c t i o n ,  shows  about   ten 
s c a l e s   e q u a l )   f o r   r e f r a c t i o n   p r o b e  CN-2-24 i s  shown  by F igu re  No. 1. 

f e e t  o f  bur ied   topographic   re l ie f   on   bedrock   a long   the   l ength  
o f  subsu r face   cove rage ,   i nc lud ing  a s h a l l o w  depres s ion .  The 

d r i l l   h o l e   a n d   r e f l e c t i o n   s e i s m i c   d a t a .  
depth  range t o  bedroc!: shown (3O-bCI f e e t )  i s  compatible  with 

The l o c a t i o n s   o f   t h e   f o u r   s h o r t   s e i s m i c   r e f l e c t i o n   l i n e s   a r e  
shown by  t l ;e  Location Map (EnclcsGre No. 1) .  The r e s u l t i n g  
data a r e   i n c l u d e d  with t h i s   r e p o r t  as v a r i a b l e   a r e a   r e c o r d  
s e c t i o n s   ( S n c l o s u r e s  Nos. 2 and 3 ) .  Seismic   events   be l ieved  
t o  b e   r e f l e c t i o n s   r a n g e   f r o m   a j o u t  20 f e e t  t o  n e a r l y  1000 f e e t '  
i n   d e p t h .   S c a t t e r e d ,   f r a g r t e n t a r y   l a t e r   e v e n t s  which may be 
r e f l e c t i o n s   a r e  as deep as 200G f e e t ,   b u t   a r e   r e g a r d e d  as too  
p3or  t o  b e   u s a b l e .   R e f l e c t i o n   d a t a   q u e l i t y   v a r i e s . l o c a l l y   f r o m  
good t o  very   poor ,   and  i s  g e n e r a l l y  f a i r  ir. t h e   t o p  500 f e e t  
o r  s o .  

p r e t a - t i o n   o f   t h a   v a r i a b l e   a r e a   r e c c r d  s e c t i o n s .  The ho r i zon  
IV. I n t e m r e t a t i o n  - Enclosures  YOS. 4 and 5 show t h e   i n t e r -  

marked i n   r e d  i s  b e l i e v e d  t o  be a r e f l e c t i o n   f r o m   t h e   o v e r b u r d e n -  
bedrock   contac t .  T h i s  r e f l e c t i o n   T r a v e r s e  i s  con t ro l l ed   by  a 
t o t a l  of 1 4  d r i l l h o l e s  or! or v e r y   n e a r   t h e   s e i s m i c   l i n e s .  The 
c r i t e r i o n  used. t o  t r a c e  this r e f l e c t i o n   a l o n g   t h e   l i n e s   ( a n d  
t h e  most  a c c u r a t e  o f  t h e   s e v e r a l   t r i e d )  i s  s imply t o  p i c k   t h e  
o n s e t  o f  t h e   e a r l i e s t   c o h e r e n - t   e v e n t .  T h i s  i s  n o t  everywhere 

r e f l e c t i o n   d o e s   n o t   a p p e a r  t o  'ce p r e s e n t .   I n   s u c h   p l a c e s   t h e  
c l e a r   o n   t h e   d a t a :   t h e r e   a r e  half a dozen  ? laces   where  the 

r e d   h o r i z o n  is v e r y   q u e s t i o n a b l e   f o r   d i s t a n c e s  as g r e a t  as two 
hundred  yards I 

The se i smic   even t s   marked   i n   ye l low  on   Enc losu res  Nos. 4 and 5 
a r e   t h o s e   t h o u g h t   l i k e l y  t o  be b e d d i n g - p l a n e   r e f l e c t i o n s  f r o m  
wi th in   t he   Cre t aceous   sha l e s .   They   sugges t   sma l l - sca l e   fo ld ing  
a n d   f a u l t i n g  o f  a s o r t   n o t  uncommonly s e e n   w i t h i n   t h i c k   s h a l e  

and   caused   u s   t o   ques t ion  i t s  c o r r e c t n e s s .  If t h e s e   e v e n t s  
s e c t i o n s   n e a r   m a j o r   u p l i f t s .  T h i s  was a n   u n e x p e c t e d   r e s u l t ,  

a r e   n o t   r e f l e c t i o n s ,   t h e  m o s t  l i k e l y   e x p l a n a t i o n  i s  t h a t   t h e y  
a r e   r e f l e c t e d   r e f r a c t i o n s .  Th i s  s eems   un l ike ly ,  as t h e  good 
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event  a t  t h e   i n t e r s e c t i o n   o f  C N - 1  and CN-2 has f a r  too   h igh   an  
appa ren t   ve loc i ty   (more   t han  3 0 , 0 0 0  f t / s e c )   t o   b e  a r e f r a c t i o n  
from  any  rocks known t o  be p r e s e n t   i n   t h e   v i c i n i t y .   F u r t h e r ,  
e x p e r i e n c e   i n d i c a t e s   t h a t   i n t e r n a l   r e f l e c t i o n s  f r o m  s h a l e   u n i t s  
a r e  much more common t h a n   a r e   i n t e r n a l   r e f r a c t i o n s .   T h e r e f o r e  
these   even t s   shou ld   be   cons ide red   r e f l ec t ions   un le s s   p roven  
o the rwise .  

The s e i s m i c   e v e n t s   m a r k e d   i n   p u r p l e   a r e   b e l i e v e d  t o  be 
d i f f r a c t i o n s   o r   r e f l e c t e d   r e f r a c t i o n s .   T h e s e   a r e   s e i s m i c   e v e n t  
types  which commonly provide  evidence o f  t h e   p r e s e n c e   o f   f a u l t s  
or f r a c t u r e   z o n e s .  The i n t e r p r e t e d   p o s s i b l e   f a u l t s  o r  f r a c t u r e  
zones   a re  shown i n  green   on   Enclosures  Nos. 4 and 5 .  

The se i smic   even t s  shown i n   c o l o r   o n   E n c l o s u r e s  Nos. 4 and 5 
ha-re   been  converted  to   migrated  depth  sect ions o r  s t r u c t u r e  

The v e l o c i t i e s   u s e d   w e r e  3100 f t / sec   th rough  the   overburden  arid 
s e z t i o n s  hy the   po in t -a rc   method,   which  i s  expla ined   by   F igure  No. 2. 

10,750 f t / s e c   w i t h i n   t h e   C r e t a c e o u s   s h a l e s .  The overburden 
v e l o c i t y  o f  3100 f t / s e c  was obtained  by  determining  what  average 
v e l o c i t y   g a v e   t h e   b e s t   a v e r a g e   t i e   b e t w e e n   t h e  known depth o f  
Ledrock i n  t h e  14 d r i l l   h o l e s  and  the  depth  computed  f rom  the 

v e l o c i t y  o f  3050 f t / s e c  would improTre t h e   r e s u l t i n g  d e p t h   t i e s  
bedrock r e f l e c t i o n .  T h i s  v e l o c i t y  may be about  2% too  fast:  a 

t o   t h e   d r i l l   h o l e s   s l i g h t l y .  The C r e t a c e o u s   s h a l e   v e l o c i t y  was 
d e + e r m i n e d   b y   a v e r a g i n g   t h e   v e l o c i t i e s   i n d i c a t e d   b y   t h e   s o n i c  
1 0 ~ s  f rom  the  CNP-2 and C N C - 1  d r i l l  h o l e s .   T h i s   v e l o c i t y  i s  
a l so   i nc lose   ag reemen t   w i th   t ha t   d . e t e rmined  by t h e  CN-2-24 
r e f r a c t i o n   p r o b e   ( 1 0 , 4 0 0   f t / s e c ) .  

No. 6 .  Both h o r i z o n t a l   a n d   v e r t i c a l   s c a l e s   a r e   o n e   i n c h   e q u a l s  
The r e s u l t i n g   m i g r a t e d .   d e p t h   s e c t i o n s   a r e   i n c l u d e d  as Enclosure 

200 f e e t .   R e f l e c t i o n   q u a l i t y   g r a d i n g  i s  i n d i c a t e d  by l i n e  
w i d t h   o f   t h e   r e f l e c t i n g   h o r i z o n s .  

Because   t he   ove rburden   ve loc i ty  i s  s o  much s l o w e r   t h a n   t h e  
C r e t a c e o u s   v e l o c i t y ,  i t  was necessary  t o  c o r r e c t  for v a r i a t i o n s  

a p p a r e n t   r e f l e c t i o n s   f r o m   w i t h i n   t h e   C r e t a c e o u s  would  have  been 
i n  the   ove rburden   t h i ckness .   Wi thou t  t h i s  c o r r e c t i o n ,   t h e   d e e p e r  

and   ca re   were   spen t   i n   dec id ing  where t h e   b e d r o c k   r e f l e c t i o n  
c o n s i d e r a b l y   d i s t o r t e d .  For t h i s  r eason  a good d e a l  o f  t ime 

v e l o c i t y ,  and i n  migrating ( p l o t t i n g )   t h e   b e d r o c k   r e f l e c t i o n  
mus t   be   on   t he   r eco rd   s ec t ions ,   i n   de t e rmin ing   t he   ove rburden  

on   t he   mig ra t ed   dep th   s ec t ions .  A s  a r e s u l t   o f   t h i s   a n d   t h e  
cons ide rab le  amount o f  d r i l l  h o l e   c o n t r o l ,   t h e   b e d r o c k   h o r i z o n  
shown i s  c o n s i d e r e d   t o   b e   r e a s o n a b l y   a c c u r a t e .  The average 
m i s t i e  t o  t h e  d r i l l  h o l e s  i s  s e v e n   f e e t ,  a t  l e a s t   p a r t   o f   w h i c h  
must  be  due t o  v a r i a t i o n s   i n   o v e r b u r d e n   v e l o c i t y .  The g r e a t e s t  

u n c e r t a i n t y   i n  t h e   e x a c t  p o s i t i o n   o f   t h e  d r i l l  h o l e   r e l a t i v e  
e r r o r ,  1-3 f e e t  a t  CNS-19, i s  p r o b a b l y   a l s o   p a r t l y   d u e  t o  some 

t o  the  se i smic  l i n e .  The bedrock  horizon as shown i s  t h u s  
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ev iden t ly   aqcura t e   w i th in   abou t  16%. Two steps  could  improve 
t h i s   a c c u r a c y   f i g u r e   i n   f u t u r e . '   F i r s t ,   t h e   q u a l i t y  o f  t h e  
r e f l e c t i o n  data a t  th i s   depth   mus t   and   can  be  improved.  Second, 
d e t e r m i n a t i o n   o f   t h e   o v e r b u r d e n   v e l o c i t y   i n   t h e  d r i l l  ho le s  

b e d r o c k   p r o f i l e .  
would a l s o  h e l p   g r e a t l y  i n  i n c r e a s i n g   t h e   a c c u r a c y  o f  such a 

D e s p i t e   t h i s  somewhat d i s a p p o i n t i n g   a c c u r a c y   f i g u r e ,   t h e r e   a p ! > e a r s  
t o  be l i t t l e  d o u b t   t h a t   t h e   f e a t u r e s   i n d i c a t e d   ( s u c h  as burie1.l. 
b l u f f s ,   r i d g e s   a n d   c h a n n e l s )   a c t u a l l y   e x i s t .  T h i s  d o e s   n o t ,  o f  
c o u r s e ,  mean t h a t   t h e y   c a n   a l w a y s   b e   c o r r e c t l y   i n t e r p r e t e d   t h e  
f i rs t  t ime.  One s t eep ly   d ipp ing   even t   on   L ine  C N - 4 ,  i n i t i a l l y  
i n t e r p r e t e d  as p o s s i S l y   t h e   n o r t h   s i d e  o f  a deep  channel ,  was 
subsequen t ly   p roven   by   d r i l l   ho le  C N G - 1  and   event   migra t ion   to  
be a d i f f r a c t i o n   p r o b a b l y   r e l a t e d  t o  a f a u l t  o r  f r a c t u r e   z o n e  
near   the   nor th   end  o f  Line C N - 4 .  

bu r i ed   l andscape   pe rhaps  i n   e a r l y   m a t u r i t y ,  no doubt  with  an 
The bedrock  horizon shown on th.e m i g r a t e d   s e c t i o n   s u g g e s t s  a 

i n t e g r a t e d   d r a i n a g e   s y s t e m .  The l a r g e s t   b u r i e d   d r a i n a g e   i n d i c a t e d  
i s  shown by t h e  e a s t  end o f  Line C N - 3  ( e a s t   o f   S t a t i o n  1 6 ) .  
Th i s   bu r i ed   va l l ey   ev iden t ly   deepens   ea s tward ,   p re sumab ly   t oward  

on   the   wes t  by a l o w  b l u f f  which may have been   l oca l i zed   by  2 
a n   a n c e s t r a l  Vermejo R ive r .  T h i s  v a l l e y  i s  apparent ly   bounded.  

b e d r o c k   f a u l t .  If t h i s   f a u l t   e x i s t s ,   h o w e v e r ,   p o s s i b l e  fa in t  
d e e p e r   r e f l e c t i o n s  sugges t  i t  does  not   extend downward t o   c u t  
s trata a t  t h e   b a s e  o f   t h e   t h i c k   C r e t a c e o u s   P i e r r e   s h a l e .  

Lesse r   bu r i ed   channe l s   p re sumab ly   r ep resen t  members o f   v a r i e d  

shown by  Line CN-2. These   cen ter  a t  abo i l t   S t a t ions  5 ,  33 and 
s i z e  o f  t h e   b u r i e d   f o s s i l   d r a i n a g e   s y s t e m .   M o t a b l e   a r e   t h r e e  

47. A l l  t h r e e   c h a n n e l s   a n d   t h e   e l e v a t e d   i n t e r f l u v i a l   a r e a s  
between  have  been  penetrated  by dri l l  h o l e s ,  as shown b y   t h e  
migrated  sect ion.   These  channels   were  probably  short   (about  
1-3 m i l e s )   e a s t - f l o w i n g   t r i b u t a r i e s  o f  t h e   a n c e s t r a l  Vermejo 
River .  A l l  t h r e e   a p p e a r   t o   b e   l o c a t e d   o v e r   f a u l t e d  small an t i -  
c l i n e s ,   a n d  may wel l   have   been   loca l ized   by   the   reduced   e ros ion  
r e s i s t a n c e   o f   t h e s e   f e a t u r e s ,   e s p e c i a l l y   t h e   f a u l t s .  

The bur ied   channel   on   the   eas t   end  o f  Line C N - 1  ( e a s t   o f  

a b o u t   S t a t i o n  5 on   Line  CN-2. T h i s  was p robab ly  a d i v i d e   p o s i t i o n ,  
S t a t i o n  36) i s  ev iden t ly   con t inuous   w i th   t he   channe l   cen te red  

however,   between  east-running  2nd  southwest-running  watercourses 
d r a i n i n g   t h e   n o r t h w e s t   t o   s o u t h e a s t   r i d g e   c r o s s i n g   t h e   a r e a .  
The broad ,  compound bur ied   channel   near   the   wes t   end  o f  Line C N - 1  

running  f rom  northwest   to   southeast ,   which  presumably was a 
( b e t w e e n   S t a t i o n s  1 and 2 0 )  may r e p r e s e n t  a longe r   d ra inage  

t r i b u t a r y  of a n   a n c e s t r a l  Van Bremmer Creek   t o   t he   sou th .   L ike  

a t  l e a s t   p a r t l y   c o n t r o l l e d   b y  a small f a u l t   c r o s s i n g   L i n e  C N - 1  
t h e   o t h e r   b u r i e d   c h a n r . e l s   o b s e r v e d   h e r e ,   t h i s   o n e  may have  been 

a t  a b o u t   S t a t i o n  6 .  
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S t i l l  smaller b u r i e d   c h a n n e l s   a r e   a l s o   i n d i c a t e d ,   s u c h  as t h o s e  
on  Line C N - 3  a t  S t a t i o n s  34 and  40,   Line C N - 4  a t  S t a t i o n  3 ,  and 
Line C N - 1  a t  S t a t i o n  25. T h e s e   l e s s e r   f e a t u r e s  show no s i g n   o f  
a n y   r e l a t i b n s h i p  t o  f a u l t i n g .  If t h e i r   l o c a t i o n  was i n f l u e n c e 6  
by   any   s t ruc tu ra l   e l emen t ,  it would m o s t  l i k e l y  have  been  bedrock 
j o i n t i n g .  

A s  m e n t i o n e d   e a r l i e r ,   t h e   g e o l o g i c   s t r u c t u r e   w i t h i n   b e d z o c k  

f a u l t e d   a s s y m e t r i c   a n t i c l i n e s   a n d   s y n c l i n e s ,   b e s t   s e e n   o n   L i n e  CN-2. 
suggested  by  the  seismic data c o n s i s t s   m a i n l y  o f  a s e r i e s  o f  

These  appear t o  b e   c o m p r e s s i v e   f e a t u r e s ;   t h e   f a u l t s  seem most ly  
t o  be small, h i g h - a n g l e   r e v e r s e   f a u l t s .  

The  wavelength  of  the small f a u l t e d   f o l d s   o n   L i n e  CN-2 a p p e a r s  
t o  be   about   1 ,000-2 ,000   fee t .   This  i s  probably   exaggera ted ,  as 
t h e  small amount o f   s e i smic   da t a   does   no t   a l l ow  us   t o   de t e rmine  
t h e   t r e n d s   o f   t h e   f o l d s .  They a r e   p r o b a b l y   n o t  a t  r i g h t  a n g l e s  
t o   t h e   l i n e .  We can,  however,  make some deduct ions  as t o  t h e i r  
p robab le   t r end .  

Both  the  Tectonic  Map o f   t h e   U n i t e d   S t a t e s   ( C o h e e   e t  a l ,  1962) 
and   Fos te r   and   S t ipp  (1961)  shoiv t h e   C i m a r r o n   s i t e   a r e a  a t  basement 
depth  as b e i n g   l o c a t e d   l o w   o n   t h e   e a s t   f l a n k   o f   t h e   S a n g r e   d e  
C r i s t o  u p l i f t  and  west o f  t he   s add le   be tween   t he   Ra ton   Bas in  t o  

d i p   o n   t h e   t o p  o f  Precambrian  rocks a t  t h i s   l o c a t i o n  i s  shown 
t h e   n o r t h e a s t   a n d   t h e  L a s  Vegas  Basin t o  t he   sou theas t .   Reg iona l  

as abou t   100   f ee t   pe r   mi l e  toward the   Raton   Bas in  t o  t h e   n o r t h e a s t .  
A p e t r o l e u m   w i l d c a t   w e l l   d r i l l e d  a f ew  mi l e s   t o   t he   sou thwes t  

Precambrian  rocks a t  a d e p t h   o f   3 , 8 1 4   f e e t .  The t o t a l   t h i c k n e s s  
i n  1946 ( h e r .  Mfg. No. 1 Ranch,  See.  1, T 26 N ,  R 20 E )  reached 

a b o u t  4,300 f e e t ,  much o f  it Cre taceous .  Griggs (1948) shows 
o f  the   sed imentary   rocks  a t  t h e   C i m a r r o n   s i t e  i s  t h u s   p r o b a b l y  

t h e   d i p   i n   t h e   a r e a  t o  b e   l e s s  than one  degree t o  t he   no r thwes t  
a t  t h e   t o p  o f  the   Dakota   format ion .  He shows t h e  ax is  o f   t h e  
Raton  Basin t o  be  northwest  o f  t h e   C i m a r r o n   s i t e .   N e i t h e r   t h i s  
s t u d y  (Griggs, 1 9 4 8 )   n o r   t h e   e a r l i e r   c i t e d  maps ( F o s t e r   a n d   S t i p p ,  
1961,  and Cohee e t  a l ,  1963)  have  enough  subsurface  ,control   to  
d e t e r m i n e   e i t h e r   t h e   p o s i t i o n  o f  the   Raton   Bas in  ax i s  o r   t h e  
d i r e c t i o n   a n d  amount o f  r e g i o n a l   d i p   a c c u r a t e l y   i n   t h e   C i m a r r o n  
s i t e   a r e a .  

The n e a r e s t   i n t e n s e   t e c t o n i c   a c t i v i t y   i n d i c a t e d  by su r face   geo logy  
i s  15-20  miles  t o  t he   sou thwes t ,   where   fo ld ing ,   t h rus t ing   and  
igneous   i n t rus ion   o f   La ramide   age   a f f ec t   t he   Cre t aceous  s t ra ta  
(Dane  and  Bachman, 1965) .  Here t h e   t e c t o n i c   s t r i k e   w r a p s   a r o u n d  
t h e  Urraca s a l i e n t ,  which ju t s   eas tward   toward   the   saddle   be tween 
the   Raton  end L a s  Vegas  Basins. On t h e   s i d e   n e a r e s t   t h e   C i m a r r o n  
s i t e   a r e a ,   t h e   t e c t o n i c   s t r i k e  i s  e a s t - s o u t h e a s t .   Q u a t e r n a r y  
d i k e s   i n   b o t h  t h i s  a r e a   z n d  t o  t h e   n o r t h e a s t  o f  the  Cimarron 
s i t e  a l so  m o s t l y   s t r i k e   e a s t - s o u t h e a s t .  On the  assumption,   which 

i n   t h e   C i m a r r o n   s i t e   a r e a  are  a l s o  .of Laramide age. and g e n e t i c a l l y  
i s  p r o b a b l y   r e a s o n a b l y   s a f e ,  t h a t  t h e  f lowase f o l d s  i n d i c a t e d  
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related.  to  the  formation  of the Sangre de Cristo uplift, Urraca 

also  trend  approximately  east-southeast.  If  this  is  correct, 
salient,  and  Raton  Basin,  it  seems  reasonable to  assume  that  they 

their  true  wavelength  is  probably  of  the  order  of 700-1500 feet. 
Such  small  folds  in a thick  shale  section,  in the writer's 
experience,  are  likely  to be confined  entirely  to  the  shale unit, 
as  are  the  associated  high-angle  reverse  faults.  Mechanically 
they  may  represent  one  means  by  which the shale  thickened  in 

Presumably  the  compressional  stress  which  produced  them  ceased 
response to compressional  shortening in the  Raton  Basin. 

after  Laramide time, so that  they  can  now  probably be safely 
presumed  stable.  The  basalt  dikes to the northeast  and  south- 
west  of the Cimarron  site  area  suggest  that  by  Quaternary  time 
the  compressional  stress  had  relaxed  enough  for the east-southeast 
trend  to  be  subject to magma  injection. 

In such  fo1d.s  faulting  and  fracturing sometimes  tend to be con- 

in the CNC-1 drill hole, for  instance, may  suggest  that  this 
centrated  near  the  axes  of  the  folds. The  fracturing  encountered 

drill  hole  was  located  near the crest  of  one  of  the  small  anti- 
clines.  Some  possible  support  for  this  may be present  in a 
possible  log  correlation  between  the CNC-1 and  CNP-2  drill  holes 
which suFgests  that CSC-1 might be about 140 feet  structurally. 
higher  wlthin  the  Cretaceous  shale  than CNP-2. The faults or 
fracture  zones  and  their  possible  relationship  to  the  small  folds 

principal  other  means of tracing  them  would be a detail  seismic 
may be detectable  by an experienced  photogeologist.  If not, the 

survey. 

v .  Conclusions - A. The  bedrock  surface  in the Cimarron  site 
area  appears  to be a buried  landscape  possibly  in  early  maturity 
with  an  integrated  drainage  system.  The  locations  of  at  least 
some  of the streams  may  have  been  influenced  by  bedrock  faulting 
or  fracturing,  and  possibly  by  folding. 

has  been  subjected  to  small-scale folding, probably  as a result 
of  compressional  thickening  of  the  shale  in  the  Raton  Basin. 
The  folds  may be entirely  confined to the thick  shale  unit  and 
may  not  affect  underlying or overlying  more  competent  units. 

5. The  Cretaceous  shale  bedrock  evidently 

C. Faulting, and  probably  fracturing  as well, 
appear  to  occur  mainly  near  the  axe.s  of  the small  folds.  Most 
of  the  faults  appear  to  be  small  high-angle reverse  faults. 

D. Tectonic  strike  in  the  area  may  be  east- 
southeast. 
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VI. Recommendation - An effort should  be made to detect and 
geology, reflection seismic methods, or other means. 
trace the main fault and fracture systems of the area by photo- 

Respectfully submitted, 

Registered Geophysicist (Calif.) 
Certified Professional Geologist 
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POINT-ARC WTHOD OF MIGW.TIGN OF 
SHALLOW SEISKIC REFLECTION DATA 

I n   t h e   p o i n t - a r c  meth.od o f   m i g r a t i o n  o r  d e p t h   c o n v e r s i o n ,  a 
g i v e n   s e i s m i c   e v e n t  i s  f i r s t  s e l e c t e d   ( " p i c k e d " )   a n d  i t s  time 
o f   a r r i v a l   o n   e a c h   t r a c e   d e t e r m i n e d .   I n   t h i s   e x a m p l e   t h e   e v e n t  
marked i n   r e d   f r o m   S t a t i o n  404 t o   S t a t i o n  421. F i g u r e  &. 
has   been   p icked   and   t imed.   Next  a l l  t h e s e   t i m e s   a r e   c o n v e r t e d  
t o   d e p t h   u s i n g  a known o r  a s s u m e d   v e l o c i t y   ( i n   t h i s   e x a m p l e  
V=200G M/sec). A c i r c u l a r   a r c   w i t h   r a d i u s   e q u a l   t o   e a c h  
computed  depth i s  t h e n   d r a w n   n i t h  i t s  c e n t e r  a t  t h e   c o r r e s p o n d i n g  

a n d   v e r t i c a l   s c a l e s  o n   t h e   d e p t h  s e c t i o n   m u s t   b e  e q u a l .  
s t a t i o n   o n   t h e   d a t u m  ( F i g u r e  2). N o t e   t h a t   t h e  h o r i z o n t a l  

L a s t l y ,  a c u r v e  i s  drawn  Tangent t o  t h e   s u c c e s s i v e   c i r c l e s  
( F i g u r e  C). T h i s   g i v e s  a good  approximat ion  o f  t h e   f o r m  of 
t h e   r e f l e c t o r .  Where t h r e e  o r  more a r c s   i n t e r s e c t   i n  a 
p o i n t ,  as a t  t h e   p o i n t   m a r k e d  0 o n   t h e   c u r v e  of  F i g u r e  C, 
a d i f f r a c t i o n  o r  p o i n t   r e f l e c t i o n  i s  s u g g e s t e d  - p o s s i b l e  
f a u l t   e v i d e n c e .  

. . , ,  . . .  ' 
"" . , . .  . . . ,  , . , .  
. . .  I . I , .  
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V a r i a b l e   A r e a   R e c o r d   S e c t i o n s ,   S e i s m i c   R e f l e c t i o n   L i n e s  C N - 3  and 
C N - 4 ,  Cimarron S i t e ,   Co l fax   Coun ty ,  New Mexico. 
Se ismic   energy   source  150 l b .  we igh t   d ropped   fou r   f ee t .   Rece ive r  
a r r a y  s i x  geophones  spaced f o u r  m e t e r s   a p a r t   i n l i n e .   S o u r c e  
i m p a c t   p o i n t   f o u r   m e t e r s   i n l i n e   f r o m  f irst  geophone.  Average 
number o f  d rops  1 . 5  p e r   s t a t i o n .   S i n g l e   c h a n n e l   r e c o r d i n g  
f o r  0 .5  second  using  programmed  gain  and 20-60 Hz f i l t e r s .  
S t a t i o n   s p a c i n g  25  mete r s .  



Var iab le   Area   Record   Sec t ions ,   Se i smic   Re f l ec t ion   L ines  CN-1 and 
CN-2, Cimarron  Si te ,   Colfax  County,  New Mexico. 
Seismic  energy  source 150 l b .  weight   d ropped   four   fee t .   Rece iver  
a r r a y   s i x   g e o p h o n e s   s p a c e d   f o u r   m e t e r s   a p a r t   i n l i n e .   S o u r c e  
impac t   po in t   fou r   me te r s   i n l ine   f rom f i r s t  geophone.  Average 
number of   d rops  1 . 5  p e r   s t a t i o n .   S i n g l e   c h a n n e l   r e c o r d i n g  
f o r  0 . 5  second  using programmed ga in   and  20-60 Hz f i l t e r s .  
S t a t i o n   s p a c i n g  2 5  meters .  

Enclosure No. 4 
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Var iab le   Area   Record   Sec t ions ,   Se i smic   Re f l ec t ion   L ines  CN-3 and 
C N - 4 ,  Cimarron  Si te ,   Colfax  County,  New Mexico. 
Seismic  energy-  source 150 l b .  weight   d ropped   four   fee t .   Rece iver  
a r r a y  s i x  geophones  spaced  four  meters apart i n l i n e .   S o u r c e  
i m p a c t   p o i n t   f o u r   m e t e r s   i n l i n e  f r o m  f i r s t  geophone.  Average 
number of   d rops  1 . 5  p e r   s t a t i o n .   S i n g l e   c h a n n e l   r e c o r d i n g  
f o r  0 . 5  second  using programmed ga in   and  20-60 Hz f i l t e r s .  
S t a t i o n   s p z c i n g  2 5  meters .  

Enclosure No. 5 
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Appendix III-5.--Denudation s t u d y .  





PROPOSED WASTF. DISPOSAL SITE 

COLFAX COUNTY,  NEW  MEXICO 

DESCRIPTION 

Topography--The site is rolling grassland of gentle slopes (mostly less than 5;b). 

It lies  on  the drainage divide between Vermejo and Van Bremmer Creeks, 3 miles 

southeast of a northeast-southeasc trending escarpment capped  by resistant sand- 

stone. The site is underlain by Pierre shale, which dips gently to the  north-, 

west, perpendicular to  the escarpment. The major streams drain to the southeast. 

Elevations at the site  range from 6100 fnet along Vermejo Creek, to 6400 feet at 

the  divide. The escarpment to the northwest rises to 7200 'feet. 

Soils--Maker et.  al. (1972) have classified soils at the site as belonging to 

either the Colmor-Swastika-Kim association or the Vermejo-Litle-Midway associa- 

tion. Both soil associations have medium to fine texture and form on sedimentary 

rock or alluvium derived principally from sedimentary rock. They have low to 

medium permeability and low strength when wet. 

Unusual topographic features--Several small undrained depressions ("pot-holes'' 

o r  "buffalo wallows") occur on the  site. The .one visited (located  on Plate 1) 

is some 200 feet across and 10 feet  deep. It contains no standing water and the 

bottom is  vegetated. I saw  no evidence of human modification. 

The undrained depressions probably formed by wind deflation at  some  time in  the 

past. . I saw  no evidence that would link them to slumping or mud flow phenomena. 

It is possible, however, that they are sag ponds resulting from faulting. To 

the southwest of the disposal site a  linear arrangement of small ponds  may be 
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seen on the  Koehler  and  Cimarron  15-minute  quadrangles,  trending ENE, roughly , 

para l le l   to   the   escarpment .  A l inear   arrangement   suggests  a r e l a t i o n s h i p   t o  

unde r ly ing   s t ruc tu re ,  and may i n d i c a t e  t h e  presence of a n   a c t i v e  f a u l t .  

PLEISTOCENE GRAVELS AND SOILS 

Upper gravel--A series of h i l l s  capped by g rave l   occup ies   t he   cen t r a l   r i dge  

of the  s i t e  ( P l a t e   1 ) .  The cobbles  are of  igneous  and  metamorphic  rock,  the 

neares t   source  of  which is 40 miles  upstream  near  the  headwaters of  Vermejo 

Creek. Maximum diameter  of the  cobbles  i s  i n  excess  of 1 f o o t .  The gravel  has 

been  extremely  weathered  s ince  deposi t ion;  many of   the  cobbles  show a weathering 

r i n d  u p  t o  1 inch   t h i ck ,   and   o the r s   have   en t i r e ly  l o s t  t h e i r   o r i g i n a l   s t r e a m -  

worn sur face .  The P i e r r e   s h a l e  i s  weathered  to  a gray  color   beneath  the  gravel .  

An exposure of th i s   weathered   zone   occurs   a long  U. S. highway 64 (C-1 i n   P l a t e  l), 

and indica tes   tha t   the   depth   o f   g ray   weather ing  may b e , o n   t h e   o r d e r  of 50 feet..  

Judging from t h e   s t a t e   o f   w e a t h e r i n g  of t he   i nd iv idua l   cobb les ,   t he   uppe r   g rave l  

i s  older   than  Wisconsinan,   and may be mid t o   e a r l y   P l e i s t o c e n e  i n  age. For the  

purposes   o f   fur ther   d i scuss ion  i t  may b e  ass igned a min imum age of 200,000 years .  

Intermediate   gravels--Deposi ts   of   gravel   cap  several   h i l ls   which are in te rmedia te  

i n  elevation  between  the  higher  and  lower  gravels  (Plate  1).   These are probably 

deposits  reworked  from the o lder   g rave ls   dur ing   e ros iona l   lower ing   of   the   l and-  

scape. 

Lower gravel--Along  the  val ley  margins  of Vermejo  and Van Bremer   Creeks   l i e s  a 

continuous bed  of grave l   about  50 f e e t  above  the modern v a l l e y   f l o o r s   ( P l a t e  1). 

Indiv idua l   cobbles  show somewhat less   weather ing  t h a n  do those of t h e  uppe r  

g rave l .  Away from the   va l l ey   marg ins   t he   g rave l  i s  covered by slope  wash; i t s  

subsur face   ex ten t  w i l l  ha,ve to   be   de te rmined  by d r i l l i n g .   S e v e r a l  good exposures 
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a long   t he   San ta   Fe   Ra i l road   on   t he  west s ide   o f   Verme jo   Creek   (P la t e  1) show 

b l a c k   P i e r r e   s h a l e   o v e r l a i n  by 5 feet o f  gray   wea the red   sha l e ,   benea th  5 t o  8 

fee t  o f   g r a v e l   ( F i g u r e  1). The  contac t   be tween  the   weathered   zone   and   the   un-  

w e a t h e r e d   b l a c k   s h a l e  i s  s h a r p ;   t h e   c o l q r   c h a n g e   t a k e s   p l a c e   w i t h i n  a very  few 

inches .  The  a g e   o f   t h e   l o w e r   g r a v e l  i s  p robab ly   Wiscons inan ,   bu t   cou ld   be   o lde r .  

Modern Val ley- -The   present   va l ley   o f   Vermejo   Creek   has   been   e roded   in to   these  

d e p o s i t s ,   t r u n c a t i n g   n o t   o n l y   t h e   l o w e r   g r a v e l ,   b u t   t h e   5 - f o o t   w e a t h e r e d   z o n e  

benea th  i t .  T runca t ion   o f   t he   wea the red   zone  suggests t h a t  i t  i s  a n   a n c i e n t  

s o i l ,   a n d  t h a t  i t s  f o r m a t i o n  was l a rge ly   comple t e   be fo re   downcu t t ing   o f   Vemejo  

Creek   t o  i t s  p r e s e n t  level.  

The va l l eys   o f   Verme jo   and  Van Bremmer C r e e k s   c o n t a i n   a l l u v i a l  fill which is pro- 

bably   Holocene   in   age .   Both   c reeks  show e v i d e n c e   o f   a r r o y o   c u t t i n g   d u r i n g   t h e  

l a s t  c e n t u r y .  

RATE OF  LANDSCAPE  DENUDATION 

Assuming a minimum age  .of  200,000 y e a r s   f o r   t h e   h i g h e r   g r a v e l ,  i t  f o l l o w s   t h a t  

Vermejo  Creek  has  eroded downward 300 f e e t   i n  no less t h a n  200,000 y e a r s .  On t h e  

a v e r a g e ,   t h e r e f o r e ,   l a n d s c a p e   d e n u d a t i o n   h a s   p r o c e e d e d   l o c a l l y  a t  no  more  than 1% 

fee t  p e r   t h o u s a n d   y e a r s .   F i g u r e  2 i l l u s t r a t e s   t h e   p r o b a b l e   s t a g e s   i n   t h i s   p r o c e s s .  

MODERN EROSION 

Arroyos--van Bremmer l ies  a t  the   bo t tom  o f  a 15 - foo t   a r royo   t h roughou t  i t s  l e n g t h  

a d j a c e n t   t o   t h e   d i s p o s a l  site. The   a r royo  i s  c u t   i n t o   h o l o c e n e   a l l u v i u m ,   a n d  is 

c u t   t o   b e d r o c k   o n l y   n e a r   t h e   s i d e s   o f   t h e   v a l l e y .  I t s  w i d t h ,   d e p t h ,   a n d   t h e   s t a t e  

of decay of t h e  walls i n d i c a t e   t h a t  i t  is  from 50 t o  75 y e a r s   i n   a g e .   A l t h o u g h  

r a p i d   d o w n c u t t i n g   h a s   o c c u r r e d   a l o n g   m a j o r   d r a i n a g e s ,   d o w n c u t t i n g  has no t   p rog res sed  

headward a l o n g  smaller t r i b u t a r i e s  beyond t h e  limits o f   t h e   a l l u v i a l   f i l l   i n   t h e  
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stream v a l l e y s .  The up land  area o f   t h e   d i s p o s a l  s i t e  i s  t h e r e f o r e   u n a f f e c t e d  

b y   a r r o y o   c u t t i n g .  

H i l l - s i d e   g u l l i e s - - S e v e r a l   s h o r t   d i s c o n t i n u o u s   h i l l s i d e  gul l ies  o c c u r   i n   t h e  

up land  area o f   t h e   d i s p o s a l  s i t e .  A l l  are on s l o p e s   g r e a t e r   t h a n  5%, and  a l l  

a p p e a r   t o   b e   a s s o c i a t e d   w i t h   c a t t l e  t r a i l s  or  t h e   t r a c e s   o f   a b a n d o n e d   r o a d s .  

The   deepes t   obse rved   on   t he  s i t e  is a t  B-1  ( P l a t e  1) w h e r e   t h e   o v e r l y i n g   c o l l u -  

v i a l   s o i l   h a s   b e e n   s t r i p p e d  down t o   w e a t h e r e d - i n - p l a c e   b e d r o c k  a t  a dep th   o f  

1 2   f e e t   ( F i g u r e  3 ) .  G r a v e l   c o n c e n t r a t e s  i n  t h e   s o i l   i n d i c a t e   t h a t  similar c y c l e s  

o f   e r o s i o n   h a v e   o c c u r r e d  i n  t h e  past t o   d e p t h s   o f  a t  least  5 fee t .  

T h e   d e e p e s t   g u l l y   n o t e d   f o l l o w s   t h e  trace o f   a n   a b a n d o n e d   r o a d   t o   t h e   s o u t h e a s t  

o f   t h e  s i te ,  j u s t  e a s t   o f  the  junc t ion-   o f   Vermejo   and  Van Bremer Creeks .   This  

g u l l y  i s  c u t  15 f e e t   i n t o  the a l l u v i u m   a l o n g   t h e   v a l l e y   m a r g i n .  

Creep   and   wash - -Hi l l s lope   su r f ace   c r eep   and   s lopewash   undoub ted ly   p l ay  a p a r t  i n  

moving material s h o r t   d i s t a n c e s   d o w n s l o p e   o n   t h e  steeper p a r t s   o f  the s i t e .  

However t h e  low g r a d i e n t   t h a t   s e p a r a t e s   t h e   u p l a n d  areas from the stream v a l l e y s  

i n d i c a t e s   t h a t ' v e r y  l i t t l e  material i s  l o s t   t h i s  way. 

Slumping--On t h e   e s c a r p m e n t   t o   t h e   n o r t h w e s t   o f  the d i s p o s a l  s i t e  s e v e r a l   l a r g e  

s l u m p   b l o c k s   i n d i c a t e  massive s l i d e s   d u e   t o  f a i lu re  w i t h i n   t h e   P i e r r e   s h a l e .  

S lumping   occurs   on ly  i n  areas of much h i g h e r   r e l i e f  (800 feet)  and on s l o p e s  

much s t e e p e r  (50%: g r a d e )   t h a n   t h o s e   f o u n d  a t  t h e   d i s p o s a l  s i t e .  

A t  t h e   d i s p o s a l  s i t e  i t s e l f  I saw no   ev idence   o f  either p a s t  or p re sen t   S lumping .  

With t h e   p o s s i b l e   e x c e p t i o n   o f  the u n e x p l a i n e d   d e p r e s s i o n s ,  I saw n e i t h e r   t o p o -  

g r a p h i c  or  s t r a t i g r a p h i c   e v i d e n c e   o f   l a r g e - s c a l e  mass movement of  material. I n  

all exposures ,   bed rock   appea r s   und i s tu rbed ,   con fo rming   t o   t he   r eg iona l   d ip .  
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Mudflow--1 saw no topographic or s t r a t i g r a p h i c   e v i d e n c e  t h a t  low-gradient mud- 

flows  have  occurred, ei ther on t h e  s i t e  or  nearby. 

Wind erosion--1 saw no evidence of the  removal   of   mater ia l  by wind  from the  s i te  

i n  s i g n i f i c a n t  amounts,  except from t h e   a c c e s s   r o a d s   t h a t   a r e   r e c e n t  and  temporary 

f e a t u r e s .  The exis tance  of   small   undrained  depressions  suggest   that  wind eros ion  

may have  occurred i n  t h e  past, a l though  the   absence  of dunes  argues  against   the  

t r a n s p o r t   o f   l a r g e   q u a n t i t i e s  of m a t e r i a l  by wind. 

LANDSCAPE STABILITY 

A l l  t he   ev idence   i nd ica t e s   t ha t   t he   up land   a t   t he   p roposed   d i sposa l  s i t e  has 

eroded  very l i t t l e  s i n c e   t h e  end of t h e  Pleis tocene  (10,000  years   before  t h e  

present ) .  The weathered  zone i n  the   s .ha le ,   wi th   th icknesses  of 5 f e e t  under 

the  lower  gravel  and as much a s  50 f ee t   unde r   t he  u p p e r  g rave l ,   i nd ica t e s  sub-  

s t a n t i a l   a g e .  

The va l l eys   o f  Vermejo  and Van  Bremmer Creeks are t h e  most  recent  landscape 

features da t ing   f rom  l a t e   P l e i s tocene  o r  Holocene time. Insets of a l l u v i a l  

fill  probably  range in age  from 500 t o  2000 years .  

,The c h a r a c t e r i s t i c s  of s t a b i l i t y   o f   t h e   u p l a n d  are t o  a combination of g e n t l e  

s lopes,   sandy or  g rave l ly   t opso i l   o f   h igh   po ros i ty ,   and   t he   ex i s t ence  of t h e  

grass land .  

PROJECTIONS REGARDING FUTURE EROSION 

Modern e ros ion  on the upland i s  a s s o c i a t e d   a l m o s t   e n t i r e l y  with d is turbances  

I n  the  absence of d i s tu rbance ,   e ros ion   shou ld   be  a t  a minimum. . 
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T h e   g r e a t e s t   e r o s i o n a l   r i s k  i s  the d e v e l o p m e n t   o f   h i l l s i d e   g u l l i e s .   T h e  

maximum d e p t h  of p r e s e n t   g u l l i e s  on t h e  qite is  12 feet .  They a re  ephemeral  

. f e a t u r e s   a n d   a p p e a r   t o   h a v e   d e v e l o p e d   i q   a b a n d o n e d   r o a d s   d u r i n g   t h e  l as t  

c e n t u r y .  If l e f t   a l o n e ,   t h e y  w i l l  p robab ly   d i sappea r   by   bank   s lough ing   and  

a g g r a d a t i o n   w i t h i n   a n o t h e r   c e n t u r y .  

These p r o j e c t i o n s  a re  based on p r e s e n t   c o n d i t i o n s   o f   s o i l ,   t o p o g r a p h y ,   a n d  

v e g e t a t i o n .   T h e   b u r i a l   o f  waste w i l l  i n v o l v e   d i s t u r b a n c e   o f   t h e  s i t e  and will 

a l t e r  some of  these c h a r a c t e r i s t i c s .  

RFCOMMFNDATIONS  FOR M I N I M I Z I N G  THE CHANCE OF 

ESCAPE OF BURIED WASTE BY EROSION 

D e p t h   o f   b u r i a l   s h o u l d   b e   i n   e x c e s ' s  of 15 feet (12 - foo t   gu l ly   dep th ,   and  

3-fOOt s a f e t y   m a r g i n . )  

The p resen t   t opography   o f   t he  s i t e  s h o u l d   b e   p r e s e r v e d  o r  r e s t o r e d  as n e a r l y  

as p o s s i b l e .   H i l l s i d e s   d o w n s l o p e   f r o m   t h e   b u r i a l  s i tes s h o u l d   b e   g r a d e d   t o  

less t h a n  5%. The l o c a t i o n   o f   e x i s t i n g   d r a i n a g e s   a n d   d i v i d e s   s h o u l d   b e  

p r e s e r v e d ,   t o   m i n i m i z e   d i s r u p t i o n   o f   t h e   g r a d e d   p r o f i l e   o f   l a n d s c a p e   d r a i n a g e .  

Sandy o r  g r a v e l l y   t o p s o i l   s h o u l d   b e   s a v e d   a n d   r e p l a c e d   t o   p r o v i d e  a permeable,  

l o w - s t r e n g t h   s u r f a c e   c o v e r   t o   m i n i m i z e  the development of g u l l i e s   a n d   t o  

e n c o u r a g e   t h e   r e g r o w t h   o f   t h e   g r a s s l a n d .  

F o l l o w i n g   d i s p o s a l ,   t h e  areas s h o u l d   b e   r e v e g e t a t e d   a n d   p r o t e c t e d   f r o m   p o s s i -  

b l e  damage  by  overgrazing o r  t r a v e l   b y   v e h i c l e s   w h i c h   m i g h t   w e a k e n   t h e   v e g e -  

t a t i ve  c o v e r .  

Benjamin L.. E v e r i t t  

November 19 ,  1976 . 
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I) Ancien1 Vermejo 
Rwer Volley(pre- 
Wisconsinon) 

3) Culling of t he  modern Vermejo 
River Volley (Wisconsinon or 
Holocene) 

4) Modern cut 8 lill olluviun in 
Vermejo River  Volley 

Cross-seclion view downstream, no! l o  scde 

See Plole I. lor pollern symbols 

Figure 2 Hypothetical  sequence of events in the evolution of the  landscape of the disposal site. 
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Gray sandy  leocned aeluvialed zone 

Ton illuvioled  zone,  vertical  frocwres 

Alluvial 
Colluviol 
Soil 

- I" .( Sandy illuvioled zone, rnoltled gray 

- _ .  I3 brown,  coliche  nodules 8 fracture 
fillings,  grovel  lenses. 

Gray weolherd-in-place  shole,  bedding 
rougnly  horizonlol 

Verticol scole in  feet 

0 

5 

Figure 3 Profile of soil exposed in  hillside  gully a t  site B-I 
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Introduction and Authorization 

A t  the  request of Mr. W.K. Summers, nine  samples of Pierre  Shale have 

been  znalyzed f o r   t h e i r  Rb-Sr systematics;  these and eight   addi t ional  samples 

have  been  analyzed for t h e i r  uranium  content.  Samples were provided by Mr. 
C.W. Walker af ter   d iscussions  with W.K. Summers and D.G. Brookins. 

X-ray data  (Report by P.D. Robinson.and W . C .  Hood t o  C.W. Walker) were 
made available;   these were from separa te   par t s  of the  core  provided. Mr. 
W.K.  Sumers  provided  Ion Exchange and CNP-2 and CNC-1 Log Experiment Date. 
t o  D.G. Brookins as well. 
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Analytical  Techniques 

After   prel iminary  analysis  of samplqs fo r  t h e i r  Rb and Sr contents  ten 
samples were se lec ted   for  Rb, Sr and S r  isotopic  study. Approximately one gram 

of each sample was d isso lved   in  a 25 ml;3 m l  mix of  reagent HF and  vycor 
d i s t i l l e d  HC104 with a second volume of 25 m l  HF added t o  each to   ensure  complete 
dissolut ion.  87Rb-enriched and 84Sr-enriched  spikes were added p r i o r   t o  
dissolut ion.  When near  dryness was obtained  the  samples were d iges ted   in  100 m l  
of a 50:50 mixture of '/yeor d i s t i l l e d  2N HC1 and deionized H20 and evaporated 

to  near  dryness  (about 5 ml). The samples were then  cooled  for   e ight   to   ten 
hours ,   f i l tered,  and Rb and Sr separated by ion exchange  chromatograpby. The 

Rb-and Sr r i c h   f r a c t i o n s  were then  concentrated,  transferred  to  vycor  beakers, 

and fused   t o   d r ive   o f f   r e s in  o r  other  organic  matter which may have  passed 
through  the exchange  columns. Total  Rb and Sr  and the  isotopic  composition of 

Sr were determined  by  use of a Nuclide'1290  (Nier  Design) mass spectrometer 
with  thermionic  emission,  Faraday cup col lect ion,  DC ampl i f ica t ion ,   s t r ip  
chart  recording. These are  standard  laboratory  procedures and contamination 

from various  reagents  negligible when samples  contain more t h a n  2 ppm e i the r  
Rb o r  S r  (based on a one gram sample). 

Uranium analyses were ca r r i ed  out  by the  delayed  neutron  activation 
analysis  method; t h i s  method has  been  demonstrated  to  be  the  most  reliable 
( excep t   fo r   i so tope   d i lu t ion )   i n   t he  0.5 t o  20 ppm range   re la t ive   to   o ther  

methods (See  Stuckless e t  al., 1977, U.S.G.S. Jour.  Res.,  v. 5, n .  1, p. 83-92. ). 
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Table 1 

Kb - Sr Data 

Sample (footage ) 

I. Unweathered samples 

CNC-4 (34) 
CNC-5 ( 4 5 )  
CNC-6 (65.8)  
CNC-6 (82 ) 
CNC-8 (51.8) 
CNG-2 (58.5 ) 

LL. Weathered s m p l e s  

CNC-5 (19.9-20.5) 
CNC-6 (14-14.5 ) 
CNC-8 (25-25.5 ) 
"-"" 

126.1  277.4 
159.6  192.0 
118.6 325.3 
113.7 370.1 
100.9 144.5 
125.8  166.5 

129.8,  133.1  237.3 
83.5  114.8 

195.0 212.5 

8 7 ~ ~ / 8 6 ~ r  

0.7141 

0.7190 
0.7438* 
0.7145 
0.7218 

0.7185 

0:  7170 
0.7215 
0.7184 

*The very  high 87Sr/ Sr r a t i o   f o r  CNC-6 (65.8)  may possibly  be  explained 

i n  view of i t s  complex mineralogy  (Re:  Report t o  C.W. Walker by  Robinson 

86 

' and Hood; da ta   for  cor? from 65.3 f e e t ) ;   i . e .   t h e  sample contains  both 

authigenic and a l logen ic   ca l c i t e  and possibly  K-feldspar. The e f fec t   o f  

t h e   c a l c i t e  would be t o  lower  the Rb/Sr r a t i o  and the   e f fec t   o f   the  K- 

fe ldspar  would be to   i nc rease   t he  87Sr/ Sr r a t i o .  The sample i s  c l ea r ly  

anomalous r e l a t ive   t o   t he   o the r s .  

86 

87Rb/S;., : I  

- 

1.32 
2.41 
1 .06  
0.89 
2.02 
2.22 

1.60 
2.11 
2.66 



Sample (footage ) u (PPm) 

A. Unweathered samples 

CNC-1( 70) 4.41 
CNC-I.( 153 ) 3.83 
CNC-1( 253 ) 4.14 
CNC-2( 33.4 ) 4.35 
CNC-4( 34) 4.70 
CNC-5(46-46.5)  6.03 
CNC-6( 65.8) 3.91 
CNC-6( 82 ) 4.28 
CNC-8( 51.2 ) 7.13 
CNG-2( 58.5) 4.25 
GNG-1(38.2-38.3)  7.23 

2b 

Table 2 

Uranium Data 
. 

B. Weathered samples 

CNC-4( 23.8 ) 4.12 
CNC-6( 14-14.5~3 )* 3.44 
CNC-6( 14-14.5b )* 4.44 
CNC-6( 14-14 .5~  )* 4.90 
CNC-5(19.9-20.5) 6.42 
CNC-8( 25-25.5 ) 7.92 

*a,b,c   for  CNC-6(14-14.5) 
r e f e r   t o  three separate  shale 
samples;  not s p l i t s   o f  one  sample. - 

""_ 
Note: Reproducibility  of uranium data i s  + - 2 percent (1 ) of the   repor ted  value.  
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The Rb-Sr Isochron Diagram 

Two reference  isochrons  are shown i n  Figure One; f o r  t = 150 mill ion year.. 

(m.y.) and f o r  t = 250 m.y. The i n i t i a l  87Sr/ Sr  r a t i o  i s  0.7130 based on a 

least   squares   regression of a l l  data  except  that   for sample CNC-6 (65.8) which 

i s  c l ea r ly  anomalous. Further,  sample CNC-8 ( 5 1 . 8 ) ,  unweathered, may contain 
al logenic   calci te   (note:  Robinson and Hood re2or t   a l logenic   ca lc i te  f o r  CNC-8 

( 4 1  ) )  and sample CNC-6 ( 1 4 ) ,  weathered,  contains  both  allogenic  K-feldspar and 
some c a l c i t e .  These two samples  weight  the 250 m.y. isochron; i f  they  are  omitted 
then  the  remaining s ix  data  define  the 150 m.y. isochron. 

86 

For  purposes of age  calculation  the  following  equation was used: 

where m = measured 
i = i n i t i a l  

c = calculeted (from the Rb/Sr weight r a t i o )  
h = the  decay  constant  for 87Rb = 1 . 4 2  x lO-”/y 

The reproducib i l i ty  of an  individual  87Sr/ Sr measurement is : 0.0001 
86 

86 

( 2 z )  f o r  a l l   r epor t ed   va lues ;   t he   r ep roduc ib i l i t y  of  an  individual 87Rb/ Sr 
r a t i o  i s  + 0.8 percent of the  reported  value (13 3 .  The Eimer and Amend Standard 

SrCO was anzlyzed  once as these samples were analyzed  with a measured  value of 

87Sr/ Sr = 0.7082 being  obtained which i s  wi th in   the   l imi t s  of   our   error   l imits  

of 0.7081 + - 0.0001 f o r  this standard. All Rb(ppm) and  Sr(pp;n)  values were 
determined  by  isotope  dilution  using 87Rb;enriched and Sr-enriched  spikes. 

- 

’86 

84 
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In te rpre ta t ion  of t he  Data 

The  Rb-Sr da ta   for   the   e ight  samples  of Pierre  Shale  used  for  the  construction 
I 
I of isochrons i n  Figure One (Note: Sample CNC-6 (65.8)  has been  omitted for. '. 

reasons  explained  elsewhere)  yield  interqally  consistent  pre-sedimentation  dates. 

The Pierre  Shale  cmqot  be  older  than  about 70 t o  80 m.y.; hence the 150 m.y. 

(bes t   f i t )   i sochron   probably   re f lec ts   sys temat ic  mixing of authigenic  min-rals w i t h  

e a r l i e r  Mesozoic ( o r  possibly  Triassic)   a l logenic   minerals .  Sample GMC-6 (68.5)  

may contain  Precambrian  detri tal   material   but  this  remains  to be  domons-trated. 

Comments below r e f e r   t o   a l l  samgles  except CNC:6 (68.5 ). , 

since  deposition; even the  three  weathered  samples  yield KO, Sr and  87Sr/ Sr 

values i n  the  range of  the  unweathered,samples.  Coments  over  possible  migration 

of the  higfily  radioactive  isotopes 90Sr and137Cs can  be  obtained  from  the  data 

presented. I have  measured ST (for'  Sr discussion)  and Rb (as analog f o r  Cs) 

and f ind   t ha t   bo th  have  not  migrated  to any s i g n i f i c w t  degree i n  the   P ie r re  

Shale  smples  analyzed,  even for !?eathered  samples. Had ages. f o r  e i t h e r   t i e  

weathered o r  t he  unweathered (o r   bo th )  samples  been  obtained  then it could  be 

argued tha t   e i ther   rad iogenic  87Sr loss o r  Rb gain ( o r   bot?^) had occurred; 

es t h i s  i s  not  the  case  then I urge  consideration of the  dzta  as  supporting  the 

s u i t a b i l i t y  of the  Peirre   Shale  from the '   s i te   o f   the  CNC and CNG samples f o r  

re ten t ion  of a l k a l i  and a lka l ine   ear th   e lements   ( i . e .   espec ia l ly  90Sr an$ 137Gs). 

Fbrther ,   the   X-ray  report  by  Robinson  and Hood ind ica tes  e mix of a u t h i g e n i c   i l l i t e ,  

kaol ini te ,  mixed layer  i l l i te-montmoril lonite and ch lor i te   as   representa t ive  of 

the  clay  mineral  assemblage. T h i s  mixture i s  well   sui ted  for   absorpt ion of any 

Sr and/or C s  which  might  otherwise  tend to   migra te   (e .g .  See Kharaka and  Berry, 1973, 

Geochim. Corcochim. Acta,  v.  37, p. 2577-2604.). A s  a po ic t   o f   in te res t  o? 

c la r i f i ca t ion ,  Robinson and Hood (op. c i t .   p .  4 )  mention  the  possibil i ty of po?r;y 

c r y s t a l l i z e d   c h l o r i t e   i n   t h e  samples  of P i e r r e  &a16 analyzed  versus  vermiculite. 

This i s  exact ly  what one would predic t .when  au th igenic   i l l i t e  and/or mixed 

layer   i l l i te-montmori l loni te   occur   in   the  presence of  organic  matter  as  the 

reactions:  

I 

W a t  i s  c l e a r  from the  data  i s  the  lack of disturbance of the  Pierre  Shale 
86 

"0 

i l l i t e  + orgmic   ac ids  + rock  detr i tus  = c h l o r i t e  ( p y r i t e )  

and montmorillonite + organic  acids + rock   de t r i tus  = chlor i te  ( t  pyri- te)  

8 
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both   y ie ld   l a rge  (-100  kcal.)  free  energies of reaction  (See  Brookins, 1976, GJC- 

1636-1, 136  p.;   also Leone e t   a l . ,  1975, Jour. Sed Pet. ,  V. 45, p. 618-628; 

Sieve and Kastner, 1972, Jour .  Sed. Pet. ,   v.  42, p .  235-355. ). The r e s u l t  of 
the  chlorite  formation  as  proposed above i s  twofold: (1) The poorly  crystal l ized 
chlorite  absorbs Cs and Sr pre fe ren t i a l ly   r e l a t ive  t o  K and Mg, Ca resgectively; 

( 2 )  Ver.miculite  formation i s  inhib i ted   ( i . e .   vermicul i tes   a re   read i ly   s t r ip7ed  
of many iozs   in   an  unpredictable   fashion vinereas ch lo r i t e s   a r e   no t ) .  

As a l l  samples  studied  apparently  contain  authigenic  kaolinite, this 

ind ica tss   tha t   the   Pe i r re   Sha le  i s  essent ia l ly   buffered  with  respect  t o  a l k a l i  
and alh1ir .e   ear th   migrat ion  as   the  threephaseassemblage  i l l i te-montmori l loni te-  
kaol in i te  i s  very   res t r ic t ive   in   t e rms  of a c t i v i t i e s  of K, I@, disso lved   s i l i ca  

( a s  H S’” and p? and the  four  phase  asseqblage illite-montmorillonite-kaolinite- 
ch lo r i t e  even more r e s t r i c t i v e   i n   t e r m s  of these components (See  Brookins,  1976, 

N.M. Geoi. S ~ C .  Spec. Pub. No. 6, p. 158-166; Fig.   3).  

I - 4  

Ti?? clay  minerel   data  together  with  the Rb-Sr data  argue  for  retention 
( i . e .  e-re: i f  by very   loca l   f ixa t ion   in   P ie r re   Sha le  ) of  Sr and/or Cs. Fur’ther, 
calci te   ?resent   not   only  fur ther   buffers  tie system  but  helps  retain Sr as   wel l .  

F v t n e r ,  uranium analyses  of a l l   s i x t e e n  sm.?les provided t o  me by C.W. 

Walker rs-ge  from 3.8  to   7 .9  ppm with no s,ignificant  differenc.e betwee?. weathersd 
and un-eathered  samples  (Table  2). The a r i t b e t l c  mean  of 5.0 ppin i s  i n  goo:! 
agreemefit with uranium values   for   other  Middle a d  Upper Cretaceous  sedimentary 

rocks  from  the San  Juan  Basin  from  ururcineralized  areas. The waniurn dat- supp3?t 
t he  Rb-Sr data   in   suggest ing no widespread movement of mobile  elements ( i . e .   a s  it 
takes  less  energy t o  oxidize U ( Z V ) ,  insoluble ,   to  U ( V I ) ,  soluble,  than i t  does 

Fe( 11) t o  Fe( 111) then vrhen hemati-t ic  staining i s  noted U has  usually  been 
mobile t3  some extent .  A s  no momalously  high o r  low U values  are  obtained 
then  the  samples of Pierre  Shale  analyzed  appear t o  r e f l e c t  a very   iner t   envi roment  

w i t h   r e s p c t  t o  possible U migration).  

9 
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SugEestions  for  further work 

More whole rock  samples  of  the  Peirre  Shale  (i.e. on hand, See  Tables 1 

and 2 )  can  be  analyzed  to  increase  the  data  for  Figure One; I shall await  your 

advice on t h i s  and other  matters.  

If it i s  deemed des i rab le ,   the  minus two micron f r ac t ion   fo r   t he   P i e r r e  

Shales  can  be  separated  and a more prec ise  Rb-Sr age  determined;  uranium  can ' . 

be  determined for   bo th   the   p lus-  and  minus-two micron  fractions.  Further, more 

detailed  x-ray  study of t he  minus-two micron   f rac t ion   ( i . e .   ident i f ica t ion  of 

i l l i t e  polytbTes,  etc. ) can  be carried  out(Note:  I am famil iar   with  the work 

of  both  Robinson  the Hood and  have confidence i n  t h e i r   a b i l i t i e s   a s   c l a y   m i n e r a l -  

o g i s t s  and x-ray  analysts. ). 
One stugv which may be  desirable would be t o  examine Rb and/or Sr (including 
55 87Sr/ Sr measurements) f o r   s o i l s  i n  t h e   v i c i n i t y  of the CNC drill s i t e s .  

Now th2.: a reference  base  for   the  Pierre   Shale   has  been  de-termined deviation 

of Rb-Sr systematics  from  this  base  czn  be examined, the  data  synthesized, and 

an   in te rpe ta t ion   (backed  by x-ray  s tudy)   real ized.  T h i s  may be of b e w f i t   t o  

a l l  corc:r?.ed. with  the  porject .  

10 
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RADIOLOGICAT,  BACKGROUND 

Cimarron,  New  Mexico 
First  Quarter,  1977 

PROPOSED  CHEM-NUCLEAR  WASTE  DISPOSAL  SITE 

Introduction 

The  Radiological  Environmental  Surviellance  Program  for  the  Proposed  waste  disposal 
site  is  described  in  Volume I of  the  Chem-Nuclear  application  for  a  license.  The 
program was  implemented  by  Eberline  during  the  first:  calendar  quarter of 1977. 
The  first  quarter  results of field  measurements  of  direct  radiation  levels  and 
laboratory  measurements  of  radioactivity in environmental  media,  summarized  in 
this report,  provide  an  indication of radiological  background  characteristics  at 
the  proposed  site. 

Direct  Radiation  Survey 

Direct  radiation  levels  were  measured on January  18-19,  1977,  with an Eberline 
MS-2  scaler  and  a  SPA-3  scintillation  detector. A portable  battery  pack  provided 
power.  This  instrument  was  calibrated so that 1,100,000 cpm  corresponded  to 1 mR/hr 
referenced  to  Cs-137.  To  permit  direct  comparison  of  pre-operational  background 
readings  with  those  obtained  after  waste  is  buried  at  the  site,  twenty-one  locations 
were selected as indicated  in  Figure 1. These  locations  were  selected  to  encircle 
the  proposed  inner  burial  area  and  the  outer  exclusion  or  buffer  zone.  Sample  locations 
one through  ten  delineate  the  burial  area.  Sample  locations  eleven  through  twenty-one 
defind  the  exclusion  zone.  These  locations were selected  in  January  1977  before 
plans for  the site had  been  finalized  and some  shifting of the  locations  will be 
necessary.  Results  of  this  survey  are  provided  in  Table 1. A  relatively  constant 
background  of 0.014 t 0.001 mR/hr  was  observed  everywhere  except  location  number 15 
where 0.018 mR/hr  was measured.  This  difference  is  not  considered  significant  and 
no apparent  reason  for  this  anomaly  is  evident. 
A more  rugged  but  less  sensitive  Eberline E-400 radiation  survey  meter  was  continually 
turned on while  personnel  drove  over  the  site  to  monitor  for  unusually  high  background 
dose rates. No irregularities were detected. 
Lithium  floride  thermoluminescent  dosimeters  (TLD)  were use6 t3 measure  integrated 
radiation  dose. An environmental  TLD  packet was taped  to  a  fence  post  at  each 
location. The last  two  digits  of  the  identification  number on the  badge  represent 
the  sample  location  number.  These  badges  integrate  direct  gamma  radiation  exposure 



and w i l l  be  exchanged  and  read out  q u a r t e r l y .  Two of f -s i te   sample   loca t ions   were  

se lec ted   to   moni tor   the   ambient   background  rad ia t ion  levels. Only TLD's were set out  

a t  these  s ta t ions;   soi l   samples   and  background  survey  readings were not   obtained.  

TLD number 22 is  mounted a t   t h e   l o c k e d   g a t e   t o   t h e  Vermejo  Ranch near  U.  S.  Highway 64, 

approximately 1.1 miles  west of   the  s i te .  TLD number  23 is loca ted  a t  t h e   o f f i c e  

trailer.  The TLD r e s u l t s   f o r   t h e   f i r s t   c a l e n d a r   q u a r t e r   o f  1 9 7 7  a r e  summarized i n  

Table 1. 

S o i l  Samples 

Soi l   samples  were col lected  f rom  each of t h e  2 1  l o c a t i o n s  shown i n   F i g u r e  1. An auger  

was used  to  sample a 50 cm2 area t o  a depth of 22 cm. Each  sample w i l l  be  analyzed 

by h igh   r e so lu t ion  gamma spectrometry  and  for  Sr-90.  The a n a l y t i c a l   r e s u l t s   a r e  

summarized  below.  The Eberline  "Report  of A n a l y s i s "   d a t a   s h e e t s   a r e   a t t a c h e d .  

N a t u r a l   r a d i o a c t i v i t y  i s  predominant  and i s  un i fo rmly   d i s t r ibu ted  i n  t h e  s o i l .  

Natura l ly   occur r ing  40K is  the mos t   abundan t   r ad ionuc l ide   i n   bo th   so i l   and   vege ta t ion ,  

t he   concen t r a t ion   be ing   abou t  an order   o f   magni tude   h igher   than   for   any   o ther  

rad ionucl ide .  The 40K concen t r a t ion  i n  s o i l  i s  ext remely   un i form,   the   average   for  

2 1  samples  being  15.6  pCi/g  with a s t anda rd   dev ia t ion  of only  1 .6   pCi/g.  The 

concent ra t ion  of I3'Cs, which i s  chemica l ly   and   rad io logica l ly  similar t o  4 0 K ,  averaged 

only 2% of t h e  401< c o n c e n t r a t i o n   i n   t h e   t o p  22 cm of s o i l .  

Decay products  of na tu ra l   u ran ium  and   na tu ra l   t ho r ium  a l so  were m e a s u r a b l e   i n   a l l  

samples.  The 214Pb and 214Bi decay  products i n  the  uranium  decay series i n d i c a t e  

t h a t  a t  least 226Ra i s  p r e s e n t  a t  about 1 pCi /g   concent ra t ion .  The average   concent ra t ions  

of  'I4Pb  and 214Bi were 1.0 C 0.2 and 0 .9  C 0.2 pCi /g ,   r e spec t ive ly .  We can assume 

t h a t  a l l  decay  products i n   t h e   u r a n i u m   s e r i e s   ( i n c l u d i n g  226Ra, 230Th, 

210Pb and 210Po) are present, each a t  a b o u t   t h i s  1 pCi /g   concent ra t ion .  

The 228Ac and 212Pb decay  products of thor ium  a l so  were measured i n   s o i l ,   w i t h   a v e r a g e  

concent ra t ions  of 1.0 C 0.3 and 0 . 9  2 0.2 pCi /g ,   respec t ive ly .  The 228Ac occur s   ea r ly  

i n  the   na tu ra l   t ho r ium series and 212Pb occurs   near  the end  of  the series. Therefore ,  

we can assume tha t   each   r ad ionuc l ide  i n  the   na tu ra l   t ho r ium  decay   cha in  i s  present  a t  

a concent ra t ion  of 1 pCi/g.   This   includes 232Th, 228Ra and 228Th. 

Stront ium 90 a l s o  was measured i n  a l l  s o i l  samples ,   wi th   an   average   concent ra t ion  

similar t o  137Cs, (0.42 C 0.26 and 0.33 rf 0.19 f o r   a n d  13'Cs, r e s p e c t i v e l y ) .  

234,, 23SU 
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Long  half-life  radionuclides in the  top  22cm  of soil  can  be  summarized  as  follows: 

RADIONUCLIDE 

OK 
232Th 

137cs 
Total naturally  occurring 

Totel man-made  (fallout) 

CONCENTRATION,  pCi/g 

15.6 t 1.6 
1.0 2 0.3 

1.0 ?: 0.3 
1.0 t 0.3 
1.0 2 0.2 
about 1 
about 1 
about 1 
about 1 
about 1 

0.42 2 0.26 
0.33 _f 0.19 
about 25. 

about 0.8 
Water  Samples 

Water  from  five  test  wells  (CNS-3,  CNP-4,  CNS-4,  CNS-5  and  CNS-11) were submitted  to 
Eberline in November  1976  by  W. K. Summers for  radiochemical  analysis,  as  part  of  the 
hydrological  testing  program.  Three  additional  samples  were  submitted  later  from  two 
test  wells  (CNS-5  and  CNW-2)  and  from Van Bremer Creek.  Additional  samples  were 
collected on March  31,  and  April 1, 1977 from  Van  Bremmer  Creek,  Vermejo  River  2nd 
five of the  test  wells.  Results are  summarized below. The  Eberline  "Report  of 
Analysis"  data  sheets are attached. 
Tritium  concentrations  were  below  routine  detectable  levels (1 pCi/ml)  for  liquid 
scintillation  counting. The special well samples  from W. K. Summers  and one surface 
water  sample  from  Van  Bremmer  Creek  were  subsequently  analyzed  in  the  Eberline 
Midwestern  Facility  by  tritium  enrichment  techniques. 

The concentrations  of were  below  the  minimum  detectable  activity (MDA) value  of 
1 pCi.11. 
Natural  226Ra was measured in ali but one of  the  samples,  with'  concentrations  ranging 
from 0.03 i 0.02 to  0.38 C 0.04 pCi/l. 

Traces  of  naturally  occurring  gamma  emitters ( 4 0 K  and  decay  products  of U and  Th) were 
detected in some of  the  water  samples,  but  these  slightly  positive  results  are 
attributed  to inso luble  material that settles  out in the  container  prior  to  and  during 
gamma  isotopic  analysis.  Gross  alpha  and  gross  beta  results  indicate  that  most  of 
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t h e   n a t u r a l   r a d i o a c t i v i t y  is a s s o c i a t e d  with the i n s o l u b l e   f r a c t i o n .   I n   t h e   f u t u r e ,  

a l l   a n a l y s i s  w i l l  be  performed on the s o l u b l e   f r a c t i o n .   A d d i t i o n a l  gamma i s o t o p i c  

ana lys i s   o f  water samples w i l l  be  performed  only when g ross   be t a   r e su l t s   exceed  

30 pCi / l .  

Vegetation  Samples 

A two gal lon  sample of dead,   dry  grass  was ga thered   near  the c e n t e r  of t h e  s i t e  on 

January 1 9 ,  1977.  This  sample was analyzed by h i g h   r e s o l u t i o n  gamma spectromecry  and 

f o r  'OS,. The  predominant gamma emi t t i ng   r ad ionuc l ide  i n  th i s   sample  was n a t u r a l l y  

occurr ing  40K a t  3.8 t 2.3  pCi/g  (dry).  A t r ace   o f  9 5 Z r  (0.39 t 0.24 pCi/g) was a l s o  

de t ec t ed .  The concentrat ion  of  was 0.19 t 0.08 pCi/g  (dry).  

A i rbo rne   Pa r t i cu la t e  

AC 110 v o l t  power i s  n o t   y e t   a v a i l a b l e  a t  t h e  s i te ;  the re fo re ,   an  a i r  sampler was 

opera ted  at  the Chem-Nuclear O f f i c e  trailer i n  Cimarron.  Gross  alpha was not  de t ec t ed  

(0.00 t 0.01 pCi/m3).  Gross  beta was de tec t ed  i n  e a c h   f i l t e r   s a m p l e  with r e s u l t s   i n  

t h e  0 .1  t o  0.3 pCi/m3 range. Gamma i s o t o p i c   a n a l y s i s  of q u a r t e r l y   c o m p o s i t e   f i l t e r s  

gave   t he   fo l lowing   r e su l t s :  

NUCLIDE p ~ i / m 3  

Ru-103 0.022 t 0.006 

Be-7 0.154 t 0.062 

Ce-144 0.054 2 0.028 

Nb-95 0.041 t 0.008 

Zr-95 0.028 t 0.008 

A f e w  on-si te   samples   were  obtained  with a b a t t e r y   o p e r a t e d   a i r  sampler. The r e s u l t s  

were n o t   s i g n i f i c a n t l y   d i f f e r e n t  from those   ob ta ined  a t  the o f f i c e  trailer i n  Cimarron. 

C e r t i f i e d   H e a l t h   P h y s i c i s t  
Eber l ine   Ins t rument   Corpora t ion  
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Sample Location 
Number 

1 

2 

3 

4 
5 

6 

7 

8 

9 

10 
11 

12 

1 3  

14 
15 

16 

17 

18 

I 19 

20 

21 
22 

23 

TABLE I 

Initial Radiation  Survey  Results 
Counts Per 
Minute * mR/hr 

15,417  0.014 

16,126  0.015 

14,692  0.013 

15,087  0.014 

15,016  0.014 

15,516  0.014 

14,976  0.014 

15,175  0.014 

14,969  0.014 

16,112  0.015 

1 5 ,  880  0.014 

15,481  0.014 

16,389  0.015 

16,476  0.015 

19,770 o .o1a 
15,749  0.014 

15,314  0.014 

15,177  0.014 

15,604  0.014 

15,718  0.014 

15,678  0.014 

Environmental TLD Results 
January 18 to April 1, 1977 
mrad total mradlweek 

35.2 t 2.6 3.2 

37.0 t 3.2  3.4 

38.4 c 4 . 1  3.5 

35.6 t 3.0  3.2 

34.8 t 3.6  3.2 

36.2 C 1.7 3.3 

34.6 t 2.3  3.2 

35.0 C 3.2  3.2 

41.0 t 2.4  3.7 

35.6 t 1.1 3.2 

44.2 t 3.0  4.0 

42.0 i 2.0 3.8 

39.6 i: 5.9 3.6 

42.0 C 1.4 3.8 

45.2 t 3.8  4.1 
46.0 i: 5.3  4.2 

37.2 t 2.6  3.4 

37.0 t 1.4 3.4 

48.6 c 2.7 4.4 

39.2 c 4.8  3.6 

36.6 t 3.6  3.3 

32.0 t 3.2 2.9 

30.6 t 2.7 2.8 

*The cpm reading was  measured at  approximately 1 2  inches above the ground. 



CUSTOMER CHEX-NUCLEAR SYSTEMS, INC. 
A T T E N T I O N  J. Stewart Corbe t t  

ADDRESS P. 0. Rox 1866 
CITY Bellevue,  Washington 98009 

S.O. NO. 5500 
"" DETERMINATION of STRONTIUM-90 

TYPE OF  AN,ALysls aad GAMMA ISOTOPIC by GeLi i n .  CUSTOMER ORDER  NUMBER 

SOIL SAHPLES 
Sample 

1 I d e n t i f i c a t i o n :  1 2 3 

i Date  Collected:  01/18/77  01/18/77  01/18/77 
. . . , . . . .. , . . . , . , , . . .. . . ., . , . , .. 

Nuclide 
" 

K-40 

CS-137 

Bi-214 

Pb-214 

"1-208 

Ac-228 

Pb-212 

Bi-212 

Sr-90 

REPORT OF ANRLYSK 
SAMPLESRECEIVED 01/'24/77 I I 

4 5 

01/18/77 01/18/77 I 

pCi/g (Dry) -___- 
16 2 3 12 c 3 16 c 3 17 2 3 16 ? 3 

0.14 t 0.08 4 0.14.  0.26 C 0.12 0.20 C 0.11  4 0.14 

0.83 i: 0.31  1.0 C 0.3 0.66 C 0.29 1.1 _f 0.3  0.58 C 0.31 

I 

1.1 C 0.3 0.80 C 0.36 0.66 C 0.32  0.91 +_ 0.36 1.7. ? 0.3  I 
0.22 i: 0.13 0.25 C 0.13  0.26 C 0.12  0.23 2 0.14 0.31 C 0.11 

,0.68 2 0.61  0.78 C 0.60 0.91 C 0.62 0.84  C 0.57 j 
0.88 C 0.29 1.0 i. 0 .3  0.58 C 0.30 0.82 2 0.33 0.82 ? 0.32 

1.3 2 1.2 I 
0.15 0.04 0.14 2 0.04  0 .31 C 0.04.  0.37 C 0.07  0.33 C c1.05 

c.c Xels Johnson 
E r i c  Geiger 
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! C U S T O M E R  Cml-NUCLEAR SYSTEMS, INC. 
ATTENTION J. Stewar t  Corbe t t  

\ ADDRESS P.  0. Box 1866 
CITY Rellevue,  Washington  98009 

. 5.0 .  NO. 5500 
. .  DETERMINATION of.STRONTIUM-90 

SOIL StUffLES 

. . . .. 

TYPE and GAMMA ISOTOPIC by GeLi in O R D E R  

: 

1 Sample 
i I d e n t i f i c a t i o n :  6 7 8 
i Date Collected:   01/18/77 . .  . . . . . . . , 01/18/77 I .. .. 01/18/77 

REPORT OF flNHbYSE 
SAMPLES R E C E X V E D  01/2&/77 

9 10 

01/18/77 01/18/77 

Nucl ide p C i / n  (Dry) 
" 

K-40 15 t 3 

CS-137 

Bi-214 0 .92  i 0.33 

Pb-214 0.85 t 0.30 

T1-208 0.31 i: 0.13 

Ac-228 1 . 2  i: 0.6 

Pb-212 1.1 f 0.3 

Bi-212 

Sr-90 0.20 i: 0.04 

C .  c Nels Johnson 
Eric Geiger 

16 f 3 

0.38 t 0.11 

0.69 i 0.30 

1.1 If: 0.3 

1 0.20 

1.2 f 0.6 

0.90 f 0.30 

1.5 2 1.0 

0.42 i 0.05 

16 t 3 

4 0.15 

0.80 i 0.37 

0.94 2 0.35 

0.41 t 0.15 

0.82 i: 0.58 

1 . 2  t 0.3 

0.39 f 0.05 

15 ? 3 

0.24 t 0.19 

1.0 i 0.3  

0.96 t 0.33 

0.26 t 0.14 

0.94 i 0.56 

0.67 f 0 . 3 2  

0.51 f 0.06 

18 f 3 

0.18 ? 0.!1 

0.84 i 0.33 

1.1 i 0 . 3  

< 0.20 

0.62 t 0.57  

0.70 t 0.31 

0.65 f 0.0; 

c] R E P O R T E D   V I A   T E L E P H O N E  
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CUSTOMER CI!.EM-NUCLEAR SYSTEMS, IMC. 
ATTENTION J. Stewart Corbe t t  

A D O R E S 5  P.  0. Box 1866 
CITY Bellevue,  Washington  98009 

5.0. NO. 5500 REPORT OF RNALYSIS .. , 
' '.' DETERMINATION. of STRONTIUH-90 

... ~ . ., 

T Y P E O F  A N A L Y S I S  and GAMMA ISOTOPIC by G e L i  in.' CUSTOMERORDER  NUMBER ' 

I SOIL SAMPLES 
SAMPLES RECEIVED Ol/%.i/ii 

! i 
Sample 
I d e n t i f i c a t i o n :  11 12  13 1 4  15 

i 
I Date Collected:  01/18/77  01/18/77  01/15/77  01/18/77  01/18/77 I 
1 . .  

Nuclide  pCi/g (Dry) I 
. .- .. , _ .  ,. . . . .  .. .., . ......... ... - . -..,*~.-. . l...- . 

". 

I<-40 

CS-137 

Bi-214 

Pb-214 

T1-208 

Ac-228 

Pb-212 

Bi-212 

Sr-90 

17 i 3 

0.76 i 0.32 

0.54 C 0.33 

0.25 f 0.13 

0.78 f 0.54 

1.0 f 0.3 

1.6 t 1.0 

0.37 i 0.02 

14 f 3 

0.16 i 0.10 

0.99 i 0.30 

1.2 2 0.3 

0.27 f 0.13 

1.6 i 0.5 

0.89 f 0.30 

0.30 t 0.02 

13  i 3 

< 0.15 

0.80 i 0.33 

0.94 C 0.32 

0.24 i 0.10 

1.0 i 0.5 

1 .2  f 0.3 

1.2 C 1.1 

0.10 i 0.02 

c . c  Nels Johnson 
Er i c  Geiger 

18 i: 3 

0.35 f 0.12 

0.95 2 0.37 

1 . 4  i 0.3 

0.20 C 0.14 

1.5 t 0.6  

0.93 i 0.32 

0.43 f 0.05 

15 i 3 

0.64 5 0.16 

1.2 C 0.3  

1.5 i 0.4 ' 

i 
I 

0.22 ? 0.1b 

1.5 f 0.6  I 
0.57 

I 

I 

I 

I 

I 

0.68 i: 0.05 

I 

I 
I 

I 

.I 
0 R E P O R T E D   V I A  TELEPHONE 
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1 C U S T O M E R  CHEEI-NUCLEAR SYSTEMS, IMC. 

1 
ATTENTION J .  Stewart Corbe t t  , ADDRESS P.  0. Box 1866 

C I T Y  Bellevue,  Washington  98009 . 
. 5.0. NO. 5500 REPORT OF ANALYSE 

' '   DETERMINATION^ of STRONTIUM-90 t '  . " "'. ' ' ' 

rt Sample 
i r d c n t i f i c a t i o n :  16 17 18 
1 Date Collected:  01/19/77  01/19/77  01/19/77 

4 

. . . . . .. . ... ". . .  .. . . .. _... ).. . __~. * .  .~,,. . , .. ... 

I. 9 
01/19/77 

20 
01/19/77 

. .  . 

K-40 

CS-137 

Bi -214  

Pb-214 

T1-208 

Ac-228 

Pb-212 

Bi-212 

S r-90 

C . C  Nels Johnson 
Eric Geiger 

15 i- 3 

0.50 i 0.13 

1.2 i: 0.4 

0.94 i: 0.34 

0.30 i 0.13 

1 . 4  i: 0.6 

0.73 i 0 .31  

1.8 i- 1 . 2  

0.36 i: 0.05 

1 7  i 3 17 i: 3 13 i 3 15 i 3 

0.68 t 0.14 0.52 i 0.13 0.50 i- 0.15 0.29 2 0.12 

0.80 i: 0.29 0.78 .t 0.25 0 .78  i: 0.27 0.68 i: 0.30 

1.1 i: 0.3 0.82 i- 0.31  0.84 i: 0.33  0.89 i- 0.3! 

0 .21 i- 0.12 0.28 i 0.13 0.29 i 0.12 0.25 t 0.13 

0.87 i: 0.54 0.61 i 0.57 1 . 2  i: 0 .5  0.74 i: 0..56 

0 .98  i 0.30 0.50 i: 0.30 0.69 i 0.31 1.0 t 0.3 

1.2 i 0.9 

0.32 i 0.04 0.34 i: 0.04  1.2 i 0 .1  0.36 i- 0.04 

0 R E P O R T E D  V1.A T E L E P H O N E  

0 R E P O R T E D   V I A  T W X  
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CUSTOMER CHEM-NUCLEAR SYSTEMS, I N C .  
ATTENTION 3. Stewar t   Corbe t t  

ADDRESS P. 0. BOX 1866 
CITY Bellevue,  Nashington  98009 

5.0. NO. 5500 
'" DETERMINATION of STRONTIUM-90 '" .'."''' ' . -  

. ... REPORT OF ANRLYSIS 

. . , .. - . . . .. . . 

, T Y P E O F  ANALYSIS and GAMMA ISOTOPIC by Gf 

f 
1 Sample  
i I d e n t i f i c a t i o n :  2 1  I 
1 Date Col lec ted :   01 /19/77  I 

SOIL SAHPLES 
- - , .. . , . . 

I 

. I  .. -. . . . , , .,..,.. ~. . .. . . . .,. ... . - ..-.~~..,.I. .-.I__,,. , 

N u c l i d e  pCi/g  (Dryj I 
K-40 16 2 3 

CS-137 0.64 2 0.15 

Bi -214  0.99 2 0.30 

Pb-214 0.93 2 0.33 

T1-208 0.20 2 0.13 

Ac-228 0.84 2 0.60 

Pb-212 0.96 2 0 .31  

Sr-90  0.95 2 0.08 I 

1 C . C  Mels Johnson 
Eric Geiger  I 

I 

I 

.! 
0 REPORTED  VIA  TELEPHONE 

REPORTED  VIA  TWX 

1 
PAGE 1 OF 1 PAGE .I 
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,/: " . ,  

. CORPORATION APPROVED BY 

P.O. BOX 3874  ALBUOUEROUE. NEW MEXICO  87110 
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D A T E  



J CUSTOMER CIIEM-NUCLEAR SYSTEMS, I N C .  

1 
I ADDRESS P. 0 .  Box 1866 
A T T E N T I O N  J. Stewar t   Corbe t t  

C I T Y  Bellevue,  !Jashington 98009 
> S.O.NO. 1167 

. .  
' "I DETERKCNATION of GROSS'ALPHA ' ' 

.. .,_ 

i 
i 

TYPE OF ANALYSIS & BETA, TRITIUM, Sr-90 and CUSTOMER ORDER N U M S E R  

RADIUW226 i n  IJATER SAXPLES 
; 

1 Sample 1 I d e n t i f i c a t i o n  .. .. i . ." .,,, . 
Van Bremmer 
Creek-Upstream 

Van Bremner 
Creek-Downstream 

Vermejo  River 

Nater CNS-3 

Water CNS-4 

Water CNS-S* 

-. .. Col l ec t ed  
Date 

03/31/77 

. .. . . . . . . , . 

04/01/77 

04/01/77 

03/31/77 

03/31/77 

03/31/77 

1000 

1000 

1000 

1000 

1000 

Total. 

- .  - .. .:...-,...,..w.7 .-.,_ ..._..._...,, ... . .. . ... . Volume (m1)  Analysis  

1000 Alpha 

T r i t i u m  
Eeta  

Ra-226 
Sr-90 

Alpha 
Beta 
T r i t i u m  
Sr-90 
Ra-226 

Alpha 

T r i t i u m  
Beta 

Ra-226 
Sr-90 

Alpha 
Eeta 
T r i t i u v  
Sr-90 
Ra-226 

A l p h a  
Beta 
Tr i t i um 
Sr-90 
Ra-226 

. . .: pCi./ml 

0.0 i 1.0 

0.0 i 1.0 

0.0 t 1.0 

0.0 t 1.0 

0.0 i 1.0 

Alpha (Tota l )  
Beta  (Tota l )  
Alpha (Diss :) 

T r i t i u m  
Beta  (Diss :) 

0.0 ?r 1.0 

Ra-226 
Sr-90 

p C i / L  

0 .0  2 2.3  
5 .0  i 4.8 

0.17 i 0.04 
0.0 i 1.0 

0.0 t 2.5 
0 . 0  2 2 .0  

0.0 t 1.0 
0.19 i 0.05 

0 .0  ?r 2.5 
0.0 t 2 .0  

0.00 i 0.05 
0.0 t 1.0 

0.0 t 2 . 5  
5 . 5  i 4.9 

0.08 i 0.04 
0 .0  t 1.0 

0 .0  t 2 .5  
0 . 0  f 2 . 5  

0.14 t 0.04 
0.0 t 1.0 

46  t 25 
28 t 6 
12 t 9 

0 . 0  t 2.0 

0.21 i 0.07 
0.0 i 1.0  

REPORTED  VIA  TELEPHONE 

c] REPORTED  V IA  T W X  
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CUSTOMER CllEM-NUCLEAR SYSTEMS, I N C .  
A T T E N T I O N  J. Stewart   Corbet t  

ADDRESS P .  0. Box 1866 
C I T Y  Bellevue,  TJashington 98009 

S.O. NO. 1167 
." ' . .  I . DETERMINATION of GROSS ALPHA 

REPORT OF FlNRLYSIS 
T Y P E O F  A N A L Y S I S  ' BETA> TRIT1m', Sr-90 and . CUSTOMER O R D E R  NUMsER 

RADILJPI-226 i n  IJATER SANPLES 
' S*MPLES RECEIVED 04/04/77 

i 

Sample  Date T o t a l  
Iden t i f i ca t ion   Co l l ec t ed   Ana lys i s  pcilml Volume (ml) 

Water CNS-7 03/31/77 1000  Alpha 

,. ... .. -. . . . . .., ._ .. . .. . ... ".. , . ..-:_ , . . . .  . 

Eeta 
T r i t i u m  
Sr-90 

0.0 If: 1.0 

Ra-226 

Water CNS-22 03/31/77 1000 Alpha 

Tr i t i um 
Beta . 

0.0 ? 1.0 
Sr-90 
Ra-226 

C . C .  Kenneth F l a i g  
Nels Johnson 
Er ic   Geiger  

:L Sample  contained a cons iderable  amount of  sediment  which  accounts  for 
t he   h igh   a lpha   and   be t a   va lues   r epor t ed   a s   t o t a l .  Sanlple vas f i l t e r e d  
and ana lyzed   for   a lpha   and   be ta   and   repor ted  f o r  d i s s o l v e d   f r a c t i o n .  
The sample was a l s o   f i l t e r e d   p r i o r   t o   a n a l y s i s   f o r   T r i t i u m ,  Strontiun1.l-90 
and Radium-226. 

p C i / L  

0.0 i: 2.5 
13 t 5 

0.0 i: 1.0 
0.13 i: 0.06 

0.0 i 2.5 
5 .2  i: 4.8 

0.0 t 1.0 
0.30 i: 0.10 

REPORTED V I A  TELEPHONE 

R E P O R T E D  V I A  TWX PAGE 1 OF 1 PAOF . . ." L -. L I 
EBERLINE INSTRUMENT 

CORPORATION APPROVED BY Kathyc3Tdurnham, Environmental ReportsDATE 
04/18/77 

P.O. BOX 3874 ALBUOUERQUE, NEW MEXICO 87110 
PHONE (505)  3454461 TWX: 910.985.0678 

Albuquerque  Laboratory 



i CUSTOMER CIIEN-NUCLEAR SYSTEMS, I N C .  
A T T E N T I O N  J. Stewart   Corbet t  

; A D D R E S S  P.  0. Box 1866 

. 5.0. NO. 1168 REPORT OF RNALYSI5 
T Y P E  OF A N A L Y S I S  by GeLi  i n  WATER SMLES CUSTOMER ORDER NUMBER SAMPLES R E C E I V E D  04/04/7: 

: Sample Van Brenmer Van Erenuner 

C I T Y  Eellevue,  Uashington 98009 

DETERMINATION of GAMMA ISOTOPIC 

I d e n t i f i c a t i o n :  Creel<-Upscream Creek-Dokmstream River 
Date 

Vermijo CNS-3 

,' Collected:  03/31/77  04/01/77  04/01/77  03/31/77 
. _ .  . . , I  . ... 

Nucli,de: p C i / L  
"" 

Ri-214 26 

T1-208 e 9  

Pb-212 24 

CS-137 e 7  

Pb-214 

Ac-228 

10 

e 23 

+ 6  

-= 10 

e 23 

< 6  

30 

10 

e 24 

< 6  
:a 

e 59 

C . C .  Kenneth F l a i g  
Nels Johnson 
Eric Geiger 

3 R E P O R T E D  V I A  TELEPHONE 

0 R E P O R T E D  V I A  T W X  - PAGE 1 OF 1 PAGE 

EBEWblNE IN§TRlJMENT 
- -. 

CORPORATlON APPROVED 

P.O. BOX 3874 ALBUOUEROUE. NEW MEXICO  87110 
PHONE 15051 345-3461 TWX: 910.985.0678 

Albuquerque  Laboratory 



CUSTOMER CHFJI-KIJCLEAR SYSTEl!S, I N C  . 
LITTENTION J. Stewart Corbe t t  

ADDRESS P .  0. Box 1366 
C I T Y  Bellevue,  Washington 98009 

S.O. NO. 1168 REPORT OF RNRLYSIS 

K-40 

Nb-95 < 8  

CS-137 < G  

Bi-214 < 27 

Pb-214 < 29 

Pb-212 < 24 

Zr-95 < 1 2  

Bi-212 

T1-208 

AC-223 

C.C.  Kenneth  Flaig 
Nels Johnson 
Er ic   Geiger  

320 i: 290 

170 i 130 

1 9  i 15 

110 i 100 

< 10 c 10 

< 25 

%ample  contained a cons ide rab le  amount  of sediment which accounts   for   the   e leva ted .  
amounts of n a t u r a l   a c t i v i t y   r e p o r t e d .  

].REPORTED V I A  TELEPHONE 

] REPORTED  VIA T W X  
PAGE 1~ OF 1~ PAGE 



CHEF!-tWCLEtW. SYSTEtLS, IMC. 

A T T E N T I O N  J. Sterrar t   Corbet t  

A D D R E S S  P .  0. nox 1866 
CITY I:ellevue,  Washington 93009 

S.O. NO. 1169 REPORT OF RNRLYSIS 

Sample  Date T o t a l  
I d e n t i f i c a t i o n  Col lec ted  Vo.Lume(m ) 

3 
. . .  . . .  . , , , - . . . 

i h c l i d e  
, ̂.. " - , . .. , ...~. .. . ... 

O f f i c e  . 1st Qtr. 1301 P,u-103 
1'377 

CC-144 
De-7 

MI>-95 
Zr-95 
Sr-90 

pCi/m 3 

0.022 ? 0.000 j 
0.154 ? 0.062 
3.054 i 0.028 I 
0.041 ?1 O.OU8 I 

0.028 ? 0 . 0 0 ~  .., ,. ! 
I 

;'i To b e  r e p o r t e d   a t  a l a t e r   d a t e .  

C . C .  Kenneth  Flaig 
Nels Johnson 
Er ic   Geiger  
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Appendix  IV-1.--Clirnatologic Data 



Appendix  IV-1.-"Ximatologic  data. 
S ta t ion   Abbot t   County   Col fax  T.nc'.e>: >io. 00.22- 

L n t i t u d e  3G"ll' Longitude 104"20' - E l e v a t i o n  5771 f t  

y32rs of 
record 41 41 41 41 40 40 40 39 38 40 40 40 34 

.31 .38 .58 1.01 1.88 1.34 2.48 2.96 1.C3 1.29 .45 .35 15.46 
1i. 25/ 

:.:e an 

Years of 
r e c o r d  
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Appendix IV-1.--Climatologic data. 

Station  Aurora  County  Colfax  Index KO. 0646 

Latitude 36'19' Longitude 105"06' Elevation 9100 Et 

Jan Yeb ' Mar Apr May June  July AurJ Scpt Oc'i Nov DCC . i . . nnua l  
Precip 

Years of. 
record 37  37  36  36 36  35  37  37  37  37  37  37 35 

.59 . 8 2   1 . 2 5  1 . 6 5  1 . 9 4  2.3G 3 .74   3 .62   2 .30   1 .40   . 74  . G O  21.01 21.23/  

PE 



Appendix  IV-1--Clirnatologic  data. '  

Station A u r o r a  A C o u n t y  Colf ax Indcz : . ; < I .  

L a t i t u d c  36"16 '  Longi tude 105O 0 3 '  E l e v a t i o n  8130 f t  

Preci? 
J a n  Feb Mar Apr' May J u n e   J u l y  Aug S e p t  O c t  NOV Dec 

Years of 
r f c o r d  1 3  1 2   1 5  1 5  1 5   1 5   1 5  1 4  1 3  1 3  14 1 3  

. s i s a : :  

.. .56  .43 . 8 6  . 9 9  2 .14 1 . 5 0  3 .62   3 .55  . 9 9  1 . 4 2   - 7 4  . 5 2  

"" 
0646 

Annuai 

11 

17 .42 /  
1 7 . 3 2  
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Appendix IV-1.--Climatologic data. 

S t z t i o n  Black  Lake A County  Colfax I n d e x  3 0 .  l0-00- 

Latitude 3 6 ' 1 8 '  Loncjitude 1 0 5 ° 1 7 '  Elevation 8 3 5 8  ft 

Precip 
Ja!l Feb Mar A p r  May June July  Aug Scpt  Oct Nov Dcc A n n u a l  

Years of 
record 7 I 7 7 7 7 7 7 7 8 8 8 7 

:.:e a> .92  . 6 3  1 . 5 6  1 . 1 8  1 . 4 9   1 . 4 4   4 . 1 2   2 . 8 7   2 . 1 1  1.17 1 . 1 0  19.91/ 
.73 1 9 . 6 2  



Appendix IV-1.--Climatologic data. 

station  Cimarron  County  Colfax " I n d e x  X o .  2 . 1 ~  

Latitude 36 '31 '  LoncJitude 1 0 p 0 5 5 '  Elevation 6 4 2 7  Et 

Jan Feb filar Apr May June J u l y  A u ~  Sep t  Oct Nov Dec  Annual 
Precip 

Years of 
record 6 7   6 7   6 7   6 7  68  6 8   6 8  68  6 8   6 8   6 8   6 8   6 7  

,\Gar. . 3 4   . 5 2   " 8 6  1 .31  1 . 9 2  1 . 6 1   2 . 7 0   2 . 5 8   1 . 4 8   1 . 2 3  .55 . 4 0  15.50,  ' 15.44,'  

. -  Temp 

3 
? record 6 6   6 6   6 6   6 6   6 7   6 7   6 7   6 7   6 7   6 6   6 6  6 6  6 5  

U Years of 

c - - - - - Xean , 3 2 . 3   3 5 . 2   4 0 . 3   4 8 . 4   . 5 6 . 5   6 5 . 1   6 8 . 9   6 7 . 3   6 1 . 4   5 2 . 5   4 0 . 5   3 3 . 3  50.1 50.3,' - - " 
7. 

ir- 
PZ . 4 2   . 5 3  1 . 1 0  2 . 2 1   3 . 3 6   5 . 8 7   6 . 7 4   5 . 7 2   3 . 8 1   2 . 2 1   . 8 5  . 4 3  3 3 . 8 5  

- S:rpL:?s . o o  
c, D2ficit . 0 8  .01 . 2 4  . 9 0  2 . 0 4  4 . 2 6   4 . 0 4   3 . 1 4   2 . 3 3   . 9 8   . 3 0   . 0 3   1 8 . 3 5  

?- ? - 
c.. _. - - 
%,? 



Appendix  IV-1.--Climatologic  data. 

S ta t ion   Cimarron  4STq County - Col fax  ._ Tt?i!*?>: :TO. - 1 8 1 3  

L a t i t u d e  3 6 ' 2 8 '  Longitude 1 0 4 " 5 7 '  E l e v a t i o n  6 5 4 0  ft 

J a n  Feb Mar Apr May J u n e   J u l y  Aug S c p t  O c t  Nov Dec R n - c a l  
PL-ecip 

Years 0.f 
r e c o r d  4 4 4 4 4 4 4 4 4 4 4 4 4 

i~iean - 1 7  . 3 8  1 . 3 2  ' . 6 3  1 . 6 8  1 . 3 1  2 . 7 5  2 . 1 2  2 . 9 7  1 . 0 1  . 6 2  . 5 5  15.51 
1 5 .  S O /  

Temp 

Yzars of 

- 

r cco rd  4 4 4 4 4 4 4 4 4 3 4 4 3 

-\lean 2 9 . 5  3 3 . 2  4 0 . 4  4 4 . 1  5 4 . 4  6 3 . 6  6 6 . 4  64 .3  5 1 . 3  5 0 . 8  3 7 . 0  3 1 . 4  4 7 . 7  
4 7 . 7 /  

?E . 3 3   . 5 0  1 . 1 0  1 . 7 4   3 . 6 4   5 . 5 3   6 . 1 3   5 . 1 4   3 . 2 2   2 . 0 3  . 6 6  . . 4 1   3 0 . 5 5  

Surp lus  . 2 2  .14 . 3 6  

D c f i c i t  . 2 2   . 1 2  1.11 1 . 9 6   4 - 2 8 .   3 . 3 8   3 . 0 2   . 2 5   1 . 0 2   . 0 4   1 5 . 4 0  



Appendix IV-1.--Climatologic data. 

station ~ ' m  County  Colfax .Tnrjcz KO.  - . 1 8 1 9  . - 

Latitude 3 6 " 2 8 '  Lonqitude 1 0 4 ° 4 E '  Elevation 6 2 0 0  f t  

Jan Feb Mar Apr May June  July Auq Sept  Oct NOV DCC Annual 
Precip 

"_ " 

Years of 
record 1 2   1 2  . 1 3  1 3   1 3   1 3   1 3   1 2   1 2   1 2   . 1 2  1 2  11 

?Isan . 2 3   - 2 5  . 4 8  .75  1 .94  1 .52  2 .58  3 .04 .81 . 5 2   . 4 9   - 2 4  12 .77 /  
1 2 . 6 5  

T e n u  -. 
Years of 

rccord 

PC 



Appendix IV-1.--Climatologic data. 

Station  Colmor  County  Colfax Inc',cx xo. 

Latitude 3 6 " 1 3 '  Longitude 10.4 a 3 8  ' Elevation 5 9 3 1  .tt 

Jan Feb Mar Apr May J u n e  July  Auq  Sept  Oct Nov Dec c':nnual 
Precip 

Years of 
record 3 3 3 . 2  2 3 3 3 3 3 3 3 2 

$!ea> . 2 5   1 . 6 2   1 . 6 2   . 1 5   1 . 7 9   1 . 4 8   1 . 9 0   2 . 9 0   1 . 1 4   . 9 3   . 4 5   . 7 3  1 4 . ~ 6 ,  . 1 1 . 2 2 /  

Years. of 
rccora 3 3 3 2 2 3 3 3 3 3 3 3 2 

&lean 2 4 . 8   3 6 . 6   3 7 . 8   4 9 . 6   5 8 . 0   6 7 . 8   7 1 . 5   6 9 . 0   6 1 . 8   4 9 . 3   3 8 . 6   2 6 . 1  4 9 . 2  51.5,' 

PE ' . 3 3   . 5 9   . 9 2   2 . 3 5   4 . 2 4   6 - 4 8   7 . 3 0   6 . 0 6   3 . 8 9   1 . 9 0  . . 7 3  . 3 4  3 5 . 1 3  
S K ? l 3 S  1 . 0 3  . 70  . 3 9  2 . 1 2  
Deficit . 0 8  2 . 2 0   2 . 4 5   5 . 0 0   5 . 4 0   3 . 1 6   2 . 7 5   . 9 7   . 2 8   2 2 . 2 9  
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Appendix  IV-1.--Climatologic  data. 

Station  Cunico  Ranch  County Colf ax " Index xo 

Latitude  36O41'  Longitude 104'14' Elevation 6500 f t  

Jan Feb Mar Apr May June July Auq Scpt  Oct Nov Dcc 
Preciw 

Years of 
record . 2 2  2 2 2  2 3 2 2 1 2 2 

Kezn .05 -01 1.37 4.62 2.01'  2.16 2.81 3.81 3.91 2.37 1.33 .18 

2321 

1 
25.85,' 
24-66 

- - 
0. 
n Deficit 





Appendix  IV-l'.--Climatologic d a t a .  

s t a t i o n  Dawson County Col f a x  T11clcx 59. - 2 . ~ 4 -  

L a t i t u d e  3 6 ' 4 0 '  Longitude 1 0 4 P 4 7 '  E l e v a t i o n  6 4 0 0  E t  

J a n  Feb Mar Apr May J u n e  J u l y  Auq S e n t  ' O c t  NOV Dec A:;nual 
P r e c i p  

" -___ " 

Years of 
r e c o r d  5 0   5 0  5 1  5 0   5 2   5 2   5 2   5 2   5 2   5 1   5 2   5 2   4 9  

:,!can . . 3 2   . 4 9   - 6 7   1 . 2 6   2 . 0 5   1 . 7 8   2 . 9 2   2 . 7 7   1 . 3 9   1 . 4 6   . 4 3   . 3 5  1G.01/  
1 5 . 9 5  

Temp 

Years of 

- 
r e c o r d  35 3 8  3 7  3 6  3 7  3 9  3 7  3 8  3 8  3 8  3 6  3 6  3 0  

Xean 3 1 . 1  3 5 . 6  4 0 . 8  49 .3  5 7 . 4  6 5 . 9  6 9 . 8  68 .0  6 1 . 8  5 2 . 0  4 0 . 3  3 3 . 1  50 .4  
5 3 . 8 /  

?E . 4 1   . 5 3  1-14 2 . 3 4   4 . 1 5  6.10 6 . 9 2   5 . 8 5   3 . 8 9   2 . 1 9   . 8 2   . 4 3   3 4 . 7 7  

s u r p l u s  . O C  

Q z f i c i t  . 0 9  - 0 4   - 4 7  1 . 0 8  2 . 1 0   4 . 3 2   4 . 0 0   3 . 0 8   2 . 5 0   . 7 3   . 3 3  . 0 8  1 8 . 8 2  



Appendix I V - 1  . - -Cl imatologic   data .  

s t a t i o n  Dorsev ( V a l  Verde  Ranch)  County Colfax %ndcs K O .  "_ 
L a t i t u d e  36O41 '  Longi tude 10.4O34' E l e v a t i o n  6 2 0 0  f t  

. .  

Jan  Feb Mar Apr May June  J u i y  Auq S e p t  OCC Nov D e C  Annu21 
P r e c i p  

Ycars of  
x-ecord 4 4 4 4 4 4 5 4 . 4  4 4 4 3 

m lenp 

5 Years of 

__ 

b- m ,T r e c o r d  4 4 '4 4 4 ,  4 5 4 4 4 4 4 3 
'0 - - - - - - - ;.I223 31.3 3 2 . 1   4 1 . 6   4 7 . 1  55 .0  6 4 . 9   6 8 . 1   6 8 . 8   6 1 . 5   5 0 . 6  4 1 . 4  3 2 . 4  4 9 . G  49 .5 /  
0 -. 
.A 

2. 
3 

z. 3 2 f i C i t  .31 - 3 9  . O O  3 . 1 3   2 . 3 5   4 . 1 2   3 . 3 6   1 . 4 5   1 . 7 7   . 1 3  .14 1 7 . 7 5  

>E -41 . 4 8  1 . 2 2   2 . 0 7   3 . 8 5  5 . 0 6  6 . 5 2   6 . 0 5   3 . 8 2   2 . 0 2  . 8 0  . 4 2   3 3 . 6 1  
z - 
5. _. S : : r n l u s  - 1 4  - 0 0  -14 - 
I 

c 

.. 



Appendix IV-1.--Climatologic data. 

Station  Dorsey (Val Verde Ranch)  A  County Col fax  

Latitude 36O39 '  Longitude 1 0 4 O 2 7 '  Elevation 6 2 0 0  ft 

- 1ncic:c xo. 

- 

Jan Feb Mar Apr May June  July  Auq  Sept oc'; 
Precip 

:.lo17 Dcc P . ~ z u & l  

Years of 
record 2 2 4 4 4 4 4 5 4 4 3 3 0 

:,;em . 0 9  .30 .13 1 . 0 4   2 . 8 7   2 . 3 2   2 . 1 4   4 . 2 3   . 8 8   - 6 7   . 3 3  
O o 4  1 5 . 5 4  

/ 
~~~~ 

T2r.y 

Lezrs of 

- 
. . c  .,7 

t- ,7. 
g? -4 record 3 2 4 4 4 4 4 4 4 4 3 3 1 - - - - - - - xc an 3 5 . 7   3 4 . 7  4 4 . 4  4 8 . 6   5 4 . 8   6 6 . 0   7 0 . 7  6 0 . 2  6 2 . 9   5 0 . 7   4 0 . 5   3 4 . 1  5 0 . 9  

43.6/ 

Z' L . 4 7  . 5 2  1 . 4 3   2 . 2 6   3 . 6 7  6 . 1 1  7 . 1 6   5 . 9 3   4 . 0 1   2 . 0 3   . 8 5  . 4 4  3 4 . 8 8  
.x 
c 
i5 

2- 

c, . 3i;fiCi'i . 3 8   1 . 3 0   1 . 2 2   . 8 0   3 . 7 3   5 . 0 2   1 . 7 0   3 . 1 3   1 . 3 6   . 5 2  

" 
4 

?. - 
~ 

c. -. - .. S x p l u s  . 3 8   . 3 8  

. 4 0   1 9 . 6 2  
,.. 
2. 
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A p p e n d i x  IV-1.--Climatologic dat,a. 

S t a t i o n  Eaqle Nest ( T h e r m a )  R C o u n t y  cool f a y  Inc!ex xo. 2 7 0 0  

L a t i t u d e   3 G 0 3 3 ’   L o n c J i t u d c   1 0 5 0 1 6 ’  Elevation 8 2 8 0  ft 

Years of 
record 4 1   4 1  4 2   3 9  3 9  3 9  4 0  4 1  4 1  4 1  4 1  4 2   3 7  

;,:em - 7 0  - 6 5  . g o  . 9 3   1 . 3 3   1 . 0 6   2 . 7 5   2 . 6 3   1 . 2 8   . 8 7   . 6 9  1 4  - G 1 /  
. 7 0  1 4 . 5 5  

~~~~~ 

Te2!p 

Years of 

- 
c 

7: 
c. 

N lrecord 4 1   4 1   4 1  39 3 9  4 1  3 9  3 9   4 0  4 1  4 0  4 0 o g  3 3  - - - - - - 7 ,\lean 1 8 . 9  2 3 . 2  3 0 . 0  3 8 . 5   4 6 . 7  5 4 . 4  5 9 . 1  5 7 . 9   5 1 . 2   4 2 . 1  3 0 . 0  2 1 . 7  39 .5  3 9 . 7 /  - ?. 
:G 

? ?E . 2 5   . 3 5  .G5 1 . 2 3   2 . 4 3   3 . 8 1   4 . 6 7   4 . 0 0   2 . 4 2  1 . 2 7  . M  . 2 8  2 1 . 8 0  

I( DeficiL . 3 0  1 . 1 0  2 . 7 5   1 . 9 2   1 . 3 1  1 . 1 4  . 3 6   8 . 8 8  

5 - 
2. .. S u r p l u s  . 4 5  . 3 0  . 2 5  .21 . 4 2   1 . 6 3  - - 
r. 



Appendix  IV-1.--Climatologic da ta .  

J a n  Feb  Mar A p r  May J u n e  J u l y  Aug Sept Oct Nov  Dec ::nnual 
Prec ip  

Yezirs of 
record 4 5  43 4 4  4 3  4 3  4 3  4 1  4 1   4 2   4 2   4 3  - 4 3  39 

t,ican . 7 9   . 9 7   . 1 . 4 2  1 . 4 4  1 . 3 1   1 . 0 7   2 . 9 0   2 . 9 0   1 . 3 2   1 . 1 2   . 7 0   - 7 2 ,  16.66 17.20,’ 

< 
7: 

Years of 
record 4 1  40 . 4 0   3 9  27. 39  3 9   3 7   3 9   4 0   4 0   4 0   3 9   3 6  

- - - - - - - .* - .\:c2:1 1 8 . 8   2 3 . 0   3 0 . 3  3 7 . 3  4 5 . 8   5 2 . 3   5 7 . 5   5 6 . 5   5 0 . 5   4 0 . 7   2 8 . 2   2 0 . 2  38.5 38.8,’ 
.z 
- 
a 

?;’ 3- . 2 5   . 3 4   . G 5   1 . 1 3   2 . 3 4  3 . 4 4  4 . 3 5   3 . 7 3   2 . 3 4   1 . 1 3  .‘I5 - 2 6   2 0 . 4 1  

.. _. S u r ; J l u s  - 5 4  . 6 3   . 7 7   . 3 1   . 2 5   . 4 6   2 . 9 6  

i_ Def ic i t  1 . 0 3   2 . 3 7   1 . 4 5   . 8 3   1 . 0 2  .01 6 . 7 1  

.t - - 
- - 
r_ 
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Appendix IV-1.--Climatologic data. 

Station Johnson Park  (Neloche Ranch) county C Q L € a S  . 

Latitude 36 '48 '  Longitude 104 "1.5 

Tnc!ex :io. 

Elevation G 5 5 s  

Years of 
zecorc?! 11 12 11 12  12 11 11 11 11  11 10 10 

?lean .1G .43 .G7 1.59 2.44 2.53 3.47 2.45 1.12. 1 . 3 1   . 3 5   . 5 8  

TeEiJ - 
Years of 

record 

>le zn 

3 

17-20,' 
17.10 



Appendix  IV-1.--Climatologic data. 

J a n  Feb Mar Apr May J u n e  J u l y  Aug ' S e p t  Oct Sov Dec A z n u a l  
?r-ecip 

"_ 

l-.sars of 
record 29 30 31 30  30 31 32  32 3 1  31 30  27 24 

:.:-?an . 5 7   . 7 7   1 . 3 2   1 . 9 9   2 . 5 6   2 . 1 5   2 . 8 9  3 . 1 4  2 . 1 1  1 . 5 6   - 7 0   . 6 5  20.41 1 8 . 8 2 /  

T C i J  

Yezrs of 

- 

recorc? 9 12  1 3  11 . 1 2  11 1 2   1 2   1 2   1 2  11 8 5 

., :.ezn 30.6   33 .6   37 .9   45 .8   53 .7   62 .2   67 .1  6 5 . 0  59 .5   50 .1   37 .9   32 .3   48 .3 /  48.1 

?Z . 40  . 5 0  . 92   1 .93   3 .54   5 .28  6 . 3 6  5 . 4 8   3 . 5 5   1 . 9 5  . 6 9  . 4 2  31-03 

. 2 3  1 . 1 4  S : x p l u s   . 1 7   . 2 7   . 4 0  . 0 6  .01 
= . z f i c i t  1 1 . 7 6  .98   3 .13   3 .47   2 .34  1 . 4 4  - 4 0  

L 



Appendix IV-1.--Climatologic data. 

Station . Lake  Maloya  County  Colfax I n t l ~ s  So. 4 7 4 2  

Latitude 36 '59 '  Longitude 1 0 4 ' 2 2 '  Elevation 7 4 0 0  f t 

" 

Jan Feb Mar  Apr May June  July  Auq  Sept  Oct Nov Dec ;,;?Ri?al 
Precip 

Y c x s  of 
record 3 2 .   3 2   3 2   3 3 '   3 3   3 3   3 3   3 3   3 4  ' 34 3 4  34  31 

&,? 7 .  
., 
,LC.> . 8 8   1 . 2 . 1   1 . 5 8   1 . 7 2  3.11 2 . 2 2  3.55 3 . 1 6   1 . 3 3   1 . 3 9   1 . 3 0   1 . 0 8  22.53 . 2 2 . 3 4 /  

r? 1 exp 

Sears of 

- 

record  3 1   3 1   3 2  33 33 32 32  32  34 34  3 4  32  2 3  

Xean 2 6 . 1   2 8 . 4   ' 3 3 . 2  4 2 . 2  5 0 . 7  5 9 . 1  5 9 . 4  6 2 . 2  55.8 4 7 . 1  3 5 . 4  2 8 . 2  4 4 . 0  44.0,' 

PP . 3 4   . 4 2  . 7 1  1 . 5 6   3 . 0 2   4 . 6 9  4 . 7 0  4 . 7 3   3 . 0 1   1 . 6 8   . 5 7   . 3 6   2 5 . 7 9  

S;ir?lus . 5 4  . 7 3  . 0 7  . 1 6  . 03  . 7 3   . 7 2   3 . 3 0  
pficit 2 . 4 7   1 . 1 5   1 . 5 7   1 . 6 8   . 2 9  7 . 1 6  



Appendix IV-1.--Climatologic data. 

Station N a m e  1 1 County  Colfax 

Latitude 3 6 '   3 3 '  Longitude 1 0 4 " 3 3 '  Elevation 5 9 0 9  ft 

". . TI;?'2>: XO. 5 4 9 0  

Years of 
record 2 7   2 7   2 7   2 8   2 6   2 6   2 6   2 6   2 8   2 8   2 8  2 7   2 3  

Te-9 - 
=z 

N '  Years of .JF record 2 2   2 3   2 3   2 2   2 3   2 3   2 2   2 3   2 4   2 3   2 2   2 2  17 - - - - - - - z,iean 2 8 . 5   3 2 . 1   3 7 . 7   4 6 . 9   5 6 . 5   6 5 . 5  7 0 . 0  6 7 . 9   6 0 . 9   5 0 . 6   3 5 . 9   2 9 . 7  4 8 . 5  48.6,' c. 
.2 
.- 
i.l 

% 
2 35 . 3 7   . 4 8   . 9 2   2 . 0 7   3 . 9 6   5 . 3 8   7 . 0 1   5 . 8 4   3 . 7 3   2 . 0 2   . 5 8   . 3 9  33.35 

n n  5. .. S:'X?lUS 

m Ssficit . 1 4  - 2 1  . 4 0  1 . 2 6  2 . 1 5   4 . 5 0   4 . 3 4   2 . 7 7   2 . 2 6  . 8 4  . 0 7   . 0 7   1 9 . 3 9  

* 

- - 
F: 
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Appendix  IV-1.--Climatologic  data. 

S e a t i o n  . Miami County  Colfax Tnc!e:.: No. 5691 

L a t i t u d e  36'21' Longitude 104'46' Elevat ' ion 6300 ft 

Jan  Feb Mar Apr May J u n e  July Aug Sept Gct NOV Dec Annual 
P r e c i p  

Years of 
r e c o r d  51  52  50 49 49  49  49 51 50  50 50 51 42 

t.is2n .32 .43  .79  1.20 2.24 1.71 2.51  2.67 ' 1.42 1.47 .59 -35 15.70, 
15.70/ 

ssars of 
r e c o r d  51  50  51 49 ' 49 48 49 51 50  49  49 51 41 

Xean 31.3  33.9  39.5  47.5 -57.9 64.3  67.9  66.6  6L.O  50.9  39.2  32.1 4 ~ . 3  49.0/ 

PE -41 .51 1.05  2.12  4.24'  5.72  6.49  5.59  3.74 2.07 .7G -112 33.12 
S u r p l u s  . o o  
D e f i c i t  .09 .08 .26  .92 2.00 4.01  3.98  2.92  2.32 .GO .17 . 0 7  17.42 



A p p e n d i x  IV-1.--Climatologic data.  

S t a t i o n  Raton C o u n t y  C O l f J X  T i l d ? ~  So.  7 2 7 7  

L a t i t u d e   3 6 " 5 4 '   L o n g i t u d e   1 0 4 " 2 6 '   E l e v a t i o n   6 6 7 6  EL 

. . . ." - - 
" 

Jan  Feb Mar Apr May J u n e  J u l y  Aug Sent O c t  Sov C e c  A n n u a l  
P r e c i p  

Years of 
record 32 33 3 4  3 1   3 0   2 9   3 1   2 3   2 7   2 9   2 7   3 0   2 4  

N e a n   . 2 3   . 5 9  . 53  1 . 6 6   1 . 8 1   1 . 7 3   3 . 2 1   3 . 2 2   1 ; 6 2  . g o  . 3 5  1 5 . 7 9 /  
. 4 6  1 6 . 4 3  

Yezrs of 
record 30   31   32   32   30   28   23   28   28   28   27   29   24  

X e a n  31.5 3 3 . 0   3 8 . 9   4 7 . 4   5 5 . 9   6 4 . 7   6 8 . 6   6 7 . 0   6 0 . 9  5 1 . 1  4 0 . 7   3 1 . 6  4 3 . 3  43.1,' 

P -3 . 4 1   . 4 9  1 . 0 0  2 . 1 2   3 . 8 7   5 . 8 5   6 . 6 5   5 . 8 3   3 . 7 3   2 . 0 8   . 8 5  . 4 1  3 3 . 2 9  

S u r p l u s  .10 .a5 15 
Def ic i t  . 1 2  .41 .46 2 . 0 6  4 . 1 %  3 . 4 4   2 . 6 1  2.11. 1.19 .YO 1 7 . 0 1  



Appendix  IV-1.--Climatologic  data. 

s t a t i o n   R a t o n  A County  Colfax L n h z  ;jo. 7 2 7 7  

L a t i t u d e  36 '52 '  Longi tude 1 0 4 ' 2 5 '  E l e v a t i o n  6 4 8 5  f L  

"_ 

Jan Feb filar Apr May J u n e   J u l y  AUq S e p t  O c t  NOV D e C  A 2 ? . U a l  
" " " 

P r e c i p  

Years o f  
r eco rd  2 4   2 3   2 4   2 4   2 5   2 5  2 5   2 5   2 5   2 5   2 4   2 5   2 2  

&lean . 4 3   . 4 7   . 9 2   1 . 1 2   2 . 2 8   1 . 7 1   2 . 5 3   2 . 3 3   2 . 3 2   1 . 3 2   . 7 7  . 4 1  16.61 16.86,' 

Ten?!? 

Years of 

. .  

- 

r e c o r d  2 4   2 4   2 2   2 3  2 5   2 5   2 5  2 4  2 5   2 5   2 4   2 5   2 1  

Xezn 2 8 . 4   3 2 . 8   3 8 . 7   4 G . 7  55.5 6 4 . 8   ' 6 9 . 2   6 7 . 4   6 0 . 7   5 0 . 4   3 8 . 4   3 0 . 8  4 8 . 7  4 8 - 7 1  

P E  . 3 7   . 4 3  . l . O O  2 , 0 1   3 . 8 4   5 . 8 6   6 . 7 9   5 . 7 3   3 . 7 2  2 . 0 1  . 7 2  . 4 0  3 2 . 9 4  

Surpl i ls  . 0 6  . 0 5  - 0 1  12 
D e f i c i t  . 0 2   . 0 8   . 8 9  l . 5 6  4.1.5  4.2G  3.40 1 . 4 0  .69 I 6 A  



Appendix IV-1.--Climatologic data. 

Station  Raton  Filter  Plant.  County Colfax 1 1 ~ 2 s ~  So. _" 7 2 7 9  

Latitude 36'55" Longitude 104 2 6 ' Elevation 6 9 3 3  ft - 

Jan  Feb ,Mar Apr May June  July  AUg SerJt OC'C %OV DeC Annual 
Precip 

Years of 
2 1   2 1   2 i   2 1   2 1   2 1   2 1   2 1   2 3   2 3  2 3   2 2  record 2 1  

>lean . 3 3  .53  . 8 8  . 8 7  2 . 2 9   1 . 8 6   3 . 2 6   3 . 0 3   1 . 2 9   1 . 2 2 '   . 7 2  . 57  16.91, 16.19,' 

Ter.ir, 

Ycars of 

- 
z 

w 7 :  N .  record 2 1   2 1   2 1  2 1   2 1  2 1  2 1   2 1   2 2   2 2  2 1  2 1  2 0  
- - - - - .. - - .. >le an 3 1 . 9   3 3 . 8   3 7 . 7   4 6 . 2   5 5 . 6   6 4 . 4   6 8 . 6  6 7 . 0  6 0 . 6  5 1 . 9   4 0 . 2   3 3 . 5  '1 9 i 3 / -. 
a 
" c. 

4 9 . 3  

1 2 "  ?- Pf: - 4 2   . 5 0  . 9 2  1 . 9 9  3 . 8 4  5 . 7 6  6 . 6 6  5 . 7 0   3 . 7 3   2 . 1 4   . 8 2   4 3  

r. _. SUZ:;lUS - 0 3  14"17 
v. ~.;lcit . 0 3  . 0 4  l.1.2 J . .55  3 . 3 0  7 . 4 0  2.67  2 . 4 A  . 9 2  .10 l$;I"i- 

I - 
.. - - 
0 .? ' 



Years .of . 
record '26  . .26 ..: 26 26   26   26   26  2 6 '  2 5  ."L 5 2 6   2 5  

z . . 
24 

. . .  .* 2. ecin - 3 4  .3'0' . 4 8  1 . 0 1  1 . 8 4  2 . 0 5   2 . 6 6   2 . 9 ' 0   1 . 3 8  . . 9 5   . 3 7   . 2 9  14.57 14.71/ 
- " " . -  ,. . . .- . .  . . .  

I .  ... . . .  . .. - .  . .  . .  

T e n 3  

Years' of ..-' 

_._ 
. .~ .: 

. " 
i .. -. .. . . .  . \I 

2 6  record 26   26   26   26   26   26   26   25  25 2 5   2 4  24  

Fle ar) - 2 8 . 5 ,   3 2 . 3 . .   3 7 . J  '46..? 55 ;8  6 5 . 1  6 9 . 2  6 7 . 8  6 0 . 9   5 0 . 9 ,   3 7 . 8   3 0 . , 5  4 8 . 6 -  . ... 4 8 . f /  . . 

, - 3 ' 7 '  . 4 8  .'88 2 . 0 1   3 . 8 6   5 . 8 9   6 . 7 3   5 . 0 3   3 . 7 3   2 . d 7  -. . .  
6 9  .. 

S u r p l u s  . o o  , 

Defici t  . a 3  . 1 8  . d o  1 . n o  2 . 0 2  3 . 8 4   4 ' . 1 3   2 . 9 3  . 2 . 3 5  1 . 1 2  .- 



Appendix IV-1.--Climatologic data. 

Stztion  Shoemaker  Ranch  County  Colfax I n c ? e s  KO. 8 2 8 9  

htitude 36O27'  Lonyitude 1 0 4 " 3 3 '  Elevation 6 2 0 0  EL 

Jan Feb filar Apr May  June  July Auq S c p t  Oct NOV Dcc i;nnual. 
Precip 

" 

Years of 
recDrd 15 16 1 6  16 1 6  1 6   1 6  1 6  1 6   1 7  1 5  1 6  1 4  

:.:.?an . 3 9  . 31  . 5 3   1 . 2 4   2 . 0 2   1 . 8 3   2 . 2 4   2 . 5 7   2 . 4 2   . 9 5  . 5 1  - 2 8  15.29 15-34,' 

A 
.-=,-v2 - -... 

La. s 
" %  

;c.C;TS of 
zfcord 15 16 15 15 15 1 6   1 5  15   15  1 6  1 4  1 4  1 2  .e - - - - ., - :.e 2n 2 3 . 0   3 4 . 4   4 3 . 5   5 2 . 2  6 1 . 0  6 5 . 6   6 9 . 5   6 8 . 4   6 2 . 0   5 2 . 4   3 9 . 6   3 2 . 7  5 0 . 9  5 0 . 2 /  - - 

I. - 

2 
I.- --. > -  

" . 3 8  .51  1 . 3 7   2 . 7 0   4 . 7 9   5 . 9 9   6 . 8 8   5 . 9 5   3 . 9 0   2 . 2 1   . 7 9   . 4 3   3 5 . 9 0  

5. 
5 - ~ ~ ~ ~ ~ > l w ,  101 -01 
r_ -"; . 2 0   . 8 4   1 . 4 6   2 . 7 7   4 . 1 6   4 . 6 4   3 . 3 8   . 1 . 4 3   1 . 2 6   . 2 8  .15 2 0 . 6 2  
a ""Cit 
.. - - - 



Appendix  IV-1.--Climatoloqic  data. 

S t a t i o n   S p r i n g e r  2~ County  Colfax I l l d ? X  NO. 8 5 0 1  

L a t i t u d e  36 O 2 2  ' Longitude 10,4"36 '  E l e v a t i o n  i j q , y f t  
- .  

Jan  Feb Mar Apr Hay J u n e   J u l y  Auv S e p t  O c t  Xov Dec Annual 
P r e c i p  

Years of 

" 

r e c o r d  7 7   8 1   8 3   8 5   8 4   8 3   8 1  8 4  a 3  0 3  8 1   8 1   6 9  

:.!e 3.2 .31 . 3 5   . 5 8   . 9 8   1 . 7 9   1 . 5 8   2 . 7 9   2 . 8 1   1 . 4 9  1 . 1 0  . 5 0   - 4 2  14.70: ' 1 4 . 8 6 /  

Temp 

Years of 

- 

r ,ecord 7 0   7 5   7 7   8 0   8 0   7 9   7 7   7 8   7 9   7 8   7 6   7 6   5 8  

xean 29.2   33 .7   40 .4   49 .4   58 .7   67 . '5   71 .0   70 .4   62 .7   51 .9   39 .4   30 .7  50.4 48 .9 /  

" 
Y L  . 3 8  .50 1.10 2.34 4 . 3 6  6 . 3 8  7 . 1 8   6 . 3 3   4 . 0 0   2 . 1 5   . 7 9  . 4 0  3 5 . 9 1  

s l l p 1 u s  . 0 2  . 0 2  
D e f i c i t  . . 0 7   . 1 5   . 5 2   1 . 3 6   2 . 5 7   4 . 8 0   4 . 3 9   3 . 5 2   2 . 5 1   1 . 0 5   . 2 9   2 1 . 2 3  



I Appendix IV-1 .  --Climatologic da t a .  

S t a t i o n  T a y l o r   c o u n t y  Colfax I n d e x  No. 

L a k i t u d e   3 6 " 2 0 '   L o n g i t u d e   1 0 4 " 3 0 '   E l e v a t i o n   5 6 6 1  .It. 

y e a r s  of 
record 2 1   2 1   2 1   2 1   2 1   2 1   2 2   2 2   2 2   2 2  2 2   2 2   2 1  

:.:ear. . 2 7   . 5 0   . 7 8   1 . 0 3   2 . 1 1   1 . 8 1   2 . 8 6   2 . 8 1   1 . 4 0   1 . 3 4   - 4 8   . 4 8  15.56,' 
1 5 . 8 7  

m I s21p 

Years of 

- 
c 

W '  
< 

m 7 ;  . .  record 20 
'I: 2 0   2 0   2 0   2 0   2 1   1 9   1 9   1 8   1 9  1 8  2 0  1 7  - - .. - - - - :,lean 2 8 . 9   3 5 . 4   3 9 . 7   4 9 . 3   5 8 . 1  6 7 . 0  6 7 . 9   6 9 . 5   6 3 . 0  5 1 . 4  3 9 . 3   2 9 . 8  4 9 . 9  5.0. 4 /  - .. .. 
x 

3 
? 
I S x p l u s  

L,, ; s f ic i t  .ll . 0 3   - 2 7  1 . 3 0  2 . 1 4   4 . 5 2   3 . 6 3   3 . 3 7   2 . 6 7   . 7 9  . 3 0  

. 3 8  .53 l.05 2 . 3 3   4 . 2 5   6 . 3 3   6 . 4 9   6 . 1 8   4 . 0 7   2 . 1 3   - 7 8   . 3 9   3 4 . 9 1  

. 0 9   . 0 9  

1 9 , 1 3  

* - 
c.. .. - - c. 
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Appendix IV-2.--Climatologic  Data 



Appendix IV-2.' -- P r e c i p i t a t i o n ,   p o t e n t i a l   e v a p o t r a n s p i r a t i o n ,   s u r p l u s ,   a n d   d e f i c i t  by s t a t i o n  
f o r   t h e  5300-5999 f ee t  a l t i t u d e   i n t e r v a l   f o r   C o l f a x   C o u n t y ,  New Mexico. 

p r e c i p i t a t i o n  . . ' P E  S u r p l u s   D e f i c i t  
t o t a l   t o t a l   t o t a l  t o t a l  

S t a t i o n  yrs ( i n )  ' E x ( i n )  = ( i n )  __ x ( i n )  = ( i n )  x ( i n )  = ( i n )  
" 

Colmor 2 ,22.43 2 35.13 . 70.26  2.12  4.24  22.29  44.58 

3 . Maxwell 23 319.62 ' . 17  ,33.35 '" 566.95 : 00 .oo 19.39 329.63 
. .  

. .  
io " *  - 
2 
5 

Maxwell A 

c. Spr inger  

Taylor 
" 

T o t a l  

Mean 

25 357.48 ' 3 32.20 . 96.60 .a0 .OO 17.92 53.76 

69 1025.14 58 35.91  2082.78 .02 .1.16 21.23  1231.34 

21  326.83 1 7  34.91'  593.47 .09 1.53 . 19.13 - 325.21 - - 
179 2663.17 97 

14.88 

3410.06 6.93  1984.52 

35.16  .07  20.46 



Appendix IV-2. -- P r e c i p i t a t i o n ,   p o t e n t i a l   e v a p o t r a n s p i r a t i o n ,   s u r p l u s ,   a n d   d e f i c i t  by s t a t i o n  
for t h e  6000-6499 f e e t  a l t i t u d e   i n t f r v a l  for Colfax  County, Ncw Mexico. 

~ ~~ 

P r e c i p i t a t i o n  PE Surplus D e f i c i t  
t o t a l  t o t a l  t o t a l   t o t a l  

( i n )  s t a t i o n  yrs ’ ( i n )  yrs x ( i n )  = ( i n )  - x ( i n )  = ( i n )   x ( i n )  = 

2 1  - Abbott 2 SE 294.24 - - - - 
__ ” 

- - 

Cimarron 

Cimarron 7 SE 

67  1034.68 65  33.85 2200.25 - - 18.35 1192.75 

11 140.51 - - - - - - - 

3 Colmor A 5 94.94 0 
- - - - - - 

z 
cn Dawson 49  784.34  30  34.77  1043.10 - - 18.82 ’ 564.60 

- 5 DOrSey ( V a l  Verde 
3 n 

w -  
Ranch) 3 49.50 3 33.61  100.83  .14  .42  17.75  53.25 

. Dorsey ( V a l  Verde 
2 Ranch) A 2 31.28 1 34.88  34.88  -38  .38  19.62  19.62 z c. 
5 Miami 42 . 659.26 4 1   3 3 . 1 2  1357.92 . 00 .OO 17.42 714.22 

Raton A 22  370.94 2 1  32.94 691.74 .12  2.52 16.45 345.45 w 
G 

Raton  Weather  Bureau 24  353.12  24  33.00  792.00 .oo :oo 18.43  442.32 

Shoemaker Ranch - 14  214.76 - 12  35.90  430.80 . 01 - .12  20.62  247.44 

Tota l  260  4027.57  197  6651.52  3.44  3579.65 

Mean 15.49  33.76  .02  18.17 



Appendix IV-2. -- P r e c i p i t a t i o n ,   p o t e n t i a l   e v a p o t r a n s p i r a t i o n ,   s u r p l u s ,  and  d e f i c i t  by s t a t i o n  
f o r  t h e  7000-7499 fee t  a l t i t u d e   i n t e r v a l  for Colfax  County, New Mexico. 

P r e c i p i t a t i o n  
t o t a l  

PE Surplus  
t o t a l  

D e f i c i t  
t o t a l   t o t a l  

S t a t i o n  yrs ( i n )  yrs x ( i n )  = ( i n )  __ x ( i n )  = -__ ( i n )   x ( i n )  = ( i n )  

Lake  Maloya 31 692.56  23  25.79  593.17  3.90  89.70  7.16  164.68 

- 

- - - 
31 692.56  23 

22.34 

593.17  89.70  164.68 

25.79 ' 3.90  7.16 



Appendix IV-2. -- P r e c i p i t a t i o n ,   p o t e n t i a l   e v a p o t r a n s p i r a t i o n ,   s u r p l u s ,   a n d   d e f i c i t  by s t a t i o n  
for the 6500-6999 feet  a l t i t u d e   i n t e r v a l  for Colfax  County, New Mexico. 

S t a t i o n  

Cimarron 4 SW 

Cunico Ranch 

Cunico Ranch A 

3 Johnson  Park  (Melache 
x Ranch) 
r 
3 

Lake Al ice   (Sugar i te )  

3, 
w ; :  

Raton 

r" Raton F i l t e r   P l a n t  

yrs 

4 

1 

26 

- 

9 

24 

24 

22 

110 

- 

P r e c i p i t a t i o n  
to ta l  

PE 
t o t a l  

( i n )  

61.99 

25.85 

380.55 

154 .76  

451.74 

379.07 

356.23 

1810.19 

16.46 

yrs 
3 

- 
- 

- 

5 

24 

20 - 

52 

x ( i n )  = ( i n )  

30.55 91.65 

- 

- - 

31.03 155.15 

33.29 798.96 

32 .91  658.20 

1703.96 

32.77 

Surplus Deficit  
t o t a l  

x ( i n )  = ( i n ) '   x ( i n )  = 

.36 1.08 1 5 . 4 0  

" 

- - - 
1.14 5.70 11 .76  

.15 3.60 1 7 . 0 1  

.17 3.40 15 .16  

13 .78  

.27 

- 

t o t a l  
( i n )  

46.20 

. -  

- 

- 
58.80 

408.24 

303.20 

816.44 

15 .70  

L 



Appendix IV-2. -- P r e c i p i t a t i o n ,   p o t e n t i a 1   e v a p o t r a n s p i r a t i o n ,   s u r p l u s ,   a n d   d e f i c i t  by s t a t i o n  
f o r   t h e  7500-7999 f e e t ’ a l t i t u d e   i n t e r v a l  for  Colfax Count], New Mexico. 

P r e c i p i t a t i o n  PE Surp lus  Deficit 
t o t a l   t o t a l  . t o t a l  t o t a l  

S t a t i o n  yrs ( i n )  X E  x ( i n )  = ( i n )  - 
” 

( i n )  x ( i n )  = ( i n )   x ( i n )  = __ 

’ Philmont  Scout Ranch 1 2  174.11 5 29.81  149.05 .08 .40  14.32  71.60 

Vennejo Park - 22 391.32 - 19 27.02  513.38 . 4 1  7.79  10.19  193.61 - 
3 
7 r 
3 

Tota l  34 565.43 24 662.43 8.19  265.21 

Mean 16.63 27.60 .34  11.05 
._ - - 
,% 

2 
F? 

e. . .  
m 

E 
G: 



Appendix IV-2. -- P r e c i p i t a t i o n ,   p o t e n t i a l   e v a p o t r a n s p i r a t i o n ,  surplus, and d e f i c i t  by s t a t i o n  
for t h e  8600-8499 f e e t  a l t i t u d e   i n t e r v a l  for Colfax  County, New Mexico. 

S t a t i o n  

Aurora 

Black  Lake 

Eagle Nest (Therma) 

Eagle Nest (Therma) A 

Eagle Nest (Therma) B 

Elizabethtown 

T o t a l  

Mean 

yrs 

11 

57 

0 

0 

37 

39 

144 

- 

P r e c i p i t a t i o n  
t o t a l  

PE 
t o t a l  

( i n )  

191.67 

957.33 
- 
- 

540.39 

670.70 

2360.09 

16.39 

YTS 

- 
- 

0 

0 

33 

36 

69 

x ( i n )  = ( i n )  

- - 
- - 
- - 
- - 

21.80 719.40 

20.41 734.76 

1454.16 

21.07 

Surplus 
t o t a l  

x ( i n )  = ( i n )  

- - 

1.63 53.79 

2.96 106.56 

160.35 

2.32 

Defici t  
t o t a l  

x ( i n )  = ( i n )  - 

6.71  241.56 

534.60 

7.75 



' Appendix IV-2. -- P r e c i p i t a t i o n ,   p o t e n t i a l   e v a p o t r a n s p i r a t i o n ,   s u r p l u s ,  and d e f i c i t  by s t a t i o n  
f o r   t h e  8500-8999 f e e t  a l t i t u d e   i n t e r v a l  for Colfnx  County, New Mexico. 

P r e c i p i t a t i o n  PE Surp lus  Deficit 
t o t a l   t o t a l  

S t a t i o n  
t o t a l  

x ( i n )  = .  ( i n )  __ x ( i n )  = ( i n )   x ( i n )  = yrs ( i n )  E - " 

t o t a l  
( i n )  



Appendix IV-2. -- P r e c i p i t a t i o n ,   p o t e n t i a l '   e v a p o t r a n s p i r a t i o n ,   s u r p l u s ,  and d e f i c i t  by s t a t i o n  
f o r   t h e  9000-9499 feet  a l t i t ude   i n t e rva l   fo r   Co l fax   Coun ty ,  New Mexico. 

P r e c i p i t a t i o n  PIS 
t o t a l  

yrs ( i n )  y r s  

Surplus  
t o t a l  

Deficit  

S t a t i o n  
t o t a l   t o t a l  

( i n )  . -  x ( i n )  = ( i n )  __ x ( i n )  = ( i n )   x ( i n )  = - __- 



Appendix IV-3.--Climatologic Data 



Appendix IV-3 . -- Prec ip i t a t ion ,   po ten t i a l   evapo t ransp i r a t ion ,   su rp lus ,  and d e f i c i t  by a l t i t u d e  
in t e rva l   fo r   Co l fax  County, New Mexico. 

Tota l  number 
years   o f   p rec ip i ta t ion  Al t i t ude  

i n t e r v a l  

Mean  Mean p o t e n t i a l  Mean Mean 

record ( in )" s p i r a t i o n  ( i n )   ( i n )   ( i n )  
evapotran- s u r p l u s   d e f i c i t  

5500-5999 

/ 6000-6499 

?: 6500-6399 
Y '  

-2 

3 
7000-7499 

I"; 
3 
(D 7500-7999 

re 8000-8499 

0. 
8500-8999 

2 9000-9499 

? 

0 
w 

1 7 9  

260 

110 

3 1  

34 

144 

7 

35 

14 .88  

25.49 

1 6 . 4 6  

22.34 

16 .63  

16 .39  

19 .91  

21.23 

35.16 

33.76 

32.77 

25.79 

27 .60  

21.07 

- 
- 

.07 

.02 

.27  

3 . 9 0  

.34 

2.32 

- 
- 

20.46 

18 .17  

1 5 . 7 0  

7.16 

11.05 

7.75  

- 
- 
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Appendix IV-4. Precipitation Data 



Appendix IV-4. -- Annual p r e c i p i t a t i o n ,   d e p a r t u r e  from mean p r e c i p i t a t i o n ,  
cumulative  departure  from mean precipitation,  3-year  running 

Cimarron, N.M. [ 36'31'N,  104°55'W, Elev. 6427, N O M  
average  precipitation,  and  5-year  running  average a t  

Environmental   Data  Service  Station No. 18131. 

Year - 
1905  

1907 
1906 

1908 
1909  
1 9 1 0  
1 9 1 1  
1912 
1913  
1914  
1915  
1 9 1 6  
1917 
1918 
1919  
1 9 2 0  
1 9 2 1  
1922  
1 9 2 3  
1924 
1925  

1927  
1926  

1928 
1 9 2 9  
1 9 3 0  
1 9 3 1  

1 9 3 3  
1932  

1934  
1935  
1 9 3 6  
1937 
1 9 3 8  
1 9 3 9  
1 9 4 0  

Annual 
average 

p r e c i p i c a t i o n  
( i n c h e s )  

21.34 
1 4 . 8 1  
1 3 . 0 9  

1 3 . 8 0  
10.10 

10 .72  
22.95 
1 4 . 1 5  
1 8 . 7 7  
23 .99  
20 .58  
14 .59  
11 .42  
1 9 . 2 3  
26.84 
1 8 . 3 1  
20.54 
10 .55  
19 .09  

1 3 . 6 0  
9.44 

14 .64  
11 .64  
14 .16  
21.37 
1 9 . 4 1  
1 2 . 7 6  
1 2 . 1 0  
1 5 . 5 6  
LO. 02 
13 .84  
10 .68  

1 7 . 0 5  
9 .99  

1 7 . 5 6  

1 2 . 1 8 '  

Departure 
from mean 

p r e c i p i t a t i o n  
of 15.44  
( inches)  

+5 .90  
-0 .63  
-2 .35  
-5 .34  

-4 .72  
-1.64 

+7 .51  
-1.29 
+3 .33  
t 8 . 5 5  
+5 .14  

-4.02 
-0 .85  

tll. 40  
t 3 . 7 9  

+2.87 
+5.10 
-4.89 
+3 .65  
-6.00 

-0 .80  
-1.84 

-1.28 
-3.80 

+3.97 
-2 .68  
-3.34 
1.0.12 
-5.42 
-1.60 
-4 .76  

+l. 61 
-3.26 

+2 .12  
-5 .45  

+5 .93  

Cumulative 
depa r tu re  
from mean 

( inches)  

+5.90 

+2 .92  
+5 .27  

-2 .42  
-4 .06  
-8 ..78 
-1 .27  

+0.77 
-2 .56  

+9 .32  
t 1 4 . 4 6  
1 1 3 . 6 1  

+13.38  
+9.59 

+24,. 78  
+27.65  
+32.75  
+27.86  

+25.51  
C31.51 

+22.87 
+23.67  

+17 .79  
t 1 9 . 0 7  

+27.69  
f 2 3 . 7 2  

+25.01 
+21.67 
C21.79 
+16.37 
+14.77 
+lo, 01 

+6 .75  
+ E .  36  
f 2 . 9 1  
+5 .03  

running 
3-year 

( inches)  
average 

' 1 6 . 4 1  
12 .67  
1 2 . 3 3  
11 .54  
15 .82  
15 .94  
18 .62  
18 .97  
21 .11  
1.9.72 
15.5.3 
15 .08  
19.1:: 
2.1. 46 
21.89 
1 6 . 4 k  
1 6 . 7 2  
13.02 
14 .04  
12.5G 
1 3 . 2 9  
13 .48  
1 5 . 7 2  
18.31 
1 7 . 8 5  
14 .76  
1 3 . 4 7  
12 .56  
13 .14  
11.51 
1 2 . 2 3  
1 3 . 3 0  
13.0.7 
14 .87  

5-year 
running 
averaye 

( inchcs ) "- 

14 .63  
12 .50  
l.!. I 3  
14.34 
16. 08 
1H.12 
20.09 
1}>.42 
1'7 . 8 7  
1 ;. 06 
18 .51  
1 s i  . 03 
L'I. 7.7 

i ' 1 .  07 
1'1.04 

15.5)) 
I . I . 6 4  
1 3 . 4 c. 

12 .69  
13.63 

15.   08 
16 .24  
15.87 
1 5 . 9 6  
16 .24  

1 2 . 8 6  
13.97 

12 .44  
12 .45  
1 . 3  . 7 5 
?. ! . - I5  
I. ) . .4'.' 

W. K. Summers & Associates 
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AppendixIv-4. -- Annual p rec ip i t a t ion ,   depa r tu re   f rom mean p r e c i p i t a t i o n ,  
cumulative  departure from mean p r e c i p i t a t i o n ,  3-year running 

Cimarron, N.M. [36'31'N,  104'55'W, Elev.  6427,  NOM 
ave rage   p rec ip i t a t ion ,  and  5-year  running  average a t  

Environmental   Data  Service  Station NO.  18131.  (cant) 

Year 

1 9 4 1  
1942  

1944 
1943 

1945 
1946 

1948 
1947 

1950  
1949 

1 9 5 1  
1952 
1953  
1954  
1955  
1956  

- 

i 9 5 7  
1958 
1 9 5 9  
1960  
1 9 6 1  
1962 

1964 
1963 

1965  
1966  
1967 
1968 
1969  
1 9 7 0  
197 1 
1972* 
1973  
1974 
1975  

Annual 
average 

p r e c i p i t a t i o n  
( inches)  

18.66 
23.66 

1 3 . 6 5  
1 4 . 9 4  
11.81 
16.41 
1 3 . 1 6  
1 5 . 3 1  
1 6 . 7 5  
10.62 
1 4 . 9 3  

12.16 
13.82 

15 .27  
10 .89  

9 .02  
20.64 
19 .99  
1 7 . 3 7  
18 .44  
16 .05  

1 7 . 9 5  
10 .42  

23.34 
8 . 6 7  

11 .77  
17 .50  
14 .01  
18.99 

fXE16.54 . 
11 .07  

E20.65 
E13.91  

E14.63 
12 .80  

Departure 
from mean 

p r e c i p i t a t i o n  
of 1 5 . 4 4  
( i n c h e s )  

+8 .22  
1 3 . 2 2  
-1 .79  
-0.50 , 

-3 .63  
+ O .  97 
-2 .28  

f 1 . 3 1  
-0.13 

-4.82 
-0 .51  
-1.62 
-3.28 
-4 .55  
-0.17 

+5.20 
-6.42 

f 4 . 5 5  
+1 .93  

+O. 61 
+3.00 

-5 .02  
+2 .51  
-6 .77  
+ 7 . 9 0  
-3 .67  ' 

t 2 . 0 6  
-1.43 

. 1 3 . 5 5  

+1.10 
-4.37 

+5 .21  
-1.'53 
-2.64 
-0 .81  

Cumulative 
depa r tu re  
from mean 

( inches)  

+13.25 
t 1 6 . 4 7  
C14.68 
1 1 4 . 1 8  
+lo. 5 5  
+11.52 

i-9.24 
+ 9 . 1 1  

1 1 0 . 4 2  
+5.60 
+5 .09  
c 3 . 4 7  
+o. 1 9  

- 4 . 5 3  
-4 .36  

-10 .95  
-5.75 
-1 .20  
+o. 73  
+3 .73  
+4 .34  
-0 .68  
+1 .83  
-4.94 
+2 .96  

C1.35 
-0.71 

-0 .08  
1 3 . 4 7  
-0.90 

+5.41 
+o.  20  

1 3 . 8 8  
tl. 24 
+0.43  

running 
3-year 

( inches)  
average 

1 7 . 0 7  
19.9G 
1 8 . 6 6  

13 .47  
1.5.75 

14 .39  
1.3.79 
1 4 . 9 6  
15.07 
1 4 . 2 3  
14 .10  

13 .64  
13 .12  

12 .29  
12.77 
1 1 . 7 3  
14 .98  

1 9 . 3 3  
1 6 . 5 5  

18 .60  
17 .29  

1 4 . 8 1  
14 .97  

1 2 . 3 5  
1 6 . 6 5  

17 .54  
14 .59  

14 .43  
1 6 . 8 3  
1 4 . 6 9  
15 .53  

1 7 . 0 3  
1 6 . 0 9  

1 5 . 7 9  
1 3 . 7 ~  

* S t a t i o n  moved to ,36"28 'N ,   104 '57 'E ,  Elev. 6540. 
- 

running 
5-;.ear 

(inches) 
avcraycx 

"" 

16. 09 
I7 . 3 3  
1.1,:70 
I ? . ( > ?  
I I t .  54 
15 . 0 ' 1  
1 :, " ( 3  

1 .I . '? i 

14 .45  
14 . (,:I 

1 4 . 1 5  
1 4 . 2 8  
1 3 . 6 5  
1 2 . 4 8  
1 3 . 4 1  
1 2 . 2 3  
13 .59  
15.16 
16 .46  
1 7 . 0 9  
1 8 . 5 0  
1 6 . 4 5  
16.05 
1 4 . 3 1  
1.5. 29 
14 .43  
1 5 . 8 5  
15 .06  

1 4 . 6 7  
17 .12  

1 6 . 2 5  
15 .62  

1 6 . 2 3  
1 4 . 3 0  
1 5 . 7 1  

**E Est imate  made by NOAA Environmental   Data  Service.  



Appendix IV-4. -- Annual p r e c i p i t a t i o n ,   d e p a r t u r e  from mean p r e c i p i t a t i o n ,  
cumulative  departure  from mean prec ip i ta t ion ,   3 -year  r u m i n q  

Raton, N.M. [36'54'N,  105°26'W, Elev. 6660,  NOAA 
average  precipitation,  and  5-year  running  average a t  

Environmental  Data  Service]. 

Year - 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949  
1 9 5 0  
1 9 5 1  
1952 
1953** 
1954 

1956  
1955 

1957 
1958 
1959  

1 9 6 1  
1 9 6 0  

1962 

1964 
1963 

1966  
1965 

1967 
1968  
1969  
1970  
1 9 7 1  
1972 
1 9 7 3  
1974 
1975 

Annual 
average 

p r e c i p i t a t i o n  
( inches)  

1 2 . 5 3  
29 .53  

1 8 . 9 6  
13 .44  
1 6 . 3 0  
1 6 . 1 3  

* (17 .41 )  
(16 .37 )  

(17 .10 )  
12 .57  

(15 .76)  
1 2 . 3 0  

9 .73  
24.43 
1 1 . 9 3  
23.27 
22 .71  

1 6 . 5 5  
17 .75  

11 .14  
15.09 

11 .14  ' 

12.62 

14 .29  
23.45 

16 .95  
12 .64  
21 .28  

***E17.18 
1 6 . 0 3  

17 .59  
17 .00  

11 .04  
12 .78  

Departure 
from mean 

p r e c i p i t a t i o n  
of 15 .79  
( inches)  

t 1 3 . 7 4  
-3 .26  
1-3.17 
-2 .35  
+ O .  5 1  
t o .  34 
+l. 62 
+o. 58 

+l. 31  
-3 .22  

-0 .03  
-3 .49  

-6 .06  
+8 .64  
-3.86 
+7.48 
+6.92 
+l. 96 
+O. 7 6  
-0 .70  
-4 .65  
-3.17 
-4 .65  
+7.66 
-1.50 
C1.16 
-3 .15  
t 5 , 4 8  
+ 1 . 3 9  
"0.24 
+l. 2 1  
t 1 . 8 0  
-4 .75  
-3 .01  

Cumulative 
depar ture  
from mean 

( inches)  

t 1 3 . 7 4  
t 1 0 . 4 8  
+13.65  
C11.30 
+11.81 
+12.15  
t 1 3 . 7 7  
1 1 4 . 3 5  
+11.13 
1 1 2 . 4 4  

t 8 . 9 5  
t 8 . 9 2  

t 1 1 . 5 0  
t2 ' .86 

t 7 . 6 4  
+15.12 
+22.04 
+24.00 
+24.76 
+24 .06  
+19.41  
+16.24 
t 1 1 . 5 9  
+19.25 
+17.75 
+18 .91  
+15.76 

t 2 2 . 6 3  
t 2 1 . 2 4  

t 2 2 . 8 7  
+24.08 
+25.88 
+21.13 
t 1 8 . 1 2  

running 
3-year 

( inches) .  
avera,lr- 

29.34 
14 .98  
1 6 . 2 3  
1 5 . 2 9  
1 6 . 6 1  
16 .64  
15 .45  
1 5 . 3 5  

15 .05  
13 .99  

1 2 . 6 0  
1 6 . 6 4  

1 9 . 8 7  
15 .36  

19 .30  
21 .  2 4  
1 9 . o c  
16 .45  
1 4 . 2 6  
1 2 . 9 5  
1 1 . 6 3  
1 5 . 7 4  
1 6 . 2 9  
1 8 . 2 3  
14.63 
1 6 . 9 6  
1 7 . 0 3  
18.16 

1 6 . 8 7  
16 .74  

15 .21  
13.8(1 

* ( ) paren thes i s   i nd ica t e s  estimate based  on  data  from  ncarhy st.,&tionr: 

* *  S t a t i o n  moved to 3 6 ° 5 5 ' ~ ~ ,  104'26'W, Elev. 6933.  

***E Estimate made by NOAA Environmental Data Serv ice .  

W. K. Summers & Associates 
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Appendix Iv-4." Annual p r e c i p i t a t i o n ,   d e p a r t u r e  from mean p r e c i p i t a t i o n ,  

average  precipi ta t ion,   and  5-year   running  average a t  
cumulative  departure  from mean p r e c i p i t a t i o n ,  3-yeax rumling 

s p r i n g e r ,  N.M. [36'23'N,  104'36'W, Elev.  5857,  NOAA 
Environmental   Data  Service  Station No. 85011. 

Year 

1905 
1906  
1907 
1908  
1909  
1910  
1 9 1 1  
1912  
1913  

1915  
1914 

1917  
1916  

1918 
1 9 1 9  
1 9 2 0  
1 9 2 1  

- 

1922 
1923  

1 9 2 5  
1924 

1 9 2 6  
1927  
1 9 2 8  
1929  
1 9 3 0  
1 9 3 1  
1932  
1 9 3 3  

1935  
1934  

1936  
1937  
1938  
1 9 3 9  
1 9 4 0  
1 9 4 1  

Annual 
average 

p r e c i p i t a t i o n  
( inches)  

1 3 . 4 7  
1 4 . 1 5  

1 1 . 7 7  
9 .95  

1 3 . 0 0  
( 9 . 3 7 )  

9 .70  
1 2 . 5 5  

15 .30  
1 5 . 9 8  

10 .19  
(12 .29 )  
1 6 . 4 1  
1 7 . 8 8  
1 1 . 9 0  

14 .09  
17 .32  

22 .35  
1 1 . 7 9  
14 .18  

(13 .74 )  
1 4 . 5 3  

(17 .31 )  
(18.19)  
1 4 . 3 8 .  

17 .42  
10 .48  

1 7 . 7 3  
8 .33  

9 .45  
11.58 

(18 .95)  
13 .47  
1 5 . 2 3  
29.42 

* (20 .03 )  

13 .52  . 

Departure 
from mean 

p r e c i p i t a t i o n  
of 14 .86  
( inches )  

- 0 . 7 1  
-1 .39  
-4 .91  
-3 .09  
c 5 . 1 7  
-5.49 

-5 .16  
-1.86 

- 2 . 3 1  
c 1 . 1 2  
c 0 . 4 4 .  
-4 .67  

+l. 55 
-2 .57  

+3 .02  

+2 .46  
- 2 . 9 6  

+ 7 . 4 9  
-0 .77  

-3.07 
-0.68 

-1.12 
-0 .33  

c 2 . 4 5  ' 

-1 .34 

+3 .33  
-0 .48  

1 2 . 5 6  
-4.38 

-6 .53  
f 2 . 8 7  
- 5 . 4 1  

+4 .09  
-1.39 

+ 1 4 , 5 6  
+o.  37 

-3 .28  

cumulative 
depa r tu re  
from mean 

( inches )  

- 0 . 7 1  
-2 .10  

-10.10 
- 7 . 0 1  

-4 .93  

-12 .28  
-10 .42  

-17 .44  
- 1 9 . 7 5  
-18.63 
-18.19 
-22 .86  
-25 .43  
-23.88 
-20 .86  

-21 .36  
-23 .82  

-22 .13  
-14 .64  
- i 7 . 7 1  
-18 .39  
-18 .72  
-19.84 
-21 .18  
-18 .73  
-15 .40  
-15.88 
-20 .26  
-17 .70  
-24 .23  
-21 .36  
-26 .17  
-30 .05  
-25 .96  
-27 .35  
-26.98 
-12 .42  

W. K. Summers & Associates 

b 

3-year 
r u n n i n q  
ave raq ;  

( i nches )  "_ 

1 2 . 5 2  
111.73 
1 3 .  '!? 
1 3 . 7 3  
14 .14  
10.'70 
l.L.76 
1 2 . 7 5  
1 4 . 6 2  
1 3 . 8 3  
1 2 . 6 0  
12 .97  
15 .54  
15 .41  

' 14 .45  
1 5 . 7 1  

1 7 . 9 3  
1 6 . 0 9  

1 3 . 5 1  
1 6 . 1 2  

1 4 . 1 6  
13.514 
.L4.87 
1 6 . 3 5  
1 6 . 6 4  
1 4 . 3 6  
14 .10  
1.2.09 
1 4 . 5 0  
L1.85 
1 2 . 9 3  
1.3 . 34 
1 4.  <,I< 

1 9 . 3 8  
I 5 . u >! 

1'3.87 
1 2 . 9 2  
1 2 . 8 2  
12 .77  
1 2 . 9 3  
1 7 . 1 2  
11.31 

1 3 . 2 6  
12 .74  

1 4 . 0 3  
1 4 . 4 1  
1 3 . 7 3  
15.16  

1 <', . 7 ! 
15 .52  

.I '5  . ':j ii 
I '.. . 4 ' 2  

15.3:! 
I!,. > 9  

I . . 
1 4  . (>6 

1 5 . 4 3  
1 5 . 4 6  

1 4 . 7 8  
15 .56  
1 3 . 7 6  
1.3.67 
1 2 . 6 8  
1 2 .  ')(I 
I I . 7 I 
I '! . 2.L 
I i. '?,I 
1 . 1 . 7 3  



Appendix IV-4."  Annual p r e c i p i t a t i o n ,   d e p a r t u r e  from mean p r e c i p i t a t i o n ,  
cumulative  departure  from mean precipi ta t ion,   3-year   running 
average  precipitation,  and  5-year  running  average a t  
Spr inger ,  N . M .  [3fj023'N,  104'36'W, Elev. 5857,  NCJAA 
Environmental   Data  Service  Station No. 8501].(con?) 

_. . 

Year 

1942 
1943  
1944  

1 9 4 6  
1945 

1947 
1 348 

I . l k ( !  

1 '14 9 

1 9 5 1 

1 9 5 3  
1952 

1954 
1955 
1956  
1957 
1958 
1959  
1960  
1961 
1962 
1 9 6 3  
1964  
1965  
1966  
1967 
1968 
1969  
1970  
1 9 7 1  
1972 
1 9 7 3  
1974 
1975  

- 

Annual 
average 

p r e c i p i t a t i o n  
( inches)  

12 .14  
25.49 

14 .25  
(10 .51)  
20 .67  
14.88 
1 6 . 9 5  
18 .59  
13 .12  
14 .25  
12 .59  
11.88 
10.68 
1 9 . 3 0  

5 .82  
22 .35  
19 .29  
1 8 . 8 9  
19 .70  
1 8 . 6 4  

8 .06  
13.87 

1 5 . 8 6  
9.64 

1 5 . 3 9  
1 9 . 5 3  
1 0 . 6 5  

* * E l l .  99 
23.19 

1 4 . 4 3  
1 8 . 2 5  

E13.58 
E12.96 

13 .04  

Departure 
from mean 

p r e c i p i t a t i o n  
of 14 .86  
( inches)  

+lo. 63  
-2.72 
-0 .61  
-4.35 
+5 .71  
+0 .02  

+3 .73  
+2 .09  

-1 .74  
- 0 . 6 1  
-2.27 
-2 .98  
-4 .18  
-4 .44  

1 7 . 4 9  
-9.04 

+4 .03  
+4 .43  

+4 .84  
+ 3 . 7 8  
-6.80 
-0 .99  
-5 .22  
+l. 00 
+O. 53 
+4 .67  

i.8. 33 
-4 .21  

-2 .87  
-0 .43  
+3 .39  
-1 .28  
-1.90 
-1.82 

Cumulative 
depa r tu re  
from mean 
( inches)  

-1.79 
-4 .51  
-5.12 
-9 .47  
-3 .76  
-3.74 

+2 .08  
-1 .65  

+ O .  34 
-0 .27  
-2.54 
-5.52 

-14.14 
-9.70 

-23 .18  
-15 .69  
-11.26 

-7.23 
-2.39 
+l. 39 
-5 .41  
-6.40 

-11.62 
-10.62 
-10 .09  

-5.42 
-9.63 
-1.30 
-4 .17  
-4.60 
- 1 . 2 1  
-2.49 
-4.39 
-6 .21  

3-year 
running 
average 

( inches)  

23 .39  
22 .36  
1 7 . 3 0  
1 2 . 3 1  
1 5 . 1 5  

17 .51  
15 .36  

16.82 
1 6 . 2 3  
1 5 . 3 3  
1 3 . 3 7  
12 .92  
1 1 . 7 3  
13 .96  
11 .94  
15.82 
15.82 

1 9 . 2 9  
20.18 

1 5 . 4 7  
19 .  OQ 

1 0 . 5 2  
13 .52  

1 3 . 6 3  
1 3 . 1 2  

1 6 . 9 3  
1 5 . 1 9  
1 7 . 7 9  
15 .28  

1 4 . 8 9  
16.54 

15 .42  
14 .93  
1 3 . 1 9  

." ." . . . . . . 

running 
5-year 

( inches)  
avcrage 

20 .51  
1 Y .  1 5  
1 9 . 3 1  
1 8 . 3 6  
1 6 . 6 1  
1 4 . 4 9  
1 7, . 4 s 
1 I , .  ?; 
Ii. > I 
! '. : 

l I . _ I ,  

I i:,'. 

1 :3 . '14 
1 2 . 5 1 ;  

14.01 
1 2 . 0 5  

15.49 
17.1.3 
L ).21 
1 9 . 7 7 
! . i . .  9: 
15.83 
1 3 . 9 8  
1 3 . 2 1  
12 .56  
14 .86  
1 4 . 2 1  
1 6 . 9 2  
16.15 
1 5 . 9 6  

1 6 . 2 9  
15 .70  

1.1.45 
1 4 . 2 4  

. ." . -. . . " - . 
* (  ) parenthes is   ind ica tes   es t imate   based  on da ta  from  nearby s t n t r i , u i s : .  

**E e s t ima te  made by N O M  Environmental Dat'a Service.  

W. K. Summers & Associates 
5 



AppendixIV-4. -- A n n u a l   p r e c i p i t a t i o n ,   d e p a r t u r e  from mean p r e c i p i t a t i o n ,  
c u m u l a t i v e   d e p a r t u r e  from mean p r e c i p i t a t i o n ,   3 - y e a r   r u n n i n g  
average p r e c i p i t a t i o n ,   a n d   5 - y e a r   r u n n i n g   a v e r a g e  a t  
Eagle Nest(Therma) B ,  N.M. [36"33'N,  105'16'W, E 1 c . v .  R ; ? } < ' ' .  
NOAA Env i ronmen ta l  Data S e r v i c e ] .  

. 

Year 

1934 
1935 
1936 
1937 

1939 
1938 

1940 
1941 

1943  
1942 

1944 
1945 
1946 
1947 
1948 
1949 
1'950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961  
1962 
1963 
1964 
1965 

- 

Annual 
a v e r a g e  

p r e c i p i t a t i o n  
( i n c h e s )  

1 3 . 7 5  

19 .91  
20.81 

18.52 
16.09 
1 0 . 4 5  
18.89 
19.00 
16 .04  

* (15 .53 )  
13 .97  
14 .02  
1 4 . 0 5  

(15.88) 
14 .04  

14.67 
12.52 
13 .92  

1 2 . 0 0  
11.95 

13.16 
9 .20  

19 .92  
6 .94  

15 .99  
10.11 

(16.06) 
(17.88) 

**E 9.89 
E16.11 
E16.91 
E16.98 

D e p a r t u r e  
from mean 

p r e c i p i t a t i o n  
o f   1 4 . 6 1  
(inches) 

-0.86 
C6.20 
1.5.30 
+ 3 . 9 1  
+l. 48 

+4 .28  
-4 .16  

+4 .39  
+ 1 . 4 3  
+ O .  92 
-0.64 

-0.56 
-0 .59  

1 1 . 2 7  
-0.57 

10.01 
-2 .09 
-0.69 
-2 .66  
-2 .61  
- 5 . 4 1  
-1.45 

+5 .31  
-7.67 

-4 .50  
+1.38 
"1.45 
f 3 . 2 7  
-4.72 

.+1.50 
f2 .30  
c2 .37  

Cumulat ive 
d e p a r t u r e  
from mean 

( i n c h e s )  

-0.86 
+5.34 
+lo. 64 
+14.55 
+16.03 
+11.87 
+16.15 
+20.54 
+21.97 
+22.89 
+22.25 
f 2 1 . 6 6  
c21.10 

+21.80 
C20.53 

+21.81 
+19.72 
+19.03 
+16.37 
+13.76 

+8.35 
+6.90 
-0.77 
+4.54 
+ O .  04 
+l. 42 
+2.87 
+6.14 
+1.42 
C2.92 
15.22 
+7.59 

W. K. Summers & Associates 

6 

runn ing  
3-year 

( i n c h e s )  
a v e r a g e  

18 .16  
1 9 . 7 5  
18 .17  
15 .02  
15.14 

17 .98  
16.11 

16 .86  
15.18 
1 4 . 5 1  
1 4 . 0 1  

14.66 
14.04 

1 4 . 8 5  
14.34 
13.69 
12 .80  
12 .62  
11.05 
11 .45  

13 .34  
9.77 

12 .32  
15 .34  
1 4 . 0 5  
16.64 
1 4 . 6 1  
1 4 . 6 3  
14.30 
16.67 

" -. . . . . . . . 
. . ... . .. 

5-year 
r u n n i n g  
a v e r a g e  

( i n c h e s )  

17 .82  
17 .16  
1 6 . 7 7  
1C~. 59 
16 .09  
15 .98  
16.69 
1 5 . 7 1  
1 4 . 7 2  
11.3.1 
1 4 .  3 7  
1 4 . 5 2  
14 .22  
14 .20  
13 .78  
17 .00  
1 1 . 9 2  
12.05 
112.65 
12 .24  
11.87 
13 .22  
1 3 . 8 0  
15.99 
13 .99  
15.19 
15 .37  
15 .55  



AppendixIv-4. -- Annual p r e c i p i t a t i o n ,   d e p a r t u r e  from mean p r e c i p i t a t i o n  
cumulat ive  departure  from mean prec ip i ta t ion ,   3 -year   running  

Eagle Nest (Therma) 9, N.M. [36O33'N, 105'16'W, Elev. 8280, 
ave rage   p rec ip i t a t ion ,   and   5 -yea r   runn ing   ave rage   a t  

NOAA Environmental Data Se rv ice ] .   ( con t )  

Year - 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

Annual 
average 

p r e c i p i t a t i o n  
- ( inches)  

E16.70 
E14.48  

E 1 1 . 1 2  
21.76 

12.99 
10.42 

12.06 

E15.91 
E12.76 

E14.43 

Departure 
from mean 

p r e c i p i t a t i o n  
of  1.4.61 
( inches)  

-0.13 
+2.09 

+7.15 
-3.49 

-1.62 
-4.19 

-2.55 
-1.85 
+l. 30 
-0.18 

Cumulative 
depar ture  
from mean 

1 inches)  

+7.46 

C6.06 
+9.55 

C13.21 
+9.02 
C7.40 
+4.85 
+3.00 
14.30 
+ 4 . 1 2  

3-year 
runniny 
average 

( inches)  

16.12 

14.10 
16.05 

16.53 
14.43 
15.06 
1 1 . 8 2  

13.58 
1 2 . 6 0  

14.37 

5-yC.OC 
r u n n i n y  
avcraye 

( inches )  

14 .H7 
16.2'1 
15.  2.1 
16.21. 
14.89 
14.60 
13.67 
14.00 
12.83 
13.63 

" 

* (  ) paren thes i s   i nd ica t e s   e s t ima te   based  on da ta   f rom  nearby   s ta t ions .  

**E e s t i m a t e  made by NOAA Environmental Data Se rv ice .  

W. I(. Summers & Associates 

7 
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Appendix IV-5. 

New  Mexlco LOG NO. 7493 
Institute of Mining and Technology COUNW: Colfax 

STATE  BUREAU OF MINES A N D  FIELD: Wildcat 
M I N E R A L  RESOURCES COMPANY: Columbine Oiis, Inc. 

Socorro, New Mexico LEASE: George Well No. 1 
LOCATION (1/4) C-NW SE 

W E L L   L O G  D I V I S I O N  11980 feet from the  South line and 

CASING RECORD ELEVATION: 7 
Diam. in./ Eottom IPxCompleted as 01 COMMENCED: dMarch 16, 1958 

1980 feet From the East line 
SEC. 13, T. 23 N., R 21 E. 

Water Well COMPLETED: April 16, 1958 
7 45 20 ABANDONED: 

REMARKS: Rotary tools were used  from 
surface to 1607 feet TOTAL DEPTH. 

F O R M A T I O N  BOTTOM, FEET F O R M A T I O N  BOTTOM, FEET 

TopsoiI 2 
Clay,  brown 23 
Shale, Niobrara 742 
Lime, Timpas 764 
Shale, Carlile 945 
Sandstone, Dakofu 1120 
Sandy, variegated shale, Morrison 1520 
Hard, t i g b  sandstone,  Entrada ? 580 
Red  sandy  shale, Chinle -- T, D, -- 5007 

2 



Appendix IV-5. LOG NO. 9023 

Ne:.? Mexico 

STATE B33EAU OF 14INES AND I4I!IE:lXL RESOURCES 
I n s t i t u t e  of  Mining and Technol .o~y 

Socorro, New Mexico 

ELLLEiIATiON: 5984 Grd. COUUPY : 
IP: D & A  

Colfax 
FIELD: Wildcat  
COIPANY : 
LEASE : 

K e l l y   g e l 1  

LOCATION: 
1 Fernandez  blontoya 
1980 from S li.lle 

SEC: 14 T.  23N R. 2 1 ~  
1 9 S O  from E 1; I,': 

COIMENCED: 12-13-72 
COMPLETED: 1-11-73 
Remarks : Rotary T o o l s  0-1171' 

Surf  sh  and  sand 
R' iobrara   shale  510 

352 

F t .  Mays lm & s h a l e  5 65 
Gray s h a l e  748 
Greenhorn 810 
Carb .   sha le  966 
Dakota  sand li s h a l e  1146 
Xorr i son  and s h a l e  1171 T.D.  

D. Greenhorn 
Dakota 
Norr i son  

810 
966 

1146 

3 
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Appendix  I V - 5 .  LOG NO. 57 

23 

1 2  1/2 1361' 

Dlan. i.n/Bot tom -m 
15 1/2 L97' 

I n s t i t u t e  of Elining and 'recllrwl.o$:y 
New Mexico 

S'JX7.E I%UREAU 012 MINES  AND MINEIUL RESOURCES 
Socorro, New Nexico 

ELEVATION: 
IP: DM 

Dm% b lue   c lay  
Yellox and b lue   c lay  
Dark smdy sha le  
DI.rL sand  and lime 
Hard sand  and py r i t e s   o f   i ron  
Hard white sand 
Vhite  sand 
Dark c l ay  
Sandy s h e l l  

White sand, hard 
Hz& sand 

Grzy sand 
Blue c lay  
Hard xhite s a d  
Dark s l a t e  
Dark s l a t e  and grave l  making 
30 ba r re l s   f r e sh   wa te r   pe r  
21r hours 
Hard tr'nite sand 
Blue  sandy  shale making 

White  sandy l i n e  
1 b a r r e l  of water 

Broken lim 
Szndy b lue   sha le  and s h e l l s  
Szidy  blue  shale  and 
hard   she l l s  
Elue a d  b r o m   s h a l e  
and s h e l l s  

Blue  sandy  shale  and 
Hard sand 

hard s h d l s  
Hard sand 
Blue  sandy  sh,de  and 
hard   she l l s  

E r o m  sha le  and hard   she l l s  
Brom  sh 'de 

Blue s h a l e  and hard shells 
B r o m  sha le  and hard   she l l s  

25 

35 
30 

38 
L.h 
52 
74 
87 

96 
90 

100 

154 
204 

212 
220 
2 25 
2 37 

Had gray sand. 
Red bed and hard shells 
Red h d  ax? llud 
Red bsd and hard shells 
Blue s l a t e  
E r o m  she le  
Hard shell. 
Red bed 
Hard shells 
13lue samc!, hard 
Hard b lue  s m d  
Red bed 
Red sand, hzrd 
Red bed 
Red bed and ha-d sl1elJ.s 
Red bed 

Red bed 
Shel l  

Red bed and hard shells 
Blue and b r s m  sha:Le 
Red beds and hard  shel ls  
Hard white sand, sharp 



Appendix IV-5. Page 2 

FOW4TICT! DOTTOX, 1~';Xi' l.i'ORNATIO?J HofTi~;.j 7m 
Light  gray  sand 1523 
Hard white  sand 1560 
Soft  white  sand 1603 
Hard white  sand 1710 
VeFJ hard  vhite  sand 1710 
Hard gray  sandy lime 1755' 
VerJ hard  white  sand 1779 . 
Hard gray  sandy  lime 1000 
Hard s<mdjr red  bed 1915' 
Hard gray lime 1920 
Hard l i g h t  bro1.m sand 1967 
Hard pin4  sand 1979 
Hard l i g h t  brown s2?.cl, some 
wa te r ,   s l i gh t ly   s a l ty  1984 
Hard l ight   pink  sand 2045 
Very hard  l ight   pink sand 2119 
Hard gray  sand 2123 
Hard l i gh t   p ink  sand 2130 
Very  hard l i gh t   p ink  sand . 2137 
Hard l ight  pink  sand 2195' 
Very  hard l i g h t   p i n k  sand 2345 
Hard l i gh t   p ink  s a ~ d  2h30 
D::.rk gray  sand, limy 21~32 
Hard l ight  pink  sand 25'29 
Verz l ight   pink  hard sand 2537 
Hard li:.ht  pink  sand 2556 T.D. 

"" . -  

A gas bearing  formation  vas 
encourtered  from 1509l t o  1510l 
making about l/k million  cubic f e e t  
of  dry,  noninflammable  gas p e r  
24 hours. A s  the  depth  illc'reased 
t h e  f l o w  of Gas inc reased   un t i l  
t h e  well was making 1/2 mil l ion  
cub ic   f ee t   pe r  day, at 2 depth of:t560! 
IKth   fur ther   increases  i n  depth., t h e  
flow decreased in volaxte. 

Water was encountered a t  
~~l~-2O~l-360~-600'-627'-1509'-1979'. 

Pink  sands  determined as grani te .  

6 
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Appendix IV-5. 

Lower  Dakota 
Norr i son  
Uppnr biorr ison 
Middle   Horr ison 
Lower Morrison 
Entrnda 
Chin le  
San ta  Rosa 
Eernal  
G lo r i e t a   Sands tone  
S a n g r e   d e   C r i s t o  
Nagdalena  Group 

919 
988 
988 

1167  
1328 
1368 
1435 
1972 
2130 
2195 

3517 
2414 
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Appendix IV-5 .  LO$ xo. 59 

B r o m  mud 
She l l  
Brovm mud 
Hard shale  
Hard b m ? m  sha le  
Hard br.;!.m sha le  
Hard brovm sha le  
Br0r.m -shale 
B r o m  sha le  
Broym shale  
Brorm shale  
She l l  
Bro7m shale 
Br0T.m shale 
Sand and hard. sha l e  

Hard smd  
SaQd 

Hard sand 
Hard sand 

Sof t  s h d e  
Hard sand 
Hard  sand, very sharp 
Hard  sand 
Shale 
Sand 
Smdy lime 
Flue  shale  
S a d y  lime 
Hard s h e l l  

Red rock 
Smdy lime 

sanciy limo 
Water  sand 

Hard s h e l l  
B l u e  shale 

B l u e  lime 
Sandy lime 
Sof t  white  lime 

Sandy lhim; 
Water  sand 

Pinlc lime 
Lime 

Shale 

Pink  llille 
Pink  lime 

P i n k  lime 
Sandy shale  
BroTm lime 
Piak lime 
S a l t  rmter sand,  carrying 

lZed rock 
strong salt r.rater 

Red rock 

Red rock 
Pinlc lime 

Gray shale  
Gray lime 
Red rock 
Pink l b e  
Pink  lime 
Gray l ine 
Red rock 
Red rock mud 
She l l  

Pink l ime 
Red rock 

Gray shale  

Blue c lay  
Variegated  shales 

W d t c  mud 
White c lay  

Light sandy l ime ' 

Lune. s h e l l  
Blue and black sha le  
Sandy lime s h e l l  
Light pinlc g r a n i t e  

-. . 



8 518 320 
4 112 2325 

Sur face  300 GEOLOGIC TOPS 
Sand & Shale 1835 
Shale & Dolomite 1920 San Rosa 
S h a l e  & Sand 2135 

1380 

Sand 2325 T.D. 
San Andres 
Glarieta 

1765 
1832 

G r .  IJash 2280 
Gran i t e  2300 

11 
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Appendix IV-5. MG NO. 9021 

Surf  sh & sand 
Groy sh  3 84 

100 GEOLOGIC TOPS 

Kiobra ra  sh 554 
F t  . Hays 590 
Gray s h  778 Norr i son  
Greenhorn 
Graneros sh 

832 
1010 

Dalo ta  sand & sh 1187 
Norr i son   sand  & sh 1216, T.D. 

Base  Greenhorn 
Dako-t a 

832 
1010 
1187 

15 
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Appendix IV-5. 
.. . 

Ins t i t u t e   o f  Mining and Technology 
New Mexico 

STATE BUREAU OF MINES AND MINERAL RESCUliCES 
Socorro, New Mexico 

WELL LCG DIVISICN 

CASING RECORD Elev. 6000' 
Diam. in/Bottom IP: none 

8-5/8" 92' 50 

Log No. 7409 

COUNTY colfax 
POOL Wildcat 
COMPANY Lyle A. Garner 
LEASE Mesa Ranch Co. Well No. 1 
LCCATION (&) SE NW 
SZC. 27, T. 25 N., R. 2 1  E. 

1650 feet  from  North l i n e  and 
990 'feet from West line.  

COMPLETED Apr i l  27, 1957 
CCbBENCED Apr i l  18, 1957 

ABANDONED 
R?MiRKS: Plugged & Abandoned 

FCWATION ' BOTTOM, FEET FOFWTICN BOTTCM , FEET 

Hard sandy shale - brown color ' 255 
Sand 350 
Hard dark s h l e  1086 
Sand & green shale 1148 
Green shale & grey  sand  with 

red  s t reaks t o  bottom 1186 U86 

t o  water well by land owner. 
Note -- This well was converted 

17 ' 
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Shot  or Acid: 
" .. - ". .................. 
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LLme 
Erovm sand 
Gray l ine  

Lhe ,   water  
Rcd rock 

LLme, caving 

P.cd beds and lime 
Smdy lime 
Red beds 
Eard  sand 
Black s l a t e  
E lack   s l a t e  nnd lime 
Ked bed and lime 

'Red rock and lime 
Red beds 

Brown sandy lime 
Red rock 

Kard sandy lime 
Gray lime 
Ksd ro...:k . .  
Gray l i n e  
Gray Lime and broken  red 
Red rock 
Red beds and l ima shale 
Red rock, caving 
Yqite sand 
Red beds and l ime shale 
Gray lime, SG 
Gray lime 
Gray sandy lime 

.992 
1033 
1029 
1056 
1060 
1062 
1073 
1125 
1132' 
1138 
1155 
1160 
1180 

Formation Tops by Driller. 

20 
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7 150 

F t  Hays sh & li 

Greenhorn 
Gray sh  

Dakota  and. sh 
C-raneros sh. 

Xorr i son   snd  & sh  
%n:rada sand 
Dookum sand & sh 
Red sh 
Dolomite 
Purp le   sh .   sand ,   anhy  

20 
2 14 
266 
43 0 
5 95 
986 
1070 
1208 

,1398 
1418 
1565 T.D 

21 

GEOLOGIC TOPS 

Dakota 
B .  Greenhorn 

.bIorrison 
En t rada  

266 
430 
535 
986 
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Appendix  IV-5. 

Gray sha le  
Surface 

Black shale ,   par t ings of lime 
Black shale, part ings  of  lims 
Hard black  shale,   top  of 
Dakota 
Hard gray  coarse sand 
Black sha le  
Tiihite sandstone 
Black sha le  and s t reaks  of 
Vnite  sand 
White coarse  sandstone 
Black sha le  and s t reaks  
of  sandstone 
Khi te   mnds tone   sof t   in   spots  
I h i t e  almost c rys- ta l l ized  
sandstone ( s e t  6121 

,5-3/?.6" casing) 
Sandstone,  shaley and liq~ 
i n   s p o t s  

Snale 
Sandy sha le  

Gray  sandy  shale 
Red sha le  and sand 
conglomerate 
Blue sandy s k i k  
Shaley  sandstone 
Sandy s h a l e  
Sandy lime. 
Soft   pink  shale 
Lime 
Pink  sandy shale 
Gray smdy  sha le  
Pink  sandy  shale 
Gray sandy  shale 
Pink  sand^ sha le  
Shaley  sandstox . 
Blue shaley  sandstone 
Gray sandstone  with 
partings  of  l ime 

3 

@ 

of sand 
Line 
Gray sa.ndy s h a l e  
Gray 1:imey s h a l e  
Gray lime 
Red shale 
Gray liincy shale 
Hard white  sands'tonc 
Hard w h i t s  sandstone, 
s t reaks of sha l e  
Hard crys.tnlI..ized  sandstone, 
s t reaks  of  red sha le  
IIard sandy shale 
Sandstone wLth red sha le  

Hard crystal l ized  sandstone 
i n  small. streaks 

Hard broken-up  sand, 
c rys t a l l i zed  
IIard sand 
Blue s<andy shale 
Hard c ~ ~ s t a l l i z e d  sandstone 
Hard cnmbly  white s3nd 
Hard crystal l ized  sandstone 
Red sandy shale 
Red sandy sha le  and s t reaks 
of  hard  white  sandstone 

with few gypsum s t r eaks  
R e d  and. gray  sandy  shale 

Sandy gray shale,   top  of 
PIorrison 
S o f t   t ~ h i t e   s a d s t o n e   b e a r -  
ing wiater 
Soft  white  sandstone  beaz- 
ing  water 
Sandstone  hecoming harder 

Hole abandoned 
aud ncemingly d l e r .  

Dril l ing  Contrac.tor:  
Tkinerd  Exploration Company 
Denver, Colorado. 
Tools used:  Core Diamond Drill. 



Appendix TV-5.  

ChSEG RECORD 
Dj.?Jn. inDot tom - 
8 518 317 
4 % 2238 

M G  IW. 9168 

FOp&~~JIO;.I E3TTOH,FEET F0Ri.ikTlOi.I BWiOI<,TE!ST .- 

Sand & Sha le  10 24 GEOLOGIC TOPS 
Lime & Shale   1255 
Sand & Shale   1820 Dalcota 566 
Sand  1829 San. Rosa 1461. 
Core 2026 Permian 1635 
S 2nd  2113 G l o r i e t a  173 
Sand & Sha le  2240 T.D. Yeso 2025 

Gr. 5Jash 2207. 
Gran i t e  2215 

24 
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...... . .  . . .  ._ ............. 
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Source unknorm 

'Granite wash 3805 
Granite 38lb 

i 

- ..... . .- 
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NEW M E X I C O  B U R E A U  OF M I N E S  A N D  M I N E R A L  RESOURCES LOG .. LC%! ... I 
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F t .  IIays 
Car l i l e  
Greenhorn 
GrzTeros 
Dakota 
Purgatoire 
Xorrison 
Nzxrajo . 

C h i d e  
WingzttP : 

0-44 . 
44 

200 

435 
305 

4eo 
775 

1025 
965 

59a 
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- " 

FliiL%\TJ.ON 
Hard l i ne  14 
Hard lime, sulphur wber a t  28'  30 
Hard lime 44 
S h d e  62 
Black sha le  - enough gas   to   burn,  
o i l  color  87 
Black shale ,  lime breaks 100 
Blue gumbo 1114 
% d e  and gumbo 180 
Shale  
L h e  with  shale  brealcs 

199 

Hard lime 2 79 
Eard lime  281 
Hard lime 327 
Broken lime, o i l  shor,ring 331r 
L i w  wLLh shale  breaks 367 

.Broken lime, gas & oil showing 387 
Black shale 412 
H a r d  lime la5 
L i m y  o i l  showing lrl6 
Shale and lirne 432 
D&ota  sand, oil showing, water lr60 
Hard sha le  L68 
Hard gray sand 1178 
Hard may s a n d , l i t t l e   o i l  show 1r88 

_. 
IIOT?~O;4, IqXT - 

265' 

I "  

Lise and gumbo, most gas a t  
488 1r99 
Hard sand  and  broken  shale, o i l  
shoxing 523 
Black sha le  527 
Very hard  sand ' 529 
Black sha le  and wib0 5 35 
Lime and sha le  539 
Wnite sand, l o t s  of water 58b 
Wtite sand 589 
Wnite  Sand 593 
Blue  shale 5911 

""_.-._I_____ ___._ ._ 
.r!'oIii~~rIO;.l 
ll&d sand 59; 
Red sha le  613 
Gray s:md, o i l  showing 608 
Pink sha le  610 
Pinlc sha le  613 
Blue shale 616 
White  sand 6 39 
Blue sha le  635 
Sandy rcd  shale  648 
Shale and l ime 
water shut o f f  669 
Lims 665 
Lime and. pink  shale brenlcs 638 

Gray lime  and pinlc sha le  
Blue lime, l i t t l e  o i l  shorring6?L 

711: 
Gray sand  and lime . 718 
Pink  lime. 723. 
Lime 725 
Lime, o i l  sho?Iing 73:) 
Pink shale and shells 733 
Hard lime 745 
Red shale and lime 760 
Red sha le  ,and lime 777 
Fil&te water  sand 789 
Red shale and lime o i l  78!1 

Lime and sand;  pluggcd up to786 
Dolo~nite  smd,  hard, shor.rinn,? 786 

shot) 53 q ta .  glyccri-n 793 

Red shale  and lime 
Hard sand, l i t t l e   o i l  shor.ring81.0 

8115 
Lime 06n 

BOTTO:.I FZ!? L :. - - 

Broken lime and shale  911:1 
Lime 95!; 
Black shale 965 
IJhiix sand, presumble  Dakota 
sands 1000 
Brownish ssnd 1025 



Appendix IV-5. Page 2 
Log No. 1097 

&d shale  breaks i d  lime, 
o i l  shoving 

Line and chovolate  shale, o i l  
Red shale  brezks rrU sandy lime 

shoi,fing 
B r o w  sha le  

Gray sand showing o i l  
Br2i.m sand, o i l .  shoxing 

L i t t l e  C 0 2  gas, br0T.m sand 
c arrping  water 
Vhite  lime 
Gray l i n e  
Lime conglomerate 
Pink sha le  and lime 
Lime and pink  shale  
Brown sand 
Had lime ' 

Pink lime,  shoving 051 

I I  I I  

11 I ,  

I I  

II 

I t  

I t  

I ,  

Pink  l ine,  good showhg of o i l  
B r o m  lime 
Gray lime 

Br0r.m and pink sand 
Pink  lime 

Gray and pink lime showing o i l  
Pink lime 

'Lime and s h e l l s  
G r a y  lime and p ink   she l l s  

I1 I I  I t  I1 II 

11 I I  11 I /  II 

S a n d y  lime, oil shoving 
G r a y  lime 
Shale  and  lime 
Gray  lime 
Bro1.m lime, good o i l  showing 
Shale and lime 

1092 

1098 
1108 

11117 

1166 
1177 
U.86 

1208 
1224 
1228 

lll1O 

1190 

1245 
1260 
1 2  76 

1286 
1282 

1293 
1295 
1301 
1313 
1328 
1340 
1345 
1353 
1357 
1365 
U 7 h  
1379 
1399 
1416 
11 33 
11C;l 

Red beds, s o f t ,  l i t t l e   o i l  show. 11;80 

Plugged  back up t o  1515 wi.th 
lead wool, shut  out  the  va-ber 
below; i n  plugging  back we re- 

153 N. cu. ft. Well wm corqdeted 
duced the   gas  vohme t o  about 

and put  on valve.  Gas C02, p u r i t y  
99-85. 
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Lime 
Black sha le  
&ale  and l ime   she l l s  
Sand 
Black  shale 
Sand 
Sand and sha le  
Blue  lime 

3 Blue lime and sha le  
Shale  
Sand 
Limo 
Congolmerate 
Sand , 

L l m  
'Sand 
Lime and sha le  
Conglomerate 
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Line 
Black 1im.e 
Blue sha le  

Lime and sha le  
Su?d 

I h i t e  sand 
Sandy sha le  

Sandy s h d e  

Smdj. sha le  
Saidy  zhale 

Smdy  sha le  
Sandy Pine 

Yhi te  sand 
.Bror.m sandy l ime 
Sandy sha le  
Sandy lime 
White lime 
Grey lime eC red  shale  
Grey lime 6c red   sha le  
Red rock 
Red sha le  
Sandy lime 
Red sand 
Red lime 

Grey sand 
B r o m  smdy  l ime 

Grey & pink sand very  hard 
GO2 showing at  1528 f e e t  
Gas sand 
Gas sand 

104 
118 
200 

lr16 
2 72 

h90 
539 
593 
69L 
777 
786 

965 
793 

1008 
1033 
11b3 
1160 
1177 
1319 
1395 
lLl0 
14114 
1477 
1491 
1506 
1518 

62 

1522 

1529 
15.5 7 
1560 T . D. 

Vator  shoving.  Plugged bnck 2 1  f ee t .  
Shut in U&i pressure.  
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Surf  sh  and  sand 

B i o b r a r a   s h a l e  
Gray  sh 

F t .  Hays 
Gray s h a l e  
Greenhorn 
Carbonaceous  shale 
9akota   sand & s h a l e  
Norr ison  sand  and  shale  

120 GEOLOGICTOPS 
1160 
1303 
1363 
1519 T o d i l t o  
15 74 
1746 
1900 
1951 T.D.  

Dakota 
PIorrison 

1574 
1746 
1900 
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I 

Kiobrara 
E X I p S  
E’t. Hays 
Greenhorn 

. Granerm 
Dakota 
Purga to i ra  
Xorrison 
Nzva j o 
’rlnnakah 
T o d i l t o  
WLngats 
OcatP, 
Dockm (Ciinle) 
Permian 
Glorizta 
Gmgre de Cristo’ 

’ ?C-Grani‘t% 

”_ 

”- 

“- 

290 

h60 
“- 

620 
800 

900 
910? 

”- 

”- 

1030 
”- 

”” 

1560 
‘2 05 0 
249w 

. . .. . . .. . . . . . -. 
Quigley of  

Toxas Co. 

“” 

10 

290 

lr60 

620 
800 

970 
980 

1030 

“” 

”.. 

”.- 

- ” 

”-. 

1560 
”” 

”“ 

i 
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STAT8 B U W U  OF MIk?;S AND 1rCKKElU:L RESOURCES 
New Xexico School of Mines 

Doby C Xud 
S o i l  

9 S h d c  
L h e  
Shele 
Lime 
Shgle and s h e l l s  
Shale 

Shale 
Lime 

Limc s h e l l s  and  shale 
Shale 
Line snd  shal6 
Lime, grcy 
Broken lime 
%ndy lime 
Line  and  shzle 
hkotn sand,  hard 
Brokon l i m e ,  and sh8,ils 
Fink lime 
Lime,hard 
Lime 
Limt: ana wnLce s m d  
+nd, hrtrd 
Srnd , hard,  whit e 
Pink sh?-le 
Pink liw,liord 
Lime , hard 
Lima, pink 
lied sha lc  
Lime shol ls  

Elue lime 
Pink lime 

Red shz lc  md .&:113 
brow lima 
Lime 
knd ,h? rd  End sh;..rp 
Pink lime 

Broken Lime 5r . i  s h e l l s  
L i m C  

Brown lb: 
Lim- inel ls ,  Zray 
Yhite lime 
' h e  s h c k  

3 
25 
36 
58 
60 
73 

275 
90 

315 
3 18 
,340 
350 
370 
1pc 
41r0 
450 
45 9 
499 

530 
500 

550 
565 
600 
615 
628 
640 
680 
720 
71;2 
745 
s5c 
76C 
773 
780 
800 
815 
84G 
880 
910 
920 
930 
950 
955 
960 

l1Oi 
1120 

1215 
1235 
1245 
1265 
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Appendix  IV-5. LOG t!O. 11'/90 

I n s t F t u t e  of  Kining and Technology 
?lev K.:sxico 

STATE BUREAU OF MIYES ATD PiINERAL RESOURCES 
Socorro, Vew Mexico 

CASIVG PJCORE ELEVATIOY: 6127' RDB COU3TY: C o l f a x  
FIELD : bZ1clcat 
CONPANY: Pan fmerican Pet Go. 

LOCATIOb! : 990 I from Sonth 1 .5 .n~  
IXASE: Phelps-Dodge ?1 

SEC:11 
16!121 from Eaz t  l i n e  

COI*MZNCED: 10-1 6-60 
T.  285 li. 2OZ 

COMPLETED : 1 2 -1 -68 . 
Rmarks: 0-Ti) Rotary Tools 

. ............... . . . . . . . . . . . . . . . . . . . . . . . .  ............... .... -. 
FC!EU.TION B9TTOI.1,  FEZT  TOPS ..... ........ . . . . .  . . . . .  . " ............ . . . . . . . .  

Surface, Sn, Blue Sh, 

Coal 
Water Sn 

Water sand, Sh 
Sh 
Lv.-Sh 
Sh 
Sq, Sh, Stks  

Lm-Sh 
sfl 
Sn Stks-Sh 
Lm-Sh 

q \  
GJ Ln Stks, Sh 

. Srdy-h ,   In t   Sha le  Stks  
Lm-Sh 

Sndy-Lm, Sh 
Sn 
Sn-Lm 
Sn-J;n, Sh 

Sn, Lm, Sh 

Lm. Sn' Sn. 
Sn Lm, Sh 

Lm Sh 
Lm, Sh, Sn 
Wash 

Lm-Sh 

Sn, S h  

45 

B/Greenhorn 

Morrison 
D a l t O t 2  

Todi l to  
Entrada 
Chinle 
Grantte 
Pre-Camb. 
Hygiene . 
Niob . 
Tirq~as 

Glor. 
C a r i l l e  
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I n s t i t u t e  of Mining and Technology 
New Mexico 

STATE BUREAU OF MINES AND MINERAL RESCURCES 
Log No. 6990 

Socorro, New Mexico 
FIZLD Wildcat 
COUNTY Colfax 

LEASE Springer 
CASING RECORD ELEVATION 6523 

Well No. 1 
FEET  LOCATION (h) SE NE 

Diam.in Bottom Init ial   Daily  Production: SEC. 11 T.  2 8 ~  R. 21E 

WELL LOG DIVISION COMPANY Continental O i l  Co. 

10-3/4"  282 P & A  1980 f e e t  from  north  line and 
660 f e e t  from e a s t   l i n e  of section 
COMMENCED 4-18-55 

AEWKIONED P & A 
COMPLETED 4-25-55 

"- "-""""""""" m m g  
FORMATTON """""""""L""""""""""~"" BOTTCM FEET FORMATION" 

""""~"""_ 
BOlTCM FEET 

Tops i n   l i e u  of d r i l l e r ' s  log: 

Dakota 

47 
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8 239 

I-OlQLZTLON BOTI'iPI,  l:l?.ZJ.' 

s d j  Is hd 1406 

shale 1412 
sdy Is hd gry 1415 
xh i t e   sd   so f t  1421  
v h i t e  sd, hd  shopring or" o i l  1429 
sdy Is hd 1434 
xMte  sd,   wi th  s/o 1438 
lihite  sd,  with s/o 1445 
gry sd,  with s / o  1449 
xhi te   sd,   wi th  s/o 1453 
%bite sd,  hd, N/S 1458 
&ite sd, s o f t  N/S 
white  sd, med hd, N/S 

1461 
1469 

?;Lite sd, hd, M/S -- T.D.-- a78 

"- "" - 
- 

K O  Log 1400 

s(iy Is gry 11108 

" " . 
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Shale 
DoloxLte,  Anhydrite,  Brom 
& Grw Shale 
Brom  Shale & S a d  

Bentonite . 
Shale, Bropm & G r a y  

Y a r t '  S a d  
Saxiy Shale 
Shale & Sand 
Hard S a d  
Green Sandy Shale 
Sand & Shale 
Gre.en & Redish  Brom 
,Sandy Shale 
Rock & Sandy Shale 
Igneous Rock 

GZOLCGIC TOPS - BY D-FULL3 

T. Gresnhorn 93 
T. Grzneros 120 
T.. Dakota 238 
T . Norrison 377 
T. Granite 701 
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Appendix I V - 5 .  
New Mexico 

I n s t i t u t e  of Mining and Technology 
STATE BUREAU OF M I X E S  AND MINERAL RWOURCES 

Log  No. 6991 

Socorro, New Mexico COUNTY Colfax 

WELL LOG DIVISION 
FIELD Wildcat 
COWANY Continental O i l  Co. 
LEA& St.  Louis Rocky Mtn. & Pac. 

CASING RECORD ELEVATION 6464 FEET LOCATION (*) N!4 SW Well No. 5 
Diarn. i n  Bottom SEC . 16 T. 2 9 ~  R. 22E 
10-3/4" 230 660 f e e t  from west l i n e  and 

COMMENCED 2-21-55 
COMPLETED 3-21-55 

llEmlws 
ABANDONED 

1980 f e e t  from nor th   l ine  of section 

F O ~ T I O N  """"""""_ """" """"""" 

"""""""""""-""~""_ 
BOTTOM, FEET  FORMATION- Eii?C5t4; Fi?EC-- 

Tops i n  l i e u  of drillerQs log: 

Dakota 
Morrison 

2610 
2780 
2890 T.D. 
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Appendix  IV-5. 

CASIiG RECORD 
D i m .  in/Bottom 

13 318 214 
5 112  2874 

" 

LOG NO. 6 9 6 5  

I n s t i t u t e  of Hining and Teclmology 
liinsr kci .co 

Socorro,  New Mexico 
STATE Btii3EAU OF  I4INES AND I~IIMERAI, RESOURGES 

ELEVATTZOFI : 6542 coutm : Colfax 
I P  : FIELD: Glil.dcnt 

COkIPNJy : Cont inen ta l  O i l  C o .  
LEASE : S t .   L o u i s ,  P.ocky Pltn. & Paci :  

. P i e r r e  

. Apishipa . Timpas 

. C a r l i l e  

. Greenhorn 

. Graneros 

. Dakota . Morrison , 

. Todi lco  . Entrada 

. Chinle  

. San  Andres 

. G l o r i e t t a  

. Madera 

. 'Sangre   de   Cr i s to  

I n t r u s i v e  

' 0  2500 g 
1600 5000 g 
2360 
2447 

2592 
2550 

2760 
2978 
3280 
3318 
3354 
3600 
3737 

4248 
3941 

4602 

RECORD OF DRILL-STEM AND SI'iXLAL TESTS 

ST # 1 S e t   p a c k e r   a t  1 9 1 9 ' .  Plugged  back T.D.  2001'.. Open 1 hr. Very s l i g h t  blow 
f o r  12 min.   Reset   packer .  Open 30 min. SI 20 min.  Rcc. 20' mud. FP 0; SIP 
0 ;  HP 920#. 

ST a 2 S e t   p a c k e r   a t  2 7 7 1 ' .  T.D. 27931.0pen 2 hrs. SI 30 min. k c .  20'  of  d r i l l i . n g  
mud. S l i g h t l y   w a t e r   c u t .  FP 0; S I 0  805 ;  HP 135046. 

ST !: 3 S e t   p a c k e r   a t  2793. T.D. 2843 ' .  Open 3 hrs., S I  30  min.   Light   blov  for  1 
h r .  & 30 min. S l i g h t  blow by  heads  for  remainder  of t e s t .  Rec. 195' of 
s l i g h t l y   h i g h   g r a v i t y   o i l   c u t  mud. FP 0; SIP 190#; HI' 1380:;. Thcrc! i.s a 
p o s s i b i l i t y   t h a t   t h e   t o o l  was plugged. 

ORE # 1 Recovered 7 '  - 2775-2782' 

sl .  w e t , ,   g a s s y  o d o r  on f r e s h   s u r f a c e ,  few pyr .  c o n c r e t i o n s  & s t y l .   p a r t i n g s  
1' ss.,  wh., rn. g . ,  well r. ,  well s o r t e d ,  well cem. qtz. g . ,  h d . ,  s l .  por . ,  

s l .  o i l  s t .  
6 '  ss . ,  wh., m'. t o  f .  g., cross'bedded, well ccnl., s o r t e d ,  well r . ,  q t z . ,  
g . ,  h d . ,  s l .  p o r . ,  s l .  gassy odor ,   d ry .   S ty l .   pa r t ing .  

58 
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Log No. 6965 
Page No. 2 

FOKEIATIOX BOTTOM, F E U  
". 

- 
" 

CORE a 2 2782-2795' Rec. 11'6 ' '  
- "" FotxwrLoN l3oTlo;.: .__ I'ET:T 

CORE I/ 3 

CORE it 4 

CORE i k  5 

COXE # 6 

CORE I! 7 

CORE // a 

2 '  S s . ,  wh., f .   g . ,  wcll s o r t e d ,   w e l l  cem., well r . ,  q t z o s e ,  s l .  q t z i t i c . ,  
s l .  por . ,   hd .   wet ,  few s h .   p a r t i n g s .  
1' S s . ,  a s   a b . ,   s p o t t y   o i l  s t . ,  p a l e   y e l - g r n .   f l u o r . ,  good  odor on f r e s h  
f r a c t u r e ,   q u i c k l y   d i s s i p a t e d .  
8%' S s . ,  a s   a b . ,  m. t o   f .  g . ,  h d . ,  s l .  por . ,  vet, s.1. q t z i t i c . ,  w/Eew 
s h .   p a r t i n g s .  

Recovered 50' - 2793-2843' 
27 '  Ss., f .  t o  m. g . ,   h d . ,   p o r . ,   w e l l   s o r t e d ,  well r . ,  some cross-bedded, 
.v .  good odor ,   b leeding  free o i l .  
7 '  S s . ,  m. g . ,   s o f t ,   p o r . ,   w e l l   s o r t e d ,  well r . ,  f a i r   t o  good o d o r ,   s t a i n -  
i ng .  

2843-2893 Rec. 36 '  
25'  S s . ,  f .  t o  m. g . ,   g r . ,   s&p ,   hd .  & t i g h t   t o   h d .  & s l .  p o r . ,   w e l l   s o r t e d ,  
few th in   sh .   b reaks ,   py r .   nod .  & c a r b .   i n c l u s i o n s .  Wet w/bracki.sh  water. 
8 '  s h . ,   b l k .  
1' S s . ,  v .  s o f t ,   c h a l k y   g r . ,   c l a y e y ,   n e a r l y   u n c o n s o l i d a t e d ,   p o o r l y   s o r t e d ,  
t i g h t ,   f r i .  No shows. 

2893-2916'  Rec.  23' 
23'  S s . ,  wh. ,   f .   g . ,  well so r t ed ,   hd .  t o  s o f t ,   p o r .   t o  v. t i g h t ,  fe57 p a l e  
g rn .  waxy sh .   b reaks  & pa le   g rn .   sh .   i nc lus ions .  Net. 

2916-2948'  Rec.  32' 
32 '  S s . ,  wh., f .   g . ,  well s o r t e d ,   h d .   t o   s o f t ,   p o r .   t o   v .   t i g h t ,  few p a l e  
grn.  waxy sh .   b reaks  & pa le   g rn .  sh. i n c l u s i o n s ,  Wet. 

3120-3170'  Rec.  50' 
8' S h . ,   g r - g r n . ,   h d .   s l t y .  
3 '  Q t z i t e . ,   g r n . ,   p y r .  
3 ' Sh . , grn .  , waxy. 
8 '  S l t s t . ,   g r n . ,   s h l y . ,   h d . ,   v .   t i g h t ,   s d y ,   i n   s p o t s .  
14 '  Sh . ,   red ,   b rn .  & g r n .   v a r . ,   h d . ,   s l t y  i n  p a r t ,  some vsxy.  
4' Ss . ,  g r - g r n . ,   h d . ,   t i g h t ,   q t z i t i c . ,  V .  f .  g . ,  few s c a t t e r e d   g r n .   c h .   i n -  
c l u s i o n s .  
10.' S h . ,   r e d .   g m .  & r edd i sh -bm.  var. s l i t y   i n   p a r t ,  some waxy. 

3172-3221'  Rec.  49' 
1' Sh., g r . ,   h d . ,   s i l t y  
5 '  S s . ,  g r - g r n . ,   v .   h d . ,   t i g h t ,   v . f . g . ,  well s o r t e d ,   q t z i t i c .  
9 '  S h . ,   v l u i s h - g r .  & r ed   va r . ,   hd .  
15 '  Ss., h d . ,   t i g h t ,   f . g . ,  well s o r t e d ,   q t z i t i c . ,   g r - g r n .  

4" s h . ,   g r . ,   h d . ,   s i l t y .  
Bottom 1' w/grn. sh. i n c l u s i o n s .  

1 2  S s . ,  g r - g r n . ,   v . f . g . ,  v .  h d . ,   t i g h t ,  well s o r t e d   q t z i t i c ,  some w/ th in  

3 '  Qtz i t e ,   t an ,   ex t r eme ly   hd . ,  f .  g. 
sh .   i nbds . ,  m. g .   near   base .  
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CASING RECORD 

i T T  
nian. in/Botto:n 

LOG NO. 58 

Ned Mexico 

STATE BUREAU OF NINES AND MINERAL RESOUIICES 
1 n s t i t . u t e  of Elining and Technology 

S o c o r r o ,  h'ew blexico 

ELEVATIOirl: COUNTY: Colf ax 
IP: D&A FIELD: Wildcat 

COMPANY: Eureka O i l  Co. 
LEASE: Cora B. Moore #l 
LOCATION: Nw cor .  from L i n e  

sw 
SEC: 10 T. 27N 11. 24E 

from L i n e  

COMFENCED: 
CO~IP1,ETZ.D: 12/6/27 

Gray lime 
Dark sha le  
Gray lime - GAS a t  9801 
Brown sha le  
Sand 
Gray shale  
Lime 
Black  shale 

Raton  sand  (Dakota) 
Sandy lime 

'IFATER 1r40- GAS 1465 
' Sandy lime 

Hard  sand 
Green  sand 
Pink lime 
G r a y  sand 
Dark lime 
Sand 

,.> Red sha le  
I Eark  sand 

/ 

Gray lime - OIL show 1745' 
Gra? sand 
Dark sha le  
Gray sand - showing of O I L  
Dark sha le  
Dark sand - showing  of OIL 
Dark shale 
Sand 

Light  sand - showing of OIL 
Light  sand 
Sandy sha le  
€lard  sand - salt  WATJB & OIL 
Coarse  sand - OIL & GAS 
Hard  sand  and lime 
Gray  sand (LAST Vrmm) 

i Gray lime 

- 
I:OP>lA?'LoN BOTTO>L, FEZT . F ~ ~ M A T I O N  __ - 
SGjl 

BOTTOM,,FF 
30. Lime 6@ 

WATER- g rave l  
3022 

Black  shale 180 Dark sand 3071 
Hard  sand - show GAS 190 
Dark sha le  

Shale 
270 

3077 
Gray sand 311~2 

Hard sand - 1/2M, Gas 270-290 290 . Red sand (2,000,000)(1040)  3172 
Black  shale. 415 Gray sand pressure 3242 

Pink sand 3260 
Gray sand - showing of OIL 3530 
Red sand 3567 

LO Sand, white  (OIL SHOW) 3055 

425 
790 

1000 
Gray  sand 3756 
Gray, red ;iiixed sand ,3074 
Dark sha le  - Test   abwe 52 
spec i f i c   g rav i ty  38 76 
Gray sand - very h a d ,  good 
O I L  show ' 3928 
Sand 3966 
Pink lime 3970 
Dark sha le  - f u l l  of   paraf ine 3971 
Hard  sand - limy and hard 3971 
Gray sand 1~077 
Light  sand 11083 T.D. 

3010 
_ .  
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Appendix IV-5. rnG RO. 9024 

Neu Mexico 
I n s t i t u t e  of Mining ar.d Technol-~gy 

STATE BI~XEAU OF I~IINES AND lxr?1?!MJ RESOURCES 
Socorro, New Mexico 

ELEVATION : 80271 ~ ~ d .  COUIVi'Y: Colfax 
Ip:  D & A  FIELD: 

COWANY : 
Wildcat  

LEhSE : 
Unive r sa l  Res. & Odessa  Nat. 
1/1-16 Vernlfjo 

LOCATION : 938 from S l i n e  

Remarks : Rotary  Tools  0-2281 ' 
FSF_'.L~.TION BOTTOM,FEET FORMATION 

~ , , ) y ~ i Q ; . ; , ~ ~ I ~ ; ~  
. - " 

Sand  and  shale 5 60 
Sand  and s h a l e  909 
Sha le  and sand 1335 
Shale  aad  sand 1675 
Sand,   shale  & c o a l  2169 
Shale and silt 2281 T.D. 
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CISINS RECORD 
D i m .  in/Botto:n 

8-5/8 233 

LOG NO. 8733 

New Elexico 
I n s t i t u t e  of Mining and l’eechnulogy 

Socorrv ,  New Mexico 
s m 1 ~  BIIREAU OF MINES m n  MINIXAL I ~ G S O U ~ C E S  

ELEVATIOS: 7200 GL . COUNTY: 
IP: Dry 8. Abandoned FICLD:  Wildc;lt. 

Colfax 

COMPANY: W. J. Courlc?y 
. .  

LOCA‘IlON: 820.7 from E Line  
LEASE: #2 Vcrme j o  Pi. ,;!k 

864.4 1:rom N Line  
. SEC: 16 ,  T. 301.1, R. ’ 19B. 

COXkENCE3: 6-22-67 

REMARKS: Rot.ary Tools Used 0-5426’ ’I’D 
COM’IXTLD: 7-26-67 

Sands tone ,   Sha le   S t reaks  
Surface  & S o i l  

Coal S: Sha le  
Shale ,   Sand  Streaks 
S h a l e   ( P i e r r e )  
Sha le   (n iob ra re )  
F o r t  Hayes Ls. & Shale  
Greenhorn Ls. 
Graneros S h a l e  
Dakota  Sand,  Shale 
Morrison  Sand, s. 
Sha le ,  Total Depth 

\3\ 

1220 
1 5  

1250 

40 70 
1390 

4683 
49 30 
4956 
5145 
5333 
5350 
542 6 
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,. P .J. 4. @R 1 3 1 g ~  
w.&~. fiAR 3 i 1373 

Cmp 9-30-72' Acid (4910-5026' )  1500 g a l s  
Swbd gas  cut A N  (4910-5026 ' )  Frac (4910-5026')  60,000 gals  
wtr + 50,000# sd. Swbd gas   cut  LW (4910-5026' )  
Frac (4910-5026' )  8900 gals  w t r  4- 5600:: sd. Swbd gas cut  
Ll? (4910-5026' )  
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CA??I?G RSCORD 
D i m .  in/'Bottorn - 

9 518  1561 
7 4887 

13 318 143 

Remarks : Rotm-y 'I'ools 0-5160 

Raton 
Verrnejo 
Trinidad 
P ie r r e  
luiobrara 
Car l i l e  
Greenhorn 
Graneros 

Norrison 
(3 Dakota 

1032 
1198 

4245 
1350 

4526 

4764 
4700 

4942 
5118 
51GO T.D.  

GEOLOGIC TOPS 

Raton 

Trinidad 
Vcrme j o 

P i e r r e  
Car l i l e  

Dakota 
Greenhorn 

Morrison 

0 
IO32 

1350 
119s 

4526 
47Gh 
4942 
5118 
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Appendix I V - 5 .  LOG ~ n .  6966 

Ne;! Mexico 
I n s t i t u t e  of Xining and Technology 

STATE BUREAU OF HINGS AND €'lINGFAL RES9URCE.S 
Socorro,  Xev Nexico 

I ELEVATIOW: 7972 DF 
~ p :  P & . A  

COUNTY : Colfax 

COMpANy: Con t inen ta l  O i l  Co. 
LEASE : 
LOCATIOW: 1309 from N l i n e  (2) NE WI.! 

S t .  L o u i s ,  Rocky Ntn. & Pacj  

1482 from IJ l i n e  
SEC: 18 T..30N R. 22E 
COI'N!JN.CED: 6130154 
COMPLETED: 9 / 1 0 / 5 4  
Remarks : 

. FIELD: 
CASIK3 RECORD 

Diaq. in/Bottom 

13 318 534 
7 4009 

T .  Raton 
T.  \'ermejo '1. Trin idad  
T.  Pierre Sha le  
T .  Apishipa 
T .  Timpas 
T .  C a r l i l n  

T.  Graneros 
T .  Dakota 

T.  T o d i l t o  
T.  Norr i son  

T.' Chinle  
T .  Entrada 

T.  G l o r i e t t a  

0 T. Greenhorn 

0 
1210 
1330 
1450 
3380 

c~135 
$080 

4284 
4317 
4470 
4665 
49T5 
5008 
5093 
5387 

CORE RECORD & D.S.T.  RECORD 

DST # 1 
mud. FP 190s;  SIP 150,li; HP 4201:. S u b s e q u e n t   r e - i n t e r p r e t a t i o n  o f  c h a r t s  
S e t   p a c k e r   a t  6 3 8 ' .  TD 8 0 0 ' .  Open 3 h r s ,  S I  30 min. 1:ec. GO' dri l l in: ,  

. i n d i c a t e d   t o o l  r.ras plugged. 

CORE 7% 1 1346-1392 Recovered 4 5 ' .  D i p s   f l a t .  
Top 45' S s . ,  It.  g r y . ,   f .  g . ,  h d . ,   t i g h t ,   p o o r l y   s o r t e d ,  a .  t o  sub-:!., sl. 
s&p. Dry. No shows. 

DST # 2 S e t   p a c k e r   a t  1 3 2 1 ' .  TD 1391 ' .  Open 15 niin.  Rese t   packer .  Open 4 5  win. 
S I  15 min.  Rec. 10 d r i l l i n g  mud. FP 0%; SIP O#; 1IP 7008 

CORE # 2  1715-1787' No recovery.  

DST # 3 S e t   p a c k e r   a t  1 7 2 2 ' .  TD 1787 ' .  Open 30 lnin. Very s l i g h t  hlow. Iknd i . u  10 
min. Rec. 10' d r i l l i n g  mud. FP 01:; S I P  Of/; HP 8901i.. 



Appendix IV-5. LOG NO. 6966 
?age 2 

4474-4499' Recovered 2 5 ' .  
Top 3' Ss., g r y . ,  m.  g . ,  yell  s o r t e d ,   s o f t ,   p o r .  Bleerl.inp, p s  h: water. 

p a r t i n g s  throughout   core .  Vertical f r a c t u r i n g  near  base.  
2 2 '  Ss., g r y . ,  f. g.,   hd. ,  t i g h t ,  well s o r t e d .  Wet. Numerous s t y l i t e  

4499-4549' Recovered 50' 
Top 4 '  Ss., g r y , ,  f .  g . ,   h d . ,   t i g h t .  Net. 

7 '  Ss., g r y . ,  m. g. ,   moclerately  t ight ,hS. ,   wel l   sor ted.   Vet .  
7 '  Sh. ,  h l k . ,  w/sdy. s t r s .  

16 '  Sh. ,  dk. gry . ,   t o   b lk . ,   w / sdy .  s trs.  
1 6 '  Ss., gry . ,  f .  g . ,  h d . ,   t i g h t ,  well s o r t e d ,  sl. q t z i t i c .   i n   p l a c c s .  
Met. 

4550-4581' '  Recovered 31' 
Top 14' S s . ,  g r y - g m . ,   h d . ,   t i g h t ,  f .  g . ,  well s o r t e d ,  few scal-tcre:! ch .  

pebs.  Numerous c a l c i t e   f i l l e d   c a v i t i e s .  Some Vcrticxl f r a c .  Wet 
1' Ss . ,  gry-grn . ,  m. g . ,   hd. ,   t ight ,   w/pyr .   nod.  \.!et 
2 '  S h . ,   b l k . ,  w/sciy. s trs.  

s o r t e d ,  some s&p. Net. 
14' Ss., gry-grn . ,  m. t o  f .  g . ,   h d . ,   t i g h t   t o   m o d e r a t e l y  p o r . ,  we l l  

S e t   p a c k e r   a t  4539 ' .  Open 2% h r s .  SI 30 m i n .  Rec. 840' muddy 
wa te r .  FP 150-375;;; SIP 875:;; HP 22001b. T.D.  4591' 

4591-4597' Recovered 6 ' .  
Top 6' Ss., f .  g . ,  h d . ,   t i g h t ,   q t z i t i c .  

4597-4609' Recovered 10' .  
Top 4 '  Ss., I t .  g r y . ,  f .  g . ,   e x t r e m e l y   h d . ,   t i g h t   q t z i t i c .  

6 '  Ss., g r y . ,   s o f t ,  f r i , ,  f .  g . ,  well s o r t e d .  Wet. 

S e t   p a c k e r   a t  5327 ' .  Plugged  back TD 5477 ' .  Open 1 hr. SI 15 min. Xd, 
blow g radua l ly   dec reas ing .  Dead i n  50 min.  Rec. 1030' mud. FP 1000-l55Oii; 
SIP 1675:;; IIP 2450#. Tool   p lugged   a f t e r  50 min. 

S e t   p a c k e r   a t  5321 ' .  Plugged  back TD 5477 ' .  Open 2 hrs.  S I  20 min. Good 

heavily  non-inflammable  gas  cut mud. F1' 140#;   SIP  920#; 111' 245jlf. T o o l  
blow  gradual ly   decreasing.  Dead in 1 h r .  15 min.  Rec. 390' mud and 300' 

plugged. 
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I n s t i t u t e  of Mining and  Technology 
STATE BUREAU OF MINES AND MINERAL ESOURCES 

New Mexico 
Log No. 6992 

Socorro, New Mexico COUNTY colfax 
FIELD Wildcat 

WELL LOG DIVISION COMPANY Continental O i l  Co. 
LEASE St .  Louis Rocky  Mtn. & Pac. 

CASING RECORD EWVATION 6762 FEET LOCATION (t) SE SE Well No. 6 
Diam.in Bottom SEC. 26 T. 3 0 ~  R .  22E 

10-3/4" 5081 660 f e e t  from south l i n e  and 
7 3028 660 f e e t  from e a s t   l i n e  of section 

C W N C E D  3-24-55 
COMPLETED 4-16-55 
ABANDONED P & A  

"~""""_"""""""""""""""- 
FORMATION 
"""""""" 

BOTTC& FEET """""""","~"" FOWTION BGTI'OM FEET 
Tops i n   l i e u  of driller's log: 

Dakota 
Morrison 
Entrada 
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Appendix I V - 5 .  LOG X@. 60 

N e d  Mexico 
1 n s t i t u r . e  of Elining and  Teclmol.ogy 

STii'IE JXJREAU O F  MINES AND MINERAId RESOURCES 
S o c o r r u ,  New Mexi.co 

CASINS WCORD 
Dim. in/Botto:n 
F i r 7  
1 2   1 / 2  804' 
10  1966 

8 1/4 2700' 

EL13'ATIOX: 
IP: P&A 

COUNTY:Co~ax 
IXGLlI:  VJildcat 
COMPANY: Union O i l  co.  of Calil". 
LLASE: Bar'tlett 
1,OCATION : N 1/2 from 

N 1/2 f roul 
L i n e  
L i n e  

SEC: 23 T. 31 K. l8E 
COFl>lENCCD: 7-10-21~ 
CUi?lPL)I:T6D: 2-10-26 
Remarks: On Verne130 Pamk rlom 

Surface 11 ~~ 

Coarse  gravel 
Blue  shale 

Blue sha le  
Gravel - smdl water 

Blue shale - showing of Gas 
Ezrd  blue  shale 

a t  115 
Blue  lime 

3ard   b lue   she l l  
Hard blue  shale  

Hard blue shale, hole  caving 
€lard s h e l l  

€iard g ray  s h e l l  
E d  dark  shale 
I X t e  and black  conglonerate 

'Lard black  shale 

575 

3ark sha le  
Hard gray  shale 
Blue sha le  
S o f t  blue  shale  
Slue sha le  
H a r d  s h e l l   ( S i l l ?  
Shale 
Hard blue  shale  
Hard white  lime 
Hard white lime 
Hard black :ad white  sand 
( S i l l ?  1975-1990) 
Hard black  shale 

I Iard  l i g h t  sand 
Hard dark  sand 

IT& black and whi te   she l l  
Hard b lack   s l a t e  

Hard blue  shale  
Blus sha le  
Hard b lue  sh.de 
Very hard  blue  shale  

n?-uc s17.d~ 

1 2  
22 
23  
29 
34 

170 
180 

540 
535 

550 
820 
830 
920 
9 35 
985 

1420 
163.5 

1865 
180.5 

1938 
1942 
1969 
1970 
197h 
1975 

1978 
1982 
1986 
1990 
1995 
1998 
2385 
2!19s 
2610 
2660 
2680 

Hard bluc: shale 2'i 39 
Hard b l a c k   l i x y   s l d e  2 8 s  
Hard b l u e   s h e l l  2C':? 
Hard blue limy sha le  2851 
Hard b l u e   s h e l l  2890 
Hard black limy sh:~lle 2920 

Hard b lue   sha le  
Hard b lue  limy sha le  2928 

2930 
Hard black lirw sh:![l.e 296.5 
Hard b lack   she l l  2968 
Sof t   b lue   sha le  2971 
Black liny sha le  30214 
Hard black limy shc1.l 30ot 4 
Hard black  limy  shale 3073 
Hard black  shale 3083 
Hard black  shale - no Xime 3C23 
Hard grqy l i ~ n e s t o ~ c ?   i n  ??'lack 
shale 30?l 
Hard black  shale - some I:im 31.32 
Hard black shale 31.95 
H a r d  black shale, some pyritc31.10 
Had black  shale  3127 
Black s h a l e  3129 
Very hard, ??.he b l w k   s h a l e  3150 
Coarse b l u e  s h a h  31.!;2 
Hard blnclc shL1.e 3270 
IIard dark siwll 
Hard whih s m d  

3.!.71 
31-7 3 

Hard black sha1.c 3'1.82 
Hard black E J ! ~  shale 32UB 
H a d   b l a c k   s h d e  3210 
)kite  l incstonc! 3214 
Acid sill. 2850' Ya'Ler in 
hole 3271 
Slatk lim,f dnr.lc I : I . : I ~  nn!l 
quartxiL:n ::rind 11s ~: ! i . c~ r~ : : ro~~ i  r: 
cxmina.Lion 3295 
Igneous  rock bbll T.D. 
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Appendix  IV-5. 
New Mexico School  of Minos 

STATE BLZZAU OF MINES AID i.lINER&L RXS0URCZ-S 
&corro, New l~exico  

:'ELL LOG DIVISION 
Cesing  hecord 
"iern*in* Bottom Ini t ia l   Dai ly   Product ion:  

.. " 
Llevation  Feet 

15i" 72 Open . abls. O i l  

Tbg. Bbls. O i l  
Tbg . %Lft.G35 

12: 
IC 1901 

874 Open D & .4 k . f t  .Gas 

LOP,. No. 1339 

Czll?.r 
605 
13 

"ark gray sha le  
Gray shale,oatt:r nbou'c l3O-l.hO 

Grzy shale 1535 
Light  gray s k l e  1760 
Gray shzle, sml l  vlztcr 1801 
Groy celcitic  limestone,v;atcr lSll 
Gr2.y shale 
Gmv lime 

632 

~~ 

Gr, sha le , s l igh t   t rzce  of gns  from 
ZOO0 t o  2910 2530 
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Appendix IV-5 .  

C.@I>G RECOX 
C i a .  in/3ottom 

13 318 123 
9 518 389 

9 518 2264 

I n s t i t u t e  of Nining and Technology 
STATE RUREAU OF I4IKES AND M I N E W  RESOURCES 

Sooorro, New Mexico 

ELEVATION: 7982 f t .  
IP:  Dry 

COUI~JTY : Colf ax 
FIELD: I J i ldca t  
COIPAW: Continental   Oil  C O .  

LEASE: # 7  S t .  Louis Rocky M L ~ .  & Pa< 
LOCATION: G G O  Feet  from K 1i.ne 

660 Feet  froin E 1j11e  
SEC: 2 T .  31.N R. 20E 
COI4XDCED: 9-23-55 
COMPLETED: 11-5-55 
Reniarks: r o t a r y   t o o l s  tIs(.d n-6n87 

1"em.e j o 

P i e r r e  
Tr in idad  

Apishapa 
Timpas 
C a r l i s l e  
Greenhorn 

Dakota 
Graneros 

Morrison 

GEOLOGIC TOPS 

Dakota 
Norrison 

2120 
2248 
4640 

5471 
541G 

5660 
i 6 4 1  

5858 

6082 
6058 

5858 
6058 I 
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Appendix I V - 5 .  LOG NO. 6967 

N e w  Mexico 
' I n s t i t u t e  of Mi.ning and Tecl~nol.ogy 

SUlE BUREAU OF MINES AND MINEIUL RESOURCES 
Socorro, N e w  Ncxico 

D i m ;  in/Fbtto:n 
13-3/8" 293' 

7 4610' 

c_ 

" - 
FOtL\L'.TLOI4 BDT'Ii)N &T . 
M)iLMATION T O P  BASE 
Raton surf ace m 

F~W~ATSON BOZWZE 
GENERAL  LITEIOLQGY - - 

b a s a l t i c  still  material. 
F.g.ss., gr. sh. & sltst.;  some coa l  & 

1525 sh., dl<, gr.: Ss., vh. .to grn.; some coa: Verme j o 
Trinidad 

P ie r r e  
Apiships 

Carli l t? 
T impas  

99 Greenhom 
Gramros 
Dakota 

.V!rrison 

Todilto 

Ehtrada 

Chinle 

Glor i e t t a  
.. 

Ss., wh. grn., &me vcl . -g . , - f .  grn., 1 
g r .  sh. inbds. 
Sh., dk. gr.; Sdy. near  top. 
Sh., dk, gr., calc. 
Ls . ,  g r .  , shy. , impure; sh. &!. gr . ,  c d c  

for most p a r t .  
SI., dlc. gr., fiss., some Spl.,  non-calc 

Ls., gr. t o  brn. hd., f .  x.; Sh., hlk. ci 
Sh., dlc. gr.  t o  bUc., Siss. ; some cnlc .  
Ss., f .  t o  m. g. wh. ; vrell sorted; mosL1: 
t i g h t ;  some blk.  sh. imbs. 

t o m . ,  f .  g. wel l  sorted, some por.  
Sh., red, gn., m,d mar. var.; some ss. g 

Anhydrite, wh. t o  It. pb. s o f t  v. It. gr, 
brn.  sh. 
Ss. , trh. t o  lt. gr., m. t o  f .  g., poorly 
sor ted,  sh.,  hd. t o   s o f t   t i g h t .  
S i l t s tone ,  It. gr. ,  shy., mica.,  hd.; Ss, 
as before  only red..Some sdy. 

& fri.; hr. & t i g h t  f o r  m?st pa r t ;  s o m  c 
Ss. salmon pk., m. g. t o  f .  E.; some sofi 

\ + . .  a3 
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Appendix V.--Methods of Investigation 



Appendix V.--Methods o f   i n v e s t i g a t i o n  

INTRODUCTION 

The fo l lowing   t ex t   b r i e f ly   exp la ins   t he   me thods  and a c t i v i t i e s  employed 

i n  t h e   f i e l d  a.t  and near   the  proposed  low-level   radwaste  s i te ,  Colfax  County, 

.New Mexico. It i n c l u d e s   t h e   i n v e s t i g a t i o n s   c a r r i e d ' o u t  by Gordon  Herkenhoff 

and Assoc ia tes ,   Inc . ,  and W.K. Suwners  and  Associates,   as  well   as  subcontractors 

p rocur red   t o  do a d d i t i o n a l   f i e l d  work. 

D r i l l i n g  

Red  Top D r i l l i n g  Co., Inc.  of  Las  Vegas, New Mexico furn ished   the   necessary  

manpower and  equipment t o   d r i l l  a t o t a l   o f  70 ho le s .  The r i g   u s e d  t o  d r i l l  

these h o l e s  was a R o t a d r i l l ,  Model #64H-B wi th  a General  Motors 1k3V-71 engine,  

manufactured by Schramm, Inc.   of   Westchester ,   Pennsylvania .  The r i g  wqs on 

l o c a t i o n  from  September 27,  1976 t o   J anua ry  6, 1977, a t o t a l   o f  102 days. 

. Rig time averaged  over 40 hours  a week. 

A l l  ho l e s  were d r i l l e d   u s i n g   c h e   a i r - r o t a r y  method. Two types  of d r i l l  

b i t s   were   u sed   du r ing   t he   d r i l l i ng   ope ra t ion :  

(1) F i f t y - n i n e   v e r t i c a l   h o l e s . a n d   t h r e e  45" a n g l e   h o l e s   t o t a l i n g  4,178 

f e e t   o f   d r i l l i n g   u t i l i z e d  a c o n v e n t i o n a l   t r i - c o n e   b i t .  

( 2 )  E igh t   ve r t i ca l   ho le s   u sed   t he   t r i - cone   b i t   t h rough   t he   a l luv ium-  

colluvium  overburden  but  used a c o r i n g   b i t   a t   p e r i o d i c   i n t e r v a l s  below  the 

alluvium-colluvium. 

A t o t a l   o f  470.3 feet  of s h a l e  was cored. The c o r i n g   b a r r e l   h a s   a n   o u t s i d e  

dimension of 5-1/2  inches and  produces a core  4 inches  i n  diameter.  The b a r r e l  



has  the  capability  of  retaining a maximum  of 10 feet  of  core.  Prior  to  coring, 

the  holes were cased  through  the  alluvium-colluvium in order  to  prevent  sluf- 

fing; thus  only  the  Pierre  shale  was  cored. A diamond  bit  was  first  used  in 

the  coring  process  but  it  was  later  determined  that a coarser  carbide-tipped 

bit  performed  more  satisfactorily  in  the  sha'le. 

The  three 45" angle  holes  were  drilled  to a hole  length  of  about 150  feet 

and a vertical  depth  of  around 106 feet.  Special  equipment  was  designated  and 

fabricated  by  Red  Top  Drilling  Company  to  accomplish  the  angle-hole  drilling. 

The  use  of an additional  tower-winch  truck  was  also  necessary  to  move  the 

drill  pipe  around  while  angle  drilling. 

Drill  Samples 

During  the  process  of  drilling,  samples  were  examined  continually.  Any 

changes  in  lithology,  formation,  hardness,  color,  etc.,  were  noted.  While 

conventional  air  drilling  with a tri-cone  bit,  samples  were  taken  at  5-foot 

intervals when in the  alluvium-colluvium  material  and  weathered  shale,  and  at 

10-foot  intervals in the  unweathered  shale.  Samples  were  also  taken at any 

time  deemed  necessary.  Core  samples  varied  from  very  solid  and  greater  than 

four  feet in  length to small  broken  pieces no larger  than  one's  thumbnail. 

Generally  speaking,  the  weathered  shale  produced  broken  cores  and  the  cores 

of  the  unweathered  shale  were  fairly  solid. 

The  drill  cuttings  samples  were  placed  in 7" x 8" Ziploc  storage  bags. 

These  bags were later  sorted  according t o  hole  and  depth  interval  and  placed 

in  cardboard  boxes.  Wooden  core  boxes 10 inches  high, 10 inches  wide  and 

5 feet  long were made  to  accommodate 10 feet  of  core.  Wood  shavings  from  the 
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l o c a l  lumber mill were  placed  around  the  core.for  protection.  Badly  broken 

core was placed i n  Zip loc   s torage   bags  and then   pu t   i n to   p rope r   pos i t i on  

i n  t h e   c o r e  box.'  Both co res   and   cu t t i ngs  were i n i t i a l l y   k e p t   i n  Cimarron, 

New Mexico pr imar i ly  t o  main ta in   access   dur ing   the   on-s i te   t es t ing .  They 

were l a t e r   s h i p p e d   t o   t h e  New Mexico  Bureau  of  Mines  and  Mineral  Resources 

i n   S o c o r r o .  

Sample Descr ip t ions  

Samples were d e s c r i b e d   i n   t h e   f i e l d   a c c o r d i n g   t o   l i t h o l o g y ,   t e x t u r e ,  

co lo r ,   ha rdness ,  and  any o the r   f ea tu re s   wor th   no t ing .  The t ex tu re   o f   t he  

al luvium-col luvium  mater ia l  was descr ibed  by a c l a s s i f i c a t i o n   p r o p o s e d  by 

Wentworth i n  1922. This scheme  assumes t h a t  most d e p o s i t s   a r e   g r a v e l s ,   s a n d s ,  

s i l ts ,  o r   c l a y s  and are   modi f ied   on ly  by t h e   i n t r o d u c t i o n  of an   apprec iab le  

con ten t   o f   fo re ign - s i ze   ma te r i a l ,  If t h i s   f o r e i g n - s i z e   m a t e r i a l   c o n s t i t u t e d  

between 20 percent  and 50 'percent   o f   the   bu lk   sample ,  a modifying term was 

added. A sand,  for  example,  would  be a "clayey  sand" if the   c l ay   con ten t  

exceeds 20 percent .  To f u r t h e r   d e s c r i b e   t h e   t e x t u r e ,   o t h e r   m o d i f i e r s  were 

used  such  as   "s l ight ly   c layey"  sand,   which  indicates   the  c lay  content   to   be 

less than  20 percent   bu t  s t i l l  de t ec t ab le   unde r   f i e ld   cond i t ions .  

Cores were examined v e r y   c a r e f u l l y   f o r  any f rac tures ,   bedding ,   par t ing ,  

a l t e r ed   zones ,   mine ra l i zed   zones ,   wa te r   s t r eaks   and   fo s s i l s .  This examina- 

t i o n  was performed a minimum of two d i f f e r e n t  times: f i r s t ,  when the   core  

was  removed f rom  the   co re   ba r r e l ,   and   l a t e r   a t   t he  time the  cores   were  being 

loaded on the t ruck   t o   be   sh ipped   t o   Socor ro .  

-. 
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HOLE LOCATION  SELECTION 

Initially,  we  proposed  that  two  core  holes,  five  to  nine  piezometers 

holes,  and  three 45" angle holes  were  to be  drilled. The first  holes  to  be 

drilled at the  site  were  along a near  north-south  line  close  to  the  eastern 

edge  of  the  property  and were to  be  drilled  to an altitude  of  about 6,130 

feet. An unexpected  amount  of  gravel  and  sand was found  to  overlie  the 

Pierre  shale  at  the  locations of these  drill holes;  thus, the  drilling 

program was revised. 

Seventeen  holes  were  drilled  with  the  express  purpose  of  installing 

piezometers  in  them,  and  are  designated on the  maps  and  cross-sections  as 

"CNP"  holes.  Nine  of  the  piezometers  are  located on the  site  and  the  re- 

.maining  eight  piezometers  are  located  off  the  property.  Thirty-four  holes 

were  drilled  to  determine  the  depth  to  shale  and  the  corresponding  alluvium- 

colluvium  thickness;  these  holes  are  designated  "CNS". We later  found  that 

22 of  these  holes  had  water  in  them  and  subsequently,  piezometers  were 

installed. Eight  core  hole  sites  were  selected;  two  to  be  located  on  the 

crests  of  the  highest  hills on the  site,  five  along a north-south  line  about 

in  the  center  of  the  site,  and  one in a saddle  between  two  small  hills  in  the 

east-central  portion  of  the  site.  The  proposed  core  holes  at  each  end  of  the 

north-south  line  of  holes  could  not  be  cored duetclarge amounts  of  sand  and 

gravel and were  thus  conventionally  drilled  with a tri-cone  bit.  Piezometer 

pipes  were  installed  in  these  two  holes  as  well  as  three  core  holes  in  which 

water  was  later  detected.  Core  holes  are  designated  "CNC".  Four  holes  were 

drilled  at  the  request  of  a  geophysicist  who  wanted  to  see  if  he  could  deter- 

mine  what  he  believed  were  shallow  seismic  anomalies.  Water  was  later  found 
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i n  one  of  these  holes  and a p iezometer   p ipe   ins ta l led .  The f o u r   h o l e s   d r i l l e d  

for   geophys ica l   in format ion   a re   l abe led  "CNG". Four   holes  were d r i l l e d   f o r   t h e  

express  purpose  of  being  water wells. Two of the h o l e s   a r e   l o c a t e d   i n   a n  

anc ien t   channe l   a t   t he   sou th   end   o f   t he  s i te ,  b u t  only one  of t hese  i s  capa- 

b l e  of  producing much water .  The o t h e r  two h o l e s   a r e   l o c a t e d  on a n   o l d  

t e r r a c e   j u s t   n o r t h  of Van  Bremmer Creek, with only  one  of  these  capable  of 

being a good water  well. Ho les   d r i l l ed   fo r   t he   pu rpose  of  obtaini 'ng  water 

a r e   d e s i g n a t e d  "CNW". Three 45" a n g l e   h o l e s  were d r i l l e d  and t h e s e   h o l e s   a r e  

des igna ted  "CNA'. The loca t ion   o f   t he   ang le   ho le s  i s  along the perimeter  of a 

c i r c l e   c e n t e r e d  on a 100-foot   core   ho le ,   wi th   the   angle   ho les   be ing  120' from 

each  other .  

TESTS 

Open Hole  Tests  

P r e s s u r e - i n j e c t i o n  tes ts  were used   t o   de t e rmine   hydrau l i c   conduc t iv i t i e s  

a t   s e l e c t e d   i n t e r v a l s   d u r i n g   d r i l l i n g .  A t o t a l  of 40 such tests were  performed 

i n  6 ho le s .  

It was f i r s t  necessary :   to  se t  and  cement cas ing  a minimum of a few f e e t  

i n t o   t h e   s h a l e .  The r e a s o n   f o r  this s tep i s  because the water i s  i n j e c t e d  

a t   t h e   t o p  of t h e   c a s i n g ;   t h u s ,   l e a k s   c a n n o t   b e   t o l e r a t e d   a t   t h e   c a s i n g   s e a t  

i f  r e a l i s t i c   v a l u e s   a r e   t o   b e   o b t a i n e d .  

The equipment   used   in   the   p ressure- in jec t ion  tests cons i s t ed  of a 300- 

ga l lon   s tock   wa te r   t ank ,  a 2 Hp wa te r  pump capable  of pumping a t   l e a s t  20 gpm 

under  zero  head  and  able  to  develop 60 p s i   p r e s s u r e ,  a generator,   f low  meter 

and pressure   gauges ,   cas ing   head   sea l  and a l l   t h e   n e c e s s a r y   h o s e s  and f i t t i n g s .  

The f i r s t  few tests were   run   wi thout   the   capabi l i ty  of r e l e a s i n g   t h e  a i r  from 

t h e   h o l e   a s   t h e   w a t e r   d i s p l a c e d  it. We found t h a t   t h e   a i r  had  too  great  a 
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cushioning  effect,  which  resulted  in  inconclusive data. This  problem, 

however,  was  solved  by  the  use  of a  new  type  of  casing  head  seal  and  the 

addition  of  one  valve.  Figure 1 illustrates  diagrammatically  the  set-up 

used  for  pressure-injection  testing. 

Generally,  pressure-injection  tests  were  performed at 20-foot  intervals. 

It was  first  necessary  to  pull  the  drill  string  and  bit  out  of  the  hole.  The 

casing  head  seal  was  then  installed  and  connected  to  the  appropriate  hoses, 

gauges,  fittings,  and  pump.  Before  each  test  began,  the  time  and  flow-meter 

readings  were  recorded.  Water was  then pumped  into  the  hole  at a fast  rate 

and  the  displaced  air  allowed  to  escape  through a valve  at  the  casing  head 

seal.  Both tlie pressure  and  water  volume  put  into  the hole  were  recorded at 

one-minute  intervals.  Upon  filling  the  hole  with  water,  the  air  release 

valve  was  closed, and  pumping was continued  until 40 to 50 psi  pressure  was 

obtained  at  the  casing  head. When a fracture  was  encountered,  this  pressure 

was  not  always  obtained,  and  pumping  continued  until  the  water  tank  ran  out, 

recording  the  pressure and volume  every  minute. When the 40 to 50 psi  pressure 

was  obtained, a valve  was  closed  which  isolated  everything  from  the  casing  head 

seal  except  the  pressure  gauge.  The  pressure  drop  was  then  recorded  at  as 

short a time  interval  as  practical  down  to a psi  of  around  2.  The  casing 

head  seal was then  removed,  and  the  water  level in the  hole  was  measured  periodi- 

cally. 

A similar  pressure-injection  test  was  tried  using a packer  mounted  to  the 

end  of  the  drill  stem.  The  packer was lowered  into  the  hole  and  set at a pre- 

determined  depth.  The  drill  pipe  joint  immediately  above  the  ground  surface 

was  broken  and a device  similar  to  the  casing  head  seal  installed  into  the  drill 

pipe. m e  supporting  equipment was then  connected.  The  packer  seal  leaked at 
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a pressure   o f   about  ,8 p s i ,   r e s u l t i n g   i n   t h e   f a i l u r e  of t h e   t e s t .  It was then 

de termined   tha t  a s u i t a b l e   s e a l   c o u l d   n o t   b e   o b t a i n e d   i n   t h e   s h a l e  and t h i s  

method  of p r e s s u r e   i n j e c t i o n  was abandoned. 

Three  s lug  tes ts   were,performed  on two h o l e s .   I n   t h e s e   t e s t s ,  a known 

volume of   water  (10 t o  30 ga l lons )  was in t roduced   i n to   t he   d ry   ho le  as r a p i d l y  

as poss ib l e .  The i n i t i a l   w a t e r   l e v e l  was measured  and  the  subsequent  water 

l eve l   d rop  was recorded a t  a p p r o p r i a t e   i n t e r v a l s .  

One open-h.ole pump t e s t  was conducted  in  one  of  the  angle  holes.   Because 

of  the 45’ angle ,   special   equipment   had  to   be  designed  and  fabr icated,   which 

was  done  by Red  Top D r i l l i n g  Company. Water   l eve ls   dur ing   the   t es t   were  

obtained  f rom  an a i r  l i n e  mounted between  the  top  of   the pump and the   su r f ace ,  

a t  which a p r e s s u r e  gauge  and a a i r - inpu t   va lve   were  mounted. Air was then 

pumped t h r o u g h   t h e   l i n e   w i t h   t h e   r e s u l t i n g   p r e s s u r e   r e a d i n g   a t   t h e  gauge  being 

a f u n c t i o n   o f   t h e   w a t e r l e v e l   i n   t h e   h o l e .  The water  pumped from  the  hole was 

metered  for  f low volume and  piped  about 300 f e e t  from  the  hole.  

The two deep  holes (400 fee t   each)   were   subjec ted   to   bore-hole   geophys ica l  

surveys  conducted  by  Schlumberger of Hobbs, New Mexico. To log   the   ho les  we 

f i l l e d  them wi th   wa te r .  The surveys,  which  took  about two days t o  perform, 

resu l ted   in   the   fo l lowing   logs :   dua l   induct ion- la te ro logy;   bore-hole   compensa ted  

sonic   log;   compensated  formation  densi ty   log;  and  the  compensated  neutron log. 

Dur ing   th i s   t ime it was n e c e s s a r y   t o   u t i l i z e   t h e   d r i l l  r i g  i n   o r d e r   t o   h a n d l e ’  

the  logging  equipment.  

Cased Hole  Tests  

P r e s s u r e - i n j e c t i o n   t e s t s  were  conducted on four   piezometer   holes .  The 

procedure   and   appara tus   used   in   these   t es t s   a re   the  same as   those   descr ibed  

under “Open Hole  Tests”   except   the  water   l ine is c o n n e c t e d   d i r e c t l y   t o   t h e  
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piezometer  pipe  and  the  air  is  not  released while pumping  water  in. The level 

of water  in the  pipe  was  measured  p'rior  to  the  test  and at adequate  intervals 

following  the  test.  During  the test,  both  the  pressure and  flow  volume  were 

recorded at,one-minute intervals. 

Slug  Tests 

Slug  tests  with  one  exception  involved  the  following  "steps": 

(1) an initial  water-level  measurement  with  electric  sounder; 

(2) the  addition  of  one  gallon  of water (20 secs.  average), t = 0 

as water  starts  into well; 

(3) water-level  measurements  according  to  the  following  schedule: 

t (min) 
. Measurement 

interval (min) 

0-10 1 
10-30 2 
30-60 5 

The one  exception  involved CNS-3l(P) where the  elapsed  time  for  the  head 

to dissipate  created  by  one  gallon  of  water  was  less  than 60 seconds.  For 

piezometers,  we  made tests  in which  the  water  was  poured  in  and  followed  by 

rapidly successivewater-levelmeasurements. The  results  of the tests were 

then  combined. 

Pumping  Tests 

The pumping  tests  consisted of making depth-to-water measurements  and . 

recording  discharge  periodically.  They  were  conducted  to  determine  the 

hydrologic  properties of the  rocks  tapped  by  the  wells. 

We pumped CNW-2 from  January 5 ,  1977, at 0828, where ti = 0, to  January 7, 

at 1030, where tl=0. I n  observation  well CNC-7, measurements  were  taken  from 

January 5 ,  1977, at 09.42 to January 10, at 0814. 
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We conducted a t e s t  on CNA-3 f rom  Janua ry  18, a t  1550 t o   J a n u a r y  18, 

a t  1730. Actua l   pumping   took   p lace   f rom 0350, where t1 = 0,  t o  0500, where 

t1=0 (Appendix 1-3). 

HOLE  COMPLETION 

P i e z o m e t e r s  

A s  d i s c u s s e d   p r e v i o u s l y ,   p i e z o m e t e r s  were i n s t a l l e d  i n  t h o s e   h o l e s   f o u n d  

t o  h a v e   w a t e r   p r e s e n t   i n  them, p l u s   a d d i t i o n a l   p i e z o m e t e r s   w e r e   i n s t a l l e d   i n '  

t h e   u n s a t u r a t e d   z o n e .   I n   t o t a . 1 ,  44 p iezomete r s ,   wh ich   u sed   abou t  2,400 f e e t  

o f   p i p e ,  were i n s t a l l e d .   T h e   d e p t h s  of t h e   p i e z o m e t e r s   a r e   v a r i a b l e ,   r a n g i n g  

from 11 t o  1 0 6   f e e t ,   w i t h   a n   a v e r a g e   d e p t h  for  a l l   p i e z o m e t e r s   o f   a b o u t  54 

f e e t .  

The p i e z o m e t e r s   c o n s i s t   o f  a commercial  2" x 30" or 2" x 36" d r i v e  

p o i n t  wi th  number 60 g a u z e - s i z e   s c r e e n   a t t a c h e d   t o   2 - i n c h   g a l v a n i z e d   p i p e .  

M e t a l   s p i d e r s ,   u s e d   t o   k e e p  the p i p e   a n d   d r i v e   p o i n t   c e n t e r e d   i n  the h o l e ,  

were welded t o   t h e   g a l v a n i z e d   p i p e   o n e   f o o t   a b o v e   t h e   d r i v e   p o i n t   a n d ,   f o r  

d e e p   i n s t a l l a t i o n s ,   i n   t h e   m i d d l e  o f  the p i p e   s e c t i o n .  The p i p e   a n d   s c r e e n  

w e r e   t h e n   l o w e r e d   i n t o   t h e   h o l e   b y   e i t h e r  t he  d r i l l   r i g   o r   t h e   t o w e r - w i n c h  

t r u c k .  An amount of  p e a   g r a v e l   n e c e s s a r y   t o  come above   one   foo t   above   the  

t o p   o f  t he  d r i v e   p o i n t  was  added t o   t h e   h o l e .   O n e - h a l f   s a c k   ( a b o u t  45 pounds) 

o f   f e e d - g r a d e   b e n t o n i t e  was then p o u r e d   i n t o  the hole ,   fo l lowed  by  a m i x t u r e  

o f  s a n d ,   g r a v e l ,   w a t e r   a n d   c e m e n t   i n   a n   a m o u n t   s u f f i c i e n t   t o  fill t h e   h o l e .  

The c o n s t r u c t i o n  of a t y p i c a l   p i e z o m e t e r  i s  d i s p l a y e d   i n   f i g u r e  3. 

Wate r  Wells 

T h e   w a t e r   w e l l s  were l o c a t e d   a n d   c o n s t r u c t e d   t o   p r o v i d e   t h e   b e s t   q u a l i t y  

a n d   q u a n t i t y  of w a t e r   a v a i l a b l e   n e a r   t h e   p r o p o s e d  s i t e .  The   we l l s  were f i rs t  

d r i l l e d  w i th  a n   8 k - i n c h   t r i - c o n e   b i t   t h r o u g h  the a l luv ium  and   abou t   two   f ee t  

i n t o   t h e   s h a l e .   E i g h t - i n c h   c a s i n g  was t h e n   i n s t a l l e d   i n t o   t h e   h o l e   c o m p l e t e l y  
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Figure 3, Typical piezometer construction. 
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t o   t he   bo t tom.   Nex t ,  a 3-fOOt p iece   o f   6 - inch   cas ing  was welded to  t h e  

b o t t o m   o f   t h e   w e l l   s c r e e n   ( s t a i n l e s s   s t e e l ,   6 - i n c h   d i a m e t e r ,  40-mesh screen)  

and a long   l eng th   o f   ca s ing  was welded to   t he   t op   o f   t he   s c reen .   Th i s   a s sembly  

was then  lowered down through  the  8- inch  casing  to   the  bot tom,  and  the  8- inch 

cas ing   then   pu l led  from the  hole .   Gravel  was packed  around the   ou t s ide  of t h e  

screen.and  sand was packed  around  the  outs ide  of   the   casing.  The d r i l l  stem 

was then  lowered  into  the  hole   with  the  compressor   operat ing s o  a s   t o  blow 

ou t   t he   wa te r   w i th   t he   a s soc ia t ed   s and  and s i l t .  This  was continued u n t i l  

j u s t  a small amount of sand  and s i l t  came up wi th   t he   wa te r ,   i nd ica t ing   an  

adequate  gravel  pack was su ' r rounding  the  wel l   screen.  

Abandoned  Holes 

T h o s e   h o l e s   i n   w h i c h   l i t t l e  o r  no  water   entered ( o r  f o r  some o ther   reason  

were  not  used)  were  plugged. The  method of   p lugging   involved   backf i l l ing   the  

ho le s  with d r i l l  t a i l i n g s  and  'cement. A s a n d y   c l a y   s o i l  was then  placed  over 

t h e   t o p   o f   t h i s .  

TRENCHES 

F ive   bu l ldozer   t renches   were   cu t  on t h e  s i t e  a t   t h e   r e q u e s t   o f  a 

Chem-Nuclear r e p r e s e n t a t i v e .  The trenches  were  dozed  by a model D8 C a t e r p i l l a r  

c r a w l e r   t r a c t o r  owned and operated by the   Col fax   Cons t ruc t ion  Company. Three 

o f   t hese   t r enches   were   cu t   t o  a depth of  about  15  f e e t  and are   about  14 f e e t  

wide  and  100  feet  long. The remaining two t renches   were   cu t   to   depths   o f   l ess  

than  two f e e t .  
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GEOLOGIC  MAPPING 

G e o l o g i c  maps o f   t h e  s i t e  a n d   s u r r o u n d i n g   a r e a  were prepared   by  

W.K. Summers a n d   A s s o c i a t e s .  A t o p o g r a p h i c   c o n t o u r  map a t  a s c a l e   o f  1 

i n c h   t o  500 f e e t ,  prepared   by   Gordon  Herkenhoff   and   Assoc ia tes ,   was   used  

a s  a b a s e   f o r   g e o l o g i c   m a p p i n g   o f  the  s i t e .  Regional   geologic   mapping  

was  done on a t o p o g r a p h i c   c o n t o u r  map p u b l i s h e d   b y   t h e  U.S. G e o l o g i c a l  

S u r v e y ,   a t  a s c a l e   o f  1 i n c h   t o  2,000 f ee t .  The   geo log ic  maps  show the 

d i s t r i b u t i o n   o f   r o c k   u n i t s   a n d   u n c o n s o l i d a t e d   m a t e r i a l s   a s . t h e y   c r o p   o u t  

a t   t h e   s u r f a c e .  

I n   a d d i t i o n   t o   t h e   g e o l o g i c   m a p s ,  a number o f   c o l u m n a r   s t r a t i g r a p h i c  

s e c t i o n s  were p r e p a r e d .   T h e s e   s e c t i o n s   i l l u s t r a t e   i n  more o r  less d e t a i l  

t h e   a c t u a l   s u c c e s s i o n   o f   s t r a t a   o b s e r v e d   a t   a n   o u t c r o p  o r  i n  a b o r e   h o l e .  

Other d a t a ,   s u c h   a s  the a l t i t u d e   o f  the g r o u n d w a t e r   t a b l e ,   w e r e   a d d e d   t o  

some o f  the s e c t i o n s .  

WELL AND SPRING INVENTORY 

G e o l o g i s t s   f r o m   G o r d o n   H e r k e n h o f f   a n d   A s s o c i a t e s   e x a m i n e d   a l l   a c c e s s i b l e  

s u r f a c e   a n d   s u b s u r f a c e   w a t e r   s o u r c e s   w i t h i n  a three-mile r a d i u s   o f   t h e   p r o p o s e d  

s i t e .  The f i e l d   e x a m i n a t i o n s   t o o k   p l a c e   b e t w e e n  November 1, 1 9 7 6  and  November 5 ,  

1976.  T h e   w a t e r   s o u r c e s   i n c l u d e d  wells, s p r i n g s ,   c r e e k s ,   a n d   s t o c k   p o n d s .   E a c h  

S o u r c e   w a s   i d e n t i f i e d   o n  a b a s e  map and   descr ibed   on  a f i e l d   i n f o r m a t i o n   s h e e t .  

T h e   f i e l d   i n f o r m a t i o n  sheet i s  summar ized   a s   fo l lows :  

(1) d a t e   o f   e x a m i n a t i o n :  

(2)  i d e n t i f i c a t i o n   o f   w a t e r   s o u r c e ;  

(3 )  l o c a t i o n   o f   w a t e r   s o u r c e ;  

( 4 )  g r o u n d - l e v e l   e l e v a t i o n ;  

( 5 )  d e p t h  to v a t e r   b e l o w   m e a s u r i n g   p o i n t   ( i f   a p p l i c a b l e )  
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(6)  measuring  point;  

(7)  water   temperature;  

(8) specif ic   conductance;   and 

(9 )   add i t iona l  comments. 

WATER SAMPLING  PROCEDUW 

Geologists  from Gordon Herkenhoff  and  Associates  collected  water  samples 

f o r   l a b o r a t o r y   a n a l y s i s  from s u r f a c e  and  subsurface  sources on o r   n e a r   t h e  

proposed   s i te .  Thesa.mples  were collected  between November 1, 1976 and 

November 5 ,  1976.  Orlando  Laboratories,   Inc.   of  Orlando,  Florida  provided 

t h e . c o n t a i n e r s   f o r   c o l l e c t i n g  and shipping  the  water   samples .   For   surface 

sou rces   ( c r eeks ,   sp r ings ,  and s tock   ponds) ,   the   water  was t r a n s f e r r e d   d i r e c t l y  

f rom  the   source   to   the   sample   conta iners .   For   subsur face   sources   (p iezometers  

and wel ls ) ,  a down-hole b a i l e r  was  used t o   b r i n g   t h e  samples t o   t h e   s u r f a c e .  

Upon r each ing   t he   su r f ace ,   t he   wa te r  was immediately  t ransferred  to   the  sample 

c o n t a i n e r s .  The water   samples   were  sent   to   Orlando  Laborator ies ,   Inc.   for  

a n a l y s i s .  I n  addi t ion,   f ive  samples   col lected  f rom  piezometers   were  del ivered 

to   Eberl ine  Instrument   Corporat ion,   Albuquerque,  New Mexico f o r   r a d i o a c t i v e  

i s o t o p e   a n a l y s i s .  

STREAM-FLOW  bEASUREMENTS 

A l l  stream-flow  measurements  were made with  V-notch  weirs.  
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INTRODUCTION 

Purpose  and  Scope 

Th i s   r epor t   desc r ibes ,   eva lua te s ,  and discusses   the  hydrologic   and  geologic  

f ac to r s   t ha t   de t e rmine   whe the r   o r   no t  a s i t e  i n  western  Colfax  County, 

New Mexico, i s  su i tab le   for   deve lopment   in to  a low- leve l   radwas te   bur ia l  

f a c i l i t y .  We b e l i e v e   t h e   s i t e   q u a l i f i e s   a n d  i s  a s u i t a b l e   p l a c e  to i n t e r  

low l eve l   so l id   r adwas te s .  The r e p o r t   p r e s e n t s   s y s t e m a t i c a l l y   t h e   b a s i s   f o r  

t h i s   conc lus ion .  

f 

The pr imary  concern  about  a r a d w a s t e   b u r i a l   s i t e  is t h e   p o t e n t i a l   h a z a r d   t o  

t h e   b i o s p h e r e ,   e s p e c i a l l y   t o   p e o p l e .  A t  a n   i d e a l   s i t e   n e i t h e r   r a d i o i s o t o p e s  

nor   toxic   non-radiogenic   substances would ever   reach   the   b iosphere   as  a 

r e s u l t   o f   w a s t e   b u r i a l .  We, t h e r e f o r e ,   d i r e c t e d   o u r   e f f o r t s   a t   l e a r n i n g  how 

c lose ly   t he   p roposed  s i t e  f i t s   t h e  i d e a l .  Th i s   r epor t   dea l s   w i th   t he  

hydro logic   and   geologic   fac tors   a t ,   and   a round  the   p roposed   s i te   tha t   might  

conce ivab ly   a f f ec t   t he   mob i l i t y   o f   r ad ionuc l ides   t oward   t he   b iosphe re .  

F e d e r a l   a n d   s t a t e   a u t h o r i t i e s   h a v e   n o t   e s t a b l i s h e d   s p e c i f i c   c r i t e r i a   t h a t  

q u a l i f y  a s i t e  as a low-level   radwaste   reposi tory.  The l i c e r a t u r e ,  however, 

con ta ins  a r i c h   a s s o r t m e n t  of suggested  i tems. DeBuchananne ( i 9 7 4 )  reviewed 

these   sugges t ions .   Table  1 con ta ins  a l i s t  of the  geologic  and  hydrologic 

cons idera t   ions   compi led   f rom  the   l i cera ture .  

Conceivably  radionucl ides  may r e t u r n   t o   t h e   b i o s p h e r e  by d i s i n t e r m e n t   o r  by 

movement th rough   t he   so i l - rock   con ta ine r .  A s  w e  s h a l l  show, the  exposure 



Table  1.--Geologic  and  hydl-ologic  topics  recommended  for 
consideration  during  site  evaluation  for  low-level 
radwaste  disposal  facility:  a  synopsis  of  the 
literature. 

GEOLOGIC  CONSIDERATIONS 

A. Rock  type  (related  to  ultimate  disposal/storage  method(s)) 

1. Stratigraphic  sequence  (to  depths at least as deep  as 
ground  water or maximum  possible  migration of wastes 
over  hazardous  lifetime of facility) 

2. Structural  relationships 

3. Mineral  potential  (economic) 

4. Historical  potential  (paleontological  and  archeological) 

B. Geologic  Hazards 

1. Earthquake  risk 

2 .  Tectonics  (subsidence,  faults  and folds) 

3. Landslide  potential 

4. Volcanic  potential 

PHYSIOGRAPHIC  CONSIDERATIONS 

A. Topographic 

1. Elevation 

2. Slope 

3. Accessibility 

B. Soil  Types 

1. Primary  disposal  (storage of ultimate  waste  product) 

a.  Erodability (texture,  structure,  permeability) 

b. Depth  of  bedrock  and  groundwater 

c.  Sorption  (suitability/capacity for hazardous  materials) 
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Table  1.--Geologic  and  hydrologic  topics  recommended  for 

radwaste  disposal  facility:  a  synopsis  of  the 
consideration  during  site  evaluation  for  low-level 

literature.  (cont) 

.2. Secondary  disposal  (low-level or dilute  process  waste 
streams) 

a. Depth  of  bedrock  and  ground  water 

b. Sorption  (suitability/capacity) 

c. Leaching  potential 

3 .  Accidental  spills of process  feed  or  waste  streams 

b. Depth  of  bedrock  and  ground  water 

4. Engineering  limitations 

HYDROGEOLOGIC  AND  HYDROCHEMIC  CONSIDERATIONS  (Papadopulos 
and  Winograd,  1974, p. 17 and 18) 

1. 

2 .  

3 .  

4 .  

5. 

6. 

7. 

8.  

9. 

Depth  of  water  table,  including  perched  water  tables, 
if  present. 

Distance  of  nearest  points of  ground water,  spring water, 
or surface  water  usage  (includes  well and  spring  inventory). 

Ratio  or  pan  evaporation  to  precipitation  minus  runoff 
(by month  for  period  of  at  least 2 years). 

Water  table  contour  map. 

Magnitude  of  annual  water-table  fluctuation. 

Stratigraphy  and  structure  to  base  of  shallowest  confined 
aquifer. 

Baseflow  data  on  perennial  streams  traversing  or  adjacent 
to  storage  site. 

Chemistry  of  water  in  aquifers  and  confining  beds  and of 
leachate  from  the  waste  trenches. 

Laboratory  measurements of  hydraulic  conductivity,  effec- 
tive  porosity,  and  mineralogy  of  core  and  grab  samples 
(from  trenches)  or  each  lithology in  unsaturated  and . 

Hydraulic  conductivity  should be  measured  at  different 
saturated  (to  base of shallowest  confined  aquifer)  zone. 

water  contents  and  suctions. 
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Table  1.--Geologic  and  hydrologic  topics  recommended  for 

radwaste  disposal facility: a  synopsis of the 
consideration  during  site  evaluation  for  low-level 

literature. ._ (cont) - - 

10. 

11. 

1 2 .  

13. 

14. 

15. 

16. 

17. 

Neutron  moisture  meter  measurements of moisture  content of 

constructed  holes: at least 2 years'  record  needed. 
unsaturated  zone.  Measurements  to  be  made  in  especially 

In  site  measurements of soil  moisture  tension in  upper 5-10 
meters of unsaturated  zone:  at  least 2 years  record  needed. 

Three-dimensional  distribution of head in  all  hydrostrati- 
graphic  units  to  base of shallowest  confined  aquifer. 

missivity  and  storage  coefficients. 
Pumping,  bailing, or slug tests  to  determine  trans- 

Definition o f  recharge  and  discharge  areas  for  unconfined 
and  shallowest  confined  aquifers. 

Field  measurements of dispersivity  coefficients. 

Laboratory  and  field  determination of the  movement o f  
critical  nuclides  through  all  hydrostratigraphic  units. 

Rates of denudation  and (o r )  slope  retreat. 

SITE  RADIOLOGICAL  BACKGROUND  CONSIDERATIONS 

A. Atmospheric  background  levels of radiation 

B. Background  radiation  levels  in  local  surface  and  ground  waters 

C. Background  radiation  levels  in  local  soil  and  biota 

CLIMATOLOGICAL  CONSIDERATIONS 

A. 'Diffusion  characteristics 

B. Extreme  conditions 

1. Frequency  and  saverity of hurricanes,  tornados,  thunder- 
storms,  other  local  storms  and  winds. 

C. Potential  evaporation 

D.  Seasonal  climatology  (at  the  site  and  along  major  transportation 
routes) 
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Table 1.--Geologic and  hydrologic  topics  recommended  for 
consideration  during  site  evaluation  for  low-level 
radwaste  disposal  facility:  a  synopsis  of  the 
literature'. (cont! 

1. Air  temperature 

2. Relative  humidity 

3. Fog  frequency 

4. Solar  radiation 

5. Wind  speed  and  direction  (also  stability  conditions) 

6. Precipitation 

5 .  

W. K. Summers & Associates 



of waste by ex t raord inary   na tura l   events   such  as ea r thquakes   o r   f l oods ,  

a f t e r   b u r i a l   i n   t h e   t r e n c h e s  we envisage,  i s  v i r t u a l l y   i m p o s s i b l e .  The 

movement of   rad ionucl ides   to   the   b iosphere  by d i f fus ion   th rough  the   over -  
I 

b u r d e n   a f t e r   b u r i a l ,  and the   t r enches ,   des igned   spec i f i ca l ly   t o   min imize  

movement, i s  a l so   imposs ib l e   i n   t he   absence   o f   wa te r .  We have ,   therefore ,  

concent ra ted  on the  behavior   of   water  a t  t h e   s i t e .   S i n c e   t h e   s i t e  is i n  a 

semi-ar id   region we focused f i r s t  upon  "average"  conditions  and  then on 

ex t r ao rd ina ry  "wet" condi t ions .   Pro longed   droughts   a re   an   asse t   because  

they   min imize   t he   ava i l ab i l i t y  of wa te r   t o   mob i l i ze   t he   r ad ionuc l ides .  

We d i r e c t e d   o u r   e f f o r t s  a t  l e a r n i n g   a b o u t   t h e   p r o c e s s e s   t h a t   c o n t r o l   r a d i o -  

n u c l i d e   m i g r a t i o n   r a t h e r   t h a n   m e r e l y   g e n e r a t i n g   s t a t i s t i c a l   h i s t o r y .  

Ne argue:  

By u n d e r s t a n d i n g   t h e   p r o c e s s e s   t h a t   o p e r a t e   a n d   t h e i r  
e f f e c t s  on  one  another,  we more r e l i a b l y   p r e d i c t   r h e  

dis t ress .   Simply  monitor ing  selected  hydrogeologic  
impact   of   events   that   could  cause  environmental  . 

phenomena, w i t h o u t   r e g a r d   t o   t h e   r e l a t e d   p h y s i c a l   o r  
chemical  processes,   does  not of i t s e l f  improve  our 
p r e d i c t i v e   c a p a b i l i t y .  As a r e s u l t ,  we have  dis.counted 
prolonged  environmental   monitoring as a p r e d i c t i v e   t o o l .  

Even so,  we advocate   systematic   monitor ing as a necessary  protect ive  measure 

and as a means of   cal ibrat ing  computer  models  of t h e   f a c i l i t y .   T h e r e f o r e ,  a 

section  on  monitoring  concepts  with  suggestions  and  recommendations  for a 

systematic  monitoring  program i s  included. 

To p r e p a r e   t h i s   r e p o r t  we have u t i l i z e d  (1) f i e l d   i n v e s t i g a t i o n s  (Appendix I), 

(2)  laboratory  s tudies   (Appendix 11), ( 3 )  c o n s u l t a n t s '   s e r v i c e s  (Appendix 

111), ( 4 )  da ta   accumula t ed   i n   t he   f i l e s  of s t a t e   a n d   f e d e r a l   a g e n c i e s  

(Appendix  IV),  and (5)  publ i shed   repor t s  as l i s t e d   i n   t h e   B i b l i o g r a p h y .  

(Appendix V descr ibes   our   f ie ld   p rocedures) .  
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We have made no e f f o r t ,   t o   c i t e ,   i n   t h e   t e x t ,   a l l   t h e   p u b l i s h e d   r e f e r e n c e s  

used   in  i t s  p repa ra t ion ,   bu t   have   c i t ed  them in   t he   B ib l iog raphy .  The 

Bibl iography l is ts ,  i n   a d d i t i o n   t o   t h e   r e f e r e n c e s   c i t e d   o r   u s e d ,   a d d i t i o n a l  

r e f e r e n c e s   t h a t  we cou ld   i den t i fy   a s   pe r t a in ing   t o   t he   geo logy   o r   hydro logy  

of   the  region.  

Summary o f   F i e ld  and Labora tory   S tudies  

In t roduc t ion  

Eva lua t ion   o f   t he   p roposed   s i t e   r equ i r ed   ex tens ive   f i e ld  and l abora to ry  

s t u d i e s .  We b e l i e v e ,   t h a t   t h e   s t u d i e s   r e p o r t e d   c o n s t i t u t e   t h e  most d e t a i l e d  

invest igat ion  of   any  commercial   radwaste   s i te  t o  dace.  Many s p e c i a l i s t s  

p a r t i c i p a t e d   t o   a s s e s s   t h e   p o t e n t i a l   h a z a r d   c r e a t e d  by the  buried  radwaste .  

Based   on   the   f ind ings   o f   these   spec ia l i s t s ,   wel l - suppor ted   p red ic t ions   were  

made concerning  the  behavior   of   the   buried  waste   mater ia l .   This   intensive 

s tudy  of  a r e l a t ive ly   sma l l   pa rce l   o f   l and   a l lows  us to   conc lude   t ha t   t he  

s i t e  w i l l  s a f e ly   i n t e r   t he   r adwas te   un t i l   by   decay  i t  becomes innocuous. 

Laboratory  and  Field  Scudies  

Dri l l ing:   Because  the  radwaste   mater ia l  w i l l  be   s tored   in   t renches   ranging  

from 20 t o  40 f ee t   deep ,  a thorough  understanding  of   the  subsurface  geology 

was e s s e n t i a l .  To provide a basis   for   complete   understanding  of   the  sub-  

s u r f a c e   c o n d i t i o n s   a t   t h e   s i t e ,  70 d r i l l  ho les   represent ing   over   5 ,000   fee t  

o f   d r i l l i n g ,  were  completed. Many d r i l l   h o l e s  had mult iple   purposes .  
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I n   a d d i t i o n  t o  provid ing   in format ion   re la t ive   to   the   subsur face   geology a t  

t h e   s i t e ,   t h e   d r i l l   h o l e s   p r o v i d e d  mechanism f o r   a d d i t i o n a l   t y p e s  of s t u d i e s :  

A .  

B. 

C. 

D. 

E. 

F. 

G. 

Rock samples   co l lec ted  a t  r e g u l a r   i n t e r v a l s   d u r i n g   t h e  

d r i l l i n g   o p e r a t i o n   w e r e   e v a l u a t e d   a t   t h e   s i t e   a n d   s e n t  

t o   v a r i o u s   l a b o r a t o r i e s   f o r   a n a l y s i s .  

Core  samples   were  col lected  to   a l low  the  determinat ion 

of t h e   " i n - p l a c e "   c h a r a c t e r i s t i c s  of the   subsur face  

geology.  (Approximately 4.70 f t .  of   core) .  

Piezometer   pipes   were  permanent ly   instal led,   a l lowing 

for   cont inuous  monitor ing  of   ground-water   characcer is-  

t i c s .  (44 piezometers)  

"Slug  Testing'!  of c h e   d r i l l   h o l e s   p e r m i t t e d   p r e d i c t i o n s  

of  ground-water  f low  through  the  subsurface  rock. 

(27  s l u g   t e s t s   o n   s e p a r a t e   h o l e s ) .  

"Pressure   In jec t ion   Tes t ing ' '   permic ted   eva luae ion   of  

ground-water   f low  through  the  subsurface  rock  under  

the   i n f luence  of increased   pressure .  (40  pressure  

i n j e c t i o n   t e s t s   i n  6 h o l e s ) .  

Pump t e s t i n g   o f   b o r e   h o l e s   c o n t a i n i n g  water provided 

add i t iona l   i n fo rma t ion   r e l a t ive   t o   t he   g round-wa te r  

c h a r a c t e r i s t i c s   ( o n e  pump t e s t   i n   a n   a n g l e   h o l e  and 

2 i n   v e r t i c a l   d r i l l   h o l e s ) .  

"S lan t   Holes"   o r   ho les   d r i l l ed  a t  approximately 45' 

angle   were  completed  pr imari ly   to   invest igate   the 

p o s s i b i l i t y   f o r   t h e   e x i s c e n c e   o f   v e r t i c a l   f r a c t u r e s   i n  
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t he   subsu r face   rock   ma te r i a l   t ha t  may not  have  been 

encountered by t h e   v e r t i c a l   d r i l l   h o l e s .   ( T h r e e  s l a n t  

ho le s ) .  

H. Var iab le   depths   o f   d r i l l   ho les   ranging   f rom 12 t o  400 

f e e t  below the   sur face   permi t ted   independent   moni tor ing  

o f   g round-wa te r   cha rac t e r i s t i c s   a t   d i f f e ren t ,   e l eva t ions .  

I. The two deepes t   bo re   ho le s   were   u t i l i zed   fo r   geophys ica l  

a n a l y s i s .  The geophysical  surveys  included:  bore  hole 

compensated sonic  log;  compensated  neutron  log; 

compensated  formation  density  log;  dual  induction- 

l a t e ro log ;   and   ca l ipe r   l og .  (Completed i n  two 400 f e e t  

deep  holes).  

Stream Flow: Continuous  monitoring  of  stream  flow  in  nearby Van Bremmer 

Creek   permi t ted   the   de te rmina t ion   of   the   in f luent   (water   f lowing   f rom 

ground-water   into  s t ream)  and  eff luent   (water   f lowing  f rom  the  s t ream  into 

the  ground-water  system)  portions of the  creek.  

Atmospheric  Pressure:   Conninuous  monitoring  of  the  atmospheric  pressure 

a t  nearby  Cimarron  permit ted  evaluat ion  of   the  ground-water   character is t ics  

tha t   might   be   re la ted   to   a tmospher ic   p ressure   changes .  

I n f i l t r a t i o n   S t u d i e s :  The i n f i l t r a t i o n   t e s t s   p e r m i t t e d   t h e   e s t a b l i s h m e n t  

o f   t h e   p o t e n t i a l   i n f i l t r a t i o n   r a t e   o f   w a t e r  a t  var ious  locanions  throughout  

t h e   s i t e .  The t e s t s  were  completed  under   condi t ions  that   great ly   exceeded 

expec ted   cond i t ions   fo r  maximum r a i n f a l l  (8 i n f i l t r a t i o n   t e s t s ) .  
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Chemical  and  Physical  Analysis  of  Water  Samples  and  Earth  Materials: 

Water  samples  collected  from  piezometers and su r face   sou rces   were   s en t   t o  

va r ious   l abo ra to r i e s   fo r   comple t e   ana lys i s .   I n   add i t ion   t o   s t anda rd  

chemica l   ana lys i s ,   r ad iomet r i c   ana lys i s  of several   samples   provided a 

b a s e l i n e   o f   e x i s t i n g   r a d i a t i o n   f o r   f u t u r e   r e f e r e n c e  (25 s tandard   ana lyses ,  

5 rad iometr ic   ana lyses) .  

Earth  mater ia l   samples   were  col lected from t h e   d r i l l   c u t t i n g s  and  core 

samples .   Labora tory   t es t s   inc luded   s tandard   chemica l   ana lys i s ,   c lay  

m i n e r a l o g y ,   p a r t i c l e   s i z e   d i s t r i b u t i o n ,   p h y s i c a l   t e s t s   o f   c o r e s ,   c a t i o n -  

exchange,   and  sorpt ion  s tudies .  ( 4  whole  rock  analyses,  14 p a r t i c l e   s i z e  

ana lyses ,  16  p a ' r t i c l e   s i z e   d i s t r i b u t i o n   a n a l y s  s ,  10 core  sample  analys  .s, 

11 cat ion-exchange  analyses ,   approximately 150 s o r p t i o n   s t u d y   a n a l y s e s ) .  

Geomorphic  Study: The geomorphic  study  permitted  determination of the  

r a t e  at  which  the s i t e  may be   expec ted   to   e rode .  It was based  on  the 

present  topography a t  t h e   s i t e   a n d  a knowledge  of t h e   p r o c e s s e s   t h a t  have 

occur red   du r ing   r ecen t   geo log ic   h i s to ry .  

- 

Shallow  Seismic  Survey: The shal low  seismic  survey  provided  an  evaluat ion 

o f   va ry ing   subsu r face   cond i t ions   based   on   t he   ve loc i t i e s  of se i smic  waves 

through  the  ground. The survey was e s p e c i a l l y   u s e f u l  i n  determining  the 

ex i s t ence  of f r a c t u r e s   o r   f a u l t s   w i t h i n   t h e   s i t e   a n d   c h a n g e s  i n  rock  type 

beneath  the  surface.  

Photozeologic  Study: The photogeologic   s tudy was under taken   to   eva lua te  

s u r f a c e   s t r u c t u r e s   t h a t  may not  have been  apparent  on  the  ground. The 

s tudy   no t   on ly   inc luded  a d e t a i l e d   s t u d y   o f   t h e   s i t e ,  i t  a l so   eva lua ted  

the   po ten t i a l   fo r   ma jo r   geo log ic   s t ruc tu res ,   i n   t he   su r round ing   a r ea .  

10 



Earthquake  Risk  Analysis:  The e a r t h q u a k e   r i s k   a n a l y s i s   e s t a b l i s h e s   t h e  

p r o b a b i l i t y  of ea r thquakes   occu r r ing   i n   t he   v i c in i ty   o f   t he   s i t e .   Based  

on h i s t o r i c   r e c o r d s ,   t h e   p o t e n t i a l   f o r ,  and the  magnitude  of  such 

ear thquakes is p red ic t ed .  

Climatologica' l   Studies:   Examination of e x i s t i n g   c l i m a t o l o g i c a l   d a t a  

pe rmi t t ed   eva lua t ion   o f   t he   po ten t i a l  maximum rainfal ls  f o r   s p e c i f i c  

in te rva ls   ranging   f rom  the  mean annual   f lood   to  a 1,000 y e a r   r a i n f a l l .  

Geochronologic  Studies:  Nine  samples of t h e  Pierre Shale  were  analyzed 

f o r  t h e i r  Ebb-Sr sys t ema t i c s  and e ight   addi t iona l   samples   were   ana lyzed  

fo r   t he i r   u ran ium  con ten t .   Th i s   ana lys i s  of t he   r ad ioac t ive   i so topes  

e x i s t i n g   i n   t h e   P i e r r e   S h a l e   p r o v i d e d   i n f o r m a t i o n   r e l a t i v e   t o   t h e   a g e s  

of   the  shale   and  the  extent   to   which  migrat ion of t he   i so topes  have 

occur red   t h roughou t   t he i r   ex i s t ence   i n   t he   P i e r r e   Sha le .  The s tudy  pro-  

v ides  a b a s i s   f o r   p r e d i c t i n g   t h e   p o c e n c i a l   m i g r a t i o n  of r ad ioac t ive  

e l emen t s   t ha t   a r e   con ta ined   i n   t he   was t e   ma te r i a l   bu r i ed  a t  t h e   s i t e .  

Drill Hole Logs: P r e v i o u s l y   e x i s t i n g   d r i l l   l o g s   o f   w e l l s   d r i l l e d   i n  

Northeascern New Mexico  were  collected  and  evaluated.  These  logs 

provided  basic   geologic   information  about   the  geology  of   Northeastern 

New Mexico.  Items  such as the  depth  and  thickness  of t h e   P i e r r e   S h a l e  

over  a wide   a rea   were   espec ia l ly   va luable   for   the   p repara t ion  of geologic  

c r o s s   s e c t i o n s .  

Munic ipa l   Water   Sources :   In   o rder   to   conc lude   tha t   the   p roposed   bur ia l  

s i t e  does   no t   in f luence   munic ipa l   water   sources ,   an   inves t iga t ion  of the  
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munic ipa l   water   sources   for  many o f   t h e   c i t i e s   a n d   v i l l a g e s   i n   C o l f a x  County 

was completed. 

Discussion 

A l l  of t h e   f i e l d  and labora tory   s tud ies   were   compi led   and   eva lua ted   inde-  

pendent ly .   Each  s tudy  or   analysis  was completed  by a r e s p e c t e d   a u t h o r i t y  

i n   h i s   r e l a t i v e   f i e l d   o f   s t u d y .  We f e e l   t h a t   t h e   v a r i o u s   s t u d i e s   c o n t r i b u t e  

t o  a complete  understanding  of a l l  mechanisms  by  which r a d i o a c t i v e   m a t e r i a l  

would  become a t h r e a t   t o   t h e   b i o s p h e r e .  We f e e l   t h e   f i e l d  and l abora to ry  

procedures   undertaken a t  the  Cimarron s i t e   a r e   a d e q u a t e   t o   p r o v i d e  a sound 

p rocedura l   fo rma t   fo r   fu tu re   s i t e   eva lua t ions .  
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Conclusions 

We have  examined  the  proposed  burial   s i te   to   determine i t s  s u i t a b i l i t y  as 

a p l a c e   t o  p u t  l ow- leve l   so l id   r adwas te s   con ta in ing   po ten t i a l ly   haza rdous  

q u a n t i t i e s  of cobalt-60,  cesium-137,  and  strontium-90. We b e l i e v e   t h e  

s i t e  is sa fe   and   t he   sho r t - l i ved   i so topes   canno t   r each   t he   b iosphe re   i n  

haza rdous   quan t i t i e s .  

B u r i a l   i n   p r o p e r l y   d e s i g n e d   t r e n c h e s   i s o l a t e s   t h e   w a s t e   i n i t i a l l y   f r o m   t h e  

b iosphere .  Only two p o s s i b l e   r o u t e s   e x i s t   b y  which a r a d i o a c t i v e  component 

of   the   was te  may re -en ter   the   b iosphere :  (1) I t  mus t  be  exposed  by 

d i s in t e rnmen t   ( t ha t  i s ,  we  may d e l i b e r a t e l y  exhume i t  o r   n a t u r a l   e r o s i o n  

may remove the   cover )   o r ,  ( 2 )  t he   r ad ionuc l ide  may be   t ranspor ted  as ions  

or   ion  complexes  in  water t h a t  moves through  the  buried  wastes .  

I f   t h e   w a s t e  i s  d e l i b e r a t e l y  exhumed, i t  w i l l  be   under   control led  condi-  

t i o n s .   N a t u r a l   e r o s i o n   r a t e s   a r e  so slow as t o   b e   n e g l i g i b l e .  The h i g h e s t  

l and   sur faces   a re   pediments   tha t   have   been   s tab le   for   about  200,000 y e a r s ;  

the   lower   s lopes   a re   aggrading;   the   s t reams  a re  moving p rogres s ive ly  

f a r t h e r  away f r o m   t h e   s i t e .  Even g u l l i e s  seem to   hea l   themselves .  Wi th  

a n   e f f e c t i v e   s i t e   r e s t o r a t i o n  program,  erosion  cannot   uncover   the  burial  

was tes   whi le   they   a re  s t i l l  hazardous.  

Transpor t  by w a t e r   t o   t h e   b i o s p h e r e   i n   p e r i o d s   o f   l e s s   t h a n  1 ,000  yea r s  

i s  precluded  on a number of  grounds: 

(1) The s i t e  i s  i s o l a t e d  from water-bear ing  rocks i n  two 

ways; (A)  approximately 2,000 f e e t   o f   s h a l e ,  w i t h  
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low t o  ze ro   hydrau l i c   conduc t iv i ty ,   l i e   be tween   t he  

trenches  and  the  Dakota  Sandstone. (The w a t e r   i n  

the  Dakota  Sandstone i s  b r a c k i s h   t o   s a l i n e  and  the 

rock   y i e lds   on ly   l imi t ed  volumes  of   water   to   wel ls) ;  

and (B) ground-water  f low  systems,  created  by  the 

topography  of  the  upper  Canadian  River and i ts  

t r ibu ta r i e s ,   p rov ide   t ha t   g round-wa te r  movement 

a t  the  site' i s  con ta ined   w i th in  a loca l   f low  sys tem 

t h a t   d i s c h a r g e s   t o   e i t h e r   t h e  Vermejo  River o r  i t s  

p r i n c i p a l   t r i b u t a r y ,  Van  Bremmer Creek,  upstream  from 

- 

the i r   conf luence .  

( 2 )  The s i t e ' s   s i t u a t i o n ,  at  the  end  of ,   or   near ,   the   top 

of a small r i d g e ,   t o t a l l y   e l i m i n a t e s   a n y   p o s s i b l i t y  

o f   f l ood ing   o r   su r f ace   runof f   on to   t he   s i t e   f rom 

ad jacen t   l and .  It f u r t h e r   r e s t r i c t s   t h e  movement of 

g r o u n d   w a t e r   b e n e a t h   t h e   s i t e   t o   w a t e r  moving a t  

depths of 100 f e e t   o r  more below  the  water   table   in  

the  regional   and  intermediate   f low  systems.  

(3)  P r e c i p i t a t i o n  a t  t h e   s i t e   a v e r a g e s   a b o u t  16  inches  per  

yea r  and w i l l  be   about  36 inches   one   year   in  a thousand. 

Most of t h e   p r e c i p i t a t i o n   t h a t   f a l l s  on t h e   s i t e   r e t u r n s  

to   the  biosphere  a lmost   immediately via evapot ranspi ra -  

t i on .  Once a t rench   has   been   backf i l led ,   the   on ly  

source  of   moisture  i s  the   water  that i n f i l t r a t e s   t o  

become recharge.  The average   recharge   ra te  i s  l e s s  

14 



than  0.8 inch jyea r  and may be   l e s s   t han  ,001 inch/year .  

Travel  t h e s  through  the  shale   f rom  the  t rench  area t o  the  

wa te r   cou r ses   a r e   g rea t e r   t han  1,000 y e a r s  s o  any  of   the 

r ad ionuc l ides  w i l l  have  decayed i f   t h e y   w e r e   t o   b e   t r a n s -  

por ted  i n  the   c i rcu la t ing   ground-water .  

The s o r p t i o n   c h a r a c t e r i s t i c s   o f  che  rocks  (shale,  

weathered   sha le ,  and a l luv ium-co l luv ium)   a r e   su f f i c i en t  

t o   r e t a i n ,  by  ion-exchange  capture, and de lay   the  move- 

ment  of t h e   r a d i o g e n i c   i s o t o p e s   f o r  a p e r i o d   s u f f i c i e n t l y  

long   tha t   decay  w i l l  have  rendered chem harmless. 

D i spe r s ion   cha rac t e r i s t i c s   o f   t he   sha l e   a r e   such   t ha t   t he  

r ad ionuc l ide   concen t r a t ion  w i l l  be d i l u t e d  and t h e  

d i s p e r s i n g   f r o n t  w i l l  advance so  s lowly   tha t   decay  w i l l  

have  rendered  the  radionucl ides   harmless .  

Shor t -c i rcu i t ing   o f   the   sys tem by  f low  through  f ractures  

i s  not a problem.  Several   l ines  of  evidence show t h a t  

f r a c t u r e s   a r e   w i d e l y   s p a c e d ,   o f   r e l a t i v e l y   s h o r t   l e n g t h ,  

and  most  important,   are  closed  under  the  pressure-head 

d i s t r i b u t i o n   o b s e r v e d   a t   t h e   s i t e .  New f r a c t u r e s   a r e  

n o t   l i k e l y   t o   o p e n  due to   ear thquakes .  

Water- table   changes and the  amount of   recharge  during 

"wet" per iods  w i l l  not   change  the  basic   features   of   the  

s i t e .  The waste  w i l l  be safely  contained  between  the 

l and   su r f ace   and   t he   wa te r   t ab l e   fo r   t he  f u l l  l i f e  of 

t he   r ad ionuc l ides .  
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Loca t ion  of t h e   S i t e  

The s i t e  occupies   about  900 a c r e s  of t h e  Maxwell Land  Grant i n   w e s t e r n  

Colfax  County, New Mexico (Fig.  1). I t  l i e s   i n   t h e   t r i a n g l e  formed  by t h e  

Vermejo River,  and i t s  p r i n c i p a l   t r i b u t a r y ,  Van Bremmer Creek,  and U.S. 

Highway 64. It is about  12  miles  north  of  Cimarron  and 8 miles west  of 

Maxwell. It is only  two mi les   south-southeas t   o f   the   ghos t  town  of Colfax. 

The Maxwell  Land  Grant  has  not  been  surveyed  into  the  General  Land  Office 

township  and  range  system. However, extension  of   the  nearby  system would 

p l a c e   t h e   s i t e   i n   S e c t i o n s  6, 17 ,  18, 19 ,  and 20, T .27  N . ,  R.21 E. The 

l a t i t u d e   o f   t h e   s i t e  i s  about  36' 34' North. The l o n g i t u d e   o f   t h e   s i t e  is 

about 104' 44' West. 

The s i t e  is in   t he   uppe r   r eaches  of the   Canadian  River   basin.  The Canadian 

River  is a major   t r ibu tary   o f   the   Arkansas   River   (conf luence   in  Oklahoma), 

which i n   t u r n  i s  t r i b u t a r y   t o   t h e  M i s s i s s i p p i  River  ' (confluence i n  Arkansas). 
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I CLIMATOLOGY 

Cl ima to log ic   Se t t i ng  

I n  1972 S ta t e   C l ima to log i s t   fo r  New Mexico,  Franke E. Houghton, descr ibed  

(p.  7-9)  the climate of   Colfax County a s   fo l lows :  

Colfax County includes  both  mountains and p l a i n s .  The 
temperatures  are g e n e r a l l y   c o o l ,   b u t   t h e   d i f f e r e n c e   i n  
e l e v a t i o n  of the   high  mountain  and  lower  plains   area 
causes   the mean annual   temperature   to   range from  55 t o  
68 degrees .  

The ave rage   annua l   p rec ip i t a t ion  i n  most  of the  county 

a r e a  i t  i s  between 20 and 30 inches.  More than  one-half  
i s  between  15  and  16  inches,  but i n   t he   h ighe r   moun ta in  

August,   most  as  brief,   but  heavy  thunderstorms.  Raton 
of t h e   a v e r a g e   a n n u a l   p r e c i p i t a t i o n .   f a l l s  i n  J u l y  and 

May and  September,   the  period  in  which  nearly  two-thirds 
rece ives   an   average   o f  75 thunderstorms a year  between 

o f   t h e   p r e c i p i t a t i o n   f a l l s   i n   t h e   c o u n t y .   O c c a s i o n a l l y  

a n  average  of   less   than one yea r   ' i n   t en .  
h a i l  accompanies  the  heavier  showers.  Tornadoes  occur 

The annua l   pa t t e rns  of tempera ture   and   prec ip i ta t ion  a t  
Cimarron a r e  shown in  Table  2 ,  (a l so   Table  2 of t h i s  
r e p o r t )  and  these   pa t t e rns   a r e   gene ra l1 .y   r ep resen ta t ive  
of  most  of the  county  below 7,000 feet .   For  comparison, 

a r e   l i s t e d   i n   T a b l e  3 ( a l s o  Table 3 of t h i s   r e p o r t ) .  
s e l ec t ed   c l ima to log ica l   da t a  from ocher c o u n t y   l o c a l i t i e s  

Most p r e c i p i t a t i o n  i s  der ived  f rom  the  moist   a i r   which 
reaches New biexico  from  over  the  Gulf  of  Mexico  in  the 
s o u t h e a s t e r l y   c i r c u l a t i o n   a b o u t   t h e  Bermuda h igh   p re s su re  
a rea .   D iu rna l   hea t ing ,  augmented  by  upslope  flow of t h e  
moist   a i r   to   the  mountains ,   causes   the  heavy summer 
s h o x e r s .   P r e c i p i t a t i o n   i n   w i n t e r  is g e n e r a l l y   l i g h t ,  
a v e r a g i n g   l e s s   t h a t  one i-nch pe r  month. Much of t h e  
moisture  from t h e   P a c i f i c  Ocean s t o m s  i s  l o s t   a s   p r e c i p i -  
t a t i on   ove r   t he   moun ta ins   t o   t he   wes t .  

The average number of  days w i t h  p r e c i p i t a t i o n   o f  0.10 inch  
o r  more is n e a r l y  30 i n  most  of the  county,   and more than  
50 in   t he   h igh   moun ta ins .   P rec ip i ca t ion  of 0.50 inch OK 

more f a l l s   i n   a n   a v e r a g e   o f  5 to   10   days   per   year ,   except  
i n  t he   moun ta ins .   P rec ip i t a t ion   t o t a l s   va ry   g rea r ly  from 
month t o  month and   year   to   year .   June   ra infa l l   a t   Raton  
ranged  from  0.05  inch i n  1931  to 11.93 inches i n  1965. 
Annual p r e c i p i t a t i o n  i n  Raton  has  ranged  from  less  than 
8 inches i n  1896 t o  more than 33 i n c h e s   i n  1941. The 
g r e a t e s t  24   hour   p rec ip i t a t ion   i n  New Mexico,  11.28  inches, 
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Table  2.--Monthly  temperatures  and  precipitation,  Cimarron,  Colfax  County,  New  Mexico,  for  period of record 
1904-1960 except as indicated  (after  Iioughton, 1972, p.7). 

Item 

Temperatures (Fo) 

Average  daily  maximum 
Average  daily  minimum 
Daily  mean 
Extreme  maximum 
Extreme  minimum 

Precipitation 

Average  days 0.10 inch 
Average  (inches) 

or more  (no.) * 
Average  snowfall  (inches) 

Jan 

47 
18  
32 
8 1  
-22 

1 
.35 

4.2 

Feb 

50 
20 
35 
76 

-35 

1 
. 51  

6 . 0  

Mar  April 

56 64 
25 
4 1  48 

33 

8 1  84 
-17 - 2  

2 
.89  1.39 

2 

6.7 4.1 

May 

72 
4 1  
56 
90 
15 

2.02 
5 

1.5 

June - 

8 1  
49 
65 
97 
25 

1.57 
3 

0 

July 

94 

69 
54 

1 0 1  
40 

2 ..54 
7 

0 

Au9 

82 
53 
67 
100 

36 

2.55 
7 

0 

Sept 
~ 

77 
46 
62 
98 
23 

1.43 
2 

0.1 

OCt NOV 

68  56 
36 25 
52 40 
87 81 
1 -10 

1.33 
3  2 

.56 

1.3  5.0 

Dec 

48 
18  
34 
73 
-16 

2 
.39 

4.8 

* Period of records: 1954-1960 



Table  3.--Annual  averages of selected  climatological  data,  Colfax  County,  New  Mexico,  for  the  period of record 
through  1960,  except  as  indicated  (after  Houghton,  1972,  p.8). 

Station 

Cimarron 
Dawson 
Dorsey* 
Eagle  Nest 
Elizabethtown* 
Lake  Alice* 
Lake  Maloya 

Miami* 
Maxwell 

Philmont  Ranch 
Raton 
Raton  Filter  Plant 
Raton  Weather 

Shoemaker  Ranch* 
Springer , 

Taylor* 
Vermejo  Park* 
Abbott 
Aurora 
Black  Lake 

Bureau 

+4 
N 

Mean  Mean  Yrs  of 
Elevation  maximum  minimum  record 

Temperatures 

(feet)  (F O )  (Fo ) (number) 

6427 
6400 
6550 
8240 
8465 
6950 
7400 
5909 
6300 
7600 
6676 
6933 

6379 
6200 
5857 

7600 
5661 

6040 . 
8130 
8338 

65 
67 
66 
58 
55 

61 
65 

68 
67 
64 
65 
64 

65 
67 
68 
67 
62 

35 
34 
34 
21 
23 
32 
29 

33 
30 

31 
33 
36 

32 
33 
33 
34 
28 

57 
37 
8 

41 
26 

7 
14 

47 
14 

12 
14 
7 

18 
13 
59 
20 
18 

Precipitation 
Mean  Yrs  of 
annual 
(inches)  (number) 

record 

15.53  57 
15.93  52 
15.87 
14.73 

9 

16.92 
29 

20.22 
43 
33 

22.60 
14.27 

10 

15.88 
10 
52 

15.64  17 
17.59 14 
18.14  7 

14.05 17 
14.92  14 
14.86  72 
15.79  22 
16.88  21 
15.13  52 
19.96  51 
16.51  52 

Last 32'F Last  32OF 
or  lower or  lower 
in  Spring in  Fall 

average  date- 

May 6 

May  7 
May  3 

June  25 
June  22 
May  13 
May  26 
May 16 
May 8 

May 17 
May 12 

May 10 
May 6 
May 7 
May 9 

May  23 

May  27 

O C t  10 

oct 7 
oct 9 

July  30 
Sept 9 
OCt  3 
Sept  26 
Sept  27 
Oct 6 
Sept  28 
Sept  28 
oct  12 

OCt  1 
Oct 8 
Oct 6 
oct 10 
Sept  23 

Time 
between 
dates 
(days) 

157 

156 
160 

35 

143 
79 

123 

151 
134 

128 
134 
154 

144 

152 
154 

154 
119 



N 
N 

Table  3.--Annual  averages of selected  climatological  data,  Colfax  County,  New  Mexico,  for  the  period  of  record 
through  1960,  except as indicated  (after  Houghton,  1972, p.8).  (cont) 

Temperatures  Precipitation  Last  32OF  Last 32'F Time 
Mean  Mean  Yrs of Mean Yrs of or Sower or lower  between 

Elevation  maximum  minimum . record annual record  in  Spring  in Fall dates 
Station (feet) (FO) (F ) (inches)  (number)  average  date  (days) (number) 

Cunico  Ranch 6820 
Farley*  5800 
Johnson's  Park* 6722 

16.07 20 
16.42 7 
17.43  13 

* Period of record: Dorsey,  through 1911;  Elizabethtown,  through  1948;  except  freeze  data  through  1938;  Lake  Alice  through 

except  freeze data  through 1920;  Farley, through 1949; and Johnson's  Park,  through  1923. 
1941; Miami, precipitation through 1959; Shoemaker  Ranch, through  1945;  Taylor,  through  1932;  Vermejo Park, through  1926, 



f e l l  a t  Lake  Maloya, May 19,   1955.   Twenty-four   hour  
t o t a l s   o f  G and 7 inches f e l l  August 31 - September 1, 
1942,  a t   Blakely  Ranch,   Dawson,   Miami,   Raton,   and 
S p r i n g e r ,   f r o m   t h e   r e m a i n s   o f  a t r o p i c a l   s t o r m  moving 
i n l a n d   f r o m   o v e r  the Gulf  of Mexico. 

A v e r a g e   a n n u a l   s n o w f a l l   h a s   g r e a t e r   v a r i a b i l i t y   t h a n  
a n n u a l   p r e c i p i t a t i o n   b e c a u s e   o f  the  dec re . a se   i n  
t e m p e r a t u r e  with i n c r e a s e   i n   e l e v a t i o n .   M o s t   l o w e r  
e l e v a t i o n s   r e c e i v e   2 0   t o   3 5   i n c h e s   o f   s n o w ,   b u t  moun- 
t a i n s   r e c e i v e  60 t o   9 0   o r   m o r e   i n c h e s .  

Extremes of t empera tu re   have   been  104 a t   S p r i n g e r   a n d  
The   average  d i u r n a l   t e m p e r a t u r e   r a n g e  i s  33 d e g r e e s .  

T a y l o r ,   a n d  -47 d e g r e e s   a t   E l i z a b e t h t o w n .   S e l d o m  i s  
9 0   d e g r e e s   r e a c h e d   i n  the m o u n t a i n s ,   b u t   o c c a s i o n a l l y  
100 d e g r e e s   a r e   r e a c h e d   a t   t h e   l o w e r   e l e v a t i o n s .  A t  
l o w e r   e l e v a t i o n s ,   u p   t o  G O  days  a y e a r   r e a c h  90   degrees .  
O n e - h a l f   t h e   n i g h t s   a t   l o w e r   e l e v a t i o n s   a n d   n e a r l y  
t w o - t h i r d s   o f   t h e   n i g h t s   i n   t h e   m o u n t a i n s   r e a c h   f r e e z i n g .  
S e v e r a l   d a y s  a y e a r  may h a v e   t e m p e r a t u r e s   o f   z e r o   o r  
lower.  

The a v e r a g e   f r e e z e - f r e e   p e r i o d   b e l o w  7,000 f e e t  i s  150 
d a y s ,   f r o m   e a r l y  Xay u n t i l   e a r l y   O c t o b e r ,   b u t   a t   E a g l e  
Nest a n d   o t h e r   h i g h   m o u n t a i n   v a l l e y s ,  the f r e e z e - f r e e  
p e r i o d  i s  o n l y   s l i g h t l y  more  than  one  month. 

S u n s h i n e   o c c u r s   n e a r l y  75 p e r c e n t   o f   t h e   p o s s i b l e   t i m e   a t  
R a t o n ,   o r   a n   a v e r a g e  of n e a r   3 , 2 0 0   h o u r s  a yea r .   The  
p e r c e n t a g e   o f   s u n s h i n e  is s l i g h t l y  l ess  i n   w i n t e r ,   a b o u t  
70 p e r c e n t ,   a n d   s l i g h t l y   g r e a t e r   i n   t h e   f a l l .   F o r t y  
p e r c e n t   o f   t h e   d a y s   a r e   c l e a r   ( l e s s   t h a n   f o u r - t e n t h s   o f  
t h e   s k y   c o v e r e d   w i t h   c l o u d s )   a n d   2 5   p e r c e n t   o f   t h e   d a y s  
a r e   c l o u d y   ( m o r e   t h a n   s e v e n - t e n t h s   o f  the  sky   covered  
wi th  c louds ) .   Fog  may form a d a y   o r   t w o  a month  from 
l a t e   f a l l   t h r o u g h   e a r l y   s p r i n g ,   b u t   r a r e l y   i n  summer. 
Average   annual   evapora t ion ,   as   measured   f rom a C l a s s  A 
pan a t   B l a k e l y   R a n c h ,   w a s   7 5   i n c h e s ,   o f   w h i c h   4 7   i n c h e s  
o c c u r r e d   d u r i n g  May th rough   Oc tobe r .  A t  E a g l e   N e s t ,   t h e  
May t h r o u g h   O c t o b e r   a v e r a g e   p a n   e v a p o r a t i o n  was measured 
a t  41  i n c h e s .  A t  R a t o n   A i r p o r t ,   w i n d s   a r e   p r e d o m i n a t e l y  
n o r t h   t o   n o r t h e a s t   i n   w i n t e r   a n d   s o u t h   t o   s o u t h w e s t   i n  
summer.  Average  wind  speed  ranges  from 12  miles p e r   h o u r  
i n   s p r i n g ,   t h e   w i n d y   s e a s o n ,   t o  8 miles p e r   h o u r   i n  
summer. S t r o n g e s t   w i n d s   a r e   u s u a l l y   f r o m   t h e  west 
q u a d r a n t .  Winds exceed  24 miles p e r   h o u r   a b o u t   s e v e n  
p e r c e n t   o f   t h e   h o u r s .  
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C l i m a t e   a t   t h e   S i t e  

Da ta  - 

C l i m a t o l o g i c a l   c h a r a c t e r i s t i c s   o f   t h e  s i t e  c a n   b e   d e d u c e d   f r o m   t h e   p r e c i p i -  

t a t i o n   a n d   t e m p e r a t u r e   d a t a   c o l l e c t e d   a t  34 w e a t h e r   s t a t i o n s   i n   C o l f a x  

County.  O f  these s t a t i o n s ,   2 1   r e c o r d e d   b o t h   t e m p e r a t u r e   a n d   p r e c i p i t a t i o n  

and 13 r e c o r d e d   p r e c i p i t a t i o n   o n l y .   T h r e e   s t a t i o n s   h a v e  less than   one  

y e a r ' s   r e c o r d .   A p p e n d i x  IV-1 conta . ins  the mean monthly  and mean a n n u a l  

p r e c i p i t a t i o n   a n d   t e m p e r a t u r e s ;  the mean monthly  and mean a n n u a l   p o t e n t i a l  

e v a p o t r a n s p i r a t i o n ,   s u r p l u s ,   a n d   d e f i c i t   h a v e   b e e n   c o m p u t e d   a c c o r d i n g   t o  

t h e   B l a n e y - C r i d d l e   m e t h o d   a s   p r e s e n t e d   i n  U.S. S o i l   C o n s e r v a t i o n   S e r v i c e s  

T e c h n i c a l   R e p o r t  21. C r u f f   a n d  Thompson  (1967)   demonst ra ted   the   va l id i ty  

o f   t h i s   m e t h o d   f o r   a r i d   a n d   s u b h u m i d   c l i m a t e s .  

V a r i a b l e s  

T u a n , e t   a l , ( 1 9 6 9 )   h a v e  mapped a n u m b e r   o f   c l i m a t e   v a r i a b l e s   i n  New Mexico. 

They  show  (p. 159) t h e   c l i m a t e   o f   t h e  s i t e  a s   s e m i - a r i d .   T a b l e  4 g i v e s  

some o f  the c l i m a t e   v a r i a b l e s   p i c k e d   f r o m   t h e i r  maps  and t a b l e s   t h a t   a p p l y  

t o   t h e  s i t e .  

2 4 



Table  4.--Climatic  variables  for  the  site  picked  from  the  maps 
of Tuan,  et  al, (1969). ' 

Average  number  of  days  without  killing  frost (P- 8 7 )  140 days 

Average  date of last  killing  frost  in  spring (p. 88) May 10 

Average  date  of  first  killing  frost  in  fall (P. 89)  Sept.  20-30 

Normal  annual  sunshine  (percent  of  possible) 70% 

Normal  winter  sunshine  (percent  of  possible) 70% + 

Normal  summer  sunshine  (percent  of  possible) 70-80% 

Precipitation  (average  annual  p. 18) 16 inches 

average  winter  (Dec.,  Jan.,  Feb.,  p. 30) 1.2  inches 

average  spring  (March,  April, May, p. 31) 4.2 inches 

average  summer  (June,  July,  August,  p. 53) 7 + inches 

average  fall  (Sept.,  Oct.,  NOV.,  p. 33) 4 - inches 

PE  Annual  (Thornthwaite  Formula)  (p.  123) 

Deficit  (Thornthwaite  Formula)  (p.  126) 

Deficit  (Frost-free  Geason  Formula)  (p. 127) 

25 
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8.3 inches 



Annual Means 

Appendix I V - 2  c o n t a i n s   t h e   a n n u a l   p r e c i p i t a t i o n ,   p o t e n t i a l   e v a p o t r a n s p i r a -  

t i o n ,   s u r p l u s ,   a n d   d e f i c i t   s u m m a r i z e d   b y   a l t i t u d e   i n t e r v a l s   f o r   C o l f a x  

Coun ty .   F igu res   2 ,  3 ,  4 ,  and 5, and  Appendix I V - 3  show t h a t   t h e   r e l a t i o n -  

s h i p s   o f   p r e c i p i t a t i o n ,   p o t e n t i a l   e v a p o t r a n s p i r a t i o n ,   d e f i c i t ,   a n d   s u r p l u s  

t o   a l t i t u d e   a r e   l i n e a r .  We may, t h e r e f o r e ,   e s t i m a t e   t h e s e   p r o p e r t i e s   f o r  

the s i t e  with c o n f i d e n c e   f r o m  these r e l a t i o n s h i p s   a s   f o l l o w s :  

Annual Mean ( i n c h e s )  

A l t i t u d e   P o t e n t i a l  
o f   S i t e   ( f t . )   P r e c i p i t a t i o n   E v a p o t r a n s p i r a t i o n  S u r p l u s  D e f i c i t  

6,374 (maximum) 16.3 
6,140 (minimum) 15.9 

26 
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Variations  During  an  Average  Year 

P r e c i p i t a t i o n  

Table  5 gives  the  cumulat ive  percent  of mean mon th ly   p rec ip i t a t ion  f o r  

s t a t i o n s   i n   C o l f a x  County.  During a t y p i c a l   y e a r   t h e   p r e c i p i t a t i o n  is  

no rma l ly   d i s t r ibu ted   (F ig .  6 )  and the   p rec ip i t a t ion   can   be   p red ic t ed  by: 

- z 2 / 2  
P = l - l  

Ge  
where 

P = t h e   p e r c e n t   o f   t h e   t o t a l   p r e c i p i t a t i o n   b y   t h e  
dth  day of t h e   y e a r ,  and 

where 

v = day  by  which 50 percen t   o f   t he   p rec ip i t a t ion  
has   occurred,  and 

0 = t he   s t anda rd   dev ia t ion   (days ) .  

For.Abbott,  Cimarron,  Maxwell,  and  Raton, 1-1 ranges from 183 t o  198 days  and 

0 ranges  from 62 t o  77 days.  Using p = 190 days,  and 0 = 75 days   as  

r e p r e s e n t a t i v e  of  t h e   s i t e ,   t h e   e q u a t i o n   p r e d i c t s   t h e   p r e c i p i t a t i o n   a t   t h e  

s i t e   d u r i n g  a t y p i c a l   y e a r  w i l l  b e   d i s t r i b u t e d   a s   f o l l o w s :  

J F M A M J  J A S  0 N D To ta l  

Monthly 2 2 5 9 1 2   1 6  15 16  10 7 3 3 100 
Percent  

Cumulative 2 4 9 18 30  46 61 77  87  94  97 100 --- 

Max. A l t i t u d e  
6 , 3 7 4  f t .  
Min. A l t i t u d e  

.3 .3 .8 1 . 5  2.0  2.6  2.4  2.6  1.6 1.1 .8 .5 16 .2  

6,140 f t .  .3 .3 .8 1.4 1 . 9  2.5  2.4  2.5  1.6 1.1 .5 .5 15.8 
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Table .5.--Cumulative percent of mean monthly  precipitation for stations in  Colfax County, New  Mexico 

Station 

Abbott 
Abbott 2 SE 
Aurora 
Aurora A 
Black  Lake 
Black  Lake A 
Cimarron 
Cimarron 4 SW 
Cimarron 7 SE 

;F colmor A 
Colmor B 

2 Cunico Ranch 
2 Cunico .Ranch A 

Dawson > :: Dotsey 
4. Dorsey A 
% Eagle Nest B 

3 colmor 
rn 

rn 
Elizabethtown 
Farley 
Johnson  Park 
Lake Alice 
Lake Maloya 
Maxwell 

. Maxwell A 
Miami 
Philmont Scout 
Ranch 

Raton 
Raton A 

Jan - 
2.0 
1.2 
2.8 
3.2 
3.2 
4.7 
2.2 
1.1 
1.8 
1.7 

2.6 
.1 

2.1 
.2 

2.0 
.6 

4.8 
.6 

4.7 
2 -8 

2.8 
.9 

3.9 
1.7 
1.5 
2 .o 

2.1 
1.7 
2.6 

Feb 
L_ 

4.5 
3.0 
6.7 
5.7 
6.9 
7.9 
5.6 
3.6 

12.5 
3.7 

3.1 
4.9 
.2 
3.8 
5.1 
4.5 
6.3 
9.3 
10.6 
6.8 
3.5 
6.6 
9.3 
3.6 

4.8 
3.4 

4.2 
5.4 
5.4 

Mar - 
8.2 
5.9 
12.7 
10.7 
12.4 
15.9 
11.1 
12.1 

23.3 
7.5 

6.8 
8.2 
5.8 
6.6 
9.3 
9.7 

15.5 
7.2 

19.1 
10.4 

13 .O 
7.4 

16.3 
6.7 
7.7 
9.8 

8.0 
9.0 
11.0 

April 

14.8 
10.0 
20.5 
16.4 
18.8 
21.9 
19.6 
16.1 
13.3 
24.3 
12.8 
13.5 
24.5 

17.2 
11.5 

22.6 
13.8 
21.9 
27.7 
22.0 
16.7 
22.8 
23.9 
12.5 
15.3 
17.5 

19.7 
1.9.1 
17.7 

May 

26.9 
23.8 
29.8 
28.8 
27.8 
29.5 
31.9 
27 .O 
28.4 
36.3 
30.4 
35.9 
32.7 
24.3 
30.0 
27.1 
32.2 
31.0 
35.6 
32.4 
30.9 
35.3 
37.7 

28.0 
23.4 

31.7 

33.7 
30.1 
31.4 

June 

39.5 
33.4 
41.0 
37.4 

36.8 
38.3 

42.3 
35.4 
40.2 
46.2 
41.4 
43.7 
41.4 
35.4 
41.2 
49.1 
47.0 
38.3 
42.0 
41.7 
45.7 
45.9 
47.6 

40.4 
34.0 

42.6 

__ 

42 -8 
40.6 
41.7 

July 

55.5 

58.8 
55.8 

57.7 
58.3 

57.8 
59.7 
53.1 
60.3 
58.9 
59.8 

52.8 
50.4 

59.5 
60.4 

60.7 
64.1 

57.2 
59.4 
61.4 
66.0 
60.0 
63.3 

59.3 
53.1 

58.6 

- 

63.3 
60.1 
57.0 

- Aug 

74.6 
79.7 
76.0 
78.8 
77.6 

76.4 
72.4 

84.0 
66.8 

78.3 
77.4 
71.9 
68.3 
80.5 
76.9 
77.1 

75.7 
76.8 
75.7 
80.4 
75.4 
77.4 
75.1 
80.1 
75.6 

87.7 

80.1 
79.7 
71.0 

86.5 
88.6 
87.0 
84.5 
86.4 
83.2 
85.9 
85.9 

85.9 
90.3 

88.7 
91.3 
84.3 
88.1 
85.6 
91.9 
93.4 
84.5 
84.8 
89.5 
86.9 
85.7 
83.3 

89.6 
85.6 

84.7 

86.5 
89.6 
85.0 

NOV - 
94.8 
95.8 
93.6 
92.7 
93.4 
90.7 
93.9 
92.5 
94.3 
92.1 
94.9 
98.3 
93.9 

94.7 
96.2 

93.5 
97.6 

91.5 
90.5 

94.6 
94.4 

93.4 
89.4 

95.9 
94.1 

94.0 

94.4 
95.1 
92.9 

97.7 

97.1 
98.1 

97 .O 
97.0 
96.3 

96.5 
97.4 

98.1 
95.1 
98.7 
100.0 
99.3 
98; 2 
97.8 
98.3 
99.7 
95.2 
95.7 
98.0 
96.6 
96.8 
95.2 
97.7 
97.7 
97 .8 

97.8 
97.2 
97.5 

Dec - 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100'.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 



Table  5.--Cumulative  percent of mean mon th ly   p rec ip i t a t ion  for s t a t ions  i n  Colfax County, New Mexico. 
(cont )  

S t a t i o n  

Raton F i l t e r  

Raton  Weather 

Shoemaker 
Bureau 

Ranch 
Spr inge r  
Taylor  

Expectant  
5 Vermejo Park 

P l a n t  

VI c 

Jan  Feb 
" 

2.3  5.4 

2.3  4.4 

2.6  4.6 
2 . 1  4 .5  
1.7  4.9 
2.4 
2 4 

5.4 

10.6 15.8 29.3 

7.7 14.6 27.3 

8 . 0  16.2 29.4 
8.4 15.1 27.3 
9.8 16.3 29.6 

10.5 19.2 27.2 
9 18  30 

June July 

40.3  59.6 

41.3  59.6 

41.3 
38.0 

56.0 

41.0 
57.0 
59.0 

,36.0 
46 61  

59.2 

Aug"" Sep t  O c t  NOV Dec 

77.5  85.2  92.4  96.6  100.0 

79.5  89.0  95.5  98.0 100.0 

72.8 88.6 94.8 98.2 100.0 
76.1 86.3 93.7 97.1 100.0 
76.7 85 .5  94.0 97.0 100.0 
78.8 87.3 93.3 96.6 100.0 
77 87 94 97 100 

L 
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This t a b u l a t i o n   s h o w s   c l e a r l y   t h a t  three mon ths   ( June ,   Ju ly ,   and   Augus t )  

a r e  "wet", a c c o u n t i n g   f o r   n e a r l y   h a l f  (47  p e r c e n t )   o f  the t o t a l ;   w h e r e a s ,  

f ive months  (January,   February,   March,   November,   and  December)   are   "dry",  

a c c o u n t i n g   f o r   o n l y  15 p e r c e n t   o f   t h e   t o t a l .   T h e   S p r i n g   a n d   F a l l   ( A p r i l  

and May, and   Sep tember   and   Oc tobe r )   a r e   modera t e ly   d ry ,   accoun t ing   fo r  1 9  

and 17 p e r c e n t ,   r e s p e c t i v e l y ,   o f   t h e   a n n u a l   t o t a l .  

From t h e   s t a n d p o i n t   o f   p r e c i p i t a t i o n  we see the s e a s o n s   a s :   W i n t e r  = 

November th rough   March ;   Sp r ing  = A p r i l   a n d  May;  Summer = J u n e ,   J u l y ,   a n d  

A u g u s t ;   a n d   F a l l  = September  and  October.  

P o t e n c i a l   E v a p o t r a n s p i r a t i o n ,   S u r p l u s ,   a n d  Def ic i t  

Tab le  6 g i v e s  the c u m u l a t i v e   p e r c e n t   o f  mean m o n t h l y   p o t e n t i a l   e v a p o t r a n s -  

p i r a t i o n   f o r   S t a t i o n s   i n   C o l f a x   C o u n t y ,  New Mexico. 

D u r i n g   a n   a v e r a g e   y e a r  PE ( p o t e n r i a l   e v a p o t r a n s p i r a t i o n )  i s  n o r m a l l y   d i s -  

t r i b u t e d   ( F i g .  7 )  a n d   c a n   b e   p r e d i c t e d   b y :  

-2212 
P E = l - L  

fi 
e 

where 

PE = t h e   p e r c e n t   o f  the  p o t e n t i a l   e v a p o t r a n s p i r a t i o n  
by   day   (d) ,   and  

z = -  
0 ,  

where ,, = t h e  number  of   days  s ince  December 31 r e q u i r e d   f o r  
50 p e r c e n t   o f   t h e   a n n u a l   p o t e n t i a l   e v a p o t r a n s -  
p i r a t i o n   t o   h a v e   o c c u r r e d ,   a n d  

0 = the s t a n d a r d   d e v i a t i o n   ( d a y s ) .  
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Table 6.--Cumulative percent of mean monthly  potential  evapotranspiration for stations  in 
Colfax  County,  New Mexico. 

Station 

Cimarron 4 SW 
Cimarron 

Co lmor 
Dawson 
Dorsey 
Dorsey A 
Eagle Nest B 
Elizabethtown 

Lake Maloya 
Maxwell 

3 Lake  Alice 

2 Maxwell  A 
2 Miami 
8. Philmont  Scout 
m 

2 Ranch 
Raton 

Raton Filter 
Plant 

Raton. WB 
Shoemaker 
Ranch , 

springer 
Taylor 
Verne jo Park 

= Raton A c. 

Jan - 

1.2 
1.3 

.9  
1.2 

1 . 4  
1.2 

1.2 
1.2 
1.3 
1.3 
1.1 
1.1 
1.2 

1.4 
1.2 
1.1 

1.3 
1.1 

1.1 
1.1 
1.1 
1.4 

Feb 

2.9 
2.8 

2.6 
2.7 
2.7 
2.8 
2.8 
2.9 
2.9 
3.0 

2.5 
2.6 

2.8 

3.0 
2.7 
2.6 

2.8 
2.6 

2.5 
2.5 

2.6 
3.2 

Mar - 

6.1 
6.5 

6.0 
5.2 

6.3 
6.9 
5.7 
6.1 
5.9 
5.7 
5.3 
5.0 
6.0 

6.1 
5.7 
5.7 

5.6 
5.2 

6.3 
5.5 
5.6 
6.0 

April 

12.6 
12.2 

12.7 
11.9 

12.4 
13.4 
11.4 
11.6 
12.1 
11.8 
11.5 
11.4 
12.4 

__ 

11.9 
12 .1  
11.8 

11.6 
11.3 

13.8 
12.0 
12.3 
12.0 

May 

24.3 
24.1 
24.0 
24.7 

23.9 
23.9 

22.5 
23.1 
23.5 
23.5 
23.4 
23.0 
25.2 

23.8 

23.4 
23.7 

23.3 
23.0 

27.2 
24.2 
24.5 
23.2 

" 
June 

41.6 
42.4 
42.4 
42.2 
41.3 
41.5 
40.0 

40.5 
39.9 

41.6 
41.3 
40.5 
42.4 

41.4 
41.3 
41.2 

40.8 
40.9 

43 .8 
41.9 
42.6 
41.0 

July 

61.5 
62.5 
63.2 
6.1 

60.7 
62.0 
61.4 
61.2 
61.0 

62.3 
59.9 

61.0 
62.0 

61.3 
61.1 

61.8 

61.1 
61.5 

63.0 
61.9 
61.2 
61.4 

AugSept 

79.3 89.9 
78.4 89.7 

80.5 91.6 
78.9 90.1 
78.7 90.1 
79.0 90.5 
79.8 90.9 
79.5 91.0 

78.2 89.9 
78.7 90.1 

79.9 91.0 
78.8 90.3 
78.7 90.2 

78.4 89.9 
78.8 90.0 
79.2 90.5 

78.4 89.7 
79.1 90.4 

79.6 90.5 
79.6 90.7 
78.9 .90.6 
78.9 90.3 

oc t __ 

96.2 
96.5 
97.0 
96.4 
96.1 
96.3 
96.5 
96.5 
96.4 
96.4 
97.1 
97;O 
96.4 

96.3 

96.6 
96.2 

96.2 
96.7 

96.6 
96.7 
96.7 
96.3 

NOV - 

98.7 
98.7 

98.8 
99.0 

98.8 
98.7 
98.7 
98.7 
98.7 
98.6 

98 .8 
98.8 

98.7 

98.6 
98 .8 
98.8 

98.7 
98 .8 

98.8 
98.9 
98.9 
98.6 

Dec 

100 
100 
100 
100 
100 
LOO 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 

- 

100 
100 

100 
100 

100 
100 





For  Cimarron,  Maxwell ,   and  Raton  the  relationship is: 

The po ten t i a l   evapo t ransp i r a t ion   du r ing  a t y p i c a l   y e a r   a t   t h e   s i t e  w i l l  be 

d i s t r i b u t e d   a s   f o l l o w s :  

J F M A M J  J A  S 0 N D T o t a l  

Monthly 1 1 5 8 13 17  18 1 7  10 7 2 1 100 
Cumulative 1 2 7 15 28 45 63 80 90 97 99 100 --- 

Percent  

Max. A l t i t u d e  
6,374 f t .   . 3   . 3  1 . 7  2.6  4.3  5.6  5.9  5.6  3.3  2.3 . 7  .3  32.9 

Min. A l t i t u d e  
6 , 1 4 0   f t .   . 3   . 3  1.6 2.5 4 .1  5.4  5.7  5.4  3.2  2.2  .6  .3  31.6 

The e s t ima ted   su rp lus  and d e f i c i t   t h e r e b y  become: 

J F M A M J J A  S 0 N D T o t a l  
Inches 

Surplus  
6,374 f t .  0 0 0 0  0 0 0 0 0 0  0 .2 
6,140 f t .  0 0  0 0 0 0 0  0 0  0 0 .2  .2 

. 2  

D e f i c i t  
6.374 f t .  0 0 . 8  1.1 2 . 1  2.8  3.3  2.8  1.6 1.1 .1 0 15.8 
6;140 f t .  0 0 .9  1.2  2.4  2.1  3.5  3.1 1 . 7  1 .2  . 2  0 17.3 

The e s t ima ted   annua l   su rp lus   and   de f i c i t   a r e   l e s s   t han   t hose   e s t ima ted  by 

r e g r e s s s i o n  of the  mean-annual   values   with  a l t i tudes.  The d i f f e r e n c e  i s  due 

i n   p a r t   t o   t h e   c h o i c e  of U and 0 f o r   p r e c i p i t a t i o n  and p o t e n t i a l  evapo- 

t r ansp i r a t ion .   Bu t   t he   d i f f e rence  i s  sma l l   and   t he   r e su l t s   ob ta ined   r e f l ec t  

t he   ave rage -annua l   d i s t r ibu t ion  of p r e c i p i t a t i o n ,   p o t e n t i a l   e v a p o t r a n s p i r a -  

t i on ,   su rp lus ,  and d e f i c i t   f a i r l y   w e l l .  
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.I Discussion 

.. 
The d i s t r i b u t i o n  of p r e c i p i t a t i o n   i n   t i m e  and  space w i l l  determine  whether 

o r   no t   i n f i l t r a t ion   i n to   bu r i ed   was t e   can   occu r .   Obv ious ly ,   du r ing   "d ry"  

p e r i o d s   i n f i l t r a t i o n  i s  Lmpossible so we w i l l  ignore  "dry"  per iods 

h e r e a f t e r .  

During a n  a v e r a g e   y e a r   m o s t   p r e c i p i t a t i o n   a t   t h e   s i t e   r e t u r n s   a l m o s t  irmne- 

d i a t e ly   t o   t he   a tmosphe re   v i a   evapo t ransp i r a t ion ,  s o  i n f i l t r a t i o n  is 

n e g l i g i b l e .  

Dur ing   "we t "   pe r iods   t he   p robab i l i t y   o f   i n f i l t r a t ion   i nc reases   acco rd ing  

K O  t h e   i n c r e a s e   i n   p r e c i p i t a t i o n .  When p r e c i p i t a t i o n   e x c e e d s   p o t e n t i a l  

e v a p o t r a n s p i r a t i o n ,   t h e   p o t e n t i a l   f o r   i n f i l t r a t i n g   w a t e r   t o   r e a c h   t h e   b u r i e d  

waste  is g rea t e s t .   Su rp luses   can  come abou t   by   e i the r :  

(1) a s ing le   ep i sode   o f   sus t a ined   p rec ip i t a t ion ;   o r  

(2)  long "wet" per iods .  

Twenty-Four Hour P r e c i p i t a t i o n  

The  amount  of p r e c i p i t a t i o n   t h a t   t h e   s i t e   m i g h t   e x p e r i e n c e  i n  t h e   f i r s t  

case  can  be  es t imated by a cons ide ra t ion  of t he   r ecu r rence   i n t e rva l  o f  

s e l e c t e d   p r e c i p i t a t i o n   r a t e s .   F i g u r e  8 shows the   r ecu r rence   i n t e rva l s   o f  

t h e   t o t a l   p r e c i p i t a t i o n   d u r i n g   6 - h o u r  and  24-hour   per iods  for   recurrence 

i n t e r v a l s  of 1 t o  100,000 yea r s .   Th i s   f i gu re  shows t h a t  t h e  maximum r a i n f a l l  

that   can  be  expected  during a 6 hour  period  about one y e a r   i n  a thousand 

(under   p resent   c l imato logic   condi t ions)  is about  5 .1  inches ,  and the maximum 

r a i n f a l l   t h a t   c a n  be  expected  during a 24-hour  period  about  one  year  in a 

thousand  (under   present   condi t ions)  i s  about  6.9 inches.  
.. 
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"Wet" Pe r iods  

Appra i sa l s   o f  two d a t a   s u i t e s   f r o m   e x t a n t   s t a t i o n s   g i v e   i n s i g h t  to  t h e  

p o t e n t i a l   c h a r a c t e r i s t i c s   o f  a sus t a ined  "wet" per iod.  One s u i t e  i s  t h e  

da ta   for .   the   "wet tes t"  12  month pe r iod   fo r   t he   Un i t ed   S t a t e s ,   i nc lud ing  

New Mexico. The o t h e r  is t h e   a n n u a l   p r e c i p i t a t i o n   h i s t o r y   f o r   t h o s e  

s t a t ions   w i th   t he   l onges t   pe r iod   o f   r eco rd .  

"Wettest'"12 Month Period 

The per iod  November 1940 through  October  1941 was the   we t t e s t  12  month 

p e r i o d   i n  New Mexico's  history  (Tuan) e t  a l ,  1969,  p. 143) .  Tables  7 t o  

10 summarize t h e   d a t a   f o r   t h i s   p e r i o d  from s t a t i o n s   i n   C o l f a x  County. 

L i n e a r   r e g r e s s i o n   o f   s t a t i o n   a l t i t u d e   v e r s u s   t o t a l   p r e c i p i t a t i o n   g i v e s :  

A l t i t u d e  = -56.26 ( p r e c i p i t a t i o n )  + 8135.02 

w i t h  a c o r r e l a t i o n   c o e f f i c i e n t   ( r  2 ) of .20 -- an  extremely  poor   corre-  

l a t i o n   o f   p r e c i p i t a t i o n   w i t h   a l t i t u d e .  The mean p r e c i p i t a t i o n   f o r   t h e  11 

s t a t i o n s   v a s  31.18  inches  (s tandard  deviat ion of 4.105 inches) .  

E v e n   t h o u g h   t h e   t o t a l   p r e c i p i t a t i o n   f o r   t h e   p e r i o d  on  the  average was 

nea r ly   tw ice   t he   ave rage   fo r   t he   s i t e ,   t he   p rec ip i t a t ion   fo r   fou r  months 

was a t  o r  below t h e   a v e r a g e   f o r   t h e   s i t e   ( T a b l e  7 ) .  

The mean p o t e n t i a l   e v a p o t r a n s p i r a t i o n   f o r   t h e   p e r i o d  was ve ry   c lose   t o   t he  

ave rage   po ten t i a l   evapo t ransp i r a t ion   expec ted  a t  t h e   s i t e   ( T a b l e   8 ) .  The 

d e f i c i t  was much less   than   the   average   (Table   9 ) .  The s u r p l u s  was much 

grea te r   than   the   average   (Table  10). 

. .* 
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Table  7.--Precipitation  recorded  by'months  in  Colfax  County  during  "wettest"  12-month  period 
of  record, Nov. 1940 - Oct.  1941. 

(Inches) 

1940 
Station Nov Dec 
~" 

1941 
Jan Feb  Mar  April  May  June  July  Aug  Sept  Oct " ~ ~ " - ~ -  

Abbott 4 .OO 

Cimari-on  2.31 

3 
?: 
r 

Cunico 
Ranch  2.59 

3 
3 Dawson  2.79 e . .  
" C  
E= Farley 2.95 
2 m 
3 

Y 

(D 
m 
- 0. Lake  Alice 1.44 

Miami 2.34 

Raton A 2.49 

Shoemaker 
Ranch  3.33 

Springer  3.66 

Verme j o 
Park  2.05 

!J 2.72 

U .736 

.16 

.53 

.04 

.55 

.48 

.80 

.40 

.44 

.45 

.35 

1.03 

.48 

.271 

.46  .18 

.53 -13 

0 .01 

.29  .30 

.34  .39 

.57  .46 

.42  .03 

.36  .32 

.43  .04 

.43  .04 

.46  .27 

.39  .20 

.152 .160 

1.95 

3.55 

2.00 

4.25 

2.11 

3.45 

3.04 

3.61 

3.25 

3.09 

3.57 

3.08 

.752 

1.88 6.35  1.84 

2.23  4.35  2.14 

2.35  3.67  2.18 

3.00  3.92  1.14 

2.06  5.55  2.80 

3.80  4.90  3.54 

3.36  4.81  1.24 

3.01  5.22  3.77 

2.57  4.73  2.48 

2.54  5.64  1.83 

2.11  2.78  3.44 

2.63  4.72  2.40 

.599 1.01 .go1 

3.80  2.76 

3.49  .99 

2.96  4.32 

6.07  2.11 

6.37  3.60 

3.45  2.59 

3.69  1.75 

3.14  2.88 

3.52  1.90 

3.73  2.36 

3.51  1.36 

3.98  2.42 

1.14  .967 

7.79  2.42 

3.37  2.76 

5.60  2.37 

4.44 2.77 

6.98 2.57 

7.70  3.18 

4.60  1.97 

8.00  2.72 

5.07  1.91 

6.76  2.83 

2.20  2.01 

5.68  2.50 

1..93  .407 

Total 

33.59 

26.38 

28.09 

31.52 

36.2 

35.88 

27.65 

35  ..96 

29.68 

33.26 

24.79 

31.18 
31.20 

9.025 
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Table  8.--PotentiaI  evapotranspiration  ,computed  by  months  for  stations  in  Colfax  County  during 
"wettest"  12-month  period  of  record, NOV. 1940 - Oct. 1941. 

(inches) 
1940  1941 

Station "" Nov  Dec Jan 
Cimarron 

Dawson 

€ 
? 

Lake  Alice 

.72 -45 .43 

.75 -43 .44 

: 4 0 

.37  .39 

- - 
- 

.58  .44  .42 

Feb  Mar  April - " 
.64 1.09 2.07 

-70  1.09 2.14 

.52  .75.  1.50 

.64 -96 1.98 

.58 .80 1.69 

2 Shoemaker 
0. Ranch 0 

Lo 

& z 
Springer 

-57  .33 .33 

.60 .33 .34 

.64 .39 .39 

.084  .055  .043 

.54 .97 2.07 

.61 1.10 2.25 

.60 .97 1.96 

.063 ' .143  .266 

'= 
4.23 

4.46 

3.65 

4.26 

3.95 

4.25 

4.66 

4.20 

.329 

June 
5.26 

5.61 

4.57 

5.25 

5.14 

5.14 

5.73 

5.24 

.375 

July Aug Sept 

6.47  5.69  3.64 

6.50  5.95  4.10 

5.73  5.06  3.32 

6.23 . 5.96  4.16 

6.12  5.50  3.56 

6.22 5.73  3.64 

6.77  6.05  4.00 

6.29  5.71  3.77 

.331  .342  .315 

- oc t Total 

1.90 32.59 

2.27 34.44 

- 

1.74 - 

2.19 - 
1.95  30.73 

2.08  31.87 

2.33  34.77 

2.06  32.88 

.214  32.22 



Table 9.--Deficit computed by months f o r   s t a t i o n s  i n  ColEnx County during "wettest" 12-month 
per iod of record,  NOV. 1940  - Oct. 1941. 

1940 
( inches)  

1 9 4 1  
Jan  Feb Mar April  May June Ju ly  Aug Sept  Oct To ta l  
" "" - S t a t i o n  Nov Dec 

" .. 

" 

Cimarron 

Dawson 

3 Lake Alice 

2 Shoemaker 

9. 
v 
3 Ranch 
5 '  
C: Springer  

u 

a 

"Average" 
f o r  Si te  - .9 1 . 2  2.4 

3.12 

4.47 

1 .03  

4 . 0 1  

1 .37  

2.66 

3.90 

2.94 

1 . 3 3  

3.1 

2.98 

.43  

2.28 

2.54 

2.98 

2.70 

3.04 

2.42 

.925 

3 .5  

4.70 

3.84 

2.47 

4 . 2 1  

2.62 

3.83 

3.69 

3.62 

.810 

3.1 

.17 . 9.86 

- 11.20 

.02 9 .95  

.064 9.57 

1 .2   17 .3  



Table 1o.--Surplus computed by months for stations in Colfax County during "wettest"  12-month 
period of record, NoV. 1940 - Octr 1941. 

~ ~~~ 

(inches) 

1940  1941 ___ 
Station ""- NSJ Dec Jan ""Aug" Sept Oct Total 

Cimarron 1.59  .OS .10 - 2.46 .16 .12 - - - - .86  5.37 

Dawson 2.04  .12 - - 3.16 .86 - - - - .  .3Q  .50  7.02 ' Lake Alice 
T: 

.17 - 2.70  2.30  1.25 - - - 4.38  1.44 - 
- 

1.91 - 

.03 

- 
2.08  1.38 

2.81  1.32 

.55 

1.27 

.44 

4.44 

.22 

.77 

- 
12.52 

2 Miami 
3 
2 Raton A 
0 

* g  
:: Ranch 
2 Shoemaker 

E' - 
m 
w 

Springer 

2.76  .12 

3.06  .02 

2.27 .06 

.61 .057 

.10 

.09 

.07 

.063 

2.28  .50 

1.99  .29 

2.50 -97 

.420  .754 

.48 

.98 

.66 

.51 

1.43 

2.76 

1.97 

1.90 

9.86 

9.69 

8.89 

9.11 

- 

.50 

.61 

.470 



B o t h   t h e   d e f i c i t  and the   su rp lus  showed g r e a t e r   v a r i a t i o n   ( a s   r e v e a l e d  by 

s t anda rd   dev ia t ion )   t han   d id   e i the r   t he   p rec ip i t a t ion   o r   po ten t i a l   evapo-  

t r a n s p i r a t i o n .  

The cumulative sum o f   t he  mean su rp lus  (+) and mean d e f i c i t  (-) f o r   t h i s  

w e t t e s t   y e a r  i s  as fol lows:  

1940 1941 
N D J F M  A $1 J J A S  0 

Surp lus  2.27 .06 .07 - 2.50  .97 .66 - - - 1.97 .61 
D e f i c i t  - - .03 .42 - - .08 2.94  2.42 3 .63  .04 .02 
Cum Z 2.27  2.33  2.40  1.98  4.48 5.45 6.03 3.09 .67 -2.95-1.02  -.041 

So e v e n   d u r i n g   t h i s   w e t t e s t  12 month pe r iod   t he   ne t   p rec ip i t a t ion   ma in ta ined  

a su rp lus   du r ing  s ix  months. 

Sus t a ined  "Wet" Per iod  

The p r o b a b i l i t y  of a sequence  of  "wet"  years  mmbining  to  temporarily  increase 

I ,  ave rage"   va lues   s ign i f i can t ly  i s  much more d i f f i c u l t   t o   a p p r o a c h .  Few 

s t a t i o n s  have  long  records. Of n e c e s s i t y ,   t h e   l e n g t h  of a "wet" per iod  is 

a r b i t r a r y .  

S c r u t i n i z i n g  the  annua l   p rec ip i t a t ion   a t   Sp r inge r ,   C imar ron ,  and  Raton 

(Appendix IV-4) r e v e a l s   t h a t   t h e  maximum annual   p rec ip i ta t ion   ranges   f rom 

a low of 23.99 inches (1914,  Cimarron) t o  a maximum of 29.53 inches (1942,  

Ra ton ) .  

Appendix IV-4 a l so   g ive   t he   3 -yea r  and  5-year   running  average  for   Springer ,  

Cimarron,  and  Raton. The f a c t  that  these  averages  "peak"  and  "trough" 

a t  t h e  same t ime   i nd ica t e s   t ha t  "wet" y e a r s   a r e  most o f t e n  "wet" throughout 

t h e   a r e a  and a re   no t   u sua l ly  a l o c a l  phenomenon.  They a l s o  show t h a t  
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h i s t o r i c a l   3 - y e a r  "wet" sequences had runn ing   ave rages   i n , excess   o f ' 22  

inches ;   whereas ,   the   h i s tor ica l   5 -year  "wet"  sequence had only  one 

running   average   g rea te r   than   21   inches   (1942) ;   bu t  a l l  s t a t ions   r eached  

a 5-year   running  average  greater   than 19. inches  (1915,  1942,  1959,  and 

1961). 

F igures   9 ,  10, and 11 show t h e  mean annual   p rec ip i ta t ion ,   and   3-year  and 

5-year   system  running  average  versus   recurrence  interval   a t   Cimarron,  

Raton,  and  Springer.   Table 11 g ives   t he   e s t ima ted  mean annual   p rec ip i -  

t a t ion   and   3-year   and   5-year   running   average   a t   se lec ted   s ta t ions   for  

r ecu r rence   i n t e rva l s   o f  10, 100, and 1,000 years ,   based  on t h e  Gumbel 

technique. 

D u r i n g   t h e   l i f e   o f   t h e   s i t e ,  we can  reasonably  expect"100-year"  wet 

pe r iods ,  which w i l l  have p r e c i p i t a t i o n   i n   t h e   r a n g e  of  28-30  inches. We 

can a l s o   e x p e c t  a t  l e a s t  one  "1,000-year' '  wet  period,  which w i l l  have 

p r e c i p i t a t i o n   i n   t h e   r a n g e  of  32-38  inches. So the  upper limit of  one 

y e a r ' s   p r e c i p i t a t i o n   t h a t  we can  reaspnably  expect   to   occur  a t  t h e   s i t e  

is 32-38 inches.  

We can  reasonably  expect  "100-year ' '   wet  periods of 3 y e a r s   d u r a t i o n   t o  

. average  in   the  range  of  23-27 inches   pe r   yea r ,  and  of 5 year   dura t ion   to  

average   in   the   range  of  20-22 inches   per   year .  A "1,000-year' ' v e t  p " ~  i d ,  

of 3 years   durac ion   in   the   range   of  27-33 inches   per   year  a n d  or 5 yea r s  

du ra t ion   i n   t he   r ange   o f  24-26  inches  per  year i s  the  upper limit of 

sus t a ined  I'wet" t h a t  we can   reasonably   expec t   to   occur  once dur ing   the  

l i f e  o f   t h e   s i t e .  
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Table 11.--Estimated annual precipitation and  3-year  and 5-year running 
average precipitation for recurrence intervals of 10, 100, 
and 1000 years for selected stations in Colfax County, N. Mex. 

(Inches) * 
Years  of Period Recurrence interval (years) 

10 100 1000 station record 

Cinarron 71 
69 
67 

DawSOn 49 

Maxwell 48 

Raton 
32 
30 

Springer 71 

67 
69 

34 

(years) __ v 

1 15.45 
3. 15.41 
5 15.44 

1 16.14 

1 14.11 

1 16.32 
3. 
5 16.20 

16.22 

1 14.91 
3 14.91 
5 15.01 

U - 
4.166 
2.528 
1.964 

4.573 

3.536 

4.479 

1.608 
2.215 

4.300 
2.473 
1.879 

21.06 

18.09 
18.8 

22.29 

18.87 

22.35 

18.37 
19.21 

18.24 
20.69 

17..  53 

28.54 
23.35 
21.61 

30.50 

25.22 

30.39 
23.19 
21.25 

28.41 
22.68 
20.91 

36.03 
27.89 
25.12 

38.71 

31.56 

38.43 
27.18 
24.14 

36.1 

24.28 
27.12 

* 
Precipitation = 1-1 - .450 + .7797U I n  (Recurrence interval) 
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REGIONAL CONSIDERATIONS 

In t roduc t ion  

Over  most of i t s  course   the   Canadian   River   f lows   eas tward ,   bu t   for   an   in te r -  

val   between a p o i n t  a few  miles  south of Raton  and  the Conchas Reservoir ,  

t he   r i ve r   f l ows   sou th .  The s i t e  is, therefore ,   both  west   and  south of 

the  Canadian  River.  We limit the   d i scuss ion   o f   t he   r eg iona l   s e t t i ng  to 

t h e   a r e a   d r a i n e d  by  che  Canadian  River  above  gaging  station 7-2215.00 

(Canadian  River  near  Sanchez, New Mexico).   This  gaging  station is t h e   f i r s t  

long-,term s t a t ion   ma in ta ined  by t h e  U.S. Geological  Survey  chat is upstream 

f rom  the  Conchas River   and  the Conchas Reservoi r .  We c a l l   t h e   a r e a   d r a i n e d  

t h e  Upper  Canadian  River  Basin. 

The Upper  Canadian  River  Basin  includes  parts of Colfax, Mora, Harding,  and 

San  Miguel   Count ies   in   northern New Mexico,  and a small segment of Las 

Animas and   Cos t i l l a   Count ies   in   southern   Colorado .  I ts  shape is roughly 

rec tangular   and   covers   an   a rea  of 6 ,072  square  miles .  Its average   eas t -  

west  dimension i s  about  64 miles ;  i t s  ave rage   no r th - sou th   l eng th , i s   abou t  

90 mi les .  

The Sangre  de  Cristo  Moutains bound the   bas in   on   t he ,wes t .  The New Mexico- 

Colorado   s ta te   l ine   approximates   the   nor thern   boundary .  The e a s t e r n  

boundary is w i t h i n  a few mi les  of the  Union  County l i n e .  I t s  southern  

boundary  passes  a few mi le s   no r th  of Las  Vegas. 
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Topography  and  Drainage 

A l t i t u d e s   i n   t h e  Upper Canadian  River  Basin  range  from a maximum of 13,676 

f e e t   a t   P u r g a t o i r e  Peak  (Colorado)  to 4,515 f e e t  a t  the   gag ing   s t a t ion .  

F igure  12 (based  on  Table 12) shows the   hypsometr ic   curve   for   the   bas in .  

F i f ty   pe rcen t   o f   t he   d ra inage   a r ea  l ies above 6,800 f e e t  and 70 percent  

l i e s  above  the maximum a l t i t u d e  o f   t h e   s i t e .  

{, . . ,. . . I .~ 
:>: 

I .. ., , . .  
'., 

East  of t he   Canad ian   R ive r   s lopes   a r e   r e l a t ive ly   gen t l e ,   because   a l t i t udes  

a long   t he   ea s t e rn   d iv ide   a r e   fo r   t he  most p a r t   l e s s   t h a n  7.,000 f e e t .  

West o f   t he   r i ve r   s lopes  become v e r y   s t e e p   i n   t h e   S a n g r e  de Cris to   Mountains .  

Sur faces  with three   thousand  fee t  of r e l i e f   i n   t h r e e   o r   f o u r   m i l e s   a r e  

. .  

common. 

The d ra inage   bas in  i s  asymmetr ic .   Tr ibutary  s t reams  f rom  the  east   are  

s h o r t ,   d r a i n  small a r e a s   w i t h  small r e l i e f ,   a n d   a r e   i n t e r m i t t e n t .   T r i b u t a r y  

s t reams  f rom  the  west   are  much longe r ,   d ra in  more  than 70 pe rcen t   o f   t he  

bas in ,  and   even   in te rmi t ten t   s t reams  conta in  some wa te r  a t  l e a s t  75 pe rcen t  

' , of the  t ime.  
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Table  12.--Hypsometric  data  for the Canadian  River  Basin  above  gaging  station  07-2215.0" 

Altitude 
interval (f t) Discharge  Area  Recharge  Area Total 

from 

4000 

5000 

6000 

7000 

8000 

9000 

% 
? 
m 
3 
2 
s m  
? ..., 10000 x 
i; 11000 

12000 

.. 
-VI 

-. c: 

' to - 
5000 

6000 

7000 

8000 

9000 

10000 

11000 

12000 

Total 

(mi2) 

36.2 

344.5 

874.7 

349.1 

202.2 

88.8 

15.8 

3.2 

" 

1914.5 

" 
.60 

15.67 

14.41 

5.75 

3.33 

1.46 

.26 

.05 

" 

(cum %) 

.60 

6.27 

20.68 

26.43 

29.76 

31.22 

31.48 

31.54 

" 

(mi2) 

4.5 

547 .O 

1567.5 

1047.5 

552.8 

318.6 

102.6 

15.0 

1.6 

4157.1 

(w) 

.07 

9.01 

25.82 

17.25 

9.10 

5.25 

1.69 

.25 

.03 

(cum %) 

.07 

9.08 

34.90. 

52.15 

61.26 

66.50 

68.19 

68.44 

68.47 

(mi2) 

40.7 

,891.5 

2442.2 

1396.6 

755.0 

407.4 

118.4 

18.2 

1.6 

6071.6 

(cum %) 

.67 .61 

14.68 15.35 

40.22 55.58 

23.00 78.58 

12..  43 91.01 

6.71 97.72 

1.95 99.67 

.30 99.97 

.03 100.00 



Geology 

Physiography 

Phys iographica l ly   the  Upper Canadian  River   Basin  extends  into  four  of 

Fenneman's (1931) physiographic   regions:  

(1) the  Southern Rocky Mountains; 

( 2 )  the  Raton Mesa group; 

( 3 )  the   Park  Plateau;   and 

( 4 )  the   Las Vegas P la teau .  

The Southern Rocky Mountains   (Sangre  de  Cris to   Range)   includes  the  Cost i l la  

Lake-Cimarron Range in   the   nor thwes tern   par t   o f   the   bas in   and   the   Pecos  

River-Las  Vegas Range i n   t h e   s o u t h w e s t e r n   p a r t   o f   t h e   b a s i n .  

The Raton Mesa group  includes  the  high  mesas  along  the  north  edge of t h e  

b a s i n   a n d   t h e   O c a t e   P l a t e a u   w i t h   a l t i t u d e s   r a n g i n g  from 9,000 t o  10,000 

feet   to   the  south.   This   group  comprises   the  basal t -capped  remnants   of   old 

4 e ros ion   su r f aces .  

The Pa rk   P l a t eau  is in   t he   no r thwes t   co rne r   o f   t he   bas in .  I ts  southern  

and  eastern  boundaries  extend  from  Raton  to  Ute  Park.  The P l a t e a u   r i s e s  

g radua l ly   f rom  the   sou theas t   t o   t he   no r thwes t   and   ex tends   t o   t he   Sangre   de  

Cris to   Mountains  on the  west   and  into  Colorado  on  the  north.  I t s  s u r f a c e  

has   been   h igh ly   d i s sec t ed  by erosion  and is marked  by c l i f f s  i n  which 

l i g h t   c o l o r e d   s a n d s t o n e  is prominent. 

The Las Vegas P l a t e a u   c o v e r s   t h e   g r e a t e r   p a r t   o f   t h e   b a s i n .  It is l a r g e l y  

a p la ins   a rea   and   can   be   cons idered  a w e s t e r n   p a r t  of t he   Grea t   P l a ins  

l eve l   and   con ta in  numerous  pediment  remnants.  Those  capped  by  lava  belong 

t o  the  Raton Mesa group. 

- 
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S t r u c t u r e  

The Upper Canadian  River   Basin  includes  par ts   of   three  major   tectonic  

f ea tu res   (F ig .  13):  

(1) the   Sangre   de   Cr i s to   Up l i f t ;  

(2)  t h e   S i e r r a  Grande Upl i f t ;   and  

( 3 )  the  Raton  Basin.  

The Sangre   de   Cr i s to   Up l i f t ,   app rox ima te ly   equ iva len t   t o   t he   Sangre   de  

Cr i s to   Moun ta ins ,   cons i s t s   mos t ly   o f   P recambr ian   c rys t a l l i ne   rocks  and 

sed imentary   rocks   tha t   range   in   age  from Ordovician (? )  t o   e a r l y  Permian. 

It is n e a r l y  200 mi les   long  with a n  arcuate n o r t h e r l y   t r e n d ,   a n d  is  up t o  

19 m i l e s   i n   w i d t h ,  making it  one   of   the   l a rges t ,   pos i t ive   e lements  of the 

Rocky Mountain  foreland. The u p l i f t  i s  a s t r u c t u r a l l y  complex block 

bounded  by  major ,   h igh  angle   reverse   faul ts   and  highly,   contor ted,   s teeply 

dipping EO overturned  sedimentary  beds.  Along much of   the   eas te rn   margin  

of the   up l i f t   c rys ta l l ine   Precambr ian   rocks   a re   exposed   in   the   core  and 

a r e  i n  f a u l t   c o n t a c t  w i t h  Paleozoic  sedimentary  rocks  (Vermejo  River  Basin 

cross-sect ion  B-B') .  The Sangre   de   Cr i s to   Up l i f t   r e su l t ed  from  an 

eastward  thrust ing  during  the  Laramide  orogeny.  It b e g a n   t o   r i s e   d u r i n g  

Late   Cretaceous  t ime and c o n t i n u e d   t o   r i s e   i n t e r m i t t e n t l y ,   p o s s i b l y   t o  

l a t e   T e r t i a r y   t i m e .  

The S i e r r a  Grande U p l i f t  i s  a subsur face   fea ture .  It ex tends   no r theas t e r ly  

benea th   t he   sou theas t e rn   pa r t  of t h e  Upper Canadian  River  Basin.  I't i s  

manifested  by a "high" on t h e   s t r u c t u r a l   c o n t o u r s  i n  the  rocks  of  

Precambrian  age.  Rocks of   Pennsylvania   age   and   o lder   f lank   the   h igh;  

whereas,   rocks  of  Permian  and  Triassic  age  overlap i t  unconformably. 
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Figure 13. Tectonic  setting of the Upper Conodian River Basin. After: Woodword 8. Snyder, 1976, p.125. 
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So the   up l i f t   began   du r ing   Pa leozo ic   t ime   and   t he   p re sen t   s t ruc tu ra l   a r ch  

owes i t s  p o s i t i o n   t o  a Laramide  rejuvenation of a po r t ion  of t h i s  

P a l e o z o i c   u p l i f t .  

The Raton Basin l i e s  between  the  Sangre  de  Cris to   Uplif t   and  the  Sierra  

Grande U p l i f t .  It extends  about  190  miles  northward from Las Vegas, 

New Mexico, in to   southern   Colorado .  It i s  asymmetr ica l   in  a n  east-west  

c ross -sec t ion   wi th   the   wes t   l imb  d ipping   s teeply  (>50° )  t o   t h e   e a s t  and 

t h e   e a s t  l imb  dipping  gent ly  (1 t o  5') westward  (Canadian  River  Basin 

cross-section  B-B') .   During  most o f  PaleozoCc  time  the  Raton B a s i n  a r e a  

and i t s  b o u n d i n g   u p l i f t s   w e r e   r e l a t i v e l y   t e c t o n i c a l l y   s t a b l e ,  It became 

a basinal  area  during  Pennsylvania  t ime  and  has  remained a negative  element 

f o r  most  of i t s  h i s to ry .   Geo log i s t s   r e f e r   t o   t he   wes t e rn   pa r t  of the  

basin  where  the  sedimentary  rocks  of   Late   Cretaceous  and  Tert iary  age 

con ta in   coa l   beds  as the  "Raton  Coal  Basin"  or  the  "Raton  Coal  Field." 

Dur ing   Te r t i a ry  and  Quaternary  t ime  igneous  act ivi ty   occurred  a long  the 

bound ing   up l i f t s  of the  Raton  Basin.  Along  the  eastern  margins  of  the 

S i e r r a  Grande U p l i f t  s i l l s ,  d i k e s ,  and stocks  were  intruded. A p lu ton  

beneath Vermejo Park domed the  overlying  sedimentary  rocks.   Along  the 

S i e r r a  Grande  Arch  not  only  did  intrusions of s tocks  and  dikes   occur ,   but  

a l so   vo lcanic   vents   ex t ruded   basa l t ic   l ava   tha t   f lowed  in to   the   Raton   Bas in .  
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S t r a t i g r a p h y  and  Paleogeography 

The geologic  map (Fig.  14) and two cross-sec t ions   (F igs .   15a ,   b ,   and   c )   def ine  

a n d   i l l u s t r a t e   t h e   s i t e ' s   r e l a t i o n s h i p   t o   t h e   g e o l o g i c   f e a t u r e s  of t h e  

Upper  Canadian  River Basin. Table 13 is a g e n e r a l i z e d   s t r a t i g r a p h i c  

sec t ion   of   rocks   p resent  i n  t h e  Upper Canadian  River Basin.  

Rocks  of  Precambrian Age 

With in   the  Upper Canadian  River  Basin  rocks  of  Precambrian  age  crop  out 

p r inc ipa l ly   i n   t he   Sangre   de   Cr i s to   Moun ta ins  and l o c a l l y   i n   t h e  Moreno 

Valley.  In  the   norchwes tern   par t  of the   bas in   the   o ldes t   Precambr ian   rocks  

a re   amph ibo l i t e s ,   ho rnb lende   s ch i s t s ,  mafic gne i s ses ,  and  metasediments  of 

diverse   l i thology.   These  metamorphic   rocks  were  la ter   int ruded by a n  

e x t e n s i v e  body o f   r e l a t ive ly   un i fo rm  mic roc l ine   g ran i t e  and g r a n i t e   g n e i s s .  

I n   t h e   s o u t h w e s t   p o r t i o n  of t h e   b a s i n ,   q u a r t z - f e l d s p a r - b i o t i t e   g n e i s s e s   o f  

Precambrian  age  are  exposed  northwest of Las Vegas. The youngest  rocks  of 

P r e c a m b r i a n   a g e   i n   t h i s   a r e a   a r e   g r a y   t o   p i n k ,  medium to  coarse-grained 

granites,   accompanied by pegmati te  and ap l i ce   d ikes   and   qua r t z  veins. 

Radiometr ic   dates   of   the   rocks of  Precambr ian   age   o f   the   bas in   ind ica te   the i r  

age  to   be  in   the  range of 1,800 m i l l i o n   y e a r s   t o  1,100 mi l l i on   yea r s   be fo re  

p re sen t .  . 

The rocks  of  Precambrian  age  underlie  the  Raton B a s i n  a t   d e p t h s   o f   a s  

much as 9,000 f e e t .  

Rocks  of  Paleozoic Age 

From Cambrian  through  Mississ ippian  t imes  the  area  a l ternated  between:  
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Table  13.--Generalized  stratigraphic  section of rocks in  the  Upper 
Canadian  River  Basin. 

..f 

Formation 

Alluvium 

Landslide 
deposits 

Pediment 
gravel 

Intrusive  rocks 

Intrusive sill 
complex 

Extrusive  rocks 

Poison  Canyon 
Formation 

Ra ton 
Formation 

Approximate 
General  Description  thickness(ft) 

Unconsolidated silt,  sand, and 
gravel  deposits in and  adjacen 
to  modern  stream  channels 

Angular  blocks,  soil  and  debris 
of older  rocks I 0 - 20 

Pediment  and  terrace  deposits 
above  modern  stream  levels; 
consists  of  sand,  gravel, 
clay, sil.t,  and angular to 
rounded  fragments  of  older  roc 

0 - 50  

Includes  intrusive  rocks of 20 + 
various  ages  and  compositions 

Interconnected  stock of sills 10 - 4000 + 
of granodiorite  porphyry; 
intrusive  bodies  described  as 
Christmas-tree  laccoliths 

Includes  extrusive  rocks  of 
various  ages  and  compositions 

10 - 100 i 

Sandstone,  coarse  to  conglo- 
meratic,  beds 5 f t  to  more  than 
50ft  thick,  interbeds of soft 
yellow-weathering  clayey  sand- 
stone,  thickens to north  and 
west at expense  of  underlying 
rocks 

500 + 

Sandstone,  very  fine  grained  to 0 - 2000 
fine  grained,  with  interbeds of 
claystone,  siltstone,  and  coal; 
commercial  coal  beds  in  upper 
part;  lower few  feet  conglo- 
meratic;  intertongues  with 
Poison  Canyon  to  the west; 
generally  sharp  erosional 
contact  with  underlying  Vermejo 
Format  ion 
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Table  13.--Generalized  stratigraphic  section of rocks  in  the  Upper 
Canadian  River  Basin.  (cont) 

Formation 

Vermej o 
Formation 

Trinidad 
Formation 

Pierre 
Shale 

Niobrara 
Formation 

Carlile 
Formation 

~ 

Greenhorn 
Formation 

Graneros  Shale 

Approximate 
General  Description  thickness  (ft) 

Sandstone,  very  fine  grained 

bedded with  mudstone, 

0 - 380 

coal;  extensive  thick  coals 

to  medium  grained,  inter- 

carbonaceous  shale,  and 

top  and bottom;  some  inter- 
tonguing with  underlying 
Trinidad 

Sandstone,  very  fine  grained 0 - 150 

casts of Ophiomorpha  sp.; 
to  medium  grained;  contains 

lying  Vermejo  and  underlying 
intertongues  both  with  over- 

Pierre 

Black  shale,  limestone con- 1600 - 2500 + 
part;  grades  up  to  sandstone; 
cretions,  silty  in  upper 

intertongues  with  overlying 
Trinidad 

Limestone  and  calcareous 500 + 
Hill Marl and  Fort:  Hays 
shale;  consists of Smoky 

Limestone  members 

Black  shale,  gray  calcareous 250 + 
consists of  the  upper  black 
shale,  and  calcarenite; 

shale  unit,  and  Juana  Lopez, 
Blue  Hill  shale,  and  Fairport 
members 

Limestone  and  calcareous 

Creek  Limestone  Member  and 
shale;  consists  of  the  Bridge 

the  Hartland  and  Lincoln 
members 

Black  shale  and  shaly  lime- 110 
stone 

- 
130 
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Table  13.--Generalized  stratigraphic  section of rocks  in  the  Upper 
Canadian  River  Basin.  (cont) 

c 
0 ._ 

R 

Formation 

Dakota 
Sandstone 

Purgatoire 
Formation 

Morrison  and 
Ralston 
Creek (? )  
Formations 

Entrada 
Sandstone 

Johnson  Gap 
and  Chinle 

I 
Sangre de 
Cristo 
Formation 

Magdalena 
Group 

General  Description 
Approximate 
thickness (f t) 

Quartzitic  sandstone 145 

Dark-gray  silty  shale  of  the 
Glencairn  Shale  Member 
equivalent  and  conglomeratic 
sandstones,  about  50ft  thick, 
that  consists  of  granules  and 
pebbles of pink  and  gray 
chert as large  as 1 inch 
in  diameter 

Red  and  green  claystone,  lime- 200 - 300 
stone,  and  sandstone  with 
gypsiferous  siltstone  and 
claystone  containing  jasper 

Fine-grained  sandstone; 70 - 95 
chert  granules  at  base 

Beds  of  limestone  pebble 
conglomerate,  siltstone,  and 
sandstone  of  the  Johnson 
Gap  in  upper  two-thirds  of 
unit; red to grayish-purple 
siltsto.nes  and  sandstones, 
white  conglomeratic  sandstone 
of the  Chinle  in  lower  part; 
thins  to  north 

Red  and  gray  conglomerate  and 0 - 5300 
sandstone,  red  arkose,  silt- 
stor,e, conglomerate,  and  thin 
nonmarine  limestone;  thins  to 
east  and  south 

Alcernating  sequence  of 0 - 5000 + 
conglomerate,  medium-to 
coarse-grained  feldspathic 
sandstone  and  arkose,  shale, 
and  limestone 

70 

195 - 500 
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Table   13 . - -Genera l ized   s t ra t igraphic   sec t ion  of r o c k s   i n   t h e  Upper 
Canadian  River  Basin.   (cont) 

Age Formation  General   Descr ipt ion  thickness   ( f t )  
Approximate 

.5 is 
'io @.'E ._ s tone ,   l imes tone   b recc ia ,  Esp i r i t u   San to  
8 g Tererro  and 

ca l ca reous   sha l e  Formations { CY 

0 - 80 Brown sandstone,   gray lime-- 
YI 

> 

_. 

GO 
iro' 

gran i t e ,   d i abase ,   migmat i t e  @a' 

G n e i s s ,   s c h i s t ,   q u a r t z i t e ,  

Sources 

P i l lmore ,   Char les  L . ,  and  Laurie ,  C r a i g  O . ,  1 9 7 6 ,  Second  day  road  log  from 
R a t o n   c o a l   f i e l d   v i a   t h e  York Canyon mine,  Vermejo  Park  and Gold Creek, 
N.M. Geol. SOC. ,  Guidebook  27th  Field  Conference, p .  28. 

P i l lmore ,   Char les  L . ,  1969,  Geologic map of t h e  Casa  Grande  quadrangle 

Map  GQ-823. 
Colfax  County, New Mexico,  and Los Animas County,  Colorado, USGS, 

Clark,  Kenneth  F.,  1966,  Geology  of  the  Sangre d e  Cristo  Mountains and  
adjacent   areas ,   between  Taos  and  Raton,  New Mexico, NM Geol. SOC.  
Guidebook 17th  Field  Conference,   p .  56-65. 

Clark,  R.F.,  and  Read, C . B . ,  1972,  Geology  and o r e   d e p o s i t s  of Eagle 
Nest Area, New Mexico, NMBM, Bul l .  9 4 ,  p. 1 0 ,  27-45. 
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(1) re l a t ive ly   sho r t   pe r iods   du r ing   wh ich  it f loo red  a 

shal low  marine  sea and received  sediments;   and 

(2) r e l a t ive ly   l ong   pe r iods   du r ing   wh ich  it was the  

su r face   o f   an   e rod ing   l and  mass. 

The su r face  upon  which  the  rocks of Pennsylvanian  age  were  deposited  marks 

a profound  e ros iona l   unconfomi ty .  Most  of t he   s ed imen t s   depos i t ed   ea r l i e r  

had  been removed a n d   t h e i r   e x i s t e n c e  is demonstrated by only  a few i s o l a t e d  

remnants of unce r t a in   age .  

The o ldes t   sed imentary   rocks  known to be p r e s e n t   i n   t h e  Upper  Canadian  River 

Basin c o n s i s t   o f ,  a t  most, a few  hundred f ee t   o f   ca rbona te s  of Ordovician (?) 

age.  These  rocks  crop  out i n  the  extreme  northwestern pa r t  of   the   bas in .  

The o l d e s t   i d e n t i f i e d   r o c k s   i n   t h e  Raton  Basin  are  marine  sandstone  and 

dolomit ic   l imestone  of   the  Espir i tu   Santo  Formation of probable   La te  

Devonian  age.   Unconformably  overlying  this  formation  are  the  relatively 

th in   l imes tones   and   l imes tone   brecc ias  of the   Terer ro   Format ion  of 

Miss i ss ippian   age .  

The f i r s t  ind ica t ions   o f   the   s t ruc tura l   format ion   of   the   ances t ra l   Raton  

Basin  occurred  during  Pennsylvanian  t ime when the  Madera  Formation  and 

Permo-Pennsylvanian  Sangre  de  Cris to   Formation  f i l led  the  basin.  The 

Madera  Formation  of  the  Magdalena Group i s  dominantly  of  shallow  marine 

o r i g i n  and c o n s i s t s  of a lower  gray  limestone member and an  upper   arkosic  

l imestone member; whereas ,   the   Sangre   de   Cr i s to   Format ion  is dominantly 

f l u v i a l   i n   o r i g i n  and c o n s i s t s  of red  and  green  shales   and  arkosic  
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Sha l low  seas   r e tu rned   t o   t he   sou the rn   pa r t   o f   t he   bas in ,   r e su l t i ng   i n   t he  

depos i t ion   o f   the  Yeso  Formation,  Glorieta'  Sandstone,  and  San  Andres 

Limestone  of  Permian  age. The no r the rn  par t  o f   t he   bas in   r ece ived   on ly  

t e r r e s t r i a l   s ed imen ta t ion   du r ing   t h i s   t ime .  A s  a resu l t ,   the   Yeso ,  

G l o r i e t a ,  and  San  Andres,  which a r e   w e l l   d e f i n e d   t o   t h e   s o u t h ,   i n t e r f i n g e r  

with  the  upper   beds  of   the   Sangre  de  Cris to   Format . ion  and  lose  their  

i d e n t i t y   n e a r   t h e  Sangr,e de  Cris to   Mountains .  

The to ta l   th ickness   o f   the   rocks   o f   Pennsylvanian   and   Permian   age  may 

exceed 7,000 f e e t .  

Rocks of  Mesozoic Age 

Fluvia l   sands   and  muds o f   uppe r   T r i a s s i c   age   r e s t  uncomformably  on the  

rocks of Permian   age .   Geologis t s   ass ign   the   rocks   o f   Tr iass ic   age   to   the  

Dockum Group. In   the   southe . rn   par t  of t h e  Upper  Canadian  River  Basin  the 

Dockum Group inc ludes   t he   San ta  Rosa Sandstone  and  Chinle  Formations  and 

may be as much as 1,200 f e e t   t h i c k .   I n  Union  County, it inc ludes   t he  

Baldy H i l l ,  Tr 'avesser,   Sloan Canyon, and  Sheep  Pen  Formations,  and is  

909 f e e t   t h i c k ,   I n   t h e   R a t o n  Coal F ie ld ,   wes t   and   no r th   o f   t he   s i t e ,  i t  

includes  the  Jackson Gap and  Chinle  Formations,   but is only  190 f e e t   t h i c k .  

The Dockum'Group cons is t s   o f   beds   o f   purp le ,   o range ,   g ray ,   red ,   l igh t   to  

medium gray ,   and   o l ive   muds tones ,   s i l ty   muds tones ,   s i l t s tones ,   and   f ine-  

gra ined   sands tones ;   beds   o f   sha le  and l imestone-pebble  conglomerate  occur 

i n  some a reas .  

Following a p e r i o d   o f   e r o s i o n   t h e   s e a s   r e t u r n e d   a g a i n   d u r i n g   l a t e   J u r a s s i c  

time. Near   shore  eol ian  sediments  became the   basa l   Ent rada   Sands tone .  



I n   t h e   s h a l l o w   s e a   t h e   s e d i m e n t   t h a t   l a t e r  became the  Ralston  Creek 

(Wanakah Format ion   or   Bel l  Ranch F o r m a t i o n )   b u i l t  up.  With the   wi thdrawal  

o f   t h e   s e a ,   f l u v i a l  sands  and muds t h a t  became the  sandstone  and  shale   of  

the  Morrison  Formation  accumulated.  The t o t a l   t h i c k n e s s  of Ju ras s i c   age  

sedimentary  rocks  ranges  from 200 t o  400 f e e t .  

During  Cretaceous  t ime  the  Raton  Basin  area became a pa r t   o f   t he  Wescern 

I n t e r i o r  Seaway as ep icon t inen ta l   s eas   i nvaded   t he   cen t r a l   po r t ion   o f   t he  

U.S. f rom  both  the G u l f  of  Mexico  and A r c t i c  Ocean regions.  The aggrega te  

t h i c k n e s s  of dominant ly   marine  sediments   deposi ted  during  this   inundat ion 

m y  be more than 4,100 f e e t .  

The i n i t i a l   t r a n s g r e s s i n g   s e a   d e p o s i t e d   n e a r   s h o r e   s a n d s  of  che Purga to i r e  

Formation.  This  formation i s  over la in   th roughout   the   a rea  by predominantly 

marine  sands  and  interbedded  shale   of   the   Dakota   Sandstone.  The Graneros 

Shale   over l ies   the   Dakota   and   cons is t s  of dark   g ray   sha le  w i t h  t h i n   b e d s  of 

l imestone  and  bentoni te .  The Greenhorn  Limestone  rests  conformably on the  

Graneros  and  consis ts   of   thin  beds  of   blocky-weather ing,   dark  gray,   f inely 

c rys t a l l i ne   l imes tone   i n t e rbedded   w i th   ca l ca reous   sha l e .  The C a r l i l e   S h a l e  

conformably  overlies  the  Greenhorn. It is  a dark   g ray   sha le   tha t   conta ins  

th in   l imes tone   Seds  and   ca lcareous   sep tar ian   concre t ions .  The ove r ly ing  

Niobrara   Format ion   cons is t s   o f  a b a s a l   t h i n   l i m e s t o n e  and  interbedded  shale,  

t h e   F o r t  Hays Limestone Member and  an  upper   marly  shale   with  interbedded 

th in   l imes tone   and   sandy  sha le ,   the  Smoky H i l l  Marl Member. 

The Pier re   Sha le   conformably   over l ies   the  Smoky H i l l  Marl of   the  Niobrara  

Formation.  Throughout  the Upper Canadian  River  B a s i n  t h e   P i e r r e   S h a l e  and 

Smoky H i l l  Marl a r e   i n d i s t i n g u i s h a b l e .  The Pierre   Shale   has   been  eroded 
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from p a r t s   o f   t h e   e a s t e r n   f l a n k s   o f   t h e   b a s i n   a n d   o v e r   m o s t   o f  i t s  e x t e n t  

i t  i s  covered  by  pediment   gravel ,   col luvium  deposi ts ,   or   soi l .  The P i e r r e  

i s  'about 2,100 f e e t   t h i c k   n e a r   t h e  Colorado-New  Mexico bo rde r   and   t h ins  

toward  the  southern  margin of the   nor thern   Raton  Basin t o  a th ickness  of 

about  1,600 f e e t .  The P i e r r e  i s  composed mainly  of  marine  dark  gray  to 

b lack   non-ca lcareous   sha les ,   bu t   conta ins   occas iona l   th in   beds   o f   l imes tone ,  

santly  shale  and  sandstone.  The  upper 200 t o  300 f e e t   o f   t h e   P i e r r e   a r e  

composed of  interbedded  dark  gray  shale  and  gray  sandstone  which  represent 

a t r a n s i t i o n  and inter tonguing  with  the  lowermost   beds  of   the   overlying 

Tr in idad   Sands tone .   This   t rans i t ion  zone  marks  the  beginning of Laramide 

deformation. The u p l i f t   f o r c e d   t h e   s t r a n d   l i n e   t o   r e t r e a t  to t h e   n o r t h -  

east. Fine sand ,  eroded  f rom  the  upl i f ted areas, was depos i ted  i n  the   s ea  

and on i t s  margins as r eg res s ive   beach  and o f f s h o r e   d e p o s i t s   t h a t  compose 

the   Tr in idad   Sands tone .   Beds   o f   the   Tr in idad   a re  medium to  massive and 

the   bedd ing   s t ruc tu re  is most o f t e n   t a b u l a r .  The s e a   c o n t i n u e d   t o   r e t r e a t  

fo l lowing   the   depos i t ion   o f   the   Tr in idad   Sands tone ,   and  mud, s i l t ,  sand ,  

and  carbonaceous  mater ia l   of   the  Vermejo  Formation  were  deposited on 

d e l t a s ,   f l o o d   p l a i n s ,  and swamps. 

Rocks of Late   Cre taceous   and   Ter t ia ry  Ages 

Unconformably  overlying  the Vermejo Formation is the  Raton  Formation  of 

Late   Cretaceous and Paleocene  ages .  It c o n s i s t s  of gray  shale ,   carbo-  

naceous   sha le ,   coa l   beds ,and   gray   a rkos ic   sands tone   and  was deposited  on 

terrestr ia l  f l o o d   p l a i n s  and i n  swamps. The Raton  grades upward  and i n t e r -  

tongues  inco  the  Poison Canyon  Formation. The m a t e r i a l s  composing t h i s  

formation  were  der ived  mainly  f rom  Precambrian  terrains   to   the  west   and 
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of coa r se ,   poor ly -~or t ed ,   cong lomera t i c   a rkose   s ands tone   i n t e rbedded  

w i t h   t h i n   c l a y   s i l t s t o n e s .  

Extensive  volcanism  accompanied  epeirogenic   upl i f t  of t h e   e n t i r e   r e g i o n  

du r ing   Te r t i a ry   t ime .  Over 100 volcanic   centers ,   mainly  c inder   cones  and 

sh ie ld   cones  as  w e l l  as h idden   f i s su re   e rup t ions ,   were  formed. I n t r u s i v e  

igneous.roclcs   were  injected,   forming sills, d ikes ,   and   l acco l i th s   a long  

t h e   S i e r r a  Grande  Arch  and  on  the  west  side  of  the  Raton  Basin. 

F i n a l   T e r t i a r y   d e p o s i t i o n  is  represented  by t h e  Ogallala Formation,  which . 

covers  a por t ion   o f   t he   sou theas t e rn   co rne r  of t h e  Upper Canadian  River 

Basin. The formation was depos i ted  as a pediment  and i s  composed  of g rave l ,  

sand, s i l t ,  and  c lay.  

Rocks  and  Sediments  of  Quaternary Age 

Quaternary  pediment ' remnants   occur   as   mesas ,   tableland,  and f la t - topped  

spurs ,   extending  out   f rom  higher   topography.  The highest   pediment   surfaces  

a re   t he   o ldes t ,   hav ing   been  formed i n  past e ros ion   cyc le s ;  and because sub-  

sequent  erosion  has  taken  place,   they  stand  above  the  younger  pediment 

sur faces .   Pediment   g rave ls   a re   coarses t   near   the   mounta in   source   and  may 

b e   a s   l a r g e  a s  20 f e e t   i n   d i a m e t e r ,   b u t   t h e  size dec reases   r ap id ly  away from 

the i r   sou rce .  

Alluvium  occurs   within  present   s t ream  channels  and along  narrow  bands 

ad jacen t   t o   t he   channe l s .  It i s  composed of   c lay,  s i l t ,  sand,  and  gravel 

tha t   has   been   depos i ted  by the   s t reams.  
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Wate r -Bea r ing   Charac t e r i s t i c s   o f   t he  Rocks 

The wa te r -bea r ing   cha rac t e r i s t i c s   o f   t he   ea s t e rn   pa r t   o f   t he  Upper Canadian 

River  Basin  have  been  summarized  by  Griggs  (1954)  and  by  Dinwiddie  and 

Cooper (1966);   those of t he   sou the rn   pa r t   were   cha rac t e r i zed   by   Gr iggs   and  

Hendrickson  (1951). The wa te r -bea r ing   cha rac t e r i s t i c s   o f   t he   rocks  o f  t h e  

no r thwes te rn   pa r t   o f   t he   bas in  have   no t   been   descr ibed   in   de ta i l .   .Robinson ,  

e t   a 1  (1964, p. 124-127) commented b r i e f l y  on  che  water-bearing  ctiaracter-  

i s t i c s  of t he   rocks   a t   t he   Ph i lmon t   Scou t  Ranch. 

Spec i f ic   in format ion  on t h e   h y d r a u l i c   c o n d u c t i v i t y ,   s p e c i f i c   s t o r a g e ,  and 

s p e c i f i c   y i e l d  of the   rocks  is not   avai lable .   Bedinger   and  Sniegocki  

(1976,  p. H18) note  tha t  t h e   h y d r a u l i c   c o n d u c t i v i t y   o f   t h e s e   r o c k s  i s  

g e n e r a l l y   l e s s   t h a n  10 f ee t   pe r   day .  The rocks   expec ted   t o   y i e ld   wa te r   t o  

we l l s   a r e   t he   s ands tones  of the  Sangre  de  Cristo  Formacion,  the Dockum 

Group, and  the  Entrada,   Dakota,  T r i n i d a d ,  Raton,  and  Poison Canyon Formations.  

But i n  e x p e r i e n c e ,   t h e i r   y i e l d s   t o   w e l l s  have  been  small  (ranging up t o   4 0  

gpm f o r   w e l l s  i n  the   Dakota) .   Al luvia l   sand   and   grave l   loca l ly   y ie ld  100 t o  

300 gpm t o   w e l l s ,   b u t   t h e   a v e r a g e   w e l l   a p p e a r s   t o   y i e l d  much less. 

Griggs  considered  the  Graneros  Shale ,   the   Carl i le   Shale ,   the   Niobrara   Shale  

(Smoky H i l l  Marl) ,   and  the  Pierre  Shale  to  be  “impermeable”  to  “not  very 

permeab1.e”; t h a t  i s ,  he be l i eved   we l l s   i n   t hose   rocks  would  be u n l i k e l y   t o  

produce  enough  water   to   just i fy   their   expense.  

Dinwiddie  and  Cooper p o i n t   t o   w e l l s   t h a t   p r o d u c e   l e s s   t h a n  5 gpm i n  t h e  

Graneros  Shale  where it conta ins   l imes tone ,   bu t   o therwise   agree  tha t  t hese  

fo rma t ions   a r e   no t   cons ide red   “aqu i f e r s” .   Tha t  i s ,  they will no t   y i e ld  

water   to   wel l s   for   any   purpose .  
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Hydrology 

In t roduc t ion  

Table  14 c o n t a i n s   e s t i m a t e s  of t h e  mean-annual p r e c i p i t a t i o n   o c c u r r i n g   i n  

the  Upper  Canadian  River  Basin. It shows t h a t   t h e   p r e c i p i t a t i o n   r a n g e s  

from less  than  14 i n c h e s   p e r   y e a r   a t   t h e   l o w e s t   a l t i t u d e   t o  more than 25 

inches  per   year   on  the  highest   mountains .  The average  (weighted by a r e a )  

i s  about  17.4 inches  per   year .  Most o f   t he   p rec ip i t a t ion   r e tu rns   a lmos t  

immediately  to  the  atmosphere.  Some i n f i l ' t r a t e s   t o  become ground  water  and 

some r u n s   o f f .  
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Table  14.--Average-annual  precipitation  on  the  Upper  Canadian  River  Basin. 

Altitude 
Recharge  Area 

Precipitation 
(1000 interval  (ft)  Precipitation  Area 

From 

4000 

5000 3 
?; 
rn 6000 
E 

m $ 7000 

G i 3  8000 
?: w 

E .  9000 
K 
v 

10000 

11000 

12000 

Total 

TO  (inches) * (mi’) 

5000 13.6 

6000 15.0 

7000  16.5 

8000 17.9 

9000  19.4 

10000 20.8 

11000 22.3 

12000  23.7 

t 25.2 

4.5 

547.0 

1567.5 

1047.5 

552.8 

318.6 

102.6 

15.0 

1.6 

4157.1 

(cfs)  ac-ft) 

4.5  3.3 

604.4  437.6 

1905.3  1379.4 

1381.3 1000.0 

790.0  572.0 

488.2  353.4 

168.6  122.0 

26.2  19.0 

3.0  2.2 

5371.5  3888.9 

Discharge  Area  Total  Basin 
Precipitation 

Area 
Precipitation 

(1000 Area (1000 

36.2  36.3 

344.5  380.7 

874.7  1063.2 

349.1  460.3 

202.2  289.0 

88.8 136.1 

15.8  26.0 

3.2  5.6 

- - 

1914.5  2397.2 

26.3 

275.6 

769.7 

333.3 

209.2 

98.5 

18.8 

4.0 

- 

1735.4 

40.8 

891.5 

2442.2 

1396.6 

755.0 

407.4 

118.4 

18.2 

1.6 

6071.7 

40.9 

985. i 

2968.5 

1841.6 

1079.0 

624.3 

194.5 

31.8 

3.0 

7768.7 

29.6 

713.2 

2149.1 

1333.3 

781.2 

451.9 

140.8 

23.0 

2.2 

5624.3 

* estimated by Precipitation = .00145  Altitude + 7.06 



Ground  Water 

Ground-Water  Recharge 

O f  t h e   p r e c i p i t a t i o n   t h a t  f a l l s  we es t imate   the   recharge   us ing   the   fo l lowing  

r e l a t ion   (mod i f i ed  from  Rabinowitz, Gross, and  Holmes, 1977,  p.  14) :  

R . =  j P   ( P - i )  

where 

R = mean-annual  recharge, 

P = mean-annual p r e c i p i t a t i o n ,  

j = a t e r r a i n   f a c t o r  ( .005 f o r   t e r r a i n   l i k e  

tha t   o f   t he  Upper  Canadian  River  Basin), 

and 

i = t h e   p r e c i p i t a t i o n   t h a t  must  be  exceeded  for 

r e c h a r g e   t o   o c c u r ( s i x   i n c h e s   i n   t h i s   c a s e ) .  

Table 15 g ives   t he   e s t ima ted   r echa rge   fo r   t he   bas in .  

We es t imated   recharge   a rea  by  assuming  the  inf lect ion  point   of   topography 

, would  be  equal   to   the  inf lect ion  point   on  the  water   table .  

The average  recharge  ra te   on  the  recharge  area i s  about one inch   per   year  

o r  about  4 .2  percent  of t h e   t o t a l   p r e c i p i t a t i o n .  The remainder  runs  off  

o r   re turns   a lmost   immedia te ly   to   the   a tmosphere   v ia   evapot ranspi ra t ion .  
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Table 15.--Estimated average  annual recharge  in the Upper  Canadian 
River Basin. 

Altitude 
Interval  (ft) Area  Precipitation 

Estimated  recharge** 
(1000 

From To (mi‘) (inches) * - (in) (cfs) ac-ft) 

4000 5000 4.5 13.6 .51 .2 .1 

5000 6000 547.0 15.0 .68 27.4 19.8 

6000  7000  1567.5  16.5 . .87  100.4  72.7 

7000  8000  1047.5  17.9  1.07  82.6  59.8 

8000  9000  552.8  19.4  1.30  52.9  38.3 

9000 10000 318.6  20.8  1.54  36.1  26.2 

10000 11000 102.6 22.3 1.82  13.8 10.0 

11000 12000  15.0 23.7 . 2.10  2.3 1.7 

12000 1.6 25.2  2.42  .3 .2  

Total 4157.1 ” -- . 316.0  228.8 

* estimated by: Precipitation = .0145 X Altitude + 7.06 

** estimated by: 
Recharge = Precipitation X .005 X (Precipitation -6) 
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Regional Ground-Water  Flow  Systems 

Hydrologis t s   d iv ide   g round-water   f low  sys tems  in to   loca l ,   in te rmedia te ,   and  

regional   systems.  

I n   t e r r a i n   s i m i l a r   t o   t h a t . o f  Upper  Canadian  River  Basin  (the  western 

Canada  Sedimentary  Basin),  Hitchon  (1969 a ,  b) ,   concluded  that   topography 

exer t s   the   dominant   cont ro l   over   the   loca t ion   of   f low  sys tems,   whereas   the  

e f f ec t s   o f   geo logy   gove rn   t he   r a t e s   a t   wh ich   wa te r  moves within  systems  and 

t h e  volume o f   wa te r   con ta ined   a t  any  time. 

In t h e  Upper Canadian  River  Basin we expec t   t o   f i nd   l oca l   g round-wa te r   f l ow 

sys t ems   t ha t   can   be   r e l a t ed   t o   sp r ings  and r r i b u t a r i e s   o f   t h e   r i v e r   ( o r  

t r i b u t a r i e s  of t r i b u t a t r i e s ) ,   i n t e r m e d i a t e   f l o w   s y s r e m s   t h a t   c a n   b e   r e l a t e d  

t o   t h e   r i v e r   o r  i t s  p r i n c i p a l   t r i b u t a r i e s ,  and a reg iona l   f low  sys tem  tha t  

underflows  the Upper Canadian   River   to   d i scharge   e i ther   in to   the   lower  

Canadian   River   o r   d i rec t ly   in to   the   Arkansas   River .  

In   f l ow  sys t ems   t ha t   con ta in   rocks   w i th   bo th  low  and high  hydraulic  conduc- 

t i v i t i e s ,   f l o w   t h r o u g h   t h e  low conduc t iv i ty   rocks   t ends   t o   be   d i r ecced  

dominantly upward or  downward, whereas  flow  through  the  rocks  with  high 

conduc t iv i ty   t ends   t o   be   dominan t ly   ho r i zon ta l .  

By ana logy   w i th   o the r   a r eas ,   t hen ,  we expec t   recharge   in   the   mounta ins   to  

underflow  the Upper  Canadian  River i n  a regional  f low  system.  Recharge  near 

t he   d iv ide  of t h e   t r i b u t a r i e s  and  near  the  non-mountain  divides  of  the  basin 

i t s e l f   s h o u l d  move t o   t h e  main t r i b u t a r i e s   o r   t o   t h e  Canadian  River. 

Recharge   near   the   in f lec t ion   l ine  on the   wa te r   t ab l e   shou ld  move t o   t h e  

nea res t   s t r eam  o r   d i scha rge   a r ea .  Movement through  shales  should  be 
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dominantly  normal to   the  bedding,   whereas  movement through  sandstone  and 

o ther   . rocks   wi th   l a rge   hydraul ic   conduct iv i t ies   should   be   dominant ly  

p a r a l l e l   t o   t h e   b e d d i n g .  

Ground-Water Discharge 

Two f a c t o r s   t e n d   t o  mask ground-water   d i scharge   in   the  Upper Canadian  River 

Basin. The s t r eams   f l ow  in   channe l s   f i l l ed   w i th   a l luv ium.  The al luvium 

has a r e l a t i v e l y   l a r g e   h y d r a u l i c   c o n d u c t i v i t y   a s  compared to   t he   unde r ly ing  

rock. As a r e s u l t   t h e   a l l u v i u m   c a r r i e s  a l a r g e  par t  of  the  ground  water 

d i scharge   and   Phrea tophytes   d i scharge   copious   quant i t ies  of  ground  water 

to   the   a tmosphere  -- ground  water t h a t  i n  more  humid c l ima tes  would  have 

been  observed as the  base  f low of the   s t ream.  Where a l luv ium t h i n s  o r  i ts  

conduct ive   capac i ty   d iminishes   for  some reason,   the   water   f lowing  through 

the   g rave l   emerges   and   f l ows   i n   t he   su r f ace   channe l ,   un t i l   t he   conduc t iv i ty  

of   the   a l luv ium  increases .  

Because   the   po ten t ia l   evapot ranspi ra t ion  is much l a r g e r   t h a n   t h e   a v a i l a b l e  

prec ip i ta t ion ,   g round-water   evapot ranspi ra t ion   d i scharges   a long   s t ream 

courses   are   extreme.  

. 86 



Surface  Water 

Surface  Runoff 

According  to  Busby  (1966)  the Upper Canadian  River Basin i s  a n   a r e a   o f  

na tura l   water   def ic iency   and   except   for   the   mounta ins  is an a r e a   w i t h  

h igh ly   va r i ab le   annua l   runof f .  

Table  16  summarizes  the flow c h a r a c t e r i s t i c s  a t  s t r eam  gag ing   s t a t ions   i n  

t h e  Upper  Canadian  River  Basin  and  gives  the area dra ined  as repor ted  by 

t h e  U.S. Geological  Survey  and as we obta ined  by p lan imeters   us ing   the  

1:250000 topography map s e r i e s .  The difference  between  the  area  measure-  

ments come a b o u t   f o r  two pr inc ipa l   reasons :  (1) e r r o r s   i n v o l v e d   i n  

loca t ing   t he   gag ing   s t a t ions   and ,  (2)  q u a l i t y  of t h e   d e f i n i t i o n  of the  

d ra inage   a r ea   due   t o   s ca l e .   Fo r  most  of t he   s t a t ions   t he   ag reemen t  i s  

e x c e l l e n t .  

Average-Annual  Discharge 

The average-annual   discharge is the   average   o f   the   da i ly-average   d i scharge  

f o r   e a c h   y e a r  of r e c o r d ,   i . e . ,   i f  Qi is t h e   d a i l y - d i s c h a r g e   f o r  one yea r ,  

then  Qy, the   ave rage -da i ly   d i scha rge   fo r   t he   yea r  is :  

Qy = I: Qi/365 o r  366. 

The average-annual  discharge Qa is then: 

Qa = Qy/n 

where 

n = t h e  number of   years  of! record .  

I n  a bas in   where   d ivers ion   uses  as much o f   t he   annua l   wa te r   supp ly   a s  
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Table  16.--€low  characteristics  at  stream  gaging  stations  in  the  Upper  Canadian  River  Basin. 

,"F,?, 

m m 

Station 

Canadian  River  near 

' Chicorica  Creek  near 
Hebron,  NM 

Chicorica  below  East 
Yankee, NM 

Una de Gat0  Creek 
Fork  near  Raton, NM 

below  Throthe  Dam 
near  Raton, tJM 
Una de Sat0 Creek 
near  Hebron, tm 
Chicorica  Creek 
near  Hebron, Nf4 
Vermejo  River  near 

Moreno  Creek  at 
Dawson, NM 

Cieneguilla  Creek 
Eagle  Nest,  NM 

near  Eagle  Nest, 

Simile Creek  near 
m.4 

Cimarron  River  below 
Eagle  Nest Dam. NM 
McEvOy  Creek  near 
Eagle  Nest, NM 
Tolby  Creek  near 

. Eagle  Nest, NM 

Eagle  Nest, NM 

Station 
number 

1990.00 

1996.00 

2000.00 

2014.20 

2015.00 

2020.00 

2030.00 

2040.00 

2045.00 

2050.00 

2060.00 

2062.00 

2063.00 

Drainage  area (mi') 
Total  area 

ESGS Planimetry 
Recharge 
area 

228 

32.5 

71 

4 9 . 5  

224 

381 

301 

73.8 

56 

10.5 

167 

" 

' 8.5 

205  123 

34  26 

70 56 

48 35 

126 88 

188 140 

345 231 

87 58 

51 78 

21 12 

123 

90 60 

11 6.1 

197 - 

daily  ground- Mean-daily 

component component  discharge 

Mean - 
water  discharge  surface  runoff  Median 

.23  12.6 

.Ol .08 

" " 

" " 

.9 3 . 3  

1.1 14 

.9 21 

.93 1.1 

" " 

.5  2.8 

" " 

" " 

.47 1.8 

.032 

.044 

. 11 
1.1 

1.6 

3.4 

7.0 

1.8 

2.9 

1.5 

5 . 2  

.15 

.88 

Average- 
annual 

Mean- 
annual 
flood discharge 

7.34 320 

" " 

5.8 310 

" " 

3.8 110 

13 530 

20 240 

" " 

" " 

2.4 14 

13 100 

" . 5  

" 15 



Table  16.--Flow  characteristics  at  stream  gaging  stations  in  the  Upper  Canadian  River  Basin.  (cont) 

Mean- 
(cfs) 

Station 

Clear  Creek  near 

Cimarron  River 
Ute  Park,  NM 

near Ilte Park, 
NM 

Cimarron  River  near 
Cimarron, NM 
Pontil  Creek  near 

RayadoCreek  at 
Cimarron, NM 

Cimarron, NM 
Sauble  Ranch  near 

Springer, NM 

Taylor  Springs, NM 

Cimarron  River  at 

Canadian  River  near 

Canadian  River  near 

Mora  River  near 

Vigil  Canyon  near 
Holman,  NM 

Aqua  Fria  Creek  near 
Holman, NM 

Riola  Casa  near 
Holman, NM 

Mora  River  at La 
Cleveland,  NM 

Rito  Cebolla  near 
Cueva, NM 

Golondrinas, NM 

ROY. NM 

Station 
number 

2064.00 

2065.00 

2070.00 

2075.00 

2085.00 

2110.00 

2115.00 

2140.00 

2145.00 

2146.00 

2147.00 

2148.00 

2155.00 

2156.00 

Drainage  area  (mi’) 
Total  area  Recharge  water  discharge  surface  runoff  Median 

Averaqe- 
annual 

daily  ground-  Mean-daily 

(USGS) Planimetry  area  component . component  discharge  discharge 

7.4 

260 

294 

171 

65 

1032 

2850 

4066 

57 

2.8 

9.2 

23.0 

173 

64 

3.2 1.6 

255  156 

28 1 174 

189  117 

61 42 

1016 667 

2838 1875 

3886 2168 

61 45 

6.1 5.1 

6.1 5.9 

20 15 

188  140 

67 54 

” 

” 

” 

.54 

.18 

” 

5.0 

5.9 

” 

” 

“ 

.68 

” 

2.1 

” 

” 

” 

12 

1.2 

” 

81 

125 

” 

” 

” 

15 

” 

7.0 

.60 

19 

12 

28 

.62 

4.0 

15 

17 

5.6 

.54 

2.5 

5.6 

11 

4.2 

” 

32 

21 

13 

15 

19 

115 

132 

14 

1.9 

5.8 

15 

29 

5.8 

annual 
Mean - 
flood 

15 

180 

110 

i l o  

110 

390 

200 

4000 

110 

17 

33 

120 

230 

90 



Table  16.--Flow  characteristics  at  stream  gaging  stations  in  the  Upper  Canadian  River  Basin.  (cont) 

Mean - (cfs) 

Station 

Mor?  River  near 

Coyote  Creek  below 

' Guadalupita, NM 
Coyote  Creek  above 

Coyote  Creek  near 

Mora  River  near 
Golondrinas, NM 

Manuelitos  Creek  near 
Watroug,  NM 

Rociada, NM 
Sapello  River  at 
Sapello, NM 
Sapello  River  near 
Watroug, NM 
Mora  River  near 

Canadian  River  near 
Shoemaker, NM 

Sanchez, NM 

Golondrinas, NM 

Black  Lake, NM 

Station 
number 

2165.00 

2170.00 

2171.00 

2180.00 

2181.00 

2187.00 

2200.00 

2206.00 

2210.00 

2215.00 

267 

48 

71 

215 

521 

52 

132 

213 

1104 

6015 

280 

26 

80 

263 

590 

53 

140 

231 

1135 

16069 

214 

19 

56 

182 

435 

38 

103 

168 

832 

4195 

2.5 

.81 

1.3 

1.8 

5.4 

" 

" 

" 

" 

7.4 

38 

4.3 

7.7 

9.1 

60 

" 

" 

" 

" 

.211 

13 

1.7 

4.4 

5.0 

40 

8.8 

7.0 

10 

14 

37 

35 

4.6 

11 

12.1 

54 

12 

25 

17 

60 

200 

360 

38 

95 

120 

800 

90 

520 

400 

900 

4000 

Drainage  area  (mi2) 
Total  area 

daily  ground-  Mean-daily  Average- 
Recharge  water  discharge  surface  runoff  Median 

Mean- 

(USGS) Planimetry  area  component  component  discharge  discharge 
annual  annual 

flood 



poss ib l e ,   r e l a t ionsh ips   be tween   d i scha rge ,   p rec ip i t a t ion ,   and   d ra inage   a r eas  

can   on ly   be   ob ta ined   wi th   ex tended   e f for t .   For   p re l iminary   es t imates   the  

r e l a t i o n s h i p  

Qa = ,03368 + 7.832  -138.23 

where 

A = t he   d ra inage   a r ea  (mi ), and 2 

P = t h e   p r e c i p i t a t i o n   a t   t h e   a v e r a g e   a l t i t u d e  
of   the   d ra inage   a rea .  

For   tke  most   par t  i t  overest imates   (24  of  30) Qa observed  by  amounts as 

g r e a t  as 800 pe rcen t ;   t he  maximum under-es t imat ion  was 2 7  percent .  It pre-  

d i c t s   t o  - 40  percent   the  discharge  of  12 of  30 cases .  We be l i eve ,  however, 

t h a t  it p r o b a b l y   r e l a t e s   t o   c o n d i t i o n s   w i t h o u t   d i v e r s i o n   f a i r l y   w e l l ,   f o r  

i t s  s a y s ,   i n   e f f e c t ,   t h a t   t h e   a v e r a g e   p r e c i p i t a t i o n  on the   d ra inage   a r ea  

i s  more impor tan t   to   the   runoff   than   the   a rea   d ra ined .  

+ 

Average-Annual  Runoff Per   Square  Mile  

The average-annual  runoff pe r  square  mile  i s  a f u n c t i o n   o f   t h e   t e r r a i n ,   b u t  

can  be  crudely  approximated by t h e   r e l a t i o n s h i p :  
-1.437 

Q f A  = 5.8 A 
( c o r r e l a t i o n   c o e f f i c i e n t  r = .50) 2 

where 

Q = Z Q i f n   ( C f s ) ,  

Qi = t h e  mean d a i l y   d i s c h a r g e   f o r   t h e   i t h   y e a r ,  

n = t o t a l  number of   years  of r eco rd   ava i l ab le ,  and 

A = drainage  area  above.  

Busbyq(1966) showed that   the   average  runoff   ranges  f rom  as  much as 10 inches 

p e r   y e a r   i n   t h e   m o u t a i n s   t o   l e s s   t h a n  0.2 inches   pe r   yea r  on t h e  p l a i n s .  
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So t h i s   r e l a t i o n s h i p ,  which i s  b a s e d   i n   l a r g e   p a r t  upon s t a t i o n s   t h a t  

receive  runoff   f rom  the  mountains ,   ref lects   the  large  runoff  from t h e  

mountains i n  c o n t r a s t   t o   t h e  low runoff   o f   the   p la ins .  It a l s o   r e f l e c t s  

t h e   s i g n i f i c a n t   i n c r e a s e s   i n   e v a p o t r a n s p i r a t i o n   t h a t   o c c u r   a t   l o w e r  

a l t i t u d e s .  

I 
Mean D a i l y  Flow  Components 

The mean da i ly   d i scha rge   fo r   su r f ace   wa te r  and  ground  water  derives  from 

a t r i a l  a n d   e r r o r   s e p a r a t i o n  of t he   f l ow-dura t ion   cu rve   fo r   t hose   s t a t ions  

where t h e  two components a r e  assumed to   each  have a log-normal   d i s t r ibu t ion .  

The e f f e c t s   o f   d i v e r s i o n   w e r e ,   h o p e f u l l y ,   f i r s t  removed. 

We d i d   n o t   t r y   t o   s e p a r a t e   t h e   f l o w - d u r a t i o n   c u r v e s   f o r   t h o s e   s t a t i o n s  

which: 

( a )   gaged   na tu ra l ly   i n t e rmi t t en t  streams; 

(b) had  records of l e s s   t h a n   f i v e   y e a r s ;   o r  

(c )   could   no t   be   cor rec ted   for   d ivers ions .  

The two va lues   c i t ed   a r e ,   t he re fo re ,   t he   mean-da i ly   su r f ace   runof f  and  the 

mean-da i ly   g round-water   d i scharge   pass ing   the   s ta t ion   for   the   per iod  of 

record.  

Figure  16 shows tha t   the   mean-da i ly   sur face   runoff   decreases  w i t h  i nc reas ing  

su r face   a r ea  -- a g a i n  showing t h e  combined e f f e c t s   o f   d e c r e a s e d   p r e c i p i t a -  

t i o n  and   increased   evapot ranspi ra t ion .  

The sum of the  mean-daily  ground-water  discharge  and  the  mean-daily  surface- 

water   d i scharge  i s  genera l ly   l a rger   than   the   observed   average   annual  
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d i scha rge   because   t hese   e s t ima tes   t ook   i n to   cons ide ra t ion   t he   e f f ec t   o f  

d ive r s ion .  

Median  Discharge 

The median  discharge is  the   d i scha rge   t ha t  i s  equaled  or  exceeded  50 

p e r c e n t  of the time.. The  low d i s c h a r g e   f o r  more than   50   percent  of the , 

time  compared t o   t h e   l a r g e r  mean-annual  discharge  can  be  accounted  for  by 

d i v e r s i o n   s t r u c t u r e s   a n d  by t h e   f a c t   t h a t   p r - e c i p i t a t i o n  is c o n c e n t r a t e d   i n  

f i v e  months. It a l so  r e f l e c t s   t h e   f a c t   t h a t  most r a i n   f a l l s  from l o c a l  

thundershowers of s h o r t   d u r a t i o n .  

Mean Annual  Flood 

The fo l lowing   re la t ionship   p red ic t s   the   mean-annual   f lood:  

Q, = .7375 A f 74.73 

( c o r r e l a t i o n   c o e f f i c i e n t  r2 = .930) 

where 

Qf = mean-annual flood ( c f s ) ,  and 

A = dra inage   a r ea   i n  ( m i  ). 2 

So does  the  expression:  

2 A = 6.92 Qf + 1.07 Q f .  

Even  though  these  relations  estimate  the  mean-annual  f lood of gaging 

s t a t i o n s ,  no re la t ion   could   be   es tab l i shed   be tween  the   observed   s ize   o f   the  

a r e a  (A) and   the   runoff   per   un i t   a rea  (Qf/A). 
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R e l a t i o n   t o  Ground Water 

The sur face-water   d i scharge   o f   the  Upper Canadian  River  Basin a t  Sanchez 

averages  202 c f s   o r  146,300 a c r e - f e e t / y e a r   f o r  42 yea r s  (USGS N"75-1),  

which is e q u i v a l e n t   t o  0.45 inch/year   o r  2.6 percent  of t h e   t o t a l  

p r e c i p i t a t i o n .  However, i r r i g a t o r s   u p s t r e a m   d i v e r t   w a t e r   f o r   a b o u t  

56,000 a c r e s .   I f   t h i s   d i v e r s i o n  i s  a t  a consumptive  use  rate of 1 . 7  f e e t  

p e r   a c r e ,   a n   a d d i t i o n a l  95,200 acre-feet /year   can  be  added  to   the  net  

d i s c h a r g e ,   b r i n g i n g   t h e   a v e r a g e   d i s c h a r g e   t o   a b o u t  4.3  percent  of t h e  

t o t a l   p r e c i p i t a t i o n .  

We es t ima te   t ha t ,   o f   t he   runof f   pas s ing   t he   gag ing   s t a t ion   nea r   Sanchez ,  

about  15 percent  derived  from  ground-water  discharge.   Adjusted  to  the 

ne t   d i scha rge  of 241,500 a c r e - f e e t / y e a r ,   o n l y  36,225 ac re - f ee t /yea r   (o r  

50 c f s )  of the   es t imated   recharge   d i scharges   to   the   Canadian   River   o r  i t s  

t r i b u t a r i e s  above   the   s ta t ion .  

F igure  1 7  i s  a p l o t   o f , t h e   e s t i m a t e d  mean ground-water  discharge  per  unit  

apparent - recharge   a rea   ve- rsus   apparent - recharge   a rea .   Idea l ly ,   for  

homogeneous i s o t r o p i c  media  che poin ts   should   p lo t   a long  a cu rve   t ha t  

i nc reases  w i t h  increasing  area  and  approaches  asymptot ical ly   the  average 

r echa rge   r a t e   pe r   squa re   mi l e   fo r   t he   bas in .  The f a i l u r e   o f   t h e   p o i n t s  

t o  f i t  such a l i n e  i s  due p r i m a r i l y   t o   t h e   e v a p o t r a n s p i r a t i o n   d i s c h a r g e  

of the  ground  water   before  it can   pass   th rough  the   gaging   s ta t ion .  
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Hydrologic  Budget 

The mean-annual  hydrologic  budget  for  the Upper Canadian  River  Basin is 

approximately: 

P r e c i p i t a t i o n  

Ground-water  recharge 
Surface  runoff  
Immediate evapo t ransp i r a t ion  

Recharge 

Discharge  to  streams  and  evapo- 
t r a n s p i r a t i o n  
Underflow 

Surface  Runoff 

Loss  t o   d i v e r s i o n  and  evapo- 
t r a n s p i r a t i o n  
Runoff a t  s t a t i o n  2215.00 

Inches 

Input o u t p u t  

17.4 

4.1 
1.0 

1 2 . 3  

1.0 

.5 

. 5  

4.1 

3 .7  
.4 

These  estimates  are  order-of-magnitude  only.  Even so, they show c l e a r l y  

tha t   evapo t ransp i r a t ion   u l r ima te ly   accoun t s   fo r   abou t  95 percent   o f   the  

p r e c i p i t a t i o n   t h a t   f a l l s   o n   t h e  Upper Canadian  River  Basin. 

Chemical   Character is t ics  of  Water 

The wa te r   d i scha rg ing   i n   t he  Upper Canadian  River   Basin  east   of   the  

Trinidad  escarpment i s  t h e  calcium-magnesium and  su l f a t e -ch lo r ide   t ype  

and  of   marginal   potabi l i ty;   west   of   the   escarpment   the  discharge  water  i s  

t h e  calcium-magnesium  and  carbonate-bicarbonace  types  (Bedinger  and  Sniegocki), 

1976, p.  H23). 
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The S ta t e   Eng inee r ' s  staff r e p o r t  (Anonymous, 1967, p.  41 and 4 2 ) ,  shows 

tha t   the   g round  water   benea th  much of t h e   a r e a   o f   t h e  Upper  Canadian  River 

Bas in   conta ins  more than  1,000 ppm ( p a r t s   p e r   m i l l i o n )   d i s s o l v e d   s o l i d s ,  

and tha t ,   th rough much of   the   a rea ,   g round  water   wi th   to ta l   d i sso lved  

sol id   concentrat ions  in .   the   range  of   3 ,000-10,000 ppm is found. 

Water Use 

Figure 18 shows  where water i n   t h e   b a s i n   ( o t h e r   t h a n   f o r   d o m e s t i c   o r   s t o c k  

purposes) i s  being  used  and  the  sources   of   the   water .   Without   except ion 

water u s e r s   a r e   e i t h e r   i n   t o t a l l y   d i f f e r e n t   s u b - b a s i n s  of t h e  Upper 

Canad ian   R ive r   Bas in   t han   t he   s i t e   o r   ob ta in   wa te r  from  sources  upstream 

from t h e   s i t e .  A comparison  of  Figure 16 wi th   t he   geo log ic  maps and t h e  

c ros s - sec t ions   (F igs .  14, and  15a,   b,   and  c)  shows  quite  clearly t h a t  , 

opera t ion  of t h e   s i t e  as a dry-waste   reposi tory  could  not   have  any  impact  

on these   wa te r   u se r s .  
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the  Raton  Coal  Basin. 

The Cre t aceous   rocks   t ha t   unde r l i e   t he   s i t e   ex t end  a long   d i s t ance   i n   eve ry  

d i r e c t i o n   f r o m   t h e  s i te .  The rocks of t h e  Upper  Canadian  River  Basin a t  

b e s t   y i e l d  low volumes  of  poor q u a l i t y   t o   w e l l s .  The rocks  of  Cretaceous 

a g e   t h a t   u n d e r l i e   t h e   s i t e   c o n s i s t  of more than  1,000 f e e t   o f  shale, w i t h  

low to   ze ro   hydrau l i c   conduc t iv i ty .  

Recharge  within  the Upper Canadian  River  Basin is r e l a t i v e l y  low.  Most 

p r e c i p i t a t i o n   l e a v e s   t h e   b a s i n  as evapo t ransp i r a t ion . .  We b e l i e v e   t h a t   t h e  

s i t e   o c c u p i e s   w i t h i n   t h e   b a s i n  a p o s i t i o n   s u c h   t h a t  it is  geo log ica l ly  and 

hydro log ica l ly   i so l a t ed   f rom  eve ry   l i t ho log ic   un i t   ( s ands tone )   t ha t   migh t  

y i e l d   w a t e r   t o   w e l l s ,   w i t h   t h e   p o s s i b l e   e x c e p t i o n  of a l l u v i a l   s a n d  and  

gravel ,   which is c o n s i d e r e d   i n   d e t a i l   i n  a l a t e r   s e c t i o n .  

The s i t e   o c c u p i e s  a l o c a t i o n  on t h e   s u r f a c e  o f  t he   d ra inage   bas in   such   t ha t  

t he   p rec ip i t a t ion   and /o r   runof f  from i t  a r e  much less   than  might  be expected 

f r o m   t h e   t e r r a i n   o n l y  a few miles  west.  The runof f   con t r ibu t ion  from  the 

s i t e   t o   t he   f l ow  o f   t he   Canad ian   R ive r  i s  a n   i n f i n i t e s t i m a l   f r a c t i o n  of t h e  

t o t a l   f l o w   o f   t h e   r i v e r   a t   t h e   g a g i n g   s t a t i o n   n e a r   S a n c h e z ,  
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E R M E J O  RIVER BASIN 

In t roduc t ion  

The p r o p o s e d   s i t e  l i es  e n t i r e l y   w i t h i n   t h e  Vermejo  River  Basin, a sub-basin 

in   t he   no r thwes te rn   pa r t   o f   t he  Upper Canadian  River  Basin.  The uppermost 

pa r t   o f   t he   sub -bas in  is i n  Los Animas and Cos t i l l a   Count ies ,   Colorado;  

the  remainder  i s  in  Colfax  County,  New Mexico. 

The bas in ' s   long   d imens ion   t rends   nor thwes t -southeas t .  I ts  l eng th  is about  

54 miles .  I t s  average  width is about  12 mi les .  I t s  a r e a  i s  349 square 

mi l e s .  

Topography  and  Physiography 

A l t i t u d e s   i n   t h e  Vermejo River  Basin range  from a maximum of 13,675 f e e t  

a t ' p u r g a t o i r e  Peak  (Colorado)  to 5,870 f e e t  a t  the  confluence  with  the,  

Canadian  River. 

Most of  the Vermejo R i v e r   B a s i n   l i e s   w i t h i n   t h e   P a r k . P l a t e a u .  The h igher  

a l t i t u d e s   a r e   i n   t h e   S o u t h e r n  Rocky Mountains;   the  lower  quarter,   including 

t h e   s i t e ,   l i e s   w i t h i n   t h e  Las Vegas P la teau .  

F igure  12 shows the  hypsometric  curve of the  Vermejo River  Basin,   based 

on  Table 17 .  
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Table  17.--Hypsometric  data for  the  Vermejo  River  Basin,  Colorado and New  Mexico; 

Altitude 
interval  (ft)  Discharge  Area  Recharge  Area  Total  Area 
from 

7000 

8000 
3 
7;: 9000 

5 
3 10000 

* E 11000 
2 

r n  

2 
-b- 

w 
3 
0. 
5 m rn 

7000  16.8  4.83  4.83  51.1  14.69  14.69  67.9  19.52 

8000 39.5  11.36  16.19  68.6  19.72  34.42  108.1  31.08 

9000 65.8 18.92  35.11  70.1  20.16  54.57  135.9  39.07 

10000 4.7  1.35  36.46  13.7  3.94  58.51 18.4 5.29 

11000  3.2  .92  37.38  11.2  3.22  61.73 14.4 4.14 

.4 .12 37.49  2.7  .78  62.51  3.1  .89 

Total  130.4  217.4  347.8 

19.52 

50.60 

89.68 

94.97 

99  .ll 
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Geology 

The geologic  map (Fig.  19) and cross-sect ions  (Fig.   20a  and  b)   through 

t h e   s i t e  show t h e   r e l a t i o n   o f   t h e   s i t e   t o   t h e   g e o l o g i c   f e a t u r e s   o f   t h e  

Vermejo River  Basin.  

S t r u c t u r e  

The  Vermejo River   Basin is s i t u a t e d   a l m o s t   e n t i r e l y   w i t h i n   t h e   s t r u c t u r a l  

Raton  Basin. The major   pos i t ive   t ec tonic   e lement  i s  the  Sangre  de  Cris to  

U p l i f t   i n   t h e   n o r t h w e s t e r n  segment  of  the  basin. The Vermejo Dome is a 

prominent   secondary   s t ruc tura1 , ' fea ture  formed within  the  Raton  Basin.  

The eastern  margin  of   the  Sangre  de  Cris to  U p l i f t  i s  c h a r a c t e r i z e d  by 

r e v e r s e   a n d   u p t h r u s t   f a u l t s   t h a t   a r e   s t e e p  a t  d e p t h ,   b u t   t e n d   t o .   f l a t t e n  

upward. Pa leozo ic   s ed imen ta ry   rocks   a r e   i n   f au l t   con tac t  wLth t h e   u p l i f t e d  

P recambr ian   c rys t a l l i ne   rocks  which i s  e v i d e n c e   f o r   v e r t i c a l   u p l i f t .   T h i s  

u p l i f t  may poss ib ly   be   exp la ined  by a p r i m a r y   v e r t i c a l   s t r e s s   s y s t e m  

induced  by  magmatism during  Laramide  deformation. 

The  Vermejo R i v e r   B a s i n   c e n t r a l l y   l i e s   w i t h i n   t h e   R a t o n   B a s i n .  The 

s y n c l i n a l  axis of t h e   s t r u c t u r e   t r e n d s  i n  a n o r t h - n o r t h e a s t   d i r e c t i o n   a t  

a d i s t ance  of about  20 mi l e s  from the   Sangre   de   Cr i s to   Upl i f t .   There   a re  

about  14,000 f e e t   o f   s t r u c t u r a l   r e l i e f  between  the  t rough  of   the  basin  and 

the   Sangre   de   Cr i s to   Up l i f t   t o   t he   wes t   ( s ee  Vermejo River  Basin  Cross- 

Sec t ion  B-B'  - Fig.   20b) .  

The Vermejo Dome is  located  about  halfway  between  the  Raton  Basin  structural  

a x i s  and  the  Sangre  de  Cris to   Uplif t .  The dome has a t  l e a s t  1,400 f e e t  
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of  c ' losure  with some s u b s i d i a r y   c l o s u r e   r e l a t e d   t o  a northward  extension. 

There is ex t r eme ly   s t eep   d ip   on   t he   f l anks   o f   t he   s t ruc tu re ,   bu t   t he   d ip  

f l a t t e n s   a b r u p t l y  a t  a depth  of   about  2,000 feet .  Deep-seated '   thrust  

f a u l t i n g  i s  a l s o   a s s o c i a t e d   w i t h   t h e   s t r u c t u r e .   D r i l l i n g  of the  Vermejo,  

Dome h a s   v e r i f i e d   t h a t  i ts core  is a T e r t i a r y   i n t r u s i v e .  

S t r a t i g r a p h y  and  Paleogeography 

Rocks  of  Precambr.ian Age 

Precambrian  rocks  crop  out   in   the Vermejo River  Basin  along  the  Sangre  de 

C r i s t o   U p l i f t   a n d  make up t h e   e a s t e r n ' f l a n k   o f   t h e   C o s t i l l a   M a s s i f .  They 

a r e   p r i m a r i l y   g r a n i t i c   i n t r u s i v e s   a l t h o u g h  some metasediments  can  be  found. 

The metasedirnents   are   possibly  roof   pendants   suspended  in   the  grani te  

b a t h o l i t h  of t he   Cos t i l l a   Mass i f .  

Rocks  of Pa leozoic  Age 

P a l e o z o i c   r o c k s   a r e   i n   f a u l t   c o n t a c t  w i t h  Precambr ian   rocks   para l le l   and  

ad jacent   to   the   Sangre   de   Cr t s ro   Upl i f t .  They crop'  out  along a narrow  band 

(about a mi l e   w ide )   and   s t r ike   i n  a no r th -nor theas t e r ly   d i r ec t ion .  The 

o ldes t   Pa l eozo ic   rocks   cons i s t   o f ,  a t  most, a few hundred  feet   of   Ordovician f ? )  

and  Mississ ippian  carbonates   which  represent   erosional   remnants  of a 

regional ly   widespread  open-shelf   sea .   Ear ly   Pennsylvanian  t ime marked t h e  

i n i t i a t i o n   o f   b a s i n a l   s e d i m e n t a t i o n  i n  the  Raton  Basin.  The major  sediment 

sou rce   a r eas   were   l oca t ed   t o   t he   wes t  i n  t h e  Uncompahgre Highland. The 

sed imentary   pa t te rn  was d r a s t i c a l l y   a l t e r e d   i n   L a t e   P e n n s y l v a n i a n   t i m e  when 

t h e   S i e r r a  Grande Up l i f t   t o   t he   ea s t   s e rved   a s   t he   ma jo r   sou rce   a r ea .  

Permo-Pennsylvania  time was  dominated by f e r r u g i n o u s   c o n t i n e n t a l   d e p o s i t s  of 



the   Sangre  de  Cris to   Formation.  The formation may b e . a s   . t h i c k   a s  2,000 f e e t .  

The end  of  the  Paleozoic was marked by c o n t i n u e d   t e r r e s t r i a l   s e d i m e n t a t i o n  

during  Leonard  to  Guadalupian  t imes.  The to t a l   t h i ckness   o f   Pa l eozo ic  

rocks   i n   t he   deepes t  part  of   the   bas in  is about  4,500 f e e t .  

Rocks of  Mesozoic Age 

Tr i a s s i c   rocks   o f   t he  Vermejo River  Basin  range  from a few f e e t   t o   p o s s i b l y  

500 f e e t   t h i c k .  The rocks  consis t   of   s i l iceous  l imestone  conglomerates ,  

gray  and  red  l imestone,   s i l ts tone,   shale ,   and  gray  and  red  sandstone and 

be long   to   the   Johnson Gap Formation. 

A widespread  blanket  of  shallow-marine and o v e r l y i n g   t e r r e s t r i a l   d e p o s i t s  

was l a i d  down a c r o s s   t h e   e n t i r e   b a s i n   d u r i n g   L a t e   J u r a s s i c   t i m e .  The 

Entrada  Sandstone,  deposited  on  and  near  beaches  and  in  near  shore  marine 

environments ,   l ies   unconformably on Tr iass ic   rocks .   Over ly ing   the   Ent rada  

is t h e  Wanakah or  Ralston  Creek  Formation  which  consists of v a r i e d   f a c i e s  

of   l imestone,   green a n d  red   sha le ,  gypsum, and   th in   sands tone .  The over- 

lying  Morrison  Formation is composed of   var ied   p ropor t ions  of red ,   g ray ,  

and  brown f l u v i a t i l e   s a n d s t o n e  and  conglomerate,  and  interbedded  red,  gray, 

and  green  shale .  The t o t a l   t h i c k n e s s   o f  Jurassic age  rocks  probably  does 

not  exceed 500 f e e t .  

The Purgatoire   Formation of Early  Cretaceous  age  res ts   unconformably on 

Ju ras s i c   rocks  and  marks the   t ime  the   a rea  became p a r t  of the   ex tens ive  

Rocky  Mountain  geosyncline. It c o n s i s t s  of a lower  conglomeratic  sandscone 

member and an  upper member composed of gray  carbonaceous  shale   and  inter-  

bedded th in   s ands tone .  The overlying  Dakota  Sandstone i s  mainly  marine,   but  
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i n   t h e   w e s t e r n   p a r t   o f   t h e   b a s i n  it contains   s t ream  channel   sandstones.  

The Dakota is o v e r l a i n  by a s u b s t a n t i a l   t h i c k n e s s  of  marine  mudstones 

and s i l t y   l i m e s t o n e s  which  belong  to  the  Benton  Formation. The ove r ly ing  

Niobrara  Formation i s  a l s o  of   marine.   or . igin  and  consis ts  of a lower   th in  

l imestone  and  interbedded  shale ,   the   Fort  Hays Limestone Member, and  an 

upper   marly  shale ,   the  Smoky H i l l  Marl Member. 

Conformably  overlying  the Smoky H i l l  Marl i s  the   P i e r r e   Sha le .  It c o n s i s t s  

mainly of dark  gray  to   black  non-calcareous  shale   and  occasional   thin  beds 

of   l imestone,   sandy  shale  and sandstone. The Pierre   accumulated as a 

thick  marine  sequence  throughout  much o f   t he   a r ea  now occupied  by  the 

Grea t   P l a ins  and t h e  Rocky Moun ta ins .   Mar ine   fo s s i l s   co l l ec t ed   a t  Vermejo 

Park   inc lude   P lacent iceras  =., Ostrea  9.. Inoceramus 2.. 

occidenta les ,   Hos loscaphi tes  z., C r y p t o r h y t i s   f l e x i c o s t a t a ,  and  Inoceramus 

vanuxami. The P ie r r e   Sha le  becomes progressively  sandier   toward  the  top 

due t o   e p e i r o g e n i c   u p l i f t  w h i c h   f o r c e d   t h e   s t a n d   l i n e   t o   r e t r e a t   t o   t h e  

northeast ,   marking  the  beginning  of  Laramide  deformation.  Overlying  and 

i n t e r t o n g u i n g   w i t h   t h e   P i e r r e  i s  the  Trinidad  Sandstone.  I t  i s  composed 

of   very   f ine   to   f ine-gra ined   sand .  The formation i s  t h i c k  bedded  and  massive 

i n   t h e   u p p e r  and middle   par t s   and   th in-bedded   in   the   lower   par t .   Ca lc i te  

cement i s  common as w e l l   a s  Ophiomorpha z. burrows. The T r i n i d a d   i n t e r -  

tongues   wi th   the   over ly ing  Vermejo Formation, The Vermejo c o n s i s t s  of 

s ands tone ,   s i l t s tone ,   s i l t y   ca rbonaceous   sha l e ,   and   coa l .   Sands tone   beds  

vary  from  thin  to  massive.   Coal  beds  vary i n  thickness   throughout   the 

a r e a   a n d   a r e   i n t e r b e d d e d   w i t h   s h a l e   a n d   s i l t s t o n e   u n i t s .  The formation was 

depos i t ed   i n  swamps and on f lood   p la ins   near   the   coas t   o f   the   nor theas tward-  

r e t r e a t i n g   C r e t a c e o u s   s e a .  
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Rocks of   La te   Cre taceous   and   Ter t ia ry  Age 

The Raton  Formation of Late  Cretaceous  and  Paleocene  age  unconformably 

o v e r l i e s   t h e  Vermejo Formation. It c o n s i s t s  of sandstone  interbedded 

w i t h   s i l t s t o n e ,   c l a y s t o n e ,  mudstone  and  beds  of  carbonaceous  shale  and 

c o a l .  The sandstone i s  v e r y   f i n e   t o  medium-grained  and i s  l i g h t   g r a y   t o .  

ye l lowish   gray .   S i l t s tones   and   c lays tones   o f ten   conta in   s t reaks   o f  . 

carbonaceous   sha le ,   coa ly   mater ia l ,   and   p lan t   foss i l s .   Coal   beds   a re  

individual  beds  or  composite  zones  comprised o f  coa l  and pa r t ings   o f  

carbonaceous  shale,  claystone  and  impure  coal. The upper  beds of the  Raton 

Format ion   in te r tongue   and   grade   in to   the   coarser   g ra ined   rocks   o f   the   lower  

Poison Canyon Formation.  Sandstone w i t h  i n t e rbeds  of  sandy  claystone is 

c h a r a c t e r i s t i c   o f   t h e   P o i s o n  Canyon. The sandstone i s  conglomerat ic  i n  

the  upper  part   of  the  formation  and  medium-grained t o  g r a n u l a r   i n   t h e  

lower p a r t .  Sediments  comprising  both  the  Raton  and  Poison Canyon Formations 

were  der ived  f rom  Precambrian  and  Paleozoic   terrains   to   the  southwest   and 

northwest .  The Raton  Formation is a swamp and f l o o d   p l a i n   d e p o s i t   l a t e r a l l y  

equiva len t   to   the   lower   par t  of the  Poison Canyon, whereas,   the  upper 

Poison Canyon is a pediment   .deposi t .  

During  Eocene  time  orogenic movements of  extensive  major  thrusting,  normal 

f a u l t i n g ,  and fo ld ing  of  the  rocks  took  place  a long  the  northwestern  margin 

of t he   bas in .  A t  t h i s   t ime  s i l l s  o f   d i o r i t e   a n d   i n t r u s i v e   b o d i e s   o f  

syenodior i te   were   in t ruded   in to   the   sed imentary   rocks .   Epei rogenic   upwarping  

of   the  ent i re   region,   accompanied by t h e   i n t r u s i o n  of b a s a l t i c   d i k e s   a n d  

s i l l s ,  occured   i n  la te  T e r t i a r y   t i m e .  



Sediments of Quaternary Age 

Pediment  and  terrace  deposits of P l e i s tocene   age   cons i s t  o f  g r a v e l l y  

a l luv ium composed of subangular  to  rounded  pebbles,   cobbles,  and boulders  

of s i l t s t o n e ,   s a n d s t o n e ,   e x t r u s i v e  and intrusive  igneous  rocks,   and 

metamorphic  rocks  derived  from  the  mountains to   the  west .   Holocene 

a l luv ium  depos i t s   cons i s t  of unconsol idated s i l t ,  sand,   and  gravel   in ,  

and  adjacent   to ,   modern  s t ream  channels .  



Tab ' l e  18 g ives  t 

Hydrology 

In t roduc t ion  

:he p r e c i p i t a t i o n   i n   t h e  Vermejo River Basin.  The pre-  

c ip i ta t ion   averages   about   18 .6   inches .  However, t h e   a v e r a g e   i n . t h i s  

r e c h a r g e . a r e a  i s  about  18.5  inches.  

Ground Water 

Table 19 g ives   the   es t imated   annual   recharge   for   the   bas in .   Recharge  

averages  about  1 . 2  inches   per   year .  

Ground-water  flow  systems  include: 

1) loca l   sys tems t h a t  d i s c h a r g e   t o   s p r i n g s ,   t r i b u t a r i e s  

of  the Vermejo R ive r ,   e spec ia l ly   t he  Van Bremmer 

C r e e k ,   a n d   t h e   r i v e r   i t s e l f ;  

2 )  intermediate   systems  that   underf low  the  local  

sys tems  to   d i scharge   to  Van Bremner  'Creek ( i n   t h e  

mounta ins) ,   the  Vermejo River ,   and  the Upper  Canadian 

River;   and 

3) a regional   system  that   underf lows  both  the.Vermejo 

River   and  the Upper Canadian  River. 

The regional   system is m a n i f e s t e d   i n   d e e p   t e s t   h o l e s   w i t h i n   t h e  Maxwell 

Grant   that   have  penetrated  the  rock  beneath  the  Cretaceous  shale ,   which 

produced  non-potable   water   in   only  moderate   quant i t ies .  
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Table  lE.--Average-annual  precipitation  in  the  Vermejo  River  Basin. 

Interval  (ft) 
Altitude 

From  To 
" 

5870  7000 

7000  8000 

8000  9000 

9000  10000 

10000 11000 

11000 13676 

Total 

Precipitation 
(inches) * 

16.4 

17.9 

19.4 

20.8 

22.3 

25.0 

Recharge  Area  Discharge  Area 
Precipitation 

Total  Basin 
Precipitation 

(1000 Area  (1000  Area 
Precipitation 

(1000 Are?. 
(mi 

51.1 

68.6 

70.1 

13.7 

11.2 

2.7 

217.4 

(cfs)  ac-ft) 

61.7  44.7 

90.5  65.5 

100.2  72.5 

21.0  15.2 

18.3  13.3 

5.0 3.6 

296.7  214.8 

( . 2- ml I 

16.8 

39.5 

' 65.8 

4.7 

3.2 

.4 

170.4 

(cfs) 

20.3 

52.1 

94.0 

7.2 

5.2 

.7 

179.6 

ac-ft) 

14.7 

37.7 

68.1 

5.2 

3.8 

.5 

130.0 

(mi2) 

67.9 

108.1 

135.9 

18.4 

14.4 

3.1 

347.8 

(cfs)  ac-ft) 

82.0  59.4 

142.5  103.2 

194.2 140.6 

28.2  20.4 

23.7 17.1 

5.7 4.1 

476.3  344.8 

* estimated  by  Precipitation = .00145  Altitude + 7.06 



Table 19.--Estimated average-annual recharge in the Vermejo 
River Basin. 

Interval  (ft) 
From To 

5870 7000 

7000 8000 

Altitude 

aooo 9000 

9000 10000 

10000 11000 

11000 13676 

Total 

Area 
(mi‘) 

51.1 

68.6 

70.1 

13.7 

11.2 

’ 2.7 

217.4 

Precipitation 
(inches) * 

16.4 

17.9 

19.4 

20.8 

22.3 

25.0 

Estimated  recharge** 
(1000 

(in)- (cfs) - ac-ft) 

. a7 3.3 2.4 

1.07 5.4 3.9 

1.30  6.7 4.9 

1.54 1.6 1.1 

1.82 1.5 1.1 

2.38 .5 .3 

” 19.0 13.7 

* estimated by: Precipitation = .0145 X altitude + 7.06 

** estimated by: Recharge = Precipitation X .005 (Precipitation - 6 )  
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The Vermejo River is a ga in ing   s t ream i n  i t s  upper  reaches.  There i s  

c lear   ev idence   tha t   loca l   and   in te rmedia te   f low  sys tems  ex is t .   S tudies  

a t  a n d   a r o u n d   t h e   s i t e   a l s o   c o n f i r m   t h e i r   e x i s t e n c e .  

The mean-daily  ground-water  discharge a t   t h e   g a g i n g   s t a t i o n   n e a r  Dawson is 

about  .9 c f s  from an   e s t ima ted   r echa rge   a r ea   o f   231   squa re   mi l e s .   Th i s  

i s  equiva len t   to   an   average-annual   recharge  of about  .0053  inches  per 

year   on   the   recharge   a rea .  

Most  of the   recharge  m u s t  e i t h e r   d i s c h a r g e  as evapot ranspi ra t ion   ups t ream 

from  the  gage  or   leave  the  basin as underf low. .  Much of   discharging 

ground  water moves downstream i n   t h e   a l l u v i a l   g r a v e l s  and is discharged 

by  phreatophytes .  

Surface  Water 

The average-annual  runoff a t   t h e   g a g i n g   s t a t i o n   n e a r  Dawson (07-2030.00) 

f o r  51 yea r s  is 18 .3   c fs   (13 ,260   acre- fee t )  (USGS N”75-1, p .  4 4 ) .  

D i v e r s i o n s   a r e   f o r   i r r i g a t i o n   o f  s m a l l  acreages  in   mountain meadows. 

The mean-dai ly   surface-water   discharge component i s  about 2 1  c f s .  From 

a n  area   o f   about  345 squa re   mi l e s   t h i s  is about   1 .83  inches  per   square  mile .  

Below the   gag ing   s t a t ion ,  much of the   water  i s  d ive r t ed   t o   t he  Vermejo 

Conservancy D i s t r i c t .  Downstream  from the   gag ing   s t a t ion ,   t he   s t r eams  

carry  only  water   f rom  the  local   or   intermediate   ground-water   f low  systems,  

w a t e r   t h a t  i s  no t   d ive r t ed ,  and  storm  runoff  from  the  lower  basin.  

Because   t he   a l luv ia l   g rave l s   ca r ry  much of   the   d i scharg ing   water ,   the  Van 

Bremmer Creek  and  the  Vermejo  River   intermit tent ly   f low  on  occasion  but   are ,  



in fact, perennial  ground  water  sinks and, therefore,  should  be  thought of 

as  perennial  streams. 

Hydrologic  Budget 

The  hydrologic  budget  of  the  basin  has  this form: 

Precipitation 

Recharge 
Surface  runoff 

Immediate  evapotranspiration 
.discharge  to  atmosphere 

Recharge 

Discharge to stream 
to  underflow 

to  evapotranspiration 

18.6 

1.2 

120 

1.2 
.8 

16.0 

. Of5 

.6- 

.6-  + 



Discussion 

The s i t e  l ies i n   t h e   l o w e r   p a r t   o f   t h e  Vermejo River  Basin  between Van 

Bremmer Creek  and  the  Vermejo  River, The bas in   cove r s   t he   wes t e rn   ha l f  

of a broad  sedimentary  basin.  The Pier re   Sha le   and  Smoky H i l l  Marl -- 
a m a j o r   l i t h o l o g i c   u n i t  -- crop   ou t   and   under l ie   the  s i te .  It c o n s i s t s  

of 1,500 t o  2,000 f e e t   o f   s h a l e   w i t h  low hydraul ic   conduct iv i ty .  The 

wa te r   i n   t he   rocks   unde r ly ing   t he   sha l e  moves i n  a regional   f low  system. 

It is no t   po tab le .  The rocks  through  which  the  water moves would not  

y i e l d   s i g n i f i c a n t  volumes  of s a l i n e  water to   we l l s .   Po tab le   wa te r   occu r s  

o n l y   i n   t h e   a l l u v i a l   g r a v e l s .  

The s i t e   s t r a d d l e s   t h e   i n f l e c t i o n   l i n e   o n   t h e   t o p o g r a p h y ,  so r e c h a r g e   t o  

and  discharge  from it can  be  expected  to  be much below  the  average  for  

t h e   a l t i t u d e .  
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THE SITE AND ITS ENVIRONS 

I n t r o d u c t i o n  

The s i t e   c o n s i s t s   o f   a b o u t  900 a c r e s   c e n t r a l l y   l o c a t e d   w i t h i n   a n   a r e a  

bounded  by l a t i t u d e s  36' 31'48" and 36' 27'27" and  by  longitudes ' , 

104' 41'08" and 104' 47 '40" .  It i s  s i tua ted   be tween  the  Vermejo River  

on the   nor th   and  Van Bremmer Creek to   t he   sou th   and  is  about 2.2 m i l e s  

northwest   of   the   confluence of t h e  two streams. We conf ined   our   inves t iga-  

t i o n s   t o   t h i s   a r e a .   F i g u r e  2 1  shows t h e   s i t e   a n d   t h e   l o c a t i o n s   o f   t e s t  

ho le s ,   we l l s ,  and  piezometers.  

Topography  and  Physiography 

Topographical ly   the s i t e  is i n  a n   a r e a   t h a t  i s  predominantly a s e r i e s  of 

p l a ins   and   r emnan t s   o f   p l a ins   cons i s t ing   o f   ro l l i ng   sho r tg ra s s   p ra i r i e  

w i th   gen t l e   s lopes .   E leva t ions   i n   t he   a r ea   r ange  from a low of  about 

6,030 f ee t   nea r   t he   con f luence   o f   t he  Vermejo River  and Van Bremer  Creek 

to   over  6,450 f e e t  on old  pediment   surfaces .  The escarpment  in  the  extreme 

west-northwestern par t  of t h e   a r e a   r i s e s   t o   o v e r  7,200 f e e t .  The a l t i t u d e  

of t he   s i t e   r anges   f rom 6,140 t o  6,374 f e e t .  The average  land  s lope of t h e  

s i t e   t r e n d s   i n  a s o u t h e a s t e r l y   d i r e c t i o n  a t  l e s s   t h a n  80 f e e t   p e r   m i l e .  

Phys iographica l ly ,   the   a rea   s t raddles   the   boundary   be tween  the  High P l a i n s  

and Southern Rocky Mounta in   p rovinces ;   bu t   the   s i te  is s i t u a t e d  on  the 

Las Vegas P l a t e a u ,  a physiographic   subdivis ion of t he   Grea t   P l a ins .  An 

escarpment   to   the  northwest   marks  the  beginning  of   the.Park  Plateau 

subdiv is ion .  
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Alluvial   Landforms 

Pediment  remnants  are  probably  the  most  striking  geomorphic  landform  in  the 

area'.  They s t and  as topographic  highs,   have a nea r ly  f l a t  su r face ,  and 

s lope  graduaply away from  the  mountain  f ront .  A pediment is a geomorphic 

su r face   cu t   by   e i the r   pe renn ia l   o r   ephemera l   s t r eam  o r   shee t   f l ow  ac ross  

bo th   ha rd   and   so f t   rocks   du r ing  a t ime   o f   s t ab le   base   l eve l .  The age   o f  

a pediment   decreases   f rom  the   h ighes t   to   the   lowes t   l eve l .  Each  pediment 

i n  a sequence  has  experienced a l l  o f   t h e   n a t u r a l   h i s t o r y  of a l l   t h e  

surfaces  below it. A s t r eam,   i n   cu t t i ng   f rom a h igher   to  a lower   l eve l ,  

gene ra l ly   e rodes  downward through  sof t   bedrock  on the edges of i t s  o l d  

v a l l e y   r a t h e r   t h a n  down through  the  gravel   armor on i t s  v a l l e y   f l o o r .  As 

a r e s u l t   o f   t h i s ,   o l d e r   p e d i m e n t s   a r e   p r e s e r v e d  as a s tep l ike   sequence .  

Thus, the   o ldes t   remnants   a re   the   h ighes t   and  may only be preserved  a long 

summits be tween  dra inage   l ines .  

The s tep l ike   sequence   of   pediment   sur faces   demonst ra tes   ep isodic   format ion  

of va l ley   l andscape .  It marks p r e v i o u s   l e v e l s   o f   v a l l e y   f i l l   a n d   s t r e a m  

p l a n a t i o n  as the  stream  regimens  changed.  Tectonic movements such as 

r e g i o n a l   u p l i f t   c a u s e   a n   i n c r e a s e   i n   s t r e a m   g r a d i e n t s   a n d   t h e   o r i g i n a l  

v a l l e y  i s  downcut. As b a s e   l e v e l  becomes i n c r e a s i n g l y   s t a b i l i z e d ,   t h e  

s t ream  begins   to   meander ,   resu l t ing  i n  l a t e r a l   p l a n a t i o n   w i t h   t h e   d e v e l o p -  

ment of a new pediment  surface.   Climatic  change may r e s u l t  i n  a change i n  

the  s t ream  regiaen.  An i n c r e a s e   i n   p r e c i p i t a t i o n   c a u s e s   a n   i n c r e a s e   i n  

discharge  which  requires   adjustments   in   width  and  depth.  A decrease  in  

r a i n f a l l   c a n   r e s u l t   i n  a dec rease   i n   dens i ty   o r   k ind   o f   vege ta t ive   cove r ,  
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which i n   t u r n  may cause   an   increase   in ,d ischarge .   F lash   f loods  may a l s o  

have a great   inf luence  on  pediment   formation.  

In   the   a rea   o f   concern ,   th ree   pediment   l eve ls   can   be   d i s t inguished .  The 

h ighes t   pediment ,   and   thus   the   o ldes t ,   occupies   the .nor thwes t -southeas t  

t r e n d i n g   c e n t r a l   r i d g e   o f   . t h e   a r e a .  The r idge  is  armored  with  pebbles,  

cobbles,   and  boulders composed p r i m a r i l y  of r h y o l i t e  and  metamorphic  rocks, 

the  nearest   source  of  which is 40 miles  upstream. The th i ckness   o f   t h i s  

armor  exceeds 20 f e e t .   i n  many p l a c e s .  The age   o f   th i s   pediment   sur face ,  

based   on   spa t i a l   r e l a t ionsh ips  and the  extreme  weather ing  of   the  gravels  

s i n c e   t h e i r   d e p o s i t i o n ,  i s  mid t o   e a r l y   P l e i s t o c e n e .  The su r face   s t ands  

between 210 and  250.feet   above  the modern  Vermejo River ,   and  belongs  to  

the  Cimarronci to  low pediment  group. 

An in te rmedia te   pediment   sur face   l i es   about  130 f e e t  above  the  modern 

Vermejo River   and  belongs  to   the  Phi lmont  low pediment  group. The g rave l s  

t h a t  form this   pediment   average somewhat s m a l l e r   i n   s i z e   t h a n   t h o s e  of 

t he   h ighe r   su r f ace ,   bu t   a r e  composed of similar l i t h o l o g i e s .  The age  of 

t h i s   d e p o s i t  i s  probably mid t o   l a t e   P l e i s t o c e n e .  

The lowest   pediment ,   belonging  to   the Rayado low pediment  group, l i e s   a l o n g  

the  margins  of Van Bremmer Creek  and  Vermejo  River  and  forms  an  almost 

continuous  bed  of  gravel  about 50 f e e t  above the   node rn   va l l ey   f l oo r s .  

The g r a v e l s   a r e  somewhat less   weathered   than   those   o f   the   h igher   sur faces ,  

and t h e i r   l i t h o l o g y  i s  dominated  by  sandstone  fragments. The age   o f   t h i s  

su r f ace  i s  probably   l a te   P le i s tocene   Wiscons inan .  A map showing  the 

dis t r ibut ion  of   the  three  pediment   levels   can  be  found  in   Appendix 111-5. 
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Flood  plains  are a l so   an   a l luv ia l   l andform  and   a re  composed of t h a t   p a r t  

o f   t he   va l l ey   f l oo r   ad j acen t   t o   t he   s t r eam.  They a re   unde r l a in  by 

sed imen t s   depos i t ed   by   t he   ac t iv i ty   o f   t he   s t r eam and a re ' cove red   w i th  

water  when the  s t ream  overf lows i t s  banks. The f l o o d   p l a i n  of the  Vermejo 

River i s  p r e s e n t   a l o n g   t h e   e n t i r e   v a l l e y  on one or   bo th   s ides   o f   the  

stream. The v a l l e y   f l o o r  i s  considerably  wider  than  the  stream  channel.  

The s t ream  course  meanders ,   and  la teral   erosion i s  dominant  over down- 

c u t t i n g .  The v a l l e y   f l o o r  i s  a t  an   e leva t ion   of   about  6,140 f e e t  where 

it i n t e r s e c t s   w i t h  U.S. Highway 64 near  Colfax and s lopes  down t o   t h e  

confluence  with Van Bremmer Creek a t   a n   a l t i t u d e  of about   6 ,030  feet ,  a t  

a r a t e  of  about 29 f e e t   p e r   m i l e .  

The e l e v a t i o n  of Van Bremmer Creek  where it  i n t e r s e c t s  U.S. Highway 64 

about  2.5  miles  southwest  of  Colfax is around  6,280 f ee t .   Th i s  amounts 

to   an   average   s lope  down to   t he   conf luence   o f   abou t   51   f ee t   pe r  mile. 

The Van  Bremmer v a l l e y  is V-shaped in   c ross -sec t ion   and   the   s t ream  channel  

covers  much of t h e   v a l l e y   f l o o r ,   r e s u l t i n g   i n  a very  narrow  f lood  plain.  

Downcutting  of  the  valley  appears  to  be  the  dominant  erosion  process.  

Based on t h e   i n d i v i d u a l   v a l l e y   c h a r a c t e r i s t i c s  of t he  two dra inages ,  we 

conc lude   t ha t   t he   va l l ey   o f  Van  Bremmer Creek i s  cons iderably  more you th fu l  

t han   t ha t   o f   t he  Vermejo River .  

I 
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H i l l s l o p e s  

As d i scussed   p rev ious ly ,   t he  low l y i n g   h i l l s  of t he   a r ea   a r e   o ld   ped imen t  

s u r f a c e s .   ' T h e   s h a p e   o f   t h e   h i l l s  i s  a r e s u l t  of weather ing ,   e ros ion ,  

sedimentation,  and mass movement th roughou t   t he i r   geo log ic   h i s to ry .   S lope  

gradients  seldom  exceed 6' and  average  less   than 3 . The processes  on 

h i l l s l o p e s   a r e   c o n t r o l l e d   d i r e c t l y  by the  force  of   gravi ty .   Water   runs 

off  downslope, as ove r l and   f l ow,   caus ing   e ros ion   and   depos i t i on   on ly   a f t e r  

t h e   i n f i l t r a t i o n   c a p a c i t i e s   o f   t h e   s o i l s   a r e   r e a c h e d .  The f a c t o r s   c o n t r o l -  

l i n g   e r o s i o n   a r e   t h e   i n i t i a l   r e s i s t i v i t y   o f   t h e   m a t e r i a l ,   t h e   c o v e r  on the  

h i l l s l o p e ,   r a i n f a l l   i n t e n s i t y ,  and the   ve loc i ty   and   energy   of   runoff .  . 

Overland  flow may b e ' c o n f i n e d   i n  r i l l s  as channel   f low  or   unconfined as 

sheet   f low.  

0 

R i l l i n g   ( g u l l y   g r a v u r e ) ,  a more e f f e c t i v e   e r o s i o n   a g e n t   t h a n   s h e e t  wash, 

i s  a dominan t   p rocess   i n   h i l l s lope   r educ t ion .   Seve ra l   sho r t   d i scon t inuous  

h i l l s i d e   g u l l i e s   o c c u r   i n   t h e   u p l a n d   a r e a  of t h e   s i t e  and a r e   r e s t r i c t e d  

t o   s l o p e s   g r e a t e r   t h a n  5 . A l l  of   t he   gu l l i e s   appea r   t o   be   a s soc ia t ed   w i th  

c a t t l e  t ra i l s  o r   t h e   t r a c e s   o f  abandoned  roads.   Rill ing is n o t  a se r ious  

problem a t  t h e   s i t e .  , 

0 

Geomorphic ev idence   i nd ica t e s   t ha t   t he   up land   a r ea  a t  t h e   s i t e   h a s   e r o d e d  

very l i t t l e   i n   t h e  l as t  10,000 yea r s .  The h ighes t   pediment   sur face  i s  of 

mid t o   e a r l y   P l e i s t o c e n e   i n   a g e ,   t h e r e f o r e ,  a t  l e a s t  200,000 yea r s   o ld .  

The Vermejo River  has  eroded downward 300 f e e t   i n  no l e s s  t h a n  t h a t   t i m e ;  

thus,   landscape  denudat ion h a s  proceeded   loca l ly  a t  no more than  1 .5  f e e t  

per   thousand  years .  



S o i l s  

S o i l s   o f   t h e   s h o r t g r a s s   p r a i r i e   i n   t h e   a r e a   o f   c o n c e r n  have   been   c lass i f ied  

as b e l o n g i n g   t o   e i t h e r   t h e  Colmor-Swastika-Kim a s s o c i a t i o n  o r  t h e  Vermejo- 

Li t le -Midway  assoc ia t ion .   Both   so i l   assoc ia t ions   have   f ine   to  medium 

tex ture   and   deve lop  on sedimentary  mater ia l .   These  soi ls   have low t o  

medium permeabi l i ty   and  low s t r e n g t h  when w e t .   P a r t i c l e - s i z e   d i s t r i b u t i o n  

ana lyses  of s o i l s   i n   t h e  s i te  a r e a   i n d i c a t e   t h e y   d i f f e r  from  sample t o  

sample  in  texture.   For  example,   sample number 2 taken  from  Trench 1 

(Fig.  22  and  23) is a c l a y e y   s a n d y   s o i l   i n   w h i c h   o v e r  70 pe rcen t  of the  

p a r t i c l e s  are l a rge r   t han  0.044 mm. The a r e a  t h a t  the  sample was taken 

from l i e s   i n  a saddle  between two h i l l s  capped  by  pediment  gravels. The 

p a r e n t   m a t e r i a l  of t h e   s o i l  w a s  probably  most ly   der ived  f rom  the  higher  

pediments as t h e   f i n e r   m a t e r i a l  was winnowed o u t ,   e i t h e r  by  wind o r  wa te r ,  

and moved downslope. S o i l  sample number 11 taken  from  Trench 5 is a sandy 

c lay ,   having  less than  35 pe rcen t  of t h e   p a r t i c l e s   g r e a t e r   t h a n  0.0444 mm. 
i n   d i a m e t e r .  That t r ench  is l o c a t e d   o n   f a i r l y  f l a t  ground away from a n  

i m e d i a t e   s o u r c e  of coa r se   ma te r i a l .   Th i s   t ex tu re - source   r e l a t ionsh ip   fo r  

s o i l s   i n   t h e   a r e a  i s  g e n e r a l l y   t r u e ;  however, t h e r e   a r e  many except ions.  

. .  
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Geology 

S t ruc tu re  

The t e c t o n i c  map of  the  southern  Raton  Basin  compiled  by Woodward and 

Snyder (1976)  shows t h a t   t h e  s i t e  is  about  8 m i l e s   n o r t h  of the  Cimarron 

Arch a x i s  and about  34 miles   wes t   o f   t he   S i e r r a  Grande  Arch axis. The 

s i t e  i s  loca ted  on the   southwes tern   f lank  of t he   s t ruc tu ra l   Ra ton   Bas in  

about  17 miles  from i t s  s y n c l i n a l   a x i s .   S t r u c t u r e   c o n t o u r s  drawn on  top 

of Precambrian  rocks show t h e   r e g i o n a l   d i p   i n   t h e   a r e a   t o   b e  as g r e a t  as 

200 feet   per   mile   toward  the  Raton Basin axis to   the  north- .northwest .  

A petroleum  wildcat  well   (American  Manufacturing Co., No. 1, W.S. Ranch, 

1-26-20E) d r i l l e d  a few  miles   to   the  southwest   of   the   area  in  1946 

.penetrated  Precambrian  grani te  a t  a depth  of  3,814 f e e t .  The Vermejo River  

Basin Cross-Sect ion B-B' (Fig.  20b) i n d i c a t e s   t h e   t o t a l   t h i c k n e s s   o f  

sedimentary  rocks a t  the  s i t e  t o  be  about 4,100 f e e t .  O f  t h i s   t h i c k n e s s ,  

about   2 ,800  feet   belongs  to   the  Cretaceous.   With  this   above  information 

and the   in format ion  shown on  the  Canadian  River  Basin  Cross-sections A-A' 

and B-B' (Fig.  14 ,  and 15a, b ,  and   c ) ,  we e s t i m a t e d   t h a t   t h e   r e g i o n a l   d i p  

o f   C r e t a c e o u s   s t r a t a  a t  t h e   s i t e  i s  approximately 100 fee t   per   mi le   toward  

the  northwest .  

Local  dips  measured  from  outcrop  range  from 2 t o  as high as 14' i n  the  

P ier re   Sha le   (F ig .  2 4 ) .  The ave rage   d ip   d i r ec t ion  i s  toward  the  north- 

n o r t h e a s t .  The h igh   d ip   ang le s  seem t o   b e  anomalous t o   t h e   r e g i o n a l   d i p  

of  about 1 . This  anomaly may be  explained by t h e   f a c t   t h a t   t h e   h i g h e r  

dip  measurements  were a l l  made on f a i r l y   s t e e p   s l o p e s   a n d   t h e   P i e r r e  is 

ve ry   suscep t ib l e   t o   s lumping  on s teep   s lopes .   This   s lumping  is  the   r eason  

0 

0 
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about 30 t o  40' e a s t  of t h e   r e g i o n a l   d i p   d i r e c t i o n .   T h i s  may be  due, i n  

par t ,  t o  s lumping ,   bu t   p robably   mos t ly   re f lec ts   loca l   s t ruc ture .   Measure-  

ments   on  core   bedding  (assuming  that   the   holes   were  ver t ical)   suggest   an 

average  dip  of 2 t o  3 . 0 

A shallow  seismic  survey  (Appendix 111-4) was conducted i n  the   a rea .   Se ismic  

even t s   were   i n t e rp re t ed  as small s c a l e   f o l d i n g  and f a u l t i n g   w i t h i n  

Cre t aceous   s t r a t a ,   cons i s t ing   ma in ly  of a s e r i e s   o f   f au l t ed   a symmet r i c  

a n t i c l i n e s  and sync l ines .  The f o l d s   a r e   t h o u g h t   t o   s t r i k e   a p p r o x i m a t e l y  

e a s t - s o u t h e a s t  w i t h  a wavelength   on   the   o rder  of 700 t o  1,500 fee t .   Sma l l ,  

h igh   angle   reverse   fau l t ing   and   f rac tur ing ,   assoc ia ted   wi th   compress iona l  

sho r t en ing ,  would  be  concentrated  near   the  crests  of t h e   a n t i c l i n e s .  A t  the  

r eques t   o f   t he   geophys ic i s t ,   ho le s   were   convenc iona l ly   d r i l l ed   and   co red  

through  the   overburden   and   in to   the   sha le   in   o rder   to   eva lua te   ex is t ing  

c o n d i t i o n s   d i r e c t l y .   I n   t h e   n o r t h e r n   p o r t i o n  of t h e   s i t e  a d r i l l  hole proved 

the   ex i s t ence   o f  a bur ied   channel   in te rpre ted   f rom  se i smic   events   (F ig .  25) .  

I t  was f u r t h e r   i n t e r p r e t e d   t h a t   t h e   c h a n n e l  was loca ted   ove r  a f au l t ed   and  

f r a c t u r e d  small a n t i c l i n e .  However, a 10-foot   core  of t h e   P i e r r e   S h a l e  

taken  f rom  this   hole  showed no evidence  of  deformation of  any  kind. 

Frac ture   t rends   in   P ie r re   ou tcrop   were   measured  a t  numerous loca t ions .  The 

t r e n d s   a r e   p l o t t e d  on the   c i r cu la r   h i s tog ram  (F ig .  26)  t o   p o r t r a y   d i s t r i -  

bu t ion   o f   t he   d i r ec t iona l   da t a .  The f r a c t u r e   d i r e c t i o n  is p l o t t e d   o n   t h e  

compass rose  and i t s  r e l a t i v e  abundance is p l o t t e d  w i t h  r a d i u s   e q u a l   t o  

c lass   f requency .  Two p r e f e r r e d   o r i e n t a t i o n s   o b v i o u s l y   e x i s t  as shown i n  

the  diagram. The  most f r e q u e n t l y   o c c u r r i n g   f r a c t u r e   d i r e c t i o n   t r e n d s   a b o u t  
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North 40' Eas t ,  a second   f r ac tu re   s e t   t r ends   abou t   Nor th  75' West. The 

c i r c u l a r   h i s t o g r a m  at: the  bot tom  of   the  f igure shows the   p re sen t   a r royo  

d i r ec t iona l   t r ends .   The re   appea r s   t o   be  a re la t ionship   be tween  the  

p r e f e r r e d   o r i e n t a t i o n   o f   f r a c t u r e   t r e n d s   a n d   t h e   p r e f e r r e d   o r i e n t a t i o n  

of a r royo   t r ends .   Th i s  seems t o   i n d i c a t e   t h a t   p r e s e n t  day  arroyo  develop- 

ment is s t rong ly   i n f luenced  by e x i s t i n g   f r a c t u r e   t r e n d s .  

A pho togeo log ic   s tudy   u t i l i z ing  51 a e r i a l   p h o t o g r a p h s  of the  proposed s i t e  

and sur rounding   a rea  was conduc ted   p r imar i ly   t o   de f ine   a r eas   t ha t  would 

m e r i t   d e t a i l e d   i n v e s t i g a t i o n   i n   t h e   f i e l d   ( A p p e n d i x  111-1). The photo- 

g e o l o g i s t ,  Mr. Wilson,   concluded  that   the   area  appears   to   be  severely 

f a u l t e d   a n d   f r a c t u r e d ,   a n d   p o s s i b l y   f o l d e d   b e n e a t h ' t h e   Q u a t e r n a r y   t e r r a c e  

g rave l s .  However, we b e l i e v e   t h a t  he m i s i n t e r p r e t e d  man  made f ea tu res   and  

geo log ic   s ed imen ta ry   con tac t s   t o   be   f r ac tu re s  a n d  f a u l t s .  T h i s  b e l i e f  i s  

based  on  the  fol lowing  s ta tements   and  observat ions:  

Mr. Wi l son   s t a t e s :  "The r e l a t i v e   s t r a i g h t   o u t c r o p  
p a t t e r n   i n   t h e   s o u t h   c e n t r a l   p a r t   o f   t h e   a r e a  
sugges ts   d ips   o f  10' t o  20' magnitude." The a r e a  
mapped as "covered   ou tcrop"   cor responds   d i rec t ly  
t o  a narrow  zone  of  sandy  clay  bounded  by  zones  of 
c layey  sand.  The depth   to   bedrock   (P ier re   Sha le)  
along  this  "covered  outcrop"  zone  averages  over 
40 f ee t   and  i s  66 f e e t   a t   h o l e  CNS-12, which is  
located  in   the  middle   of   the   zone.  

Mr. Wi l son   s t a t e s :  "A c lue   to   the   complexi ty   o f  
a r ea   can   be   s een   i n   t he   s t r eams   su r round ing   t he  
p roposed   s i t e .  They  have a d j u s t e d   t o   t h e   a p p a r e n t -  
l y   r a t h e r   l a r g e   f a u l t s  and s t r u c t u r a l   t r e n d s  i n  t h e  
Pierre-Niobrara   bedrock."  Mr. Wilson 's  map shows 

nor thwes t -southeas t   d i rec t ion ;   however ,  Van Bremmer 
t h e   i n t e r p r e t e d   f a u l t s  and f r a c t u r e s   t o   t r e n d  i n  a 

Creek  f lows  a lmost   due  west   to   east   f rom  the  s i te  
t o  i t s  conf luence   wi th   the  Vermejo River .  

A comparison  between Mr. Wilson 's  map and t h e  
geologic  map of t h e   s i t e   c l e a r l y  shows t h e   c l o s e  
r e l a t i o n   b e t w e e n   t h e   i n t e r p r e t e d   f r a c t u r e s  and 
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geo log ic   con tac t s  which sepa ra t e   d i f f e r ing   s ed imen t  

area was i n t e r p r e t e d   t o  be a s t r u c t u r a l   f e a t u r e .  
types.  A man made canal t o   t h e   n o r t h   o f   t h e   s i t e  

No f i e l d   c h e c k s  a t  t h e   s i t e   o r   s u r r o u n d i n g   a r e a   w e r e  
conducted  by Mr. Wilson.  Field  work t o  check  photo- 

a s t u d y   s u c h   a s   c h i s .  
g e o l o g i c   i n t e r p r e t a t i o n  is u s u a l l y  a normal   par t   of  

We b e l i e v e   t h a t  Mr. Wilson   mis in te rpre ted   non-s t ruc tura l  
f e a t u r e s   t o   b e   f r a c t u r e s  and f a u l t s .  None o f   t he   de t a i l ed  
f i e l d  work a t  t h e   s i t e ,   o r   i n   t h e   s u r r o u n d i n g   a r e a ,  
d e t e c t e d   a n y   e v i d e n c e   t o   i n d i c a t e   t h e   a r e a   t o  be seve re ly  
f au l t ed   and   f r ac tu red   and   poss ib ly   fo lded   benea th   t he  
Quaternary   t e r race   g rave ls .  

Se ismic   ev idence   sugges ts   tha t   even  if b e d r o c k   f a u l t s  and  f r a c t u r e s   e x i s t ,  

chey   probably   have   no t   d i rec t ly   a f fec ted   the  more recent  overburden. The 

s t r u c t u r e   c o n t o u r  map showing  the   a l t i tude   o f   the   top  of t he   P i e r r e   Sha le  

a t  t h e   s i t e   d o e s   n o t   i n d i c a t e   e v i d e n c e  of bedrock   fau l t ing   (F ig .  27 ) .  

It does show, however, t h a t   t o  some degree   t he   anc ien t   i n t eg ra t ed   d ra inage  

was inf luenced  by t h e   f r a c t u r e   t r e n d   p o r t r a y e d   i n   F i g u r e  26. 

The n e a r e s t   a r e a  of i n t e n s e   t e c t o n i c   a c t i v i t y   l i e s   a b o u t  18 mi les   southwes t  

of t h e   s i t e .  Here t h r u s t i n g  of  Laramide  age  and  igneous  intrusion  of 

T e r t i a r y   a g e   a f f e c t e d   t h e  strata of   Late   Cretaceous  and  older   rocks.  I n  

l a t e   Te r t i a ry   and   Qua te rna ry   t ime   vo lcan ic   rocks   were   ex t ruded  from ven t s  

a l o n g   t h e   S i e r r a  Grande  Arch, t he   nea res t   o f   t hese   be ing   abou t  17  miles  

n o r t h e a s t   o f   t h e   s i t e .  
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St ra t ig raphy   and   L i tho logy  

For   the   immedia te   a rea   o f   the   s i te  we recognize two s t r a t i g r a p h i c -  

l i t ho log ic   un i t s   i n   t he   P i e r r e   Sha le   w i th   unwea the red   and   wea the red   phases  

i n  sharp  contact ,   and  the  overlying  a l luvium-col luvium  (Fig,   28) .  The 

P i e r r e   S h a l e  

Genera l   Cha rac t e r i s t i c s  

The P ie r r e   Sha le   o f   La te  Cre 

Tr in idad  and  Vermejo.Formations  crop  out  nearby  (Fig. 2 4 ) .  

age is t h e   o l d e s t   r o c k  s , t aceous  , t r a t a   exposed  

a t  t h e   s u r f a c e   i n   t h e   s i t e   a r e a .  The Pier re   and   equiva len t   rocks   cover   an  

a rea   o f   about  600,000 squa re   mi l e s   i n  many parts of t h e   w e s t e r n   i n t e r i o r   o f  

the   Uni ted   S ta tes ,   and   have   an   ou tcrop   a rea   o f   about   90 ,000   square   mi les .  

The formation  accumulated as a thick  marine  sequence  of  mud and s i l t  w i t h  

minor  amounts  of lime a n d   s a n d .   L i t h o l o g i c a l l y ,   t h e   P i e r r e  i s  a dark  gray 

to   nea r ly   b l ack   non-ca lca reous   sha l e   w i th   s eve ra l   t h in   zones   o f   ca l ca reous  

and i ron   carbonate   concre t ions .   Argi l laceous   l imes tones   beds  up t o  a f o o t  

o r  more th i ck   occu r  a t  seve ra l   ho r i zons .  The upper 120 f e e t  of t h e   P i e r r e  

c o n s i s t  of  brown, o c c a s i o n a l l y   s a n d y   o r   s i l t y   s h a l e   i n t e r c a l a t e d   w i t h   t h i n  

beds  of  fine  to  medium-grained  sandstone  (Appendix 1-10, S t r a t i g r a p h i c  

Sec t ion  8). The t h i c k n e s s   o f   t h e   P i e r r e   S h a l e   i n   t h e   s i t e   a r e a  i s  es t imated  

t o  be  between 1,600 t o  1,700 f e e t  where i t  has  not  been  eroded.  Cross- 

s e c t i o n  4 (Fig.   29a) shows t h e   s i t e  and i t s  r e l a t i o n s h i p   t o   t h e   P i e r r e   S h a l e  

and   over ly ing   format ions .  From t h i s   s e c t i o n  it  can   be   seen   tha t   the   P ie r re  

Sha le   has   been   s ign i f i can t ly   e roded   i n   t he   a r ea  of t h e   s i t e .  Assuming  no 

d i p   t o   t h e   P i e r r e ,  a minimum of 500 f e e t   a t   t h e   s i t e ,   a n d  800 f e e t  a t  t h e  
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confluence  of Van Bremmer Creek  and Vermejo River  have  been  eroded.  This 

means t h a t   t h e  maximum th ickness  of  t h e   P i e r r e   S h a l e  is on the   o rder   o f  

1,200 f e e t  a t  t h e   s i t e .  A probable  minimum th i ckness  of about 800 f e e t  

i s  c a l c u l a t e d  when the   reg iona l   d ip   o f  100 fee t   per   mi le   toward   the  

northwest  i s  considered.  The t r u e   t h i c k n e s s  of t h e   P i e r r e   i n   t h e  s i t e  a r e a  

is probably  somewhere between  the maximum and minimum values .  

Weathered  Pierre   Shale  

Dur ing   e ros ion  of the   P ie r re   Sha le ,   the   uppermost   beds   a re   subjec ted   to  

weathering.  This  weathering  zone i s  up t o  50 f e e t   t h i c k  and  probably 

developed  over a long  geologic   t ime span p r i o r   t o   t h e   P l e i s t o c e n e .  It i s .  

l i k e l y   t h a t  most of the   weather ing   took   p lace   under   ,ox id iz ing   and   a lka l ine  

c o n d i t i o n s ,   b u t   l o c a l l y   t h e   o x i d a t i o n   o f   s u l f i d e - r i c h   s h a l e s   c o u l d   h a v e  

p roduced   s t rong ly   ac id i c   cond i t ions .   E ros ion  was much more r ap id   du r ing  

the   P l e i s tocene  and the  weathered  zone was eroded away by s t r e a m   a c t i o n   i n  

many p laces .  The thickest   weathered  zones a t  t h e   s i t e   a r e   p r e s e r v e d   u n d e r  

the   o ldes t   pediment   sur faces .  The two modern drainages  have,   for   the  most  

par t ,   cut   through  the  weathered  zone and a r e  now e r o d i n g   i n t o   t h e  

unweathered  shale.   Recognition  of  the  weathered  zone i n  both  outcrop  and 

i n   d r i l l i n g  is very   easy   due   to  i t s  d i s t inc t ive   g ray i sh -b rown   co lo r .  

The interface  between  the  weathered  and  unweathered  shale i s  very  sharp,  

having a narrow t r a n s i t i o n  zone. S t r a t i g r a p h i c   S e c t i o n  1 (Appendix 1-10) 

c l ea r ly   i l l u s t r a t e s   bo th   t he   unwea the red   and   wea the red   P i e r r e   Sha le .  

Note t h a t  the outcrop  surface  of   the  weathered  shale   contains  30 pe rcen t  

gypsum. This  gypsum r e s u l t e d  from w a t e r   t h a t  moved toward  the  outcrop 

su r face ,   con ta ined   ca l c ium  and   su l f a t e  i n  s o l u t i o n ,  and was concen t r a t ed   i n  
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t h e   s u r f i c i a l  zone  by evapora t ion   o f   t he   so lu t ions .   P i e r r e   Sha le   ou tc rops  

a r e ,   f o r   t h e  most p a r t ,  l i m i t e d   t o   t h e   w a l l s   o f  modern dra inages   and   the  

deeper  arroyos  (Fig.   29b-e),  and t o  man  made excavat ions  such as road 

and r a i l r o a d   c u t s .  On o n l y   o n e   h i g h e r   h i l l s i d e   s l o p e   w i t h i n   t h e   s i t e  

does   t he   P i e r r e   c rop   ou t ,   and   t h i s  i s  within  the  weathered  zone.  

Mineralogy  of  both  weathered  and  unweathered  Pierre  Shale was determined 

by  X-ray d i f f r a c t i o n   a n a l y s i s  (Appendix 11-3). Table 20 ind ica tes   the   type  

and l o c a t i o n  of  samples  analyzed  and  Table 2 1  c o n t a i n s  a s t a t i s t i c a l  

analysis   of   re la t ive  mineral   abundance  as   determined by  X-ray d i f f r ac t i . on .  

Clay m i n e r a l s   r e c o g n i z e d   i n   t h i s   s t u d y   i n c l u d e   i l l i t e ,   k a o l i n i t e ,  mixed 

l a y e r   i l l i t e / m o n t m o r i l l o n i t e  and a very small amount  of d i scre te   montmor i l -  

l o n i t e   a n d   c h l o r i t e .  The X-ray ana lys t   found   t he   ch lo r i t e   t o   be   poor ly  

c r y s t a l l i z e d   w i t h  low thermal   s tabi l i ty .   Brookins   (Appendix 111-6) s t a t e s  

t h a t   t h i s   t y p e  of c h l o r i t e  i s  what  one would p r e d i c t  when a u t h i g e n i c   i l l i t e  

and /o r   mixed   l aye r   i l l i t e fmon tmor i l l on i t e   occu r s   i n   t he   p re sence   o f   o rgan ic  

mat ter .  He f u r t h e r   i n d i c a t e s   t h a t   t h e   f o r m a t i o n  of t h i s   c h l o r i t e  is 

twofold: 

(1) t h e   p o o r l y   c r y s t a l l i z e d   c h l o r i t e   a b s o r b s  C s  and Sr 

p r e f e r e n t i a l l y   r e l a t i v e   t o  K ,  Mg, and Ca r e s p e c t i v e l y ;  

and 

( 2 )  vermicul i te   format ion  i s  inh ib i t ed ,   i . e . ,   ve rmicu-  

lites a r e   r e a d i l y   s t r i p p e d  of many i o n s   i n   a n  

unpred ic t ab le   f a sh ion ;   whereas ,   ch lo r i t e s   a r e   no t .  

F igure   30a   g raphica l ly   d i sp lays   the   re la t ive   minerd   abundance  of t he   c l ay  

s i z e   f r a c t i o n   f o r   b o t h   t h e   w e a t h e r e d  and  unweathered  Pierre  Shale  analyzed. 

A l i t t l e   s u r p r i s i n g  is  t h e   f a i r l y   l a r g e  amount o f   k a o l i n i t e ,  on the   o rde r  
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Table 20.--Samples analyzed by x- ray   d i f f rac t ion .  

Sample No. Hole  Depth ( f t )  Type Comments 

Unweathered P i e r r e   S h a l e  

1 CNC-1 253.5 core  
11 CNC- 1 400 

3 CNC-2 32.9  core 
c u t t i n g s  

1 3  
about  0 . 4 '  below  weathered  shale 

14 
CNC-6 65.3 
CNC- 8 

core  
4 1  

1 5  
co re  

7 
CNG-2 58.5 core 

9 
" " outcrop  a long Vermejo River  Valley 
-- -_ outcrop  about  100 '  below Tr in idad  

sandstone 

Weathered Pierre Shale  

2 CNC- 2 22.5 core   about  10 '  above  unweathered sha le  
16 CNC-6 14.5 
1 7  CNC-8 15 

core  

19 CNG-2 
c u t t i n g s  

20 
45 

CNG- 2 
c u t t i n g s  

50 cu t t i ngs   appea r s  to be   on ly   pa r t i a l ly  

8 
weathered -- " outcrop  along  vermejo  River  Valley 

A l t e r e d   P i e r r e   S h a l e  - 

12  CNC-5 46 core   about  a 1-inch  chick  zone 

Trinidad  Sandstone 

10 " -_ outcrop  composite  l i thology 

Sandy Clay  Alluvium-Colluvium 

18 
5 CNS-29 20 

CNS- 34 
cuc t ings  

20 c u t t i n g s  

Sand  and  Gravel  Alluvium-Colluvium 

4 CNP-2 20 
2 1  

c u t t i n g s  
CNP-1 5 c u t t i n g s  

23 CNG-2 25 c u t t i n g s  
22 CNP-6 15  
6 CNS-29 40 cu t t i ngs   p robab le   anc ien t  Van Bremmer 

c u t t i n g s  I- probable  ancient Vermejo River  
source 

Creek  source 
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Table  21.--Relative  mineral  abundance a s   i nd ica t ed  by x-ray d i f f r a c t i o n .   ( c o n t )  

Alluvium-Colluvium 
Probable Vermejo source  Probable Van Bremer source 

Sandy c l ay  ( N = 2 )  sands  and  gravels  ( N = 4 )  sands  and  qravels ( N = l )  
Standard Standard 

Clay-size  f ract ion 
Illite 
Kaol in i te  

5 Mixed l a y e r  i l l i t e /  

Lo Chlo r i t e  
5 Quartz 

7: 

2 

montmoril lonite 

- F S i l t - s i z e   f r a c t i o n  
.r- N Quartz F?m 

\ "  .. 
v g C a l c i t e  
5 Dolomite 
5 Plagioc lase  

Potassium  feldspar 

Sand  and  >sand- 

Q u x t z  
s i z e   f r a c t i o n  

P lag ioc lase  

C a l c i t e  
Potassium  feldspar 

Potassium/plagioclase 
f e ldspa r  

Average Deviation  Variance  Average  Deviation  Variance . Value 
3.2 0 .3  0 
2.5 0.7 0.2 

3.2 0.3 0 
1 .5  
3.0 

0.7 
1 . 4  

0.2 
1.0 

5.0 0 0 
0.5 0.7 0.2 
0.5 0.7 0.2 
2.5 
2 . 2  

1 . 4  1.0 
1.8 1 .6  

5.0 0 0 
3.0 0 0 
3.0 0 0 
0.5 1 .0  0.7 

1.1 0.3   0 .1  

5 .0  
3.0 
2.0 
1 . 0  

0.5 

'Standard  deviat ion = Varlance x - v: Relative  mineral  abundance  code  (based on x-ray  peak  heighth) 
5.0  predominant  phase  present;  probably  exceeds 70% o f   t h e   t o t a l  
4.0 a major  phase;  approximately 40 t o  70% o f   t h e   t o t a l  
3.0  an  important  phase;  about 10  t o  40% of t h e   t o t a l  
2.0  minor phasc; probably  not  over 10% of t h e  t o t a l  
1.0 t r a c e  amount 

'Variance = - - C y i z  m' 
N N 



T a b l e  21.--Relative  mineral  abundance as indica ted   by   x - ray   d i f f rac t ion .  

Pierre Shale  
Unweathered ( N = 8 )  Weathered (N=6) 

Standard 
Clay-size  fraction  Average  Deviation’  Variance’ Average  Deviation  Variance Value 

Standard  Altered ( N = U  

I l l i t e  
Kao l in i t e  
Mixed l a y e r  i l l i t e /  

C h l o r i t e  
montmori l loni te  5 

? Quartz 
3 
3 
u, S i l t - s i z e   f r a c t i o n  
R.- 
2 Quartz 
O Calcite 0. 
$ Dolomitre 

u, 

Plag ioc la se  
Potassium  feldspar  

3.6 
3.1 

3.2 

1.9 
1.6 

5.0 
1.6 
2.4 
2.2 
0.1 

0.7 0.5 
0.3  0.1 

0.4 0.1 
0.5  0.2 
1.1 1.1 

0 0 
1.4 1.8 
0.5 0.2 
0.4 0.1 
0.3  ’-. 0 . 1 

3.2 
3.0 

3.5 
1.6 
1.0 

5.0 

1 .8  
1 . 3  

2.4 
0.5 

0.4 
0 

0 -5 
0.9 
0.9 

0 
1.2 
0.9 
0.5 
0.8 

0.1 
0 

0.2 
0.7 
0.7 

0 

0.7 
1.2 

0.2 
0.6 

1 
5 

1 

1 
1 

Trinidad  Sandstone  Outcrop 

Sand  and  >sand-size  fraction 

Quartz 
P lag ioc lase  

Calcite 
Potasscum  feldspar 

Potassium/plagioclase 
f e ldspa r  

(N=l) 
Value 

5.0 

2.0 
3.0 

3 .O 

0.3 
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IIIite/Montmorillonite t- Potassium Feldspar 
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Relative  Mineral  Abundance a s  Indicated by X-ray Diffraction 
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of  10 t o  40 p e r c e n t ,   i n   a l l   o f   t h e   s a m p l e s .  The Pier re   Sha le   o f  Wyoming 

and   Montana   ave rages   f i ve   pe rcen t   kao l in i t e .   Au th igen ic   kao l in i t e  

format ion  i s  v e r y   r e s t r i c t i v e   i n   t e r m s   o f   a c t i v i t i e s   o f  K, Mg, d i s so lved  

s i l ica ,  and pH. Genera l ly ,   ac id   so lu t ions   f avor   t he   fo rma t ion  of 

k a o l i n i t e  and b a s i c   s o l u t i o n s   t h e   f o r m a t i o n  of montmori l loni te .   Perhaps,  

t h e   P i e r r e   c o n t a i n e d  more o rgan ic   ma t t e r   t o   t he   sou th ,  and i ts  subsequent 

anae rob ic   decay   l ed   t o   i nc reased   ac id i ty   and   t he   fo rma t ion   o f   kao l in i t e .  

Sample number 12 r ep resen t s  a h i g h l y   a l t e r e d  zone  about 1 inch   t h i ck  

occur r ing  a t  a depth  of   about  46 fee t .   This   sample   conta ins   over  70 percent  

k a o l i n i t e .  

The average  c lay-s ize   mineral   abundance  of   both  the  weathered  and  unweathered 

P i e r r e  i s  shown i n  Figure  30c.   Great   d i f ferences do not   ex is t   be tween  the  

two s t a t e s .  The weathered  shale  shows a s l i g h t   i n c r e a s e   i n  mixed l a y e r  

i l l i t e / m o n t m o r i l l o n i t e   a t   t h e   e x p e n s e   o f   i l l i t e  and k a o l i n i t e  of t h e  

unweathered  shale .   This   suggests   that   che  weather ing  process   took  place  under  

a l k a l i n e   c o n d i t i o n s .  

The g rea t e r   c l ay - s i ze   f r ac t ion   i n   bo th   t he   wea the red   and   unwea the red   sha l e s  

was dominated  by  quartz,   followed by l e s s e r   a n d   v a r i e d  amounts o f ' c a l c i t e ,  

dolomite ,   p lagioclase  fe ldspar ,   and  potassium  feldspar .   Trace  amounts   of  

pyr i te   were   found  in  some of  the  samples. 

Whole Rock Chemistry 

Appendix 11-4 contains   chemical   analyses   of   the  whole rock   fo r   bo th   t he  

unweathered  and  weathered  Pierre  Shale.  The gross  composition  of  the 

unweathered  shale  is in te rmedia te   be tween  tha t   o f   g ran i te   and   tha t   o f   d iabase .  
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The major   chemical   const i tuents   are   found  mainly  in   the  c lay  minerals .  

Almost a l l   o f   t h e   a l u m i n a   o c c u r s   i n  the c l a y   m i n e r a l s ,   b u t  some of t h e  

s i l i c a  may occur as some form  of   quar tz .   Both   fe r r ic   and   fe r rous   i ron  

are pr imary  const i tuents   of   c lay  minerals ;   however ,  a small amount  of 

f e r r i c   i ron   can   occu r   i n   va r ious   hydra t ed   ox ides  and s u l f a t e s   a n d  some 

f e r r o u s   i r o n   c a n   o c c u r   a l s o   i n   p y r i t e . a n d   o r g a n i c   m a t e r i a l . .  Magnesium 

and  calcim may occur as c a r b o n a t e s ,   b u t   a r e   e s s e n t i a l   c o n s t i t u e n t s   o f   t h e  

c lay   minera ls .  Sodium and   po ta s s ium  a re   a lmos t   en t i r e ly   r e s t r i c t ed   t o   t he  

clay  minerals .   Both  phosphorous  and  t i tanium  are   pr imari ly   in   the  c lay 

mine ra l   s t ruc tu re ,   bu t  a small  amount of   these  e lements  may b e   p r e s e n t   i n  

f ine ly   d iv ided   heavy  minera ls .  Manganese  and s t ront ium  can   occur   e i ther  

i n   t h e   c l a y   s t r u c t u r e   o r  as a c a r b o n a t e   o r   s u l f a t e .  Barium  occurs  chiefly 

as a s u l f a t e ,   S u l f u r  is p r e s e n t  as s u l f i d e  and s u l f a t e   m i n e r a l s ,  and a s  

a c o n s t i t u e n t  of o rgan ic   ma te r i a l .  

The mode of occurrence of t race   e lements '  i n  t h e   s h a l e  i s  n o t   d i r e c t l y  

de te rminable ,   bu t   there   a re   four   genera l   p rocesses   by   which   these   minor  

cons t i t uen t s   can   be   depos i t ed :  

(1) mechanical  enrichment;  

( 2 )  p r e c i p i t a t i o n ;  

( 3 )  adso rp t ion   and   subs t i t u t ion ;  and 

( 4 )  organic   p rocesses .  

Adsorpt ion  or   replacement   of   ions  in   the  c lay  minerals   can  account   for   the 

occurrence of most   of   the   t race  e lements   fol lowed by organic   p rocesses ,  

p r e c i p i t a t i o n ,  and  mechanical  enrichment,   respectively.  

The P i e r r e   w e a t h e r s   t o  a hard  brownish-gray  shale.   Major  changes i n  
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chemica l   composi t ion   tha t   t ake   p lace   dur ing   weather ing   a re   the   resu l t s   o f  

hydrat ion,   oxidat ion,   ion-exchange  react ions,   and  evaporat ion of  ground 

m o i s t u r e   i n   s u r f a c e   o u t c r o p s .  The ana lyses  of CNC-6 unweathered  and 

wea the red   P i e r r e   Sha le   were   r eca l cu la t ed   t o  100 pe rcen t   a f t e r   exc lud ing  

water ,  so a geochemical  comparison  between  the two zones  could  be made 

on a m o i s t u r e   f r e e   b a s i s .  The r e c a l c u l a t e d   a n a l y s e s   s h o w ' t h a t   t h e  amount 

o f   s i l i c a  and   a lumina   i nc reased   i n   t he   wea the red   zone ,   p robab ly   r e su l t i ng  

from  the loss of   t he   so lub le   cons t i t uen t s .   Ox ida t ion   r eac t ions   du r ing  

wea the r ing   cause   t he   r e l a t ive  amounts  of f e r r i c   a n d   f e r r o u s   o x i d e s   t o  

change  a lmost   reciprocal ly .  Th'e magnesium  and ca lc ium  conten ts   a re   de-  

c r eased   i n   t he   wea the r ing   p rocess  by very complex ion  exchange  reactions.  

The complexi ty   o f   these   reac t ions  i s  i l l u s t r a t e d  by t h e   f a c t   t h a t   t h e  

concentrations  of  sodium  and  potassium  remain  fairly ConstanL d ~ ~ r i r ~ g  

weathering.   This  i s  i n   c o n t r a s t   w i t h   p r e d i c t i o n s   a b o u t   t h e   r e l a t i v e  

adso rbab i l i t y   o f   d i f f e ren t   i ons   based  on the i r   chemica l   p rope r t i e s .  These 

p r e d i c t i o n s   i n d i c a t e  sodium  would  be e a s i l y   l o s t   i n   w e a t h e r i n g  and  would 

be  replaced  by  calcium  or  magnesium. The organic   conten t  is l e s s  i n   t h e  

weathered  shaie   than i.n the  unweathered  zone, due t o   o x i d a t i o n   p r o c e s s e s  

and   poss ib le   l eaching .  

r 

Cation-Exchange  Capacity 

The cat ion-exchange  capaci ty  was  measured  on 10 samples   of   the   Pierre   Shale  

(5011 unweathered  shale,  4 on  weathered  shale,  and 1 on t h e   a l t e r e d   s h a l e )  

w i th   t he   fo l lowing   r e su l t s :  
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Shale  Weathered  Shale  Altered  Shale 
CEC (meq/.lOOg) 16.5- 27.0 20.0-  29.6  20.4 

Ions   re leased  L!E¶ 
1 

K 6.2-  14.7  5.9- 10.1 7 . 1  
Ca 
Mg 59.2-227  214  -273 278 
GO 12.2-  13.6 
S r  

12.2-  13.6 
1.6- 2.0 

16.0- 84.8 15.0- 75.9  102 

12.2 
.4- .6  2.0 

The values   of   cat ion  exchange  capaci ty  (CEC) o b t a i n e d   a r e   a b o u t   l i k e   t h o s e  

t h a t  Beetem e t  a1 (1962, p. B6)  ob ta ined   fo r  a sample  of  the  Pierre  Shale 

from  Colorado. They are i n  the   r ange   one   wou ld   expec t   fo r   i l l i t e   a lone .  

D i s t r i b u t i o n   C o e f f i c i e n t s  

Data t o  o b t a i n   d i s t r i b u t i o n   c o e f f i c i e n t s  (Kd) f o r   c o b a l t ,  cesium,  and 

s t ront ium  were  obtained by ba tch  tests. The tests r evea led   t ha t ,   f o r   ce s ium 

and coba l t ,   t he   P i e r r e   Sha le ,   t he   wea the red   sha l e ,   and   t he   a l luv ium-  

co l luv ium  were   on ly   modera t e ly   d i f f e ren t   i n   t he i r   so rp t ive   cha rac t e r i s t i c s .  

A t  a pH of  9 w i t h   m o d e r a t e   c o n c e n t r a t i o n s   i n   d i s t i l l e d   w a t e r   t h e   c l a y s  

s o r b e d   v i r t u a l l y  a l l  t h e   c o b a l t  and much of  che  strontium. But t h e  

s o r p t i v e   c h a r a c t e r i s t i c s   o f   t h e   c l a y   m i n e r a l s   i n   s h a l e s ' a r e  known t o   v a r y  

a c c o r d i n g   t o   s e v e r a l   f a c t o r s .  So we ex tended   t he   l abo ra to ry   t e s t s   t o  

inc lude   the   spec i f ic   conduct ive   range   for   the   g round  water  a t  the  si te.  

Table 22 gives  the  Kd's   obtained.  To p r e d i c t   t h e  Kd of cobal t   and  cesium 

a t  low c o n c e n t r a t i o n s ,  we used a power cu rve   r eg res s ion  on the   da t a  and 

e x t r a p o l a t e d   t h e   r e s u l t s   t o   c o n c e n t r a t i o n s  of lo-'' N and 10. N. Table 23 

g i v e s   t h e   r e s u l t s   o f   t h i s   e f f o r t .  We conclude t h a t  f o r   c o b a l t  and  cesium 

-6 
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Table  22.--Distribution  coefficients  obtained  from  batch-test  data 
for  Cobalt,  Cesium,  and  Strontium. 

CNC-3-30' 

CNC-3-35' 

CNC-3-40' 

Sample Kd (ml/g) 

CNC-1-20'  298.75 
<237  5 
93.0 
47.0 
18.8 

143.12 
c237.5 
93.0 
56.0 
25.8 

298.75 
<237:  5 
99.0 

, '29.6 
71.0 

c237.5 
135.7 

140.0 
54.0 
19.9 

CNS-15-15'  506.25 
c237.5 
110.0 

215.0 
94.0 

69.0 
2 2 0 . 0  
52.0 
17.2 
28.8 
34.8 

50.3 
27.5 

20.5 
80.0 
215.0 

COBALT 

Specific  conductance 
of  solution  (pmhos) ' pH - 

Alluvium-Colluvium 

1280 
1280 

7.1 
7.08 

1375  7.37 
1340 
1700 

7.27 
7.0 

1280 
1280 
1375 
1340 
1700 

7.1 
7.08 

. 7.37 
7.27 
7.0 

1280  7.10 
1280 7.08 
1375  7.37 
1340  7.27 
1700  7.0 

1280  7.10 
1280  7.08 
1375  7.37 
1340  7.27 
1700 7.0 

1280 
1280  7.08 

7.10 

1375  7.37 
1340 
920 

7.27 
7.37 

2500 
600 

7.37 
7.27 

2300 7.27 
2280  3.0 
1200 5.0 
1700  7.0 
1640 

800 
9.0 
7.0 

2400 - 3.3 
920  7.07 

- 
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Normality  of  solution 
(meq/ml) 

.00016 

.000033 

.00067 

.0013 

.0033 

.00016 

.000033 

.00067 

.0033 

.0013 

.00016 

.000033 

.00067 

.0013 

.0033 

.00016 

.000033 

.00067 

.0013 

.0033 

.00016 

.000033 

.00067 

.0013 

.00067 

.00067 

.0013 

.0013 

.0033 

.0033 

.0033 

.00040 

.0033 

.0033 

.003 3 

.00065 



Table  22.--Distribution  coefficient  obtained  from  batch-test  data 
for  Cobalt,  Cesium,  and  Strontium.  (cont) 

CNS-16-40'  5.70 
,3.54 
7.2 

4.29 
6.3 

CNS-17-30'  6.42 
4.16 
7.9 
7.3 
5.1 

CNS-18-50'  4.69 
2.27 
7.6 
6.3 

15 
. 4.3 
13.0 
4.5 
4.35 
4.94 
5.17 
7.42 
13.2 
10.5 
36.0 

1.8 
2.1 

1.5 
0.60 

STRONTIUM 

Specific  conductance 
of solution (mhos) 

Pierre  Shale 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 

2300 
920 

2300 
600 

2280 
1700 
1700 
1640 
800 
2400 
- 
920 
600 

2500 
2300 

Normality  of  solution 
(meq/ml) 

7.1  .00019 
7.08 .OOOll 
7.37 .00051 
7.27  .00091 
7.0  .0022 

7.1 .00019 
7.08 .OOOll 
7.37 .00051 
7.27  .00091 
7.0  .0022 

7.1 
7.08 
7.37 
7.27 
7.37 
7.37 
7.27 
7.27 
3.0 
5.0 
7.0 

7.0 
9.0 

3.3 

7.07 
6.32 
7.1 
6.9 

- 

.00019 

.00051 

.OOOll 

.00091 

.00051 

.00051 

.00091 

.00091 

.0022 

.0022 

.0022 

.0020 

.0020 

.0020 

.0020 

.00046 

.00090 

.00010 

.00048 
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Table  22.--Distribution  coefficients  obtained  from  batch-test  data 
for Cobalt,  Cesium,  and  Strontium.  (cont) 

STRONTIUM 

Sample Kd (ml/g) of solution  (umhos) 
Specific  conductance 

CNS-17-20'  8.7 
8.5 
5.95 

CNS-18-25'  4.42 

8.7 
2.42 

8.1 
5.95 

CNS-18-35'  9.42 
6.60 
13.0 
12.0 
8.24 

CNC-1-55' 

CNC-1-60' 

5.74 

3.94 
1.58 

6.3 
6.1 

2.67 

CNC-1-300'  2.97 

CNC-1-330'  3.90 

CNC-3-45'  4.20 
2.42 
11.0 
20.0 
5.66 

CNS-15-40' 
4.35 
6.22 

7.7 
7.6 

5.38 

Weathered  Pierre  Shale 

1375 
1340 
1700 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 
1700 

Pierre  Shale 

1700 

1280 
1280 
1375 

1700 
1340 

1700 

1700 

1280 
U80 
1375 
1340 
1700 

1280 
1280 
1375 

1700 
1340 
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pH 
Normality  of  solution 

(meq/ml) 

7.37 
7.27 
7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.0 

7.1 
7.08 
7.37 

7.0 
7.27 

7.0 

7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

.00051 

.00091 

.0022 

.00019 

.OOOll 

.00051 

.00091 

.0022 

.00019 

.OOOll 

.00051 

.00091 

.0022 

.0022 

.00019 

.OOOll 

.00051 

.00091 

.0022 

.0022 

.0022 

.00019 

.OOOll 

.00051 

.00091 

.0022 

.00019 

.OOOll 
-00051 
.00091 
.0022 



Table  ZZ.--Distribution  coefficients  obtained  from  batch-test  data 
for  Cobalt,  Cesium, and Strontium.  (cont) 

Sample 

CNC-1-30' 

CNC-1-35' 

CNC-1-40' 

CNC-1-45' 

CNC-1-50' 

CNC-6-10' 

CNS-15-25' 

CNS-16-20' 

CNS-16-30' 

CNS-17-20' 

STRONTIUM 

Specific  conductance 
Kd  (ml/g). of solution  (pmhos) 

Weathered Pierre Shale 

13.0  1340 
7.49  1700 

9.11  1700 

8.55  1280 
4.94  1280 
14.0  1375 
14.0 1340 
10.0 1700 

7.82  1700 

7.89 
4.16 
13.0 
12.0 
7.9 

1280 
1280 
1375 
1340 
1700 

6.86 1700 

9.61 
6.85 

12.0 
11.0 
8.07 

8.80 

12.0 
5.9 

11.0 
7.66 

8.97 
6.25 

7.41 
9.7 
10 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 
1700 

4.42  1280 
2.42 1280 

pH 

7.27 
7.0 

7.0 

7.1 
7.08 
7.37 
7.21 
7.0 

7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.0 

7.1 

7.37 
7.08 

7.27 
7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 
7 .08 
7.37 
7.27 
7.0 

7.08 
7.1 

Normality of solution 
(meq/ml) 

.0022 

.00091 

.0022 

.00019 

.OOOll 

.00051 

.00091 

.0022 

.0022 

.OOOll 

.00019 

.00051 

.00091 

.0022 

.0022 

.00019 

.OOOll 

.00051 

.00091 

.0022 

.00019 

. O O O l l  

.00051 

.00091 

.0022 

.00019 

.00051 

.OOOll 

.00091 

.0022 

. 00011 

.00019 
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Table  22.--Distribution  coefficients  obtained  from  batch-test  data 
for  Cobalt,  Cesium,  and  Strontium.  (cont) 

STRONTIUM 

Sample  Kd  (ml/g)  of  solution (mhos) 
Specific  conductance 

CNC-3-35'  4.69 

CNC-3-40'  1.60 
.83 

6.5 

1.66 
4.8 

CNS-15-15' . 13.55 
11.69 
14.0 

26.0 
13.0 

7.7 

10.0 
25.0 

9.02 
9.52 
10.1 
13.8 
23.9 
13.8 
74.3 
3.64 
3.46 

1.46 
.06 

CNS-17-10'  8.71 

10.0 
6.48 

9.5 
6.4 

CNC-1-25' 

CNC-1-30' 

8.49 

9.61 
6.60 
13.0 

Alluvium-Colluvium 

1700 

1280 
1280 

1340 
1375 

1700 

1280 

1375 
1280 

1340 

2500 
920 

2300 
600 

2280 
1700 
1700 
1640 

2400 
800 

- 
920 

2500 
600 

. 2300 

1280 
1280 

1375 
1340 
1700 ' 

Weathered  Pierre  Shale 

1700 

1280 
1280 
1375 
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pH 

7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 
7.08 
7.37 
7.27 
7.37 
7.37 

7.27 
7.27 

3.0 
5.0 
7.0 
9.0 
7.0 

3.3 
7.07 
6.32 
7.1 
6.9 

- 

7.10 
7.08 
7.37 

7.0 
7.27 

7.0 

7.1 
7.08 
7.37 

Normality  of  solutio? 
(meq/ml) 

.0022 

.00019 

.OOOll 

.00051 

.00091 

.0022 

.00019 
, .00011 

.00051 

.00091 

.00051 

.0005l 

.00091 

.00091 

.0022 

.0022 

.0022 

.0022 

.0022 

.0022 

.0022 

.00090 

.00046 

.00010 

.00048 

.00019 

.OOOll 

.00051 

.00091 

.0022 

.0022 

.00019 

.OOOll 

.00051 



. .  
Table  22.--Distribution  coefficients  obtained  from  batch-test  data 

for  Cobalt,  Cesium,  and  Strontium.  (cont) 

CNS-18-50'  210.71 
<237.5 
72 ..O 
41.0 
82.0 
50.0 
54.0 
31.0 
32.9 
34.6 

37.4 
33.4 

36.0 
25.9 
75.5 
11.45 
24.08 
4.3 
2.94 

CNC-1-20' 
7.9 
9.7 

11.0 
13.0 
6.32 

CNC-3-30'  3.35 
1.75 

10.0 
9.6 

4.62 

CNC-3-35'  32.0 

12.9 
1.45 

11 

CESIUM 

Specific  conductance 
of  solution (umhos) 

Pierre  Shale 

1280 
1280 
1375 
1340 

2500 
920 

2300 
600 

2280 
1700 
1700 
1640 
800 
2400 - 
920 
600 
2500 
2300 

STRONTIUM 

Alluvium-Colluvium 

1280 

1375 
1280 

1340 
1700 

1280 
1280 
1375 
1340 
1700 

1280 

1375 
1280 

1340 
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pH 
Normality  of  solution 

(meq/ml) 

7.1 
7.08 
7.37 

7.37 
7.27 

7.37 
7.27 

3.0 
7.27 

7.0 
5.0 

9.0 
7.0 
3.3 

7.07 
6.32 
7.10 
6.90 

- 

.00037 

.0000075 

.00014 

.00028 

.00014 

.00014 

.00028 

.00028 

.00075 

.00075 

.00075 

.00075 

.00075 

.00075 

.00075 

.00014 

.00023 

.00032 

.00022 

7.1 . 
7.08 
7.37 
7.27 
7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 
7.08 
7.37 
7.27 

.00019 

.OOOll 

.00051 

.00091 

.0022 

.00019 

.OOOll 

.00091 

.00051 

.00:2 

.00019 

.OOOll 

.00051 

.00091 



CNC-1-55' 

CNC-1-60' 

32.1 

103.24 
195.83 
43.0 

16.1 
23.0 

CNC-1-300' 

CNC-1-330' ' 

CNC-3-45' 

CNS-15-40' 

CNS-16-40' 

CNS-17-30' 

19.2 

34.5 

c237.5 
94.0 
52.0 
35.4 

195.83 

c237.5 
195.0 

60.0 
43.0 
30.8 

227.88 
195.83 
78.0 
46.0 
27.3 

< 237.5 
83.0 
48.0 
27.3 

247.91 

CESIUM 

Sample Kd (ml/g)- of solution (umbos) 
Specific  conductance 

Weathered  Pierre  Shale 

CNS-18-35'  76.0  1340 
42.2 1700 

Pierre  Shale 

1700 

1280 
1280 
1375 
1340 
1700 

1700 

1700 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 
1700 
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Normality of solutio: 
pH (meq/ml) 

7.27  .00028 
7.0  .00075 

7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.0 

7.00 

7.1 
7.08 
7.37 
7.27 
?.O 

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 

7.37 
7.08 

7.27 
7.0 

.00075 

.00037 

.0000075 

.00014 

.00028 

.00075 

.00075 

.00075 

.00037 

.0000075 

.00014 

.00028 

.00075 

.00037 

.0000075 

.00014 

.00028 

.00075 

.00037 

~ 00014 
.0000075 

.00028 

.00075 

.00037 

.0000075 

.00014 

.00028 

.00075 



Table  22.--Distribution  coefficients  obtained  from  batch-test  data 
for  Cobalt,  Cesium,  and  Strontium.  (cont) 

Sample 

CNC-1-50' 

CNC-6-10' 

CNS-15-25' 

CNS-16-20' 

CNS-16-30' 

CNS-17-20' 

CNS-18-25' 

CNS-18-35' 

CESIUM 

Specific  conductance 
Kd  (ml/g)  of  solution  (!mhos) 

Weathered  Pierre  Shale 

334.72  1280 
<237.5 
270.0 

1.280 
1375 

109.0  1340 
53.5  1700 

41.1  1700 

300.0  1280 
<237.5 1280 
170.0  1375 
114.0 1340 
52.1  1700 

271.59  1280 
<237.5  1280 
83 .O 1375 
58.0  1340 
41.8  1700 

271.59  1280 
<237.5  1280 
130.0  1375 
83.0  1340 
40.7  1700 

271.59  1280 
<237.5  1280 
130.0  1375 

37.8 
74.0  1340 

1700 

271.59  1280 
<237.5  1280 
130.0  1375 
66.0 1340 
41.5  1700 

247.91  1280 
~237.5 1280 
140.0  1375 
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pH 

7.1 
7.08 

7.27 
7.37 

7.0 

7.0 

7.1 
7 .OB 
7.37 
7.27 
7.0 

7.1 
7.08 
7.37 

7.0 
7.27 

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 
7.08 
7.37 

Normality of solution 
(meq/ml) 

.00037 

.0000075 

.00014 

.00028 

.00075 

.00075 

.00037 

.0000075 

.00014 

.00028 

.00075 

.00037 

.00014 

.0000075 

.00075 

.00028 

.00037 

.0000075 

.00014 

.00028 
,00075 

.00037 

.0000075 

.00014 

.00028 
,0007 5 

.00037 

.0000075 

.00014 

.00028 

.00075 

.00037 

.0000075 

.OOOL4 



Table  22.--Distribution  coefficients  obtained  from  batch-test  data 
for-Cobalt, Cesium,  and  Strontium.  (cont) 

Sample 

CNS-15-15" 

CNS-17-10' 

CNC-1-25' 

CNC-1-30' 

CNC-1-35' 

CNC-1-40' 

CNC-1-45' 

CESIUM 

Kd  (ml/g) 
Specific  conductance 
of  solution  (umhos) 

106.0 
70.0 

71.0 
84.4 

41 .8 
55.0 

52.8 
51.1 
56.3 
60.1 

12 .8 
37.8 

105.5 
84.4 
70.5 
54.6 

<237.5 
300.0 

110 
63 

50.2 

<237.5 
230 
103 

433.92 

44.8 

57.7 

508.33 
< 237.5 

29.0 
130.0 
63.5 

66.7 

Alluvium-Colluvium 

1340 

2500 
920 

600 

2280 
2300 

1700 
1700 
1640 

2400 
800 

- 
920 

2500 
600 

2300 

1280 
1280 
1375 
1340 

Weathered  Pierre  Shale 

1700 

1280 
1280 
1375 
1340 
1700 

1700 

1280 
1280 
1375 
1340 
1700 

1700 
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pH 

7.27 
7.37 
7.37 
7.27 
7.27 
3.0 
5.0 
7.0 

7.0 
9.0 

- 
7.07 
6.32 
7.1 
6.9 

- 

7.1 
7.08 
7.37 
7.27 

7.0 

7.1 

7.37 
7.08 

7.27 
7.0 

7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.0 

Normality of solutioi 
.(meq/ml) 

.00028 

- 00014 
. OOQ14 

.00028 

.00028 

.00075 

.00075 

.00075 

.00075 

.00075 

.00075 

.00075 

.00014 

.00029 
. .00016 
.00029 

.00037 

.0000075 

.00014 

.00028 

.00075 

.00037 

.0000075 

.00014 

.00028 

.00075 

.00075 

.00037 

.0000075 

.00014 

.00028 
~ 00075 

.00075 



CNC-1-20'  300.0 
(237.5 
100.0 
53.0 
33.7 

CNC-3-30' 171.32 
<237.5 
57.0 
37.0 
31.1 

CNC-3-35'  247.91 
(237.5 
70.0 
50.0 
39.4 

CNC-3-40' 
t237.5 
32.0 
40.0 
14.0 

71.95 

CNS-15-15'  433.92 
(237.5 
100.0 

COBALT 

Specific  conductance 
Sample Kd (ml/g) of .solution (Umbos) 

Pierre Shale 

CNS-18-50'  142.0 1640 
46.4 EO0 
16.1 2400 
76.6 - 
11.1 920 
23.6 600 

2500 
2300 

9.62 
7.21 

CESIUM 

Alluvium-Colluvium 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 

1700 
1340 

1280 
1280 
1375 
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9.0 
5 

3.3 
7.07 

7.1 
6.32 

6.9 

- 

7.1 

7.37 
7.08 

7.27 
7.0 

7.1 
7.08 

7.27 
7.37 

7.0 

7.1 
7 .OE 
7.37 
7.27 
7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 

7.37 
7.08 

Normality of solution 
(medm1 ) 

.0033 

,0033 
.0033 

.00065 

.0033 

.00032 
,00071 

.00024 

.00037 

.0000075 

.00014 

.00075 

.00028 

.0000075 

.00037 

.00014 

.00028 

.00075 

.00037 

.000007 5 

.00014 

.00075 

.00028 

.00037 

.0000075 

.00014 

.00028 

.00075 

.00037 

.0000075 

.00014 



Table  22.--Distribution  coefficients  obtained  from  batch-test  data 
for  Cobalt,  Cesium,  and  Strontium.  (cont) 

Sample 

COBALT 

Kd  (ml/g) 
Specific  conductance 
of  solution (umbos) pH 

Normality  of  solutiol 
(meq/ml) 

CNC-1-60' 

CNC-1-700' 

CNC-1-330' 

CNC-3-45' 

CNS-15-40' 

CNS-16-40' 

CNS-17-30' 

CNS-18-50' 

11.6 

13 .'5 

21.9 

117.18 
<237.5 
140.0 
43.0 
23.4 

246.87 
<237.5 

68.0 
8.8 

25.2 

270.45 
195.83 
130.0 
110.0 
34.2 

<237.5 
165.0 

38.1 
94.0 

247.91 

143.12 
<237.5 
88.0 
51.0 
79.0 

170.0 
30.0 

21 
14.1 
33.9 
25.6 

Pierre  Shale 

1700 

1700 

1700 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 
1700 

' 1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 
1700 

1280 
1280 
1375 
1340 
920 
2500 
1600 
2300 
2280 
1700 
1700 

W. K. Summers & Associates 
181 

7.0 

7.0 

7.0 

7.1 
7.08 
7.37 , 

7.27 
7 '  

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 

7.37 
7.08 

7.27 
7.0 

7.1 
7.08 
7.37 
7.27 
7.0 

7.1 
7.08 
7.37 
7.27 
7.37 
7.37 
7.27 
7.27 
3.0 

7.0 
5.0 

.0033 

.0033 

.0033 

.00016 

.000033 

.0013 

.00067 

.0033 

.00016 

.000033 

.00067 

.n013 

.0033 

.00016 

.000033 

.00067 

.0013 

.0033 

.00016 

.000033 

.00067 

.0013 

.0033 

.000033 

.00016 

.00067 

.0013 

.00067 

.00067 

.0013 

.0013 

.0033 

.0033 

. on33 



Table  23.--Predicted  distribution  coefficients  for  dilute  concentrations 

of 1750 'llmhos. 
for  Cobalt  and  Cesium  in  water  with  a  specific  conductance 

COBALT 

Sample 

CNC-1-20' 

CNC-3-35' 
CNC-3-30' 

CNC-3-40' 
CNS-15-15,' 
CNS-17-10' 

CNC-1-30' 

CNC-1-50' 
CNC-1-40' 

CNS-16-20' 
CNS-15-25' 

CNS-16-30' 
CNS-17-20' 
CNS-18-25' 
CNS-18-35' 

Equation  Coefficient* 
Correlation 
Coefficient Predicted  Kd (ml/q) 

b r2 ( 1 0 - 6 N )  (10"'N) a 

-559.11 
-201.13 
-512.82 
-201.66 
-925.15 
-4G6.43 

-366.82 
-620.1 
-588.63 
-513.93 
-966.18 
-143.51 
-438.83 
-480.67 
-376.27 

CNC-1-60' 
CNC-3-45' 

-276.56 

CNS-15-40' 
-165.59 

CNS-16-40' 
-413.0 

CNS-17-30' 
-406.00 

CNS-16-50' 
-362.23 
-75.80 

Alluvium-Colluvium 

-94.83 .91 751.0 
-39.50  .99  344.0 
-89.75  .91  727.0 
-40.67 
-156.49 

.75 

.85 
360.0 
1230.0 

-82.62 .96 675.0 

Arithmetic  mean  681.0 

Weathered  Pierre  Shale 

-106.68 
-102.0 

-161.83 

-62.91  .35  502.0 
.94  853.0 
.91  820.0 

-89.97  .91  729.0 
.88 1260.0 

-42.13  .37 
-76.73 

438.0 

-84.18 
.94 
.95 

621.0 
682.0 

-66.30  .95  539.0 

Arithmetic  mean  716.0 

Pierre  Shale 

-46.16  .87  361.0 
-34.70 
-73.34 

.61  313.0 

.92  599.0 
-76.40  .97  640.0 
-70.23  .98 
-19.89  .34 

608.0 
198.0 

Arithmetic  mean  453.0 

1620.0 
708.0 
1550.0 
734.0 
2670.0 
1430. 

1452.0 

1080.0 
1830.0 
1760.0 
1550.0 
2760 

1320.0 
826.0 

1450.0 
1150. 

1520. 

780.0 

1270.0 
633.0 

1350.0 
1250.0 
382.0 

944.0 
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Table  23.--Predicted  distribution  coefficients  for  dilute  concentrations 

of  1750 phos. (cont) 
for  Cobalt  and Cesium  in  water  with a specific  conductance 

Sample 

CNC-1-20' 
CNC-3-30' 
CNC-3-35' 

CNS-15-15' 
CNC-3-40' 

CNS-17-10' 

CNC-1-30' 
CNC-1-40' ' 

CNC-1-50' 
CNS-15-25' 
CNS-16-20' 
CNS-16-30' 
CNS-17-20' 
CNS-18-25' 
CNS-18-35' 

CNC-1-60' 
CNC-3-45' 
CNS-15-40' 

CNS-17-30' 
CNS-16-40' 

CNS-18-50' 

CESIUM 

Equation  coefficient*  Coefficient 
Correlation Predicted  Kd (ml/g) 

a  b r2 (10-6N) 

-654.95 

-499.97 
-335.25 

-111.72 
-361.42 
-937.55 

-949.83 
-102.00 
-669.48 
-556.04 
-549.43 
-537.03 
-554.38 
-547.91 
-174.00 

-376.25 
-209.15 

-390.98 
-485.0 
-186.97 
-427.46 

Alluvium-Colluvium 

-90.16 
-47  .,36 

.87  590.0 

.81  319.0 
-69.61  .79  461.0 
-17.58 
-56.14 

.86 

.22 
131.0 
414 .O 

-120.53  .97  727.0 

Arithmetic  mean  440.0 

Weathered  Pierre  Shale 

-133.83  .96 
-139.63  .63 

899.0 
909.0 

-99.99  .91  711.0 
-83.01  .98  590.0 
-76.97  .83  514.0 
-77.59  .95  53.4.0 

-77.80 
-79.26  .95  540.0 

' .90 
-32.70  .29 

527.0 
277.0 

Arithmetic  mean 611.0 

Pierre  Shale 

-29.60 .90  200.0 
-54.60 .92  378.0 
-54.93 .83 367.0 
-67.28 .87  444.0 
-31.37 .32  246.0 
-59.97 .84  401.0 

Arithmetic  mean  339.0 

(10"ON) 

1420.0 

1100.0 
755.0 

293 .O  
913.0 
1830.0 

1050.0 

2130.0 

1630.0 
2190.0 

1350.0 
1220.0 
1240.0 
1270.0 
1240.0 
579.0 

1427.0 

473.0 
881.0 

1060.0 
873 .O  

535.0 
953.0 

795.0 

* Equation  lny = blnx + h a  
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the   fo l lowing   apply :  

(ml/g) 

(10-l"N) N) (10-10N) (10-6N) 
KdCs  KdCo 

P ie r r e   Sha le  795  339  1050 
Weathered  Shale 1427 611 1500 

504 
716 

Alluvium-Colluvium 1050 440  1452  681 

These   va lues   a re   ex t remely   conserva t ive   to   t ake   in to   account   the   h igh   con-  

c e n t r a t i o n  'of competing  ions  (especially  sodium)  in  the  ground  water.  

However, they do show t h a t   s o r p t i v e   c h a r a c t e r i s t i c s  of the   a l luv ium-  

co l luvium  a re   about   the  same as the   weathered   sha le ,  The unweathered  shale 

w i l l  sorb  fewer   cobal t   and  cesium  ions  than  the  weathered  shale   under  

c o n d i t i o n s   e x i s t i n g  a t  t h e  s i t e .  

The s o r p t i v e   c a p a c i t y  of these   rocks   for   s t ron t ium i s  independent of the  

s t ront ium  concent ra t ion .  It is, however,  dependent  upon  the  concentration 

of the  competing  ions,  as Table  24 shows.  Thus, f o r   t h e  ground  water a t  

t h e   s i t e ,  a KdSr = 8.1 mljg is  judged  appropriate .  



Table 24.--Summary o f   d i s t r i b u t i o n   c o e f f i c i e n t s   f o r   S t r o n t i u m  

.pH 3.0  5.0 

Specif ic   conductance 500- 1000- 1500- 2000- 500- 1000- 1500- 2000- 
range ( urnhos) 1000 1500 2000 250” 1000 1500 2000 2500+ - - - - __ __  __ - 

Number- of  va lues  3 2 

Ari thmet ic  mean 
(ml/g) 7.95’ 7.23 

pH 7.0 9 

Specif ic   conductance 500- 1000- 1500- 2000- 500- 1000- 1500- 2000- 
1000 1500  2000 2500f 1000 1500 2000 2500+ range ( Pmhos) __ __ - __ __ - - __ 

Number of values  10 85 27 8 2 

Arithmetic  mean 
(mI/g) 12.7 8.43  6.36  3.76 10 .6  
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P h y s i c a l   P r o p e r t i e s  

Veloci ty . - -  The veloci ty   of   sound  in   the  unweathered  shale  was measured i n  

laboratory  specimens,  by bore-hole   geophysical   techniques and by se i smic  

surveys  and showed the   fo l lowing   r e su l t s :  

Method 
7 core  specimens 

Bore-hole  geophysical 
Seismic  survey 

s t u d i e s  

( f t / s e c )  
P-wave S-wave 

7000-10940  3340-6040 
10460-10750 -"" 

11000 ""_ 
Th le v e l  o c i t y  of  sound in   t he   wea the red   sha l e  was measured a s   fo l lows :  

( f t / s e c )  
P-wave S -wave Method 

2 core  specimens 4965-5470  3055-3405 

Densi ty . - -  The fol lowing  measures  of dens i ty   were   ob ta ined   fo r   t he   sha l e :  

Bulk 
unweathered  Density  Density  Density 
7 core  specimens 
Bore-hole  geophys- 

(gm/cc) 
D rY 

2.51-2.58  2 .43-2.52  2 .66-2.74 

Grain 

i c a l   s t u d i e s  2.48-2.63 ""_ 2.86-2.93 

.. 
weathered 
3 core  specimens 1.85-2.40  1 .70-2.33  2 .72-2.76 

Poros i ty . - -  The fo l lowing   measurements   o f   e f fec t ive   poros i ty   o f   the   sha le  

were  obtained.  

Method E f f e c t i v e   P o r o s i t y  ( x )  
unweathered * 
7 core  specimens 
Bore-hole   geophys ica l   s tud ies  16.3-18 .7  

weathered 
3 core  specimens 14.1-27 .5  

2 . 5 -   7 . 6  
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Others . - -  From the  bore-hole   geophysical   s tudies   Brimhal l   (Appendix 111-2) 

es t imated   the   fo l lowing:  

Po i s son ' s   Ra t io  .314 - . 3 2 1  

Bulk Modulus 2.6 x 10 p s i  

Bulk  Compressibi l i ty  3.8 x 10 p s i  

Young's Modulus 2 .8  x lo6  - 2 . 9  x 10 p s i  

Shear Modulus 10.5 - 11.1 x 10 p s i  

6 

-7 -1 

6 

5 

The e s t i m a t e d   b u l k   c o m p r e s s i b i l i t y   f r o m   t r i a x i a l   t e s t s   o f  a co re   fo r   con f in ing  

p res su res   o f  200 ps i   y i e lded   t he   fo l lowing :  

Bulk  Modulus (psi-') 

5 x 10 weathered  shale  

unweathered  shale IO-' 

-6 

Discussion.--  The p h y s i c a l   p r o p e r t i e s  of t h e   c o r e s   a r e   d i f f e r e n t   f r o m   t h o s e  

obta ined  by the   bore-hole   geophys ica l   s tud ies .  We b e l i e v e   t h a t   t h e   d i f f e r e n c e  

i s  due to   expans ion   of   the  c1,ay mine ra l s   a f t e r   t hey   were  removed from  the 

ho le s .  

Spec i f i c   S to rage  

The s p e c i f i c   s t o r a g e  i s  a measure of  t h e  amount  of w a t e r   t h a t  w i l l  be   re -  

leased  from a given volume  of rock  due to   p ressure   change   equiva len t   to  

one f o o t  of water. 

Brimhall  (Appendix 111-2) es t ima ted   t he   spec i f i c   s to rage  of the  unweathered 

s h a l e  as 4.0 x f t .  and 3 . 7  x 10 f t .  
-1 -7 -1 

Using   the   core   da ta  we o b t a i n  2 . 1  x 10 f t . - l   f o r   unwea the red   sha l e  and 
-6  
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4.2 x f t .  fo r   wea the red   sha l e .  
-1 

Hydraul ic   Conduct ivi ty  

In t roduct ion . - -  The hydraul ic   conduct ivi ty   of   the   shale   depends upon t h e  

m a t r i x   p r o p e r t i e s  and the  degree  and  extent  of f r a c t u r i n g .   D r i l l i n g   w i t h  

a i r ,   o n l y  2 holes,  of more than  50 d r i l l e d   i n t o   t h e   s h a l e , d i s c h a r g e d   w a t e r  

f rom  the  shale .  The o the r s   were   bone -d ry   du r ing   d r i l l i ng ,   and   dus t   and .  

cut t ings  blew  f rom  the  holes .  However, i n  many holes   water  became evident  

wi th in   one   to   two weeks. I n   t h e s e   h o l e s  we constructed  piezometers   of  

s tandard   des ign   and   tes ted  them. We a l so   co red   s eve ra l   ho le s  and made 

p r e s s u r e - i n j e c t i o n   t e s t s   t o   i d e n c i f y   f r a c t u r e d   z o n e s .  A t  one core   ho le  

l o c a t i o n  we d r i l l ed   t h ree   mu tua l ly   pe rpend icu la r   ho le s   ( each   ho le  was 45' 

f rom  the   hor izonta l  and the   th ree   ho les   were   120   apar t  on the   c i rcumference  

of a 50 - foo t   d i ame te r   c i r c l e ) .   I n   each   ang le   ho le  we r z n   p r e s s u r e - i n j e c t i o n  

t e s t s  a t  20 f o o t   i n t e r v a l s ,  and i n  one we ran a s h o r t  pumping t e s t .  

0 

Cores.-- Ten co res  were sub jec t ed   t o   l abo ra to ry   pe rmeab i l i t y   t e s t s .  One of 

t hese   co res ,  a wea the red   sha l e ,   d i s in t eg ra t ed   and   t he   r e su l t s   cou ld   no t   be  

used. The o t h e r   r e s u l t s   a r e :  

( f t / d )  
Vert ical   (x   10-6)   Horizontal  (x 10-2) 

Shale ( 7  cores)  

Weathered  Shale 
(2 co res )  

Gas Water 
7-230  5-222 

- Gas 
4 .1  

18- 24  12-130 1 7  

The l abora to ry   r epor t ed   t ha t   du r ing   t he   ho r i zon ta l   t e s t s ,   t he   t h in   l aminae  

p a r t e d   v i s i b l y ,  so only  one t es t  of bo th   t he   sha l e  and  weathered  shale was 

made. In   conf ined   c i rcumstances  t h i s  probably would not  happen, so  we should 
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e x p e c t   f i e l d   t e s t s  of t he   ma t r ix   on ly   t o   y i e ld   hydrau l i c   conduc t iv i t i e s  

c l o s e r   t o   t h e   l a b o r a t o r y   v e r t i c a l   v a l u e s ,   s i n c e   u n d e r   e x t a n t   c o n d i t i o n s  

the   l aminae   a re   he ld   c losed .  

P res su re - In j ec t ion   Tes t s . - -  We conduc ted   p re s su re - in j ec t ion   t e s t s  a t  50 

p s i  (115 f e e t   o f   w a t e r )   o r   l e s s  a t  the   su r f ace  and  recorded  the  ra te  a t  

which  water   entered  the  hole .   Each  core   hole   tes ted had casing  cemented 

i n   p l a c e   a n d   e a c h   t e s t ' i n v o l v e d   t h e   t o t a l   l e n g t h   o f   t h e   u n c a s e d   h o l e .  

Two r e s u l t s  were  obtained: 

(1) the   ho le   d id   no t   t ake   water   and   the   p ressure   in jec-  

t i o n   t e s t  was t r e a t e d  as"a s l u g   t e s t  -- producing 

hydraul ic-conduct ivi ty   values   ranging  f rom .0079 

t o  .55 f t . /day;   and 

(2) the   hole   took  water   and  the results were  analyzed 

us ing   Glover ' s  method -- producing  hydraul ic-  

conduct ivi ty   values   ranging  f rom .18 t o  1.8 f t . / day .  

S l u g  Tes t s . - -   Use fu l   s lug   t e s t s   were  made i n  25 piezometers and i n  2 c o r e  

holes .   These  tes ts   were  analyzed by a va r i e ty   o f  methods  and  the  results 

were   ca re fu l ly  compared to   de te rmine   the   va l id i ty   o f   the   methods .  The s l u g  

t e s t s  gave r e s u l t s   r a n g i n g  from "nearly  zero"  and  .00065  to 1.3 f e e t   p e r  

day  for   shale   and 2.0 and 2.3 for   weathered   sha le .  

Pumping Test.--  A pumping t e s t   o f   a n   a n g l e   h o l e  (CNA-3), which  took  about 

20 gpm a t  17 p s i   d u r i n g  a p r e s s u r e - i n j e c c i o n   t e s t ,   y i e l d e d   h o l e   s t o r a g e  

and   l e s s   t han  .3 gpm f o r  a n  h o u r   b e f o r e   t h e   t e s t  had t o   b e  ended.  Water- 

l eve l   r ecove ry   fo l lowing   t he   t e s t  was extremely  slow  (Appendix 1-3). 

191 



Matrix.--  On t h e   s t r e n g t h  of 

(1) t h e   l a b o r a t o r y   t e s t s ,  

(2) t h e  number o f   p r e s s u r e   i n j e c t i o n   t e s t s  where t h e  

volumes o f   i n j e c t e d   w a t e r  was n i l ,  and 

(3) the  shallow  depth  of  the  invaded  zone  noted  in 

t h e   b o r e   h o l e   g e o p h y s i c a l   s t u d i e s  (15.0-15.5 

inches ) ,  

we b e l i e v e   t h e  matrix conduc t iv i ty   o f   t he   sha l e  i s  on the   o rde r  of 10 

f t . / d a y .  

-5 

F rac tu res . - -  The hydrau l i c   conduc t iv i ty   o f   f r ac tu re s  i s  more d i f f i c u l t   t o  

a s ses s .  The th ree   ang le   ho le s   c ros sed   t he  same h o r i z o n t a l   f r a c t u r e s   a t  

about  50 f e e t .  Above th i s   f rac ture ,mat r ix   va lues   were   observed;   be low,   the  

hydraul ic   conduct ivi ty   decreased  f rom .6 t o  . 2  o r  .3 f t . / d a y  a t  t o t a l   d e p t h ,  

excep t   fo r  CNA-3. CNA-3 c r o s s e d   v e r t i c a l l y - o r i e n t e d   f r a c t u r e s  a t  30 and 

160 f e e t .  

We be l i eve   t he   f r ac tu re s   opened   du r ing   t he   p re s su re   i n j ec t ion   t e s t s   because  

of t he   p re s su re   exe r t ed  upon  them, so  the   hydrau l i c   conduc t iv i ty   ca l cu la t ed  

is ex t r ao rd ina r i ly   h igh ,   whereas ,  pumping reduced  the  pressure on the  

f r a c t u r e s   a n d   t h e   f r a c t u r e s   c l o s e d .  

A method o f   s l u g - t e s t   a n a l y s i s   t o   s e p a r a t e   f r a c t u r e   h y d r a u l i c   c o n d u c t i v i t y  

f rom  matr ix   hydraul ic   conduct ivi ty   developed by  Schwartz seemed t o  work  on 

a few  p iezometer   t es t s .  The  method  confirmed  the  matrix  estimates. I t  a l s o  

s u g g e s t s   t h a t   t h e   f r a c t u r e   p o r o s i t y  i s  i n  the  range  of 1/3 t o  2 / 3  t h a t   o f  

t h e  matrix. 
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S t a t i s t i c a l l y ,   t h e   h y d r a u l i c   c o n d u c t i v i t y   o f   t h e   s h a l e  is randomly d i s t r i -  

bu ted   w i th   r e spec t   t o   dep th ,   dep th  below t h e   t o p   o f   t h e   s h a l e ,   a l t i t u d e  

o f   t e s t   i n t e r v a l ,   a n d   a l t i t u d e   o f   t h e   s h a l e .  

We b e l i e v e   t h e   v a l u e s   o b t a i n e d   f o r   t h e   s l u g   t e s t s   a r e   r e p r e s e n t a t i v e   o f  

t h e   r o c k   a s  a flow  continuum  and we used them inso fa r  as p o s s i b l e   i n  

prepar ing   F igure  31. Moreover, we b e l i e v e   t h a t   t h e   f r a c t u r e s   t a k e  two 

forms: 

( 1 )   f r a c t u r e s   t h a t   e x i s t e d   b e f o r e   d r i l l i n g ;  and 

( 2 )  s p a l l i n g   f r a c t u r e s   t h a t   d e v e l o p e d  as a r e s u l t  

o f   d r i l l i n g   t h e   t e s t   h o l e s   a n d ,   t h e r e f o r e ,  

a f fec t   on ly   the   immedia te   a rea  of  t he   ho le s .  

The angle   ho les  show t h a t   v e r t i c a l   f r a c t u r e s  m u s t  be  widely  spaced'; CNA-3 

crossed  two v e r t i c a l   f r a c t u r e s ,  CNA-1 and -2 did   no t   c ross   any .  The 

minimum observed  dis tance  between  f ractures  i s  then  about  75 f e e t ,  and t h e  

maximum d i s t a n c e  m u s t  be   g rea t e r   t han  130 f e e t .  We f u r t h e r   b e l i e v e   t h a t  

t he   f r ac tu re s   l ead   t o   t he   deve lopmen t   o f   ex i s t ing   d ra inage  and t h e r e f o r e  

a re   c lose ly   spaced   nea r   d ra inage   ways ,   bo th   fo s s i l  and c u r r e n t ,  and  widely 

spaced  on  the  old  topographic  highs.  

The h o r i z o n t a l   f r a c t u r e   n o t e d   i n   t h e   a n g l e   h o l e s  was no t   obse rved   i n   t he  

o t h e r  d r i l l  ho le s   o r   co re   ho le s   w i th   t he   poss ib l e   excep t ions   o f  CNS-10 and 

-11. 

Dispersivi ty   or   Mixing  Length 

The l o n g i t u d i n a l  (DL) and l a t e r a l  (DT) d i s p e r s i o n   c o e f f i c i e n t s   a r e   f r e q u e n t l y  

w r i t t e n :  
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D L =  5 v  

DT = .25 v 

where 

5 = the   mixing  length of the  f low  cont inuup 

c o n s t a n t   o r  geometric d i s p e r s i v i t y ) ,  and 
(sometimes r e f e r r e d   t o  as t h e   d i s p e r s i o n  

v = the   ground-water   veloci ty .  

Where the   P i e r r e   Sha le  is f rac tured ,   the   mix ing   length  w i l l  be   the  average 

length   o f  a f r a c t u r e .  On t h e   b a s i s  of t h e   t e s t   d r i l l i n g  we m u s t  conclude 

t h a t  though f r ac tu res   a r e   w ide ly   spaced   t he i r   l eng ths   canno t  be long. The 

maximum length  probably  approaches  the  length of t h e   f r a c t u r e   c u t  by t h e  

a n g l e   h o l e s ;  s o  f o r   t h e   s h a l e  we be l i eve   t he   ave rage   l eng th  is l e s s   t h a n  

100 f e e t .  

Rabinowitz,  Gross  and Holmes (1977~)   found  the   mix ing   length   o f   the   San  

Andres   Limestone  in   southeastern New Mexico t o   b e  70- 5 feet .   Others   have 

noted  mixing  length  values  ranging  from 50 t o  125 f e e t   i n   l i m e s t o n e  

(Claassen  and  Cordes,  1975; Grove  and  Beetem,  1971). 

+ 

Limestones are b r i t t l e   r o c k s .   F o r  a rock   w i th   t he   p rope r t i e s   o f   t he   P i e r r e  

Shale -- d e n s e   b u t   p l a s t i c  -- t he   ave rage   f r ac tu re   l eng th   sou ld  be l e s s .  

Schwartz  (1977)  considered 3.0 and 6 .1  meters   to   be   op t imis t ic   and   pess imis-  

t i c   v a l u e s   f o r  a mathematical  model of a s i t e   i n  Canada t h a t  i s  u n d e r l a i n  

by Cre taceous   sha le .  We agree   wi th   Schwar tz ' s   lower   es t imates .  Ten f e e t  

would be   the  minimum leng th  -- o p t i m i s t i c a l l y ;   b u t  40 f e e t  would  be more 

r e a l i s t i c   f o r   t h e   u p p e r  l i m i t .  

I n  the   p roposed   bur ia l   a rea   (F ig .  31), f r a c t u r e s   a r e  so  w i d e l y s p a c e d   t h a t  
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. the   rock may be  considered as unf rac tu red .  The r a t i o   o f   l a b o r a t o r y  to f i e l d  

v e l o c i t y  i s  l a r g e r   t h a n  1.0, i nd ica t ing   t he   rock   has   sus t a ined  i t s  i n t e g r i t y .  

I n   t h i s   c a s e   t h e  mixing  length  should-be  considered  the  thickness  of t h e  

laminae (.01 f o o t )   f o r   w a n t   o f   b e t t e r   c r i t e r i a .  

Laboratory  experiments   typical ly   produce  mixing-length  values   in   the  range 

of  .003-1.5 f e e t .  

The Trinidad  and Vermeio Formations 

The Trinidad  Formation  and  the  overlying Vermejo Formation  crop  out  only 

in   the   ex t reme  nor thwes tern   corner   o f   the   a rea ,  a l i t t l e   o v e r   t h r e e   m i l e s  

from the proposed  s i te   boundary  (Fig.   29e) .   Both  formations  are  of La te  

Cretaceous  age  and  are  dominated  by  sandstone. A d e t a i l e d   d e s c r i p t i o n  of 

the   un i t s   can   be   found  in   the   reg iona l   geology  sec t ion .  

Depos i t s  of Quaternary Age 

I n t r o d u c t i o n  

Q u a t e r n a r y   a g e   d e p o s i t s   c o v e r   a l m o s t   t h e   e n t i r e   s i t e   a r e a  and a r e  composed 

of a l luvium  and  col luvium  der ived  mater ia ls   (Fig.   28) .  They comprise  both 

the   o ld   and   recent   pediment   sur faces   as   wel l   as   depos i t s   a long   present  

dra inages .  The th i ckness   o f   t hese   depos i t s  i s  qu i t e   va r i ab le   (F ig .   32 ) ,  

w i t h   t h e   t h i c k e s t   s e c t i o n s   r e l a t e d   t o   a n c i e n t ,   b u r i e d   c h a n n e l s .  The ver -  

t i c a l   d i s t r i b u t i o n   o f   Q u a t e r n a r y   d e p o s i t s  is i l l u s t r a t e d   i n   C r o s s - S e c t i o n s  

A-A' through  F-F '   (Fig.   33a-f) ,   Cross-Sect ion 1 through 4 (Fig.   29a-e) ,  

Trench  Sect ions,   (Fig.   23)   and  Strat igraphic   Sect ions 1 through 7 

(Appendices 1-1-10). 
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The s t r a t ig raph ic -co r re l a t ion   d i ag ram  showing   t he   r e l a t ions  of alluvium- 

co l luvium  uni t s   (F ig .  3 4 )  drawn  on  Cross-Section A-A' d i sp lays   s eve ra l  

f e a t u r e s .  The h ighes t   g rave l   and   sand   depos i t   represents   the   o ldes t  

pediment   sur face   in   the   a rea .  The ancient   s t reams  eroded downward and 

toward  the  south  forming  the  buried  channels  shown. Subsequent ly   these 

channe l s   were   f i l l ed   w i th   s and   and   g rave l   a l l uv ia l   depos i t s  and f u r t h e r  

bu r i ed  by both  alluvium  and  colluvium  derived  from  the  higher  areas.  The 

present   day  Van Bremmer Creek i s  now e r o d i n g   i n t o   t h e s e   o l d e r   d e p o s i t s   i n  

p l a c e s .  The f i g u r e   a l s o   i l l u s t r a t e s  how the   appearance   o f   the   c ross -sec t ion  

depends on t h e  amount of  v e r t i c a l   e x a g g e r a t i o n .  When t h e   v e r t i c a l   s c a l e   o f  

a p r o f i l e  is exagge ra t ed ,   t he   g round   s lopes   and   o the r   l i nes   i n   t he   s ec t ion  

appear   s teeper   than   they   ac tua l ly   a re .   Another   bur ied   channel ,   def ined   by  

s e i s m i c   r e f l e c t i o n   l i n e  CN-1, i s  shown in   F igu re  25. This   channel   eroded 

through  sandy  c lay   sed iments   depos i ted 'on   the   weathered   P ie r re   sur face .  

Sandy c l a y   d e p o s i t i o n   c o n t i n u e d   a f t e r , t h e   c h a n n e l  was f i l l e d   w i t h  a l l u v i a l  

sand  and  gravel  and was i n t e r r u p t e d  by only  a few smaller   channels .   This  

was followed by the   depos i t i on   o f  a f a i r ly   ex t ens ive   c l ayey   s and  body  of 

p robab ly   shee t  wash  and e o l i a n   o r i g i n .  
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Li thology 

L i tho log ica l ly ,   t he   a l luv ium-co l luv ium  depos i t s   a r e  composed of  fragments 

of sands tone ,   sha le ,   rhyol i te   and   o ther   igneous   rocks ,and   var ious   types   o f  

metamorphic  rocks. The r e l a t ive   mine ra l   abundance   a s   i nd ica t ed  by  X-ray 

d i f f r a c t i o n  of severa l   sands   and   grave ls   and   sandy  c lays  is shown i n  

Figure,  30b. A comparison of the  average  re la t ive  mineral   abundance i n  t h e  

c l a y   s i z e   f r a c t i o n   b e t w e e n   t h e   P i e r r e   S h a l e  and  the  Quaternary  sandy  clay 

(Fig.  30c)' shows tha t   the   sandy  c lay   p robably   was   der ived   pr imar i ly   f rom 

t h e   P i e r r e .   T h i s   r e l a t i o n s h i p  i s  further  documented by the  chemical  

ana lyses   o f   the  two u n i t s  (Appendix 11-4). The source   a r eas  of  the  sand  and 

g rave l   depos i t s   can   a l so   be   de t e rmined .  The o l d e s t   g r a v e l s   a r e   c h a r a c t e r i z e d  

by fragments  of  rhyolite  and  metamorphic  rocks  and a l e s s e r  amount  of 

sandstone.  Younger  and  modern  gravel  deposits  are composed p r i m a r i l y  of 

sandstone  fragments.  The neares t   source   o f   mater ia l   compr is ing   the   o lder  

g rave l   depos i t s  i s  in   the  Sangre  de  Cris to   Mountains  a t  which  the Vermejo 

River   has  i t s  headwaters.   Younger  gravels  and  sand  are  derived  mostly  from 

the   Park   P la teau   a rea   in   which   sands tone   predominates .  The v a l i d i t y  of 

t h i s   s o u r c e   a n a l y s i s  i s  f u r t h e r  documented  by t h e  X-Fay d i f f r a c t i o n   s t u d y  of 

a l luv ium  mater ia l   (Table  2 1 ) .  

"Caliche" 

Throughout   mos t   o f   the   s i te   a rea  i n  t he   subsu r face  is a layer   o f   cha lky  

to   wel l   cemented  calcareous  deposi t   that   formed  in ,   or   on,   previously 

ex i s t ing   s ed imen t s .   Th i s   l aye r  i s  r e l a t e d   t o  s o i l  development i n   t h e  

upper   par t s  of t he   g rave l ly  a l l u v i u m  tha t   caps   t he   l owes t ,   o r  Rayado, 

pediment  group,  and  on,  or i n ,  equivalent   age  sediments  i n  t h e   a r e a .  The 

c a r b o n a t e   h o r i z o n ,   c h a r a c t e r i s t i c   o f   a r i d   t o   s e m i - a r i d   r e g i o n s ,  i s  commonly 
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known as "cal iche",   and  for   the  wel l   indurated  types,   "calcrete" .  A t  t h e  

s i t e   c a l i c h e  was found t o   b e   p r e s e n t   i n  35 d r i l l   h o l e s  and t h e  3 deep 

bul ldozer   t renches .  The horizon  averages  about   one  foot   thick,   but   has  

been  observed  to   be  as   thick as T h r e e   f e e t .  The dep th   t o   t he   ca rbona te  

l a y e r  i s  v a r i a b l e ;  it is found a t  t h e   s u r f a c e   i n  some places  and was 

no ted   t o   be . a s   deep  as 18 f e e t   i n   d r i l l   h o l e  CNS-20, b u t  i t s  average   depth  

i s  about  8 f e e t .  A f ew  o f   t he   d r i l l   ho le s   encoun te red  two carbonate  

hor izons ,   each   separa ted   by   about   th ree   fee t   o f   nonca lcareous   sed iment .  

Cal iche   forms   in   the  Cca s o i l   h o r i z o n ,   o r  more recently  termed  K-horizon. 

The c a l i c h e   p r o f i l e  h a s  been   d iv ided   i n to  K1, K2,  and K3 hor izons   based  

on  percentage of K-fabr ic ,   in   which   f ine   g ra ined ,   au th igenic   carbonate  

occurs  as a continuous medium. The pa ren t   s ed imen t s   can   be   e i the r   g rave l ly  

or   nongrave l ly   mater ia l ,   each   forming   morphologica l ly   d i f fe ren t   carbonate  

horizons.   Carbonate  has  accumulated  to  such a d e g r e e   i n   t h e   g r a v e l l y  

m a t e r i a l s   t h a t   n e a r l y  a l l  ske le ta l   g ra ins   a re   cont inuous ly   coa ted   and   mos t  

of t h e   i n t e r s t i c e s   b e t w e e n   p e b b l e s  are f i l l e d   o r   p l u g g e d   w i t h   a u t h i g e n i c  

carbonate .  The n o n g r a v e l l y   s o i l s  do not  have as wel l   developed  carbonate  

hor izons  as do   the   g rave l ly   so i l s .   These   f iner   g ra ined   sed iments   a re  

cha rac t e r i zed  by prominent   concentrat ions of a u t h i g e n i c   c a r b o n a t e   i n   t h e  

form  of  nodules  and  coatings. The m a t r i x   m a t e r i a l  i s  commonly reddish-  

brown o r  brown and i s  whitened  by  carbonate.  

The a g e   o f   t h i s   f o s s i l   c a l i c h e   h o r i z o n  i s  e s t i m a t e d   t o  be a t   l e a s t  10,000 

years   and  may be as much as 100,000 yea r s .   Th i s   e s t ima te  i s  based  on  the 

horizon's  development  within  gravel  of  the  lower  pediment  group  of 

Wisconsin  Glacial   age  and  on i t s  morphological   character .  An age   o f  50,000 
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y e a r s  is g iven   t o   t he   ho r i zon   fo r   t he   s ake   o f   fu tu re   d i scuss ion .  

F igure  35 i l lustrates t h e   c a l i c h e   d i s t r i b u t i o n   i n   t h e   s i t e   a r e a .  Two 

d i s t i n c t   b e l t s  where caliche is no t   p re sen t   can   be   s een ;  one c e n t r a l l y  

l o c a t e d  and t rending  about   east-west   and a second  to   the  north  which 

t rends   nor thwes t -southeas t .   These   be l t s   p r iwar i ly   represent   a reas   o f  

a c t i v e   e r o s i o n ,  and t o  a l e s s e r   e x t e n t   a r e a s   w h e r e   t h e   c a l i c h e   h o r i z o n  

was never  developed,  During  Wisconsin  t ime  the  area was topograph ica l ly  

similar t o  what it i s  today. The two major   drainage  systems,   the Vermejo 

and Van Bremmer, occupied  approximately  the same p o s i t i o n  as they  do  today, 

but   were  about  50 f e e t   h i g h e r   i n   e l e v a t i o n  as shown by  terrace  (pediment)  

depos i t s .   Ca l iche   format ion   in   the   pa leosol   p robably   took   p lace  a t  depths  

no g r e a t e r  than a couple  of  feet .  It was probably  formed  during a 

geologica l ly   shor t - l ived   c l imat ic   reversa l   which   resu l ted   in  more a r i d  

condi t ions .  Most l i k e l y ,   o n l y   t h e   h i g h e s t  areas w i t h   t h e i r   s t e e p e r   s l o p e s  

were no t   sub jec t ed   t o   ca l i che   fo rma t ion .  The s t r a t i g r a p h i c   c o r r e l a t i o n  

diagram  (Fig. 3 4 )  shows the  dominant  caliche  horizon  and i t s  r e l a t i o n s h i p  

to   the   lower   pediment   ad jacent   to  Van Bremer  Creek.  The f i g u r e   a l s o  shows 

where  the  horizon  has  been  truncated  by  erosion. When the   carbonate   l ayer  

is co r re l a t ed   t h roughou t   t he   s i t e ,   a r eas   o f   bo th   r ecen t   depos i t i on   o r  

e ros ion   can   be   d i scerned .  Assuming an  age  of  50,000 y e a r s   f o r   t h e   c a l i c h e ,  

one   can   es t imate   ra tes   o f   recent   e ros ion  and depos i t i on .  

Erosion  and  Deposi t ion  Rates  

It appea r s   t ha t   t he   g rea t e s t   r a t e s   o f   s ed imen ta t ion   t ake   p l ace   a long   t he  

nor th   s lope  'of t h e   h i g h e s t   h i l l .  Here   t he   fo s s i l   c a l i che   ho r i zon  is b u r i e d  

by as much as 18  feet   of   overburden.   In   assuming a depth of formation of 
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2 f ee t   and   an   age   o f  50,000 y e a r s ,  it can  be  estimated  that   the  overburden 

was depos i ted  a t  a r a t e   o f  3 . 2  f e e t   p e r  1,000 yea r s .  However, the   average  

depth   to   the   hor izon ,   where  it i s  p r e s e n t ,  i s  8 f e e t ,  which  gives  an 

average   ra te   o f   depos i t ion   o f  1.6 f e e t  pe r  1,000 yea r s .  The g r e a t e s t  

amount o f   e ros ion   appea r s   t o   be   r e l a t ed   t o   t he   a r royo   deve lopmen t   i n   t he  

nor thernmost   segment   o f   the   s i te .   Here   the   e ros ion   ra te  may be as high 

as 4.6 f e e t   p e r  1,000 years.  Again,  most of t he   a r ea   unde rgo ing   e ros ion  

h a s   l o s t  no more than  about  1.5 f e e t   o f  material pe r  1,000 yea r s .  

Re la t ion  of S t r a t i g r a p h y   a n d   S t r u c t u r e   t o  Topography  and  Drainage 

The p r e s e n t  day c o n f i g u r a t i o n  of t h e   p r o p o s e d   s i t e   a r e a  i s  a r e s u l t  of t h e  

processes   o f   e ros ion   and   depos i t ion   th roughout   geologic   t ime.  However, 

only 70 m i l l i o n   y e a r s  have   e lapsed   s ince   the   beginning  of  Laramide  time, 

dur ing   which   the   a rea  was u p l i f t e d  and t h e   s e a s   r e t r e a t e d .  The bedrock 

has   been   s lowly   e roding   s ince   tha t :   t ime down t o  i t s  p r e s e n t   l e v e l  i n  t h e  

P ie r r e   Sha le ,   w i th   on ly   minor   excep t ions  of depos i t i on .  

' As i n d i c a t e d   e a r l i e r ,   t o p o g r a p h i c a l l y   t h e   s i t e   a r e a  i s  predominantly a 

s e r i e s  of p l a i n s  and  remnants  of  plains.   This  configuration  has  developed 

p r i n c i p a l l y   w i t h i n   t h e  l as t  500,000 or so y e a r s .  The major   fea tures   con-  

t r i b u t i n g   t o   t h i s   p r e s e n t - d a y   c o n f i g u r a t i o n  have  been  the  erosion  and 

sed imen ta t ion   p rocesses   o f   t he   ances t r a l  Vermejo River  system. To a l e s s e r  

e x t e n t ,  t h e  p rocesses   o f   t he   ances t r a l  Van Bremmer have  influenced  the 

topography as seen  today. The h i g h e s t   h i l l s  of t h e   a r e a   a r e   t h e   o l d e s t  

remnants   of   the   ancestral  Vermejo River.  As t h e   r i v e r   c u t   f r o m   t h i s   l e v e l  

t o  a lower   i eve1 , i t   e roded  downward th rough   t he   so f t e r   wea the red   P i e r r e  

Shale  on  the  edges  of i t s  o l d   v a l l e y   r a t h e r   t h a n  down through  the   g rave l  
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armor on i t s  va l l ey   f l oo r .   Th i s   p rocess   has   r e su l t ed   i n   t he   s t ep l ike  

sequence  of  pediment  surfaces  which  mark  previous  levels  of  valley f i l l  

and  s t ream  planat ion as the  stream  regimens  changed. The a n c e s t r a l  

Van Bremmer became instrumental   in   landform  development  somewhat l a t e r  

than   the  Vermejo River .  

The m a j o r   d i r e c t i o n a l   t r e n d   o f   t h e   h i l l s   a n d   d r a i n a g e s   i n   r h e   s i t e   a r e a  

is t h e   r e s u l t   o f   r e g i o n a l   s l o p e   o f   t h e   P a r k   P l a t e a u   t o   t h e   n o r t h w e s t   o f  

t he   a r ea .  The map o f   t he  Vermejo R ive r   Bas in   c l ea r ly  shows t h a t  i t s  long 

dimension  t rends  northwest   to   southeast ,  t h e  same a s   t h e   d i r e c t i o n a l  

t rends  of   landforms a t  the   s i t e .   P re sen t   day   d ra inages   a r e   unde rgo ing   t he  

same p rocesses  as they  have i n   t h e   p a s t ;   t h a t  i s ,  p r imar i ly   e rod ing  

downward and l a t e ra l ly   t h rough   t he   P i e r r e   r a the r   t han   t h rough   t he   g rave l  

a rmor   on   t he i r   va l l ey   f l oo r .  We b e l i e v e   t h e   m a j o r   d i r e c t i o n a l   l a t e r a l  

e r o s i o n  is away from the  oldest  pediment  remnants  which  form t h e  

becween t h e  two d r a i n a g e   l i n e s .  

The more loca l   f ea tu re s ,   such  as a r r o y o   d i r e c t i o n a l   t r e n d s ,   a p p e a r   r e l a t e d  

t o   f r a c t u r e   t r e n d s   i n   t h e   P i e r r e   S h a l e .  The sma l l e r   anc ien t   d ra inage  

channels   were   p robably   in f luenced   to  some degree by f r a c t u r e   t r e n d s  and 

p o s s i b l y  by small f a u l t e d   f o l d s   w i t h i n   t h e   b e d r o c k  which  were  interpreted 

to   be   p resent   f rom  the   sha l low  se i smic   survey .  However, the   major   bur ied  

f o s s i l   c h a n n e l s   t r e n d   i n   t h e   n o r t h w e s t - s o u t h e a s t   d i r e c t i o n ,   i n d i c a t i n g   t h i s  

t r e n d   t o   b e  a f u n c t i o n  of the  regional  slope  of  che  land,  and  not of  any 

s t r u c t u r a l   f e a t u r e s .  

I n  summary, the   p resent   topography  conf igura t ion  of the   p roposed   s i te   and  

sur rounding   a rea   has   resu l ted   p r imar i ly   f rom  e ros iona l   and   depos i t iona l  
'; e- 
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processes   o f   t he   ances t r a l  Vermejo  River.   Later,   the Van Bremmer a n c e s t r a l  

drainage  system became important   in   landform  development .  Only l o c a l  

t opograph ic   f ea tu re s   can   be   a t t r i bu ted   t o   bed rock   s t ruc tu ra l   f ea tu re s .  

The r a t e s  a t  which  the  landforms  are   changing,   regardless   of   causes  of 

the  changes,   are   extremely  s low.  

Cation-Exchange  Capacity 

The cation-exchange  capacity  of  one  sample  of  the brown sandy  c lay i s  29.6 

meq/lOOg. The  exchanged  ions  and t h e i r   c o n c e n t r a t i o n s  were: 

K = 11.6  meq/l 
C a  = 85.8  meqll  
Mg = 217  meq/l 
Co = 12.6 meq.11 
S r  = .4a meqll  

The ca t ion -exchange   cha rac t e r i s t i c s  of t h e  brown sandy  c lay  sample  c losely 

resemble   those   o f   the   weathered   P ie r re   Sha le .  

Phys ica l   P rope r t i e s  

Velocity.--The  seismic  survey showed tha t   t he   ove rburden   ve loc i ty   i nc reases  

wi th   depth ,   bu t   p robably   averages  2,500 f ee t l s econd .   Th i s  may include  the 

average   for   the   weathered   sha le  as we l l ,   bu t  i s  a t y p i c a l   v a l u e   f o r  

unsa tura ted   sand   and   grave l   depos i t s .  

Par t ic le   S ize   Dis t r ibu t ion . - -Appendices   11-5a   and   5b   conta in   the   par t ic le -  

s i z e   a n a l y s e s   t h a t   w e r e  made of samples   co l lec ted  a t  the   l oca t ions   no ted  on 

the   t rench   sec t ions   (F ig .  23) .  Sand s i z e   o r   l a r g e r  was the  dominant  size 

in  every  sample.   Six  samples  contained more than  40 percen t  s i l t  and c l ay .  

Thir teen  samples   contained more than   10   percent   c lay .   For   the   mos t   par t  

the  alluvium-colluvium  on  the  trench was no t   we l l   so r t ed .  
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. ' I  e alluvium-colluvium i s  sa tu ra t ed   ove r  a l i m i t e d  area. F igure  32  shows 

/ 
/ hydrau l i c   conduc t iv i ty   has   been   a s ses sed   d i r ec t ly  by  pumping tests of two 

:he area and   th ickness  of  the   sa tura ted   co l luv ium.  The s a t u r a t e d  

wel l s   and  slug tes ts ,  a n d   i n d i r e c t l y   b y   g r a i n - s i z e   d i s t r i b u t i o n   a n d  

i n f i l t r a t i o n   t e s t s .  

- 
Pumping Tests.--   There  were two pumping t e s t s  (Appendix 1-3) of w e l l s   i n  

sa tura ted   sand  and grave l   (F ig .   36) .   Despi te  i t s  h igher   y ie ld ,   Wel l  w-4 

t aps   a l luv ium  wi th   an   ave rage   hydrau l i c   conduc t iv i ty  of .53   fee t /day ,  

whereas  Well W-2 wi th  a lower .y i e ld ,   t aps   a l luv ium  wi th  a much h igher  

average  hydraul ic   conduct ivi ty   of   1 .2   feet /day.  

S l u g  T e s t s . - -   S i x   s l u g   t e s t s  on sand  and  gravel  yielded  hydraulic  conduc- 

r iv i ty   va lues   r ang ing   f rom .56 t o  20  feet /day.  

Grain S ize   Dis t r ibu t ion . - -   Us ing  a mod i f i ca t ion  of Hazen 's   technique  (Freeze,  

1969, p.  35) we e s t ima ted   t he   s a tu ra t ed   hydrau l i c   conduc t iv i ty  of t h e  

sediments   of   the   t renches as fol lows:  

Trench No. Hydraul ic   Conduct iv i ty   ( f t . /d )  

2 
1 

3 
4 
5 
6 

8 
7 

10 
9 

11 
12 
13 

_. 14 
15 
16 

. 3  

.07 

. 3  

.01 

.01 

.05 

.05 

.04 

.1 

10 

4 

30 

20 
30 
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L E G E N D  

x = Ho le   Loca t ion  

-lot Interval  ( in  feet)  between  top  of 
the  Pierre Shale and the 'water table 

0 = Top of Pierre Shale belaw water table 
(Contours  represent  saturated  thickness 
of  overlying  alluvium and colluvium.) 

Area (Contours represent unsaturated thickness 
of overlying alluvium and colluvium.) 

Unshoded. Tap of Pierre Shale above water  toble 
. ̂ ^ ^  

Contour Interval = IO' 

Water toble  based on I - 14 - 7 7  doto. 

S C A L E  : I " = 1000' 

I "  
0 500 1000 

I 
2000 

THICKNESS OF INTERVAL BETWEEN  THE 
TOP OF 

THE PIERRE SHALE AND THE WATER  TABLE 
. -  F I G U R E  36 



These are  probably  order-of-magnitude  only,   but  they do compare favorably  

wi th   those   ob ta ined   by   o ther  means.  However, they   probably   a re   the   upper  

limits of   the   hydraul ic   conduct iv i ty   o f   the   rock   type .  

I n f i l t r a t i o n   T e s t s . - -  S i x  d o u b l e - r i n g   i n f i l t r o m e t e r  (12  and 24 i n c h e s )   t e s t s  

a t  heads  of one f o o t   f o r  s ix  hours   y ie lded   apparent   hydraul ic   conduct iv i ty  

values   ranging  f rom  3.6  to   17.6  feet /day.  The i n f i l t r a t i n g   w a t e r   r e a c h e d  

we t t ed   dep ths   r ang ing   f rom  3 .1   t o   6 .0   f ee t   and   ex tended   r ad ia l ly   f rom 2.1 

t o   3 . 3   f e e t .  

One t e s t   i n   g r a v e l  had t o   b e   a b o r t e d   b e c a u s e   t h e   i n f i l t r a t i o n   r a t e  was too  

g rea t   t o   measu re .  

One t e s t   i n   t h e   s i l t y   s a n d y   c l a y   i n d i c a t e d   a n   a p p a r e n t   h y d r a u l i c   c o n d u c t i v i t y  

of  .2 - ,8 f ee t /day .  The wet ted   f ront   reached  a depth of 2.2 fee t   and   had  

a r a d i a l   e x t e n t   o f  2.5 f e e t .  

Discussion.--   Figure 37 shows t h e   s p a t i a l   d i s t r i b u t i o n  of t he   hydrau l i c  

conduc t iv i ty  of the  saturated  alluvium-colluvium.  Although  the  values 

appear   to   increase   f rom  nor thwes t   to   southeas t ,   the   pauc i ty   o f   da ta  may be 

misleading.  

Of more importance i s  the   range   in   va lues   p robably   re f lec t ing   the   age  

(compaction)  of  the  material  and  the  high  incidence  of  clay.  The  values 

o b t a i n e d   a r e   f a r  below  those  obtained (100f  f ee t /day )  in modern a l l u v i a l  

channels  elsewhere.  
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.^I S C A L E  : 1 "  = 1000' 

LEGEND 

0 = Approximately 145 Acres of ;;:::::. 
IO' or less of 
Overburden 

at leosl 
20' of 

= Approximately 1 0 0  Acres of 

Overburden I 
x = Data  derived from slug  test of piezometer 

= Doto  derived from pumping lest of well 

0'' Lines of equal  hydraulic  conductivity . .^. 
/ 

0.53 

0 500 I000 2000 

POTENTIAL  BURIAL  AREA 
AND HYDRAULIC CONDUCTIVITY OF 

THE  SATURATED ALLUVIUM-COLLUVIUM 
F I G U R E  37 
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During   ear ly   Pa leozoic   t ime  (pre-Pennsylvanian)   there   wasno   s t rong   pos i -  

t i v e   s t r u c t u r e   t o   s u p p l y  c las t ic  sed imen t s   i n to   t he   a r ea  and the   envi ron-  

ment was dominantly  marine-open  shelf .   Uplift ing  of  the  Sierra  Grande 

Arch during  Pennsylvanian time r e s u l t e d   i n   t h e   d e p o s i t i o n   o f  a t h i c k  

c o n t i n e n t a l  and  marginal  marine  sequence  in  upper  Pennsylvanian  and  Permian 

strata. 

A f t e r  a pe r iod   o f   non-depos i t i on   and   s l i gh t   e ros ion   T r i a s s i c  and J u r a s s i c  

sediments   were  deposi ted  as   shal low  marine  sandstones  and  shale   and f l u v i a l  

sandstones  and  mudstones.   During  Cretaceous  t ime  the  area was invaded  by 

e p i c o n t i n e n t a l   s e a s .  The t ransgress ing   sea   advanced   to   the   wes t   and  

in i t i a l ly   depos i t ed   beach   and   nea r   sho re   s ands .   Con t inued   t r ansg res s ion  

r e s u l t e d   i n   t h e   d e p o s i t i o n  of a subs tan t ia l   th ic lcness  of  marine mudstones, 

s i l ty   l imes tones ,   and   occas iona l   sands tones .  The shore l ine   advanced   fur ther  

westward  and a th ick   sequence  of dark  gray  noncalcareous  marine  shales  were 

depos i ted ,   forming   the   P ie r re   Sha le .  The uppe r   po r t ion   o f   t he   P i e r r e  marks 

the  beginning  of  the  Laramide Orogeny  and the   nor theas tward   regress ion  of 

t he   s ea .  As t h e   c o a s t l i n e   r e t r e a t e d ,   s a n d s   w e r e ' d e p o s i c e d  i n  a beach  and 

near   shore   envi ronment   fo l lowed  by . the   depos i t ion  of s a n d s ,   s i l t y   s h a l e s  

and   coa l   beds .   Shor t ly   thereaf te r ,   the   Sangre   de   Cr i s to   range   to   the   wes t  

began   t o   r i s e   and   supp ly   coa r se   de t r i t u s   t o   t he   ea s t .   Dur ing   Te r t i a ry   t ime  

the   Sangre   de   Cr i s to   Moun ta ins   con t inued   t o   r i s e   ep i sod ica l ly   and   supp l i ed  

a g rea t   t h i ckness   o f   coa r se ,   f l uv ia l   s ed imen t s   t o   t he   ad j acen t   a r ea .  

Epeirogenic  u p l i f t  of t h e   e n t i r e   a r e a   o c c u r r e d   i n   l a t e   T e r t i a r y   c a u s i n g  

widespread  erosion  and was accompanied by extensive  volcanism  which  emplaced 
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most   of   the   plugs,   d ikes   and s i l l s  found   i n   t he   su r round ing   r eg ion .  

F l u v i a l   d e p o s i t i o n   a g a i n  became dominant   during  Pleis tocene as a response 

t o  climatic c h a n g e s ,   r a t h e r   t h a n   t o   t e c t o n i c   u p l i f t .  The a n c e s t r a l  

Vermejo  River   carr ied  boulders ,  as l a r g e  as 3 f e e t   i n   d i a m e t e r ,   d i s t a n c e s  

of over  40 miles .   These  gravels   form  the  high  r idges a t  t h e   s i t e  and 

represent   the  oldest   pediment   remnants .  A step-l ike  sequence  of   pediment  

su r faces   occu r s  a t  t h e  s i t e  and   demons t r a t e s   t ha t   t he   ances t r a l   s t r eams  

eroded downward and   ' l a t e ra l ly   t h rough   t he   P i e r r e   Sha le  on the  edges of i t s  

o l d   v a l l e y ,   r a t h e r   t h a n  &own through  the  gravel   armor on i t s  v a l l e y   f l o o r .  

The p resen t   d ra inages   a r e   con t inu ing   w i th   t he  same p r o c e s s e s   t h a t  formed 

the   p resent   l andscape .  

232 



Hydrology 

Surface  Water 

The hydrology  condi t ions a t  the  s i te  depend,   in   large  measure,   on i t s  

topograph ic   s e t t i ng .  The a rea   p roposed   fo r   was t e   bu r i a l  is a t  the  end 

o f  a l o n g   r i d g e   t h a t   c o n t r o l s   d r a i n a g e .   P r e c i p i t a t i o n  on t h e  s i t e  can  

r u n   o f f ,   i n f i l t r a t e ,  o r  e v a p o r a t e ,   b u t   w i t h   o n l y   t r i v i a l   p o s s i b l e  

excep t ions ,  r u n  o f f   f rom  o f f s i t e   can   on ly   r each   t he   s i t e  as subsurface  flow. 

The  bottlom o f   t h e   b u r i a l   a r e a  i s  more than  80 f e e t  above Van  Bremmer Creek 

a t  t h e  west edge  of  the  property  and much more than  80 f e e t  above  the 

Vermejo River.  

The e a s t  edge  of   the  proposed  burial   area i s  about  180 f e e t  above  the  con- 

f luence  o f  the  two s t reams.  The l a r g e s t   f l o o d   i n   t h e  Upper Canadian  River 

Bas in   i n   r eco rded   h i s to ry   du r ing   June   1965   on ly   r a i sed   t he   wa te r   l eve l   a t  

Dawson (where  the  Vermejo  River i s  conf ined   wi th in  a r e l a t ive ly   na r row 

v a l l e y )  t o  a gage  height of 1 5 . 2 5   f e e t   ( S n i p e s ,   e t  a l ,  1974, p .  D73). 

. On e i t h e r   s i d e  o f   t he   s t r eam  nea r   t he   s i t e   a r ea   t he re   a r e   ex t ens ive  areas 

tha t  have   l ower   a l t i t udes   t han   t he   p roposed   bu r i a l   a r ea .  As a r e s u l t   t h e  

f lood   f rom  the   l a rges t   conce ivab le   r a in fa l l   cou ld   no t   r each   t he   bu r i a l   s i t e .  

Surface  runoff  a t  t h e   s i t e  will c o n s i s t   e x c l u s i v e l y  of t h e   p r e c i p i t a t i o n   i n  

excess   o f   t he   so i l   mo i s tu re   capac i ty .  
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Ground Water 

Figure  38 is a map of   the   water   t ab le   a round  the   s i te .  The conf igu ra t ion  

of   the  contours  shows c l e a r l y ' t h a t   t h e  two s t r e a m s ,   t o g e t h e r   w i t h ' a  

cons ide rab le   a r ea  on e i the r   s ide   o f   t he   s t r eams ,   s e rve  as ground-water 

d i scharge  areas. An i n f l e c t i o n  l ine  can  be  drawn t o  show t h a t ,   w i t h   t h e  

except ion   of  a s t r ip '   t h rough   t he   sou thwes t   co rne r   o f   t he   s i t e ,   t he  s i t e  

i s  a recharge   a rea .  The s t r i p  o f   d i scha rge   a l so   co inc ides   w i th   t he  

sa tura ted   a l luv ium-col luvium  channel .  The conf igura t ion   of   the   water -  

t a b l e   c o n t o u r s  shows the   shape   of   the   d i scharge   a rea   and   sugges ts   tha t  

the   channel ,   a l though  topographica l ly   h igher   than   the   p resent   s t ream 

channel,  s t i l l  c a r r i e s  a p o r t i o n  of t he   wa te r  moving through  the   a l luv ium 

of   the  Van  Bremmer Creek. 

. .  

Recharge 

The r e c h a r g e   r a t e  a t  t h e   s i t e   c a n   b e   e s t i m a t e d  by us ing   t he  water t a b l e  

p r o f i l e   a n d   a s s u m i n g   t h a t   t h e   s t r e a m s   a r e   p a r a l l e l   d r a i n s .   I n   t h i s   c a s e  

t h e   f o l l o w i n g   r e l a t i o n s h i p   a p p l i e s :  

w = hk 
(a' + x 2 )  

where 

W = r e c h a r g e   r e q u i r e d   t o   s u s t a i n   p r o f i l e  
h = wate r   l eve l   d i f f e rence   be tween   t he  

k = hydrau l i c   conduc t iv i ty  
x = d i s t a n c e   t o   d i v i d e   f r o m   a n   a r b i t r a r y   p o i n t  
a = d i s t ance   f rom  d iv ide   t o   s t r eam 

s t reams  and   a rb i t ra ry   po in t  
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We used a l ine   connec t ing   t he   a l t i t ude   o f  6,150 a t  the  Vermejo River   wi th  

t h e   a l t i t u d e  of   6 ,150  feet   on  the Van Bremer  Creek. 

The l i n e  is 16 ,600   fee t   long ,   therefore ,  

a = 8,300 f e e t  

If we choose h as 50 f e e t ,   t h e n  x is  ha l f   the   d i s tance   be tween  the   in te r -  

s ec t ions   o f   t he   l i ne   w i th   t he   6 ,200   con tour   l i ne ,   i n   t h i s   ca se :  

x - 3 ,000   f ee t  

f o r  

W = 50 x 1/(8,300 + 3 ,000 . )  = 6.4 x 10-7in. /d   or   .00023  in . /yr .  
k = 1 € t . / d  2 2 

O t h e r   p r o f i l e s   g i v e   s i m i l a r   r e s u l t s ,  

Recharge  can a l so   be   es t imated  by assuming a base  f low  (Qb) of t h e  two 

s t r eams   and 'by   t he   r e l a t ion :  

Qb = 2aw 

The base  flow  of  the Vermejo River a t  Dawson i s  about .9 cfs,  and the  s t ream 

above Dawson is about  50 miles long; so the   base   f low  cont r ibu t ion   per   foo t  

of stream above Dawson averages  about  3 . 4  x c f s / f t .  

So if the  base  f low t o  the  two streams from a s t r i p  one f o o t  wide  along 

o u r   l i n e  is about   the same, then: 

W = 3 .4  x .10-6cfs  = 2.05 x lo-'' c f s / f t 2  = .08 in . /y r .  
2 x 8300 

Recharge i n   t h e   p r o f i l e   c a n   a l s o  be  estimated  from  the  average  annual 

p r e c i p i t a t i o n  as: 

R = 16 x .005  (16-6) = .8 i n . / y r .  
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The bas i c   a s sumpt ions   unde r ly ing   t hese   r e l a t ionsh ips   a r e   no t   we l l   s a t i s f i ed  

a t  the  s i te .  We know tha t   w i th in   t he   d i scha rge   a r ea ,   r echa rge  i s  n i l ,  so 

f rom  the   in f lec t ion   Line   to   the   d iv ide   the   recharge   ra tes  mus t  increase  

from 0 t o  some maximum value.  

An e s t ima te   o f   t he  maximum recharge  ra te   can  be made us ing   c ros s - sec t ions  

A&FF: A t  t he   wa te r   t ab l e   d iv ide :  

W = kvIv 

where 

kv = t h e   v e r t i c a l   h y d r a u l i c   c o n d u c t i v i t y ;  and 
I, = . t h e   v e r t i c a l   h y d r a u l i c   g r a d i e n t  we e s t ima te  

from the   c ros s - sec t ions  (Fi$. 33a-f).  

On the   c ros s - sec t ion ,  I, a t   t h e   w a t e r   t a b l e  i s  about  .2 f t . / f t .  

so 

- kv = .001 f t . / d  , 

W = .001 x .2 = .0002 f t . / d  o r  .9 i n . / y r .  

However, i f  we assume matrix hydrau l i c   conduc t iv i ty   on ly ,   t he  estimate, 

becomes .009 inches/year .  If the  maximum r a t e  i s  .9 inches jyear   the   average  

would be  0 + .9 + 0 or  0.3  inch/year  (each 0 r e p r e s e n t i n g   t h e   n i l   r e c h a r g e  

a t  the   i n f l ecc ion   po in t   o f   t he   c ros s - sec t ion ) .  
3 

The ' r echa rge   r a t e  i s  l e s s   t h a n  one  inch a year   and  probably i s  much l e s s .  
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Flow  Systems 

The cross -sec t ions   (F ig .   33a- f )  show tha t   r echa rge  moves t o   t h e  two s t reams.  

We c o u l d   a l s o   i n f e r   t h a t  a small par t   o f   the   recharge   under f lows   the   s t reams 

to   d i scha rge  downstream o r   t o   t h e  Canadian  River. However, the  amount of 

underflow i s  probably a n e g l i g i b l e   q u a n t i t y .  As drawn,   cross-sect ion E-E'  

shows t h a t  no ground-water f lows i n t o  the area i n  a local   f low  system. The 

w a t e r - t a b l e  map suppor t s   t h i s   obse rva t ion .  The a rea   p roposed   fo r   bu r i a l  i s  

in,   and  comprises  about 10 percent   o f ,   the   recharge   a rea  of t he   l oca l   f l ow 

system. A l l  ground-water movement der ives   f rom  recharge   wi th in   the   a rea  

(except   for   the   under f low  of   the   reg iona l   f low  sys tem) .  An in t e rmed ia t e  

flow  system may e x i s t  below a depth  of  200 f e e t .  

The depth  of water i n  CNC-1 a p p e a r s   t o   h a v e   s t a b i l i z e d  a t  about 75 f e e t  below 

the   wa te r   t ab l e .  Two e x p l a n a t i o n s   c a n   a c c o u n t   f o r   t h i s   g r e a t   w a t e r - t a b l e  -- 
w a t e r - l e v e l   d i f f e r e n c e .  

(1) the   water   l eve l   represents   the   average   head   for  

the  open  interval   between  the water t a b l e  and 

the   bo t tom  of   the   ho le ;  o r  

(2)   the water l eve l   r ep resen t s   t he   head   fo r  a 

d i sc ree t   po in t   be low  the   wa te r   l eve l .  

1n e i t h e r   c a s e ,   t h e   h e a d  must   decrease  considerably  with  depth  for   the  water-  

leve l   observed .  Such a decrease   would   be   cons is tan t   wi th   the   pa t te rn  

expec ted   i n  a recharge   a rea .  The . la rge   magni tude   s imply   re f lec ts   the   l a rge  

hydrau l i c   g rad ien t   r equ i r ed   t o  move water   th rough  the   sha le .  
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Ground-Water  Discharge 

Ground-water   d i scharges   f rom  the   s i te  

(1) t o   e v a p o t r a n s p i r a t i o n ,  

(2)  t o   s t r eam  f low,   i nc lud ing   f l ows   i n   t he  
channel  al luvium,  and 

( 3 )  to  underflow. 

The d i scha rge   t o   evapo t ransp i r a t ion  i s  d i f f i c u l t   t o  measure. Weeks and 

Sovey (1973, p ,  C10-C11)  measured  the  discharge  for   three small areas 

along  the  Arkansas  River  in  Colorado  where  the  water  table was shal low 

f o r  3 y e a r s  and  found that   the   discharge  ranged  f rom 4 t o  18 inches   per  

y e a r ,   O t h e r   i n v e s t i g a t o r s   ( R i p p l e ,   e t  a l ,  1972) here  show t h a t   t h e   d i s -  

charge   ra te ' s   decrease   wi th   increas ing   depth- to-water   t ab le   and   vary   wi th  

vege ta t ion .  

A l though   t he re   ex i s t s  a t h e o r e t i c a l   p o s s i b i l i t y   t h a t   r e c h a r g e   f r o m t h e   s i t e  

could  underf low  the  confluence,   the   cross-sect ion  suggests   that   the  

p r o b a b i l i t y  i s  n e g l i g i b l e .  

The d i scha rge   a r ea  of the   loca l   f low  sys tem is  about  2 - 2  square  miles .  

If the   evapo t ransp i r a t ion   d i scha rge   ave rages   fou r   i nches   pe r   yea r  from t h e  

two percent   of   the   area  where  the  depth- to-water  i s  f i v e   f e e t   o r   l e s s ,   t h e n  

the   ave rage   evapor t r ansp i r a t ion   d i scha rge  i s  2.7 x 10 cub ic   f ee t   annua l ly .  

T h i s - i s   e q u i v a l e n t   t o  a recharge  rate of .06 inches /year   on   the   recharge  

a rea .   Inc reas ing   ou r   e s t ima t ion   o f   t he   e f f ec t ive   r echa rge   a r ea   o r  

i n c r e a s i n g  the e f f e c t i v e   d i s c h a r g e   r a t e   i n c r e a s e s   t h e   e s t i m a t e d   r e c h a r g e  

r a t e .  The r a t e s  w i l l  a l s o  be l a r g e r  i f  we a l low  fo r   d i scha rge   t o   t he  stream. 

However, t he   e s t ima ted   d i scha rge  i s  wi th in   the   range  of es t imated   d i scharge .  

7 
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I n   a n y   e v e n t   t h i s   e s t i m a t e  of d i scha rge   conf i rms   ou r   e s t ima te   t ha t   t he  mean 

annual   recharge a t  t h e   s i t e   a r e a  is le'ss  than  one  inch  per  year  and  could 

b e   l e s s   t h a n  0.1 i nch   pe r   yea r .  

Water Table   F luc tua t ions  

F igure  39 is t h e   w a t e r   t a b l e  map of t h e   s i t e .  The amount of  change  one  can 

expec t  on the  water t a b l e   i n   t h e   r e c h a r g e   a r e a   c a n   b e   e s t i m a t e d   b y   u s i n g   t h e  

porous volume a v a i l a b l e  and  an  es t imated  recharge  ra te .  

I n   t h e   r e c h a r g e   a r e a   t h e   w a t e r   t a b l e  is i n   t h e   s h a l e   ( F i g .   3 6 ) .  The 

p o r o s i t y   o f   t h e   s h a l e  i s  a t  l e a s t   f i v e   p e r c e n t .  To r a i s e  and  mtlintafn  the 

w a t e r   t a b l e   a t  i t s  maximum a l t i t u d e   i n   t h e   a r e a  one foo t ,   t he  volume of 

water   requi red  is  .05 f e e t   o r   . 6   i n c h e s  of ex t r a   r echa rge .  The recharge 

we can  expect  from a 36  inch  annual ra in  i s  about   5 .4   inches   o r   about  4.8 

inches more recharge  than  average.  The maximum wa te r - l eve l  r ise  a s s o c i a t e d  

with  recharge  of  this  magnitude  would  be 9 f e e t .  

For a 3-year maximum.,  we found   t he   ave rage   e s t ima ted   p rec ip i t a t ion  is  30 

inches ,   and   t he   ave rage   r echa rge   r a t e  would be  about   3 .6   inches/year   with 

a s u r p l u s  a 3.0 inches   per   year .  So f o r  a 3 -yea r   pe r iod   t he   wa te r - l eve l  

r i s e  would be   15   f ee t .  

For a 5-year maximum w e t   p e r i o d ,   t h e   p r e c i p i t a t i o n  w i l l  average 25 inches,  

and the  average  annual   recharge  ra tes   would  be  ra ised  to   about  2.4 inches  

a yea r   w i th  a surp lus   o f  1.8 inches /year .  So f o r  a 5-year  wet  period  the 

w a t e r - l e v e l   r i s e  would be   about   15   fee t .  
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The preceding   ana lyses  assume t h a t   t h e  mechanism of   mois ture   t ransfer   depends  

e x c l u s i v e l y  on t h e   p r e c i p i t a t i o n   r a t e   a n d   t h a t  a l l  o t h e r  mechanisms a d j u s t  

accord ingly .  

If t h e   p o r o s i t y  is more,   the   water- level  rise w i l l  be   l e s s .  We b e l i e v e ,  

t h e r e f o r e ,   t h a t   t h e  maximum wa te r - l eve l  rise tha t   can   occur  in t h e   s h a l e  is 

1 e s s . t h a n  15 f e e t   a n d   t h a t   t h i s   r i s e  w i l l  occur   on ly   dur ing   the  5 year   wet  

p e r i o d   w i t h  a r ecu r rence   i n t e rva l   o f  1,000 y e a r s ,  ' 
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Water  Chemistry 

Twen ty - f ive   wa te r   s amples   fo r   chemica l   ana lys i s   were   co l l ec t ed   a t   t he   p l aces  

shown on  Figure  40.  The r e s u l t s  of these   ana lyses   a re   g iven   in   Appendices  

11-1 and 2. 

The to t a l   d i s so lved   so l id s   ( r e s idue )   r ange   f rom a low of 240 ppm i n  a sample 

from a range   r e se rvo i r  pond t o  more than  5,500 ppm i n  a sample  from a deep 

p i ezomete r .   Accord ing   t o   sou rces ,   t he   t o t a l   d i s so lved   so l id s   a r e :  

To ta l   d i s so lved  
Source   so l ids  (ppm) 

P r e c i p i t a t i o n  - shor t   runof f  

Vermejo  Conservancy d i t c h  
and  Vermejo  River 780-1450 

Van Brenuner Creek  760-1070 
Domestic  and  stock wells 730-3500 

P i e r r e   S h a l e  1000-5500 

The p r i n c i p a l   c a t i o n s   a n d   a n i o n s   a r e :  

(pond)  240 

Alluvium-colluvium  680-1000 

P r e c i p i t a t i o n  - short   runoff   (pond)  
Vermejo  Conservancy  Ditch 
Vermejo River  - upstream. 

Source 

midway 
midway to   conf luence  

Van Bremmer Creek - upstream 
midway 
confluence 

Alluvium-Colluvium 

P ie r r e   Sha le  

Ca>Na>Mg>K 
Cat  ions 

Ca>Na>Mg>K 
Ca>Na>Mg>K 
Mg>CaiNa>I< 
Ca>Mg=Na>K 
Ca>Na>Mg>K 

Na>Ca=Mg>K 
Ca>Na>Mg>K 

Na>Ca>Mg>K 

Na>Ca>Mg>K 
t o  

Na>Xa = Mg>K 
and 

Ca=Mg=Na>K 

Remarks 

increase  downstream i n   r i v e r  
i nc reas ing  downstream 

H C O ? > S O h C l  
Anions 

S04;HCO;>Cl 
S O p H C O p C l  
SO&>HC03>Cl 
S04>HC03>C1 
HC03zSOpCl 

S04>HC03>Cl 

t o  

H C O p  SO&> c1 

S O ~ : H C O ~ >  CL 

S O ~ > H C O ~ > C ~  
H C 0 3  SO4> C1 

CO 

SO4>>HcO3>Cl 
and 

S04>>C1>HC03 
o r  

SO&>>HC03> C 1  
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The c r o s s - s e c t i o n s  show tha t   t he   spec i f i c   conduc tance   i nc reases  from 2,000 

ulmhos j u s t  below  the  water   table  t o  5,000 umhos a t  dep ths   l e s s   t han  100 

f e e t  below  the  water   table .  

The chemical make-up of  the  water  changes 

(a)  from  upstream  to  downstream i n  the streams, 

(b) from the   sha l e   t o   t he   co l luv ium  to   t he   s t r eams ,  

and 

( c )   w i th   dep th   i n   t he   sha l e .  

These  changes f i t   w i t h   o u r   e x p e c t a t i o n s   f o r   l o c a l   a n d   i n t e r m e d i a t e   f l o w  

systems. The change i n   t h e   c h e m i c a l   c h a r a c t e r i s t i c s  downstream a r e  due t o  

c o n t r i b u t i o n s  from loca l   g round-water   f low  sys tems  d i scharg ing   water ' f rom  the  

s h a l e .  The al luvium-col luvium  contains  a component of t he   s t r eam ' s   base  

flow  and a component  from the   loca l   f low  sys tem  d ischarg ing   f rom  the   sha le .  

An intermediate   f low  system  in   the  shale   contains   water   that   ranges  f rom: 

Ca-Mg-Na and S04>>HC03>C1 t o  

Na>>Mg-Ca and SOq>>HC03>C1 t o  

Na>>MgCa and SO4>>Cl>HCO3 

T h e s e   a r e . e s s e n t i a l l y   t h e   c h a n g e s  we expec t   in   in te rmedia te   and   reg iona l  

flow systems. 
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Radioisotope  Migrat ion 

Travel  Time 

The f low  of   water   f rom  the   recharge   a rea   to   the   d i scharge   a rea   a long   the  

s h o r t e s t   p a t h   ( F i g .  3 s )  involves  a dis tance  (d)   of   about  4,500 f e e t .  The 

hydrau l i c   g rad ien t  (I) a l o n g   t h i s   p a t h  is about  80/4,500 = .018 f t . / f t .  

The h y d r a u l i c   c o n d u c t i v i t y   a v e r a g e s   a l o n g   t h i s   l i n e   a b o u t  .01 f t . / d a y  

(Fig. 3 8 ) -  The poros i ty   (n )  i s  no l e s s   t h a n   f i v e   p e r c e n t .  

S i n c e   t h e   t r a v e l   t i m e   ( t )   i n   d a y s  i s  given by t h e   r e l a t i o n s h i p  

t = " d ,  
KI 

the t r a v e l  time a long  the s h o r t e s t   p a t h  i s  

t = .OS x 4500 days = 1,250,000 days ,  
.01 x .01s 

o r  3,400 yea r s .  

Other   paths   involving  longer   dis tances   but   with  higher   average  hydraul ic  

conduc t iv i t i e s   and   p robab ly   l a rge   po ros i t i e s   g ive   t r ave l   t ime  of 1,000 

y e a r s   o r   l o n g e r .  

For   t r i t ium,   s t ront ium-90,   coba l t -60 ,  and   ces ium-137,   the   p r inc ipa l   fac tors  

o f   t he   r adwas te ,   w i th   ha l f - l i ves  of 30 y e a r s   o r   l e s s ,   t r a v e l   t i m e s  of 1 ,000 

y e a r s   o r   l o n g e r   a r e   s u f f i c i e n t   t o   p r e v e n t   t h e i r   d i s c h a r g e   t o   t h e   b i o s p h e r e .  

They w i l l  have  undergone  radioactive  decay  to  the  point  where  they  are no 

longer  a hazard.  



Sorpt ive  Capture  

The ve loc i ty   (V i )   w i th  which an ion  moves through a sorb ing  medium is 

given  by 

v. = VW 
1 +. Kd f& 

n 

where 

Vw = t he   ve loc i ty   o f   t he   wa te r ,  

Kd = t h e   d i s t r i b u t i v e   c o e f f i c i e n t  (ml/g) 

P b  = the   bu lk   dens i ty   (gfcc) ,   and  

n = t he   po ros i ty .  

SO f o r   t h e   P i e r r e   S h a l e  i n  the p r o p o s e d   b u r i a l   a r e a  

- K I  vw - n = .01 X .018/.05 = .0036 

P b  = 2.5  g/cc  and 

n =  .05 

so 

v i  = .0036 f t . / d  
1 f 50 Kd 

F o r   c e s i u m   i n   d i l u t e   c o n c e n t r a t i o n   s o l u t i o n s  (lo-'' N )  w i th  a s p e c i f i c  

conductance  of  1,750 p h o s  

Kdcs = 795 

so 

"CS f t ' / d  = 9.1 X f t . / d   o r   3 . 3  x LOp5 f t . / y r .  1 f 50 x 795 

For  cesium a t   l e s s   d i l u t e   c o n c e n t r a t i o n  (low6 N), Kd = 339, 

so 

, .  'CS = .0036 f t . / d  = 2 . 1  X f t . / d   o r   7 . 8  x f t . / y r .  1 + 50 x 339 
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(Veloc i t ies   o f   2 .7  x f t . / d a y   a r e   e q u i v a l e n t   t o  1,000 f e e t   i n   1 , 0 0 0   y e a r s ) . .  

F o r   c o b a l t   i n   d i l u t e   c o n c e n t r a t i o n  (10 -10 N) i n   s o l u t i o n s   w i t h  a s p e c i f i c  

conductance  of  1,750 pmhos, 

Vco = .0036 f t . / d  = 7.6 x lo-' € t . / d   o r  2 .8  x f t . / y r .  
1 + 50 x 944 

For   coba l t  at  less d i l u t e   c o n c e n t r a t i o n s  

Vco = .0036 
1 + 50 x 504 f t . / d  = 1.4 x f t . / d  o r  5.2 x f t . / y r .  

When the   spec i f ic   conductance  is 1,750 !mhos t h e   s t r o n t i u m  

K = 8.1 ml jg  a t  a l l  d i l u t i o n s  d 

so 

Vsr = .0036 
1 + 50 x 8.1 f t . / d  = 8.9 x o r  3.2 x low3 f t . / y r .  

So rp t ive   cap tu re  by the   rocks  a t  t h e   s i t e   ( b o t h   t h e   P i e r r e   S h a l e  and t h e  

alluvium) w i l l  prevent  cobalt-60,  .strontium-90,  and  cesium-137  from  reaching 

the   b iosphere .  
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Dispers ion  

Ogata  (1976)  provided a comple te   d i scuss ion  of  two-dimensional  steady-state 

d i s p e r s i o n  i n  a .po rous  medium. I n  his  t reatment   he  assumes  horizontal  

f low  through a r e g i o n   r e c e i v i n g   t h a t   c o n t r i b u t e s  a d i s p e r s a n t   t o   t h e   f l o w  

over  a length   (2a)   tha t  is normal to   the  f low.   These  assumptions  c losely 

approximate  those a t  the  s i te .  If recharge  through  the  t renches  occurs ,  

then  a s t e a d y   r e l e a s e   r a t e  of r ad ionuc l ides  (Co) could  occur.  However, 

t o   s o l v e   O g a t a ' s   e q u a t i o n   r e q u i r e s  a computer. 

We may es t ima te   t he  minimum d i l u t i o n  a t  1,000 years   by  the s i m p l e ,  though 

more conse rva t ive ,   r e l a t ionsh ip :  

C/Co = (HTDt) -% exp-  (x-vt)  /4Dt 2 

Where x is the   d i s t ance   f rom  the   t r enches   ( f t . )  

v i s  the  ground-water   veloci ty   ( .0036  f t . /d)  

t is e lapsed  time (3.65 x 10 days   o r  1 ,000 years )  

D i s  t h e   l o n g i t u d i n a l   d i s p e r s i o n   c o e f f i c i e n t  

5 

( .036  f t2; /d   or   .14  f t . /day)  

F o r   t h e   s i t e   t h e   r e l a c i o n s h i p  becomes: 

C/Co = .0025 exp-   [ (~-1314)~/52560]   for  D = ..036 f t .  /d 2 

o r  - 

c/co = .OOIZ exp- [ ( x - ~ 3 ~ 4 ) 2 / ~ ~ 4 4 ~ ]   f o r  D = .14 f t .  /d  2 
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The f o l l o w i n g   t a b u l a t i o n   g i v e s   t h e   d i l u t i o n  C/CO fo r   s e l ec t ed   (x )   and  

D = .036  and .14 f t .  2 /d: 

C/CO @ 3.65 x lo5 days 
x ( f t )   f o r  D = .036 f t L l d  f o r  D = .14 f t z / d  

2,000 .02 .OOOl 

3,000 8 x 1 x 10-8 

Using a model developed  by De Jong  (personal  communication, 1971) f o r   t h e  

d i l u t i o n   a t   i n f i n i t e   t i m e ,  w e  o b t a i n   d i l u t i o n s  as follows: 

C l e  

x ( f t )  

1,000 

2,000 

3,000 

:he choices  of mo de 1 t o  

f o r  D = .036  f tZ/d  for  D = .14 ftz/d 

4 x 10-4 -- 
l e s s   t h a n  3 x 10 -4 6 x LO-4 

"_ 4 x 

de te rmine   d i spe r s ion  i s  important.  However, 

e i t h e r  model   sugges ts   tha t ,   fo r   the   rad ionucl ides   involved   ( those   wi th   ha l f  

l i ves   o f  30 y e a r s   o r   l e s s )   d i s p e r s i o n  w i l l  p r ec lude   t he i r   pas sage   t o   t he  

b iosphe re   w i th in   1 ,000   yea r s   o f   bu r i a l .  
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Seismic i ty  

The s i t e  is i n   a n   a r e a  where  earthquakes  have  occurred  recently.   These 

ear thquakes  do n o t   a p p e a r   t o   b e   d u e   t o  movements on s p e c i f i c   f a u l t   z o n e s .  

The p r i n c i p a l   e f f e c t  of  a large-magnitude  earthquake  centered  near  the 

s i t e  would be  to   shake  the  overburden.  Open t r enches   migh t   su f f e r  from 

t h e   c o l l a p s e  of t h e   t r e n c h  walls a n d   f i l l e d   t r e n c h e s  would probably 

undergo   se t t l ing   and   poss ib ly   c racking ,  due to   rap id   compact ion  of t h e  

f i l l .  Large  magnitude  cracks would not   deve lop   in   the   sha le .  

A comprehens ive   r epor t   r e l a t ing   t o   s e i smic i ty  is contained  in  Appendix 111-3. 
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RECOMMENDATIONS 

Monitoring  Program 

Because  recharge  on  the s i t e  d i s c h a r g e s   t o   e v a p o t r a n s p i r a t i o n   o v e r  a f a i r l y  

wel l -def ined  area and   t o   t he   s t r eam,  and  because  of   the  very  large  evapo-  

t r a n s p i r a t i o n  loss o f   i n f i l t r a t i n g   w a t e r ,   s i z e   m o n i t o r i n g   s h o u l d   i n c l u d e  

an ex tens ive   p rogram  of   sampl ing   so i l s   and   p lan ts .  The program  should  be 

extended  to   cover  soils and   p l an t s   i n   t he   d i scha rge   a r ea   de f ined  i n  Fiqure 33.  

Soil-moisture   sampling is  a must.   Porous-cup  lysimeters  should  be  located 

i n  two a r e a s   a r o u n d   t h e   s i t e :  

(1) f ive   should   be   equal ly   spaced   a round  the   ou ter   per imeters   o f  

the   t renches ;   and  

(2) f i v e   s h o u l d   b e   l o c a t e d   i n   t h e   d i s c h a r g e   a r e a   c r o s s e d  by the  

c r o s s - s e c t i o n s  B B ' ,  CC', and EE' (Fig.   33b, c ,  and e ) .  

T h i s  sampl ing   program  should   be   geared   to   the   p rec ip i ta t ion  a t  t h e   s i t e .  

' Besides   samples   co l lec ted  a t  rou t ine   i n t e rva l s ,   spec ia l   s amples   shou ld   be  

co l l ec t ed :  

(1) a t  b i -week ly   i n t e rva l s   fo l lowing   r a ins   t ha t   exceed  one  inch;  and 

(2) i n  the   Sp r ing ,   fo l lowing  snow melt that  p r o d u c e s   i n f i l t r a t i o n  

(as i n d i c a t e d  by so i l   t empera tu res   o r   so i l -moi s tu re   gauges ) .  

Because  the  ground-water   f low  c lear ly  i s  i n  a loca l   f l ow  sys t em,   add i t iona l  

p iezometers   should   be   p laced   a long   c ross -sec t ions  B B ' ,  CC', and EE'  

(Fig.  33b, c ,  and  e)  i n  a r e c t i l i n e a r   g r i d .  
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Water samples a t  the  s i t e  shou ld   be   ob ta ined   i n   t h i s  manner: 

(1) b a i l   t h e   h o l e   d r y  i f  poss ib l e   (o the rwise  remove 10 g a l l o n s  
. .  

of   water) ;   and 

(2) two weeks l a t e r   o b t a i n   s a m p l e s   b y   b a i l i n g .  

Surface  Water 

The need t o  measure  surface  discharge i s  no t   acu te .  A t  f i r s t  we b e l i e v e d  

that, ground-water   would  discharge  to   s t reams  in   s ignif icant   volumes  and 

therefore   s t reamflow  measurements  would  go hand-in-hand  with  surface-water  

sampling. Now  we b e l i e v e   t h a t   t h e  need t o  sample   so i l s   and   p lan ts   where  

g round-wa te r   d i scha rge   t o   evapo t ransp i r a t ion   has  a c o n c e n t r a t i n g   e f f e c t  is 

f a r  more necessary.   Streamflow  monitor ing  should  therefore   have  very low 

p r i o r i t y .  

Eros ion   Cont ro l  

TO p reven t   e ros ion ,   t r ench   des ign  must i n c l u d e   r u n o f f   c a p a b i l i t y   f o r  a t  

l e a s t   t h e   1 0 0 - y e a r   r a i n .  G u l l y  c o n t r o l  practices must  be  implemented t o  

p r e v e n t   g r o w t h   o f   e x i s t i n g   g u l l i e s   a n d   i n c i p i e n t   g u l l i e s   a l b n g  Van Bremmer 

and  Vermejo  River. 

Add i t iona l  Work 

Addi t iona l   work   should   be   implemented   to   de te rmine   i f   che   moni tor ing   program 

i s  adequate .  The behavior   of   moisture   in   the  unsaturated  zone  near   t renches 

should  be  appraised i n  g r e a t e r   d e t a i l  once  operat ions  begin.  T h i s  involves  

making a t  least f i v e   o n - s i t e  measurements of t h e   p e r c e n t   s o i l   m o i s t u r e  a t  

f i v e - f o o t   i n t e r v a l s   t o   t h e   w a t e r - t a b l e  and i n s t a l l i n g   a n d   c a l i b r a t i n g  soil- 

moisture   gauges,   Monitor ing of t h e s e   i n s t a l l a t i o n s  would  provide a b a s i s   f o r  

de te rmining   the   need   for   addi t iona l   so i l -mois ture   samples   o f   whether   the   so i l -  

moisture   monitor ing  program is even  necessary.  
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