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sandstonetype uanim depits, which in  general are in 2. geolcqic 

setting favorable for  exploitation by in s i tu  leach (1%) , are located 

primarily in  the sari JUan Basin and account for mre than 99 perwnt of New 

Mexico's remaining reserves of more than 367,000 tons of U308. T k  

k x r i s o n  Folmation, and to a lesser extent,  the Mota Sandstone, account 

for the bulk of the reserves amenable to exploitation by 1%. Tl= Todilto 
Limstane, which has accounted for about two percent of New Mexico's 

uranim proauction, is probably unsuitable for IsL production. nn general 

types of deposits cccur in  the  Wrrison Fonoation: prirrary and 

redistributed. U r a n i m  in  primary deposits is coextensive with an 

amorphDus high-carbon organic material CCBRTBnly called  hwate. Although 

specific leach  effectiveness data are lacking, the  association e.th hmate 

results in a reduction i n  host m k  penrrability and i n  uranim 

mobilization that muld be expctd to have an actverse effect on recovery. 
In contrast, the ratio of h m t e  to uranim in redistributed deposits is 

highly variable and in  saw deposits h w t e  is virtually absent. In many 

respects  redistribua deposits are simclar to the roll-type d e p i t s  that 

have been exploited successfully by ISL in  Wxas and Wyaning. Atout 83 

percent of the  remining  reserves in New Mexico are at depths exceding 

1,000 feet and extend to depths of over 4,000 feet,  but mst of the mre 

aroenable redistributed  deposits are a t  depths of 2,000 feet or  less. 

Primary ore is the dcpninant ore type i n  mst areas except Church k c k  where 

redistributed ore is daninant. subequal mixtures cccur in d e p s i t s  a t  

Crownpoint. There has been no coarmercial-scale ISL production in  New 

Wco and re0ovez-y factors a t  several pilot  p a t i o n s  are largely 

unkncwn. Wbil's South Trend D e v e l o p t  Area project a t  Cnmmint has 



been the mst extensively tested and is reportedly  considerad to  be 

successful frcw the standpint of  recovery as well as g-oundwater 

restoration. The Cnxvnpoint deposits are a t  a  depth of 2,000 feet. canpared 

to depths  of less than 800 feet  for Texas and wycmins deposits. Although 

the amsunt of uranium recovered frcw a specific  ore block is generally  less 

by 1% than by conventional mining, ISL may allow exploitation  of lower 

grade fringes  or  isolated  ore pods, thus expnding the resource target. A 

type of 1% involving  the recovery of uranium frm mine wate~s, where 

uranim values are augmsnted  by percolating  the waters thmugh old stop, 

historically has accounted for approximately 100 or  mre tons  of U308 per 

year or betwen one to five percent  of annual New M a  proaudcion. This 

lm-cost fonn of leach  recovery is largely  supplanting  conventioral mining 

in New Mexico during  the  currently depres& state of the uranium industry. 
Effective June 1, 1986, the Nuclear Regulatory Cmnission @IC) acquired 

regulatory respansibility fman the State of New Wco over UTanilIIll milling 

and licensing  activities in  the state including 1% operations. Details of 

long-term N E  jurisdiction have yet to  be resolved, but over the 

short-tmm, the NK! has essentially aaaptea existing  State reqvirements, 

details of which are sumnarized i n  this report. 

JJmRcs3moN AND OBSECTIVES 

l!he purpose of th is  report is to provide infomt ion  on the  location, 

magnitude, depth and geologic setting  of uranium resou~ces i n  New Wco 

that could theoretically be exploitea by i n  s i tu  leach (ISL) methcds. ISL 

technology has the  potential for playing an inpr tan t  role in the 
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restructuring and rwitalization  of  the uranium industry i n  New Uco 

where significant reserves appear to  be suitable for 1% wctraction. 
Although a detailed  analysis of the technical and cost aspects of proaUchg 

uranim by ISL is not intended, it is h o w  that t h i s  study w i l l  provide 

background informtion  for  possible future studies of this nature. 
Site-specific descriptions of a l l  ISL pilot  projects planned or caplet& 

to date in New Mexico are included in addition to a review of ISL 

permitting and licensing. 

Conventional ISL ( a l s o  called  "solution  leach mining", "solution 

mining", "leach minirsg") consists of injecting a leaching  solution 

(Lixiviant)  into a mineral ized zone through injection wells. The leach 

solution migrates through the zone, dissolves the uranium valres and is 

pmpd  to the surface through pnduction wells. The pregnant (uranim 

bearing) solution then goes to a conventional uranium recovery system where 

uranim is precipitated by ion exchange (IX) . The residual barren solution 

is regenerated  with suitable leaching chemicals and recirculated to the 

well field. 

Criteria used to judge the suitabil i ty of an ore deposit f w  uranim 

recovery by ISL include: (1) the ore must be located in a saturated zone 

that raMins a t  all * s  belaw the water table; (2) the ore zme should 

OCCUT in a generally  horizontal bed geologically confined by relatively 

impermeable strata so as to retrieve as much of the leach  solution  as 

possible  for eco-cal and enviromtal  reasons; (3) the orebody must 

possess adequate permeability, and (4) the oreixdy must be ammble to 

chemical leaching. With the  possible exception of items 3 ard 4, mst 
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uranium deposits in the San Juan Basin ( w h i c h  ccwprise over 99 prcent of 

identified reserves in New Wco) appear to meet these criteri-.. Little 

is knmn a b u t  the chemical amenability of orqanic,  carbn-rick., primary 

ores althcuqh p r h q  ores are knm to be less m - b l e  than 

redistributed ores. 

A large p a i o n  of New Mexico deposits are beyond the depths 

exploited by ccarmercial-scale ISL oprations elsewhere i n  the hit@ 

States. 'hey are also mre variable in habit and in minerdlc7ical and 

trace elemat associations than the roll-type depsits that have keen 

exploited by 1% in Texas and wyaming. Wst importantly, the coextensive 

association of uranium in Grants-type prinnry ores with an amrphous 

organic material (hmte) that coats and is interstitial to s n d  qrains 

results in a reduction in pelmeability and in mobilizaticm prot,l.erras that 

would be expected to have an adverse affect on leaching. This axxtensive 

association  with hum*, hzwever, is not characteristic of Grants 

redistributed ores or of wycpnins and Texas roll-type ores. 

Wst a l l  of New bkxiw's uranium proauction has been f r c m  the San 

Juan Basin (Fiq. 1). Historically, the San Juan Basin is the most 

productive uranium mininq area in the United States,  havinq prcdlCea &ut 

40 percent of the nation's uranium ore. Moreover, it contains about 40 

percent (U.S. kparhnent of Ehergy $50 per pun3 cost ca tegor r )  of the 

nation's reserves, and there are excellent  possibilities of finding 

additional deposits. 
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I LUCERO UPLIFT\ 

Figme 1. Index map of the San Juan Basin, Grants Uranium w o n  
(hachured), and adjacent areas (ndif ied from Green, 1980). 
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Wt of the prcduction has been frcnn the hkrrison Formation in the 

Grants U r a n i u m  Region. Frcduction has been mostly frcpn ntany large 

underground  mines  and a few large open-pit mines. ?Ihe remainirg reserves 

are largely beyond o p - p i t  depths. 

'&ere has been rm proauction on a ccmwxial scale frun cnnventional 

ISL projects in New Wco, although there have been a few pilot  projects. 

of note are Mbil O i l  corporation's Crowpint pilot  projects wbxe uranim 

deposits are at a depth of a b u t  2,000 feet which is over twia. the depth 

of the deepest 1% projects elsewhere in the U n i t e d  States. 

Relatively minor prcduction has been obtained by a type  of 1% 

involving the recovery of uranium frcnn mine waters where the uranium values 

are augmented  by r e c i r d a t i n g  water througfi old s t o p s  via surface drill 

holes. This recwery technique will also be discussed in detail. 

The study focuses mainly on deposits in the ~ r r k n  Formation in the 

Grants U r a n i u m  Region since mst of the identified reserves a r e  in this 

unit. In the San Juan Basin, significant  but  relatively -11 

Sanastone-type deposits also occur in the Dakota Sandstone in the Church 

Fcck area, and in the Eunu Canyon (7) Formation in the Car j i lon area 

(Table 1). Tbe Wlto -stone in the Grants U r a n i m  Region,, which has 

accounted for about twD percent of total prcduction, is quite -le 

and is unlikely to  be amenable t o  prcduction by ISL. 
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The deposits i n  the Wrrison Ebnnation are in the Salt Wash t&nlxr i n  

the East Carrizo (Ship Rock) area; in the Recapture and Salt Warh b m h r s  

in  the Sanostee (Chuska) area; and in the Westwater Canyon and  Bmshy Basin 

Mmbsrs in the Grants Uranium Region. The Westwater, and to a lesser 

extent the Brushy Basin, are by far the mt inprtant host rocks. 

Beyond the San Juan Basin, significant but relatively d l  

Sanastone-type deposits OCCUT in the Gal is teo Fonnation in the Haqan Basin, 

and in the Crevasse Canyon and Baa Formations in  the Riley-Pie Tam areas. 

Table 1. H o s t  rocks in the San Juan Basin by miming area or district (e 
Plates 1 and 2 ) .  

H o s t  rock 

westwater 

Westwater 

Laguna Jackpile sarmdstone 

AlbrOSi.3 Westwater (scme Poison C a r y o n )  

Poison Canyon Brushy Basin (Poison Canyon) 

Blackjack (smith Lake) Brushy Basin (Poison Canyon) - 
one large deposit, the Black- 
jack No. 1 is in  Westwater 

Qrownpoint Westwater 

No& Rock Rstwater 

Chmh Iiock (Gallup) ws&water 

Sanostee (Chuska) 

East carrizo (Ship Rock) 

Canjilon Burro Canyon (?) 



~ D E p o G I ! C S I N T H E S A N J U A N P A S l N  

Grants U r a n i u m  Region 

blx-rison Fomation 

Wst  of the  deposits are within the main sandstone kdies of the 

Westwater Canyon &anhr. Iarge deposits are also found in a series of 

sandstone beds, known collectively as the Poison Canyon sandstone  of 

econcmic  usage, which occur near the base of the Brushy Basin Msder in the 

Blackjack ( 3 n i t h  Lake), Poison Canyon, and Ambrosia Lake mining areas. 
Deposits also occur in sandstone lenses higher in the Brushy  Basin in the 

Blackjack ( 9 n i t h  Lake) mining area. In the Laguna district a bed of 

sandstone overlying the Brushy Basin, the Jackpile sandstone of the 

Wrrison (CkRn, 1984), contains  the large Jackpile-Paguate, >Bar and Saint 

Anthony deposits. Figure 2 shaws the  relationships of the deposits in the 

various Wmison units. The Westwater is up to 350 feet thick, the Poison 

Canyon ranges to 80 feet thick, and the Jackpile is as much as 230 feet 

thick (Fig. 3). 

Typically, a t  any given praperty, ore will cccur in permeable 

sandstone beds separated by impermeable mudstone beds a t  several different 

horizons (Fig. 4) .  For this reason the iscdepth contoms on Phte 1 and 

Plate  2 can only be used as a rough guide in estimating the depth of the 

deposits. The deposits may occur anywhere fmm the base of the Westwater 

to 300 feet or more abcnre the base,  as well as in the Poison Canyon and 

other sandstone lenses in the Brushy Basin and in the Jackpile Sardstone. 
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The deposits are, in general, lenticular tabular wses  that are roughly 

parallel to the bedding and elongated i n  the direction of sediment 

transport of the host rocks. They are of two general types: primary and 

redistributed.' Figure 5 sunmarizes the characteristics of the two types of 

ore d e p s i t s  in the muthestern Ambrosia Lake area as they occur in the 

Wstwater Canyon sandstone. The uranim geology of mrosia Lalqe Poison 

Canyon and Wlto -stone ore trends is depicted i n  cross sedion in 

Figure 6. 

characteristics of Erimry and Redistributed =e Deposits 

Frimary deposits (also called  "pre-fault ore", "trerd ore", 

"black-band ore") are pre-Dakota in age and are characterized by (1) being 

generally less than 8 feet  thick; (2) having ore grades generally  averagiq 

greater than 0.20 percent u308; (3) being offset by Lararoide-Tertiary 

faults; (4) having sharp ore-to-waste boundaries; and (5) having dark gray 

to black colors. %e dark colors are primarily due to an m r p h o u s  organic 

substance called h m t e  which coats, and is interstitial to, sand grains 

and which is mextensive with uranim at an appro-te ra t io  by weight 

percent of 1:l (Granger  and others, 1961). A variety of orebody 

characteristics has resulted i n  confusion regarding habit and gecanehy of 

primary ore. A t  least three types  of primary ore are descrikd  in  the 

literature (Csawley, Holm and Chenweth, 1982): (1) blanket ere -- an 

Unaulating blanket  with pronounced sukprallel thickenings,  variously 

called rolls, trends or -, that are subparallel to the direction of 

sediment transport; (2) channel ore - ore that caamnly f o l l m  individual 

sandstone channels for distances of several hundred feet to over a mile; 
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and ( 3 )  roll-front ore (Cla rk ,  1980) -- ore that is similar in g m t r y  to 

that of wycmins roll-front demsits, except that the upper and l o w  lint~s 

axe wider and thus could be confused with blanket-type  deposits. 

F3ill-frOntl primary ore is thaught t o  be pre-Dakota in age, is himte-rich 

(Cla rk ,  1980), and should not be wnfused with redistributed ore. 

Redistributed  deposits (also called "post-fault  ore", "stack ore", 

"secondary ore") are much younger than primary deposits and a r e  sinply 

rambilized and reprecipitated primary deposits that follned on the fringes 

of  an advancing regional  oxidation (redax) front that s t a r k .  after 

regional uplift  and erosion in Late Miocene or  Early P l imene  time and 

continues to the present.  "Ey are characterized by (1) being generally 

mre than 10 feet and  up t o  150 f e t  thick; (2) having ore grades generally 

averaging less than 0.20 percent U308; ( 3 )  being ccnnronly localized by 

faults that offset primary ore; (4) having diffuse ore-to-waste boundaries 

and (5) having bnmnish-gray to light gray colors. eimary  ore is 

saanetimes found  reroote fxm redistribute3 ore, but  redistribubxl  ore is 

usually in proximity to primary ore. 

Minerals that occur w i t h  primary ore  include  jordisite,  femselite, 

pyrite, mucasite, calcite and kaolinite (Granger and sant0.3, 1982) . 
bblywenwl in the fom  of jordisite, and caumnly selenium, ar- zonally 

distributed around primary ore Mes. Vanadium minerals, pyrite, 

f-selite, and e l m t a l  selenium are associated with redistribilte3 ores, 

but mlykdenm is virtually absent. Selenium is CCBrmonly concentrated near 

the contact of oxidized and  reduced rock. 

15 



In contrast to primary ore, the ratio of uranium t o  lunate in 

redistributed ore is highly variable. This apparent variability  my be due 

t o  the fact  that the t m  types of ore are ccampnly cmplexly intermixed 

near the edge  of oxidized tongues. Granger  and Santos (1981) note that 

redistributed ore a t  the Won 23 mine in the Ambrosia Lake. area is 

essentially  free of organic carbon. Fislnnan  and  Reynolds (198,3) report 

that on the basis of young isotopic age dates, al l  of the ore a t  the Church 

Rcck No. 1 and No. 1 East mines in  the Church Re& ares- may be 

redistributed, and they found organic carbon contents in ore s q l e s  to be 

uniformly low w i t h  mst less than 0.01 percent. 

The principal control of  reaistributed ore is the oxidize3 tongue. 

The shape of  the tongue and the shape of the ore are depxdant on 

permeability  factors which are influenced by fractures and by s f . d h e n t a r y  

structures and textures. In unfaulted areas redistributed ore is generally 

thinner than in faulted areas. In faulted areas bodies of redistributed 

ore as  much as 150 feet  thick have been encmntered in the section 23 mine 

(William Harrison, Hanestake Mining  Ccpnpany, written camnmicati~n, Spt. 

1981). 

In m y  respects redistributed ore is similar in habit and qenesis to 

the roll-front ores of Wy&g and Texas. The occurrence of ore a t  the 

boundary between oxidized and reduced sandstone is the most inprtsnt 

similarity. Although saw Texas deposits are wholly withir ' r e d u c e d  
sandstone, it is thought that oxidized tongues were subsequently re-reduced 

(pdams and &th, 1980). Redistributed deposits sometimes assume the 

C-shape gecmetry of Wy&g and Texas roll-type deps i t s ,  but  usually  they 

do not. Grants redistributed ores differ frcha the Texas and Wyaming ores 
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in  that Uaey consist of redistributed ore dexivd fran a  precursor primary 

ore layer which has been par t ia l ly  destroyed by encnxhrent of oxidation. 

Although s o ~ g  organic wrbn is present in  wycwing and !lkxa~~ deps i t s  

and in New @xis redistributed  deposits, there is no direct a m l a t i o n  of 

uranium and organic cart>3n as there is in  prirmry  deposits. Haxshnm and 

pdams (1980) state that "There seems to  be IMJ consistant direct correlation 

between the  organic carbm and uranium cantents of  mineralized sandstme, a 

fact that thraws s a  doubt on the  belief that organic &n was directly 

involved in the precipitation  of uranium in roll-type uranium deposits." 

Mxeover, pdams and smith (1980) s t a t e  that "...the' uranium deposits in 

south Tkxas, w i t h  the exception of the  depsi ts  in the Jackson Group and 

possibly  the carrizo sand, contain  negligible  quantities of ca+naceous 

material." The organic cart>3n that is present in the ayrcsning  and Texas 

deposits is usually in the fom of vegetal detritus and not humate. 

Flow an ISL standpoint, the nwst significant difference betwen Grants 

primary ores and Grants redistributed and waning and Texas roll-type ores 

may be the association with h m t e .  The h m t e  associated with pzirmry ore 

significantly reduces permeability of the ore and could be expcted to have 

an adverse effect on leaching  chemistry. V c g t  and others (1982a) state that 

at Mabil's cnxrnpoint E L  project "%e shielding of coffinite f,y organic 

material would be expect& t o  adversely affect  leachate  contact  of the 

uranium mineral and reduce leaching  efficiency" and that "Dve to the 

hetexqeneity observed in  the mineral= of the Cxwnpint ores, areal 

leaching  effectiveness would be t o  be very d e m e r t  on the 

characteristics  of the individual ore trends." They reported that coaly 
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kerogen  ccmprised mst of the h m t e .  Although erratic in  distribution 

calcite cement, in addition t o   h w t e ,  is scaoetimes present in  quantities 

sufficient to seriously  affect the penrrability of primary ore. 

The high-organic car33on ores are knwn t o  be a prublem in col~ventional 

wanium mill  circuits in the Grants region. 'hese ores are sawetimss 

stockpiled and run through the mills in s ~ l l  amounts with  other, less 

refractory ores. A study  by the U.S. Bureau of Mines (Nichols and others, 

1979) on ore samples frow the Jackpile mine inaicated thiit, using 

COIXEI-I~~OM~ leaching techniques at dient temperatures, uraniun reaweq 

decreased w i t h  increasing  organic carton (degraded h m t e )  content and that 

recovery was very poor fman s q l e s  with high-cabn organic  content. Qlly 

by roasting was a high recovery (greater than 95 percent) obtained. &e 

saroples ranged f r a n  0.18 percent U308 and 0.26 percent organic carbn ,  0.26 

percent U308 and 0.71 percent organic carton, and 1.08 percent U308 and 

10.9 percent organic carbn. 

That primary ore is resistant to dissolution by geochemical processes 

is evidenced by the fact that  renmant bodies of prisrary ore ccwpletely 

surrounded by oxidized rock  have been found for a distance of over one-half 

mile behind the Wional oxidation front (Fig. 7). kventhal (19PO) states 

that "&e organic  material also plays a role in  preserving the deposit: 

m a t i q s  of m r p h s  and refractoq (due to oxidation, radia+Lon, and 

tiu?=) organic material on uraninite and coffinite  mlecules can protect the 

uranim frcan oxidation or  mobilization. The organic material f i l l s  the 

interstices, thus decreasing  possible water flm. " 

18 
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Figure 7. Areal distr ibut ion of krmwn ore bodies i n  section 23, ~ . 1 4  N., 
R.10 W. showing their re la t ion  to the regional oxidation  front. 

Hamestake Mining CO; limit of oxidation is fraan Granger and 
( a d a p t e d  fran a map in a upblished reprt by William fkrison, 

santos, 1981, p. 9). 
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It is not inWed in the &ve discussion to imply tbak primary 

deposits are necessarily unfavorable for prcduction by ISL. The genexally 

higker grades of primary ore could tend to offset the unfavorable aspects. 

William Harrison, in  a discussion of the Homestake  Mining  Canpany mines on 

the west end of the Wrosia Lake trend (written  cmmmication, Septanker 

1981) , notes that  "primary ore is of rather high grade, sowetimes attaining 

U 0 content  of over 10 percent. De mining grade of such ore is usually 

considerably 1-r than the grade of an ore sample due t o  dilu'ion frm 

surrourdhg barren rock that  must be taken. Nevertheless, s t o p s  i n  

primary ore  frequently average 0.30 percent and higher". In contrast, he 

notes that "The grade of secondary ore is noticeably lower than that of 

primary ore. a l e  the grade of an individual sample my reach 

approximately 0.40 p c e n t ,   s t o p s  in secondary ore nomally average 

beheen 0.10 and 0.20 percent." 

3 8  

More research data are needed to determiue relative 1% fawxability 

under various CQnbinatiOns of deposit typ, grade, depth and price. The 

need for conducting site-specific pilot  operations before going into a 

full-scale operation is a recurrent them in the literature on 1%. & i s  

my be especially true in the Grants U r a n i u m  Region w k r e  the ore. c are mre 

complex than they are in the roll-type  deposits of Wycming and Texw. 

Areal Distribution of mimary and Iledistributed Ore in the bbrriscn 
Fommtion in the Grants U r a n i u m  Region 

The general areal distribution of the tm ore types in t% Grants 

Uranium Wegion is discussed in the follawing paragraphs. published data 

20 



are insuff ic ient  to categorize each deposit,  but there is b e l i e ~ r e d  to k e  

sufficient information 60 that a reasonable extrapolation can be mde for 

each of the major ore areas. For the location of the areas see Plate  2. 

Church R x k  area: dcminantly redistributed 

Fish~mn and Reynolds (1983) report that most  of the ore in the Chwch 

No. 1 and No. 1 Qst mines is  redistributed. 'Ihey found tke organic 

carbn  content  of ore samples to be m s t l y  less than 0.01 percent. pdams 

and Saucier (1980) state that i n  the  Northeast Churchrcck mine "stack 

[redistributed ? I  ore cccurs i n  every sadstone unit fnm the  inp to the 

bottcan of the Wes twa te r  Canyon K d x r  . . . " . 

Peterson (1980) reports that most  of the deposits i n  sectior 13, T.16 

N., R. 17 W. are in elongate tabular ~ ~ s s e s  that are associated with h m t e  

which would indicate that Uzey are primary deposits. The deposits  appear 

to him to be genetically related to a hematitic  oxidation  front which he 

believes was generated during the Late Jirassic-Early cretaceous erosional 

inw. 

crwynpoint area: mixed 

Day and others (1983) note that i n  the   v ic in i ty  of the Dalton Pass 

deposits the distribution of selenium, uranium, vanadium and mlq-bdenum is 

similar to that in the roll-tyFe deposits in Wy&g and Texas. Rowever, 
they are unclear a s  to whether they believe the deposits are pmkkota 

roll deposits or i f  they are redistributed deposits associated with the 

Tertiary oxidation  front. 
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Wntwr'th, Porter and Jensen (1980) report that in the Crownpoint 

section 20 deposit "Fahidim-strontium age dating of ore stage  clay 

minerals supp3rts a Late Jurassic age (139  m.y.1 of uranim 

mineralization.. .'I, and that "The controlling  factor for ore  aplacanent 

seems to have been the presence of large buried mses of organic 

derivitives." Hawever ,  they also suggest that sat? of the ore may have 

been wed northward by an encroaching   OM^ oxidation front. 

V q t  and others (1982b) , in a discussion of Wil Oil  corporation's 

Crownpoint ISL pilot  project, report that "At Crawnpoint, we &serve two 

uranium mineral trends. men coffinite is the preaaninant fom, it is 

intimately associated with carbonaceous material (keqen)  . The other type 
of Crownpoint mineral trend is p r d m h m t l y  uraninite, snd while 

carb~naceous mater ia l  is present,  the  finely  divided  crystals of uraninite 

are not associated with the organic material in any &urdance." 

Nose Rock area: primary 

Clark (1980) states that the uranium in the Nose Rock area 'I... is 

wextensive and intimately associated w i t h  black ~ ~ ~ ~ J M C X O U S  matter", and 

that "both the Nose Rock ores and the primry Ambrosia Lake mnim ores 

were emplaced duriny the Late Jilrassic-Qrly cretaceous erosional interval 

der the - geologic conditions by the sam geochemicdl cell process." 

Although Clark states that the ore is in  gray, unoxidized Wstwater Canyon 

sandstones, M a m  and Saucier (1981) suggest that  recent  axidltion has 

affected the  reaistribution of mineralization,  thus  inplying that the  ores 

are redis t r ibuted.  An isotopic date on a single sample of Nose Fcck ore, 
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hawever, indicates that the uranium i n  that s q l e  was anplaced mre than 

60 m.y. ago ( H a r r y  C. Granger, written CcSmnuLication, m e  1983) , thus 

being too old to have been redistributed by oxidation associated with the 

present  erosional interval which started with  regional uplift in Late 

Miocene or  Early Pliocene tire. 

Blackjack ( S i t h  L a k e )  area: daninantly prhary  

The Blackjack No. 1 deposit in section 12, T.15 N., R.13 W., which is 

in  the Wtwater Canyon Kdxr, is reported by MacRae (1963) to be partly 

primary ore and parUy  redistributed ore. Wst  of the remaining cre in the 

area is i n  the Mariano Lake-Euby Ells trend and is i n  the Poison Canyon. 

&e ore genesis is interpreted differently by individual geologists. 

Pierson, Spirakis and Robertson  (1983) state that "The or-c-rich 

character of the Mariano Lake and  Ruby deposits indicates thay are of 

primary origin.'' Fishman and Reynolds (1982) note that in the Mxiano Lake 

deposit "The presence of mrphxs organic material suggests the orebody 

may represent a tabular [primary] deposit, whereas the close  prcximity of 

the orebody t o  the redox interface is suggestive that the uranim was 

s e m m i l y  redistributed by oxidation  processes frcm pre-existjrg tabular 

orebodies." mey concluded, haever, that "@ochemical data (prinlarily the 

positive  correlation  of uranium content to both organic c a b n  d. -dim 

contents) indicate that the Marian0 Lake orebody "is a tabular-tEs uranium 

deposit. " 
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Sachdev (1980), based on elanental zonation, association with a redox 

interface and the "C"-shapd gecanetry, concludes that the Mariano Lake 

deposit is roll-type, but is unclear as t o  wkther it is primary or  

redistributed. 

Ristorcelli (1980) notes that the ore in  the eastern paxt of the smith 

Lake trend 'I.. . generally occurs a t  the r e h x  boundary, but  occasionally 

will be up t o  1,500 feet uplip." He suggests that both Late Jkrassic, 

trend-- ore and  Laramide or post-Laramide roll-front ore is present. 

A polygenetic model is proposed by Place, Della V a l l e  an? Brookins 

(1980) for the Mariano Lake deposit. They believe that elemental 

associations and the location of ore deposition a t  an iron-sulfur redox 

front indicate that the ore appears t o  have been rembilize.? i n  the 

Cretaceous, or later, frw an earlier stage of mineralization depsited i n  

Late Jurassic t k .  

'he w r i t e r s  favor the interpretation that most  of the ore is pr- 

and is genetically unrelated to the Tertiary oxidation front,  but  reccgnize 

the enim over the apparent paucity of organicpoor redistributed uranim 

in the  deposits at  the redox boundary. It should be noted, hcmver, that 

Adams and others (1978) found  no secondary uranin mc=ntratio?s at  the 

redox boundary a t  the Jackpile-Faguate depsit. 
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Arbrosia Lake area: 

mixed, primary and redistributed - remaining ore  mstly p r i ~  

The deposits on the western end of the trend are a mixture of primary 

and redistributed ores with the amount of redistributed ores decreasing 

w i t h  depth toward the east. 13 the deep eastern end of the trend, the Mt. 
Taylor, Johnny M, and other deposits are all organic-rich primary ores. 

papers by Granger and others (19611, Granger and Santos (19811, and 

Could and others (1963) have goOa descriptions of the primary and 

redistributed ores that OCCUT on the western end of the trend. The 

extensively mined W o n  23 and 25 mines are typical of maxy of the 

properties in t h i s  area. w i l l i a m  Harrison, Hcnnestake b h i q  Ccmpany, 

(personal cammication, June 1985) estimates that in Sections 23 and 25 

about 60 percent of the tonnage to  be mined w i l l  be primary ore, and 

because the primary ore is higher  grade, will contain about 70 percent of 

the pomds of U308. An accurate estimate is not  possible because both 

types of ore are mined a t  the s a e  time, sometimes frcm the sam3 s t o p ,  and 

proauction is not split out. 

The deposits a t  the Cliffside mine, which are about i n  the middle of 

the trend, are associated w i t h  considerable  oxidation,  but  the bilk of the 

ore is remnant primary (George Hazlett,  personal  camnmication,. February 

1986). These exceptionally high-grade deposits  contain a large awunt of 

calcite cement which Hazlett believes helpea  protect them fm oxidation 

an3 redistribution. 
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A t  the Johnny M mine, F a l k m k i  (1980) reports  that "All of the ore 

that has been or is being mined is intimately  associated  with  bladc to dark 

brown Cdr lXn"~~ material in the sandstones; no ore has beer found in 

sandstone devoid of this carbonaceous matter. " 

A t  the Mt. Taylor deposit, on the eastern end of the treed, Riese and 

others (1980) reports that there is a  positive correlation between uranim 

and organic material and that the orebody is not  located a t  an iron redax 

interfae.  

Poison Canyon area: 

mixed, but dcaninantly pr iavy  

Fapaport (1963)  and  Tessendorf (1980) note the presence of 

considerable redistributed ore in the mines on the shallcw  western end of 

the Poison Canyon trend but  the  inpression is given that primary ore is 

daninant. As one progresses eastwarrl, the  deposits are deeper and the 

proportion of redistrjhtd ore lessens. 

A t  the bkrquez  mine,  which is in about the middle  of the trend, Weege 

(1963) reports that &st all of the  ore is associate3 with structureless 

carbonaceous material and notes that there is no evidence of appreciable 

oxidation. 

llze deposits in the eastenrmost and deepest mine on the trend, the &n 

Mate0 mine,  have not been described i n  the literatme, but  the writers' 

observations indicate  that mst i f  not a l l  of the ore is h m t e r i c h  and 

PZ*. 
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MNquez area: dcwinantly primary 

Livingston (1980) states that   a t   the  w e z  Canyon and southeast 

deposits "Ore depsit ion is peneconcordant  and primarily of the pre-fault 

trend type" , and that ". . . e i l i z a t i o n  was pr&ably rninind." 

'he nearby San Antonio Valley d e p s i t  is reported to be a flat-lying, 

tabular, trad-type deposit (Wore, 1980). I&rqwz area deposits are in 

the Wtwater Canyon Sandstone. 

Bernabe area: draninantly primary 

Ihe Bernabe Mxkano d e p s i t  lies a t  the extra eastern end of the 

Grants Uranim Region in Sandoval County. Kozusko and Saucier (1980) 

describe the d e p s i t   a s  'I.. . stacked blankets of  mineralized  hm&e", and 

state that "The mineralization is clearly  prefault in age." !ihy reprt 

that s c ~ g  redistribution of mineralization is now taking  place along the 

n o r t h n  edge of the trends owing to recent i nms ion  of oxygenam ground 

water, but  apparMtly  the  redistributed ore is only a very mll part of 

the total OE. 

Laguna area: dcminantly primry 

Features of the Jackpile-Faguate d e p s i t  are review4 by Beck and 

others (1980) who state that "All significant  mineralizatior. in the 

Jackpile mine OCCUTS in sandstone, where the matrix is inpregnated and 

cerrented by dark, epigenetic, carbonaceous material. .. f!.eld and 

petrographic  observations  suggest the principal  concentratians OF uranium 

were fo& early in the history of the Jaclcpile sandstone, well b?fore the 

deposition of the Dakota." pdams and others (1978) reprt that "Went  
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oxidation has proauCea hematite and Limonite within the sandstone, 

particularly near  outcrops and faults", ht that "... no uranium enrichmnt 

was observed at the oxidation-reduction boundary in the mine area. although 

uranium has definitely been leached fmm the oxidized zon?s. This 

alteration is postore and there is no evidence that it fo&  secondary 

uranium concentrations as it did  locally  in the hd~msia Lake diskxi&." 

Jacobsen (1980) states that a t  the L-Bar deposits "Uranium 

mineralization is mextensive with the presence  of carbonaceous material." 

His observations indicate that the bulk of the carbonaceous material is i n  

the fonn of finely  divided  vegetal  detritus  with a subordinate munt of 

h m t e .  

Baird, Martin and Iowry (1980) report that at the Saint Anthony mine, 
Well-mimmlized rock contains  high  concentrations  of organic ~azbonaceous 

material. Although an oxidation  front OCCLXS on the ~~uth-southwest side 

of the orebody, oxidation has resulted i n  destruction  of ore, leaving 

renmmts of primry ore. 

Dakota Sandstone 

A few SMU to Mum-s ized  uranium deposits occur in the Dakota 

sandstone i n  the San Juan  Basin. bbst of them, and by far the la-rgest, are 

in the Church Rock (Gallup) area. The Dakota in  the Grants Uran<.um w o n  

consists of a basal, -1 marine  sequence of distrhtazy-channel 

sandstones, shales, siltstones and thin coal searn3; and an 

upper near-shore m i n e  sequence consisting mainly of fine- to dum- 

g n h e d  sandstone. bbst of the deposits are i n  fine- to coarse-grained 
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sandstones and interbedded carbnaceous shale and lignite in the basal unit 

(Pierson and  Greene, 1980). U r a n i n i t e  and coffinite are found in deposits 

that lie belaw the water table, and in near surface deposits these have 

been oxidized to form carnotite and other secondary minexals (Kittel, 

Kelley and Wlancon, 1967). The uranium minerals are closely axoziated 

with carbonaceous debris.  Hilpert (19601 reports that 'I.. . the deposits 

consist of  tabular masses that range f r a n  thin seams a few feet i n  width 

and length to crudely tabular masses as much as 2,500 feet in leng'h and a t  

least 1,000 feet i n  width. The larger deposits range fran a few inches to 

25 feet in thickness, but  generally average a few feet..." 

%tal proauction frcan the Dakota is appmximtely 492,000 porlnds U308 

(Table 2). The largest deposit probably does not exceed 1.5 million pnmds 

of  contained U308, and the potential for finding larger deposits does not 

appear to be good as none have been found with a l l  of the tlmcsmds of 

drill holes that have tested the uriderlying Mrrison Fonnation. 

Mer Areas in the San Juan Basin ( s e e  Pla t e  1) 

Canjilon area 

Significant uranium mineralization, as  indicated by closely spaced 

drilling, has been delinated i n  the Cretaceous Burro Canyon(?)  Fonnation 

in two areas in the chams Basin south of the village of  Carjilon in 

T.25 N., R.5 E. (Saucier, 1974). The Burro Canyon(?) is a stream- 

deposited,  conglcmeratic  sandstone  with tkin discontinuous lmses of 

mudstone that lies between the Late Cretaceous Dakota sandstone and the 
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Table  2.  Uranium  production by  host  rock  in  the San Juan  Basin, New Mexico 

as  reported  by PlcLemOre,  1983b)  and  from  additions  and 
through  1985  (data compiled from U.S. Department of Enmgy, 1982, 
adjustments  to  these  data  through  1985  using Mew Mextco  Energy 
and  Minerals  Department  production data as  reported  by  uranium 
operators,  and  Chenoweth,  1985a  and  1985b). 

Area Host  Formation 
Production 
(Ibs. U308) Period 

Nacimiento,  Ojo  Alamo,  Fruitland, 
Farmington  Dakota,  Morrison, 

Todilto,  chinle,  and 
Cutler  Formations 

Ship  Rock- 
Carrizo  Mts.  Salt  Wash Member' 

Sanostee  Recapture Member: 
Salt  Wash Member 
Todilto  Limestone 

Grants 

2,298  1954-59 

159,850  1948-67 

331,0002 1952-82 
1,858 1952-55 

25 1954 

Dakota  Sandstone  492,000;  1951-70 
Morrison  Formation 
(Brushy  Basin, 
Westwater  Canyon & 
Jackpile  Sandstone 
Members, Poison 
Canyon  sandstone) 

328,150,000  1951-85 

Breccia  pipe 

Todilto  Limestone 

Mine  water 

3 

nrpAL 

134,014 1953-56 

6,671,520 1950-81 
" 

4,561,000'  1963-85 
" 

340,504,000'  1948-85 

Member  of  Morrison  Formation 
Approximate  figure,  rounded  to  nearest 1,000 Ibs. 
Some  64,480  lbs.  formerly  credited  to  the  Todilto has been  correctly 
added  to  the  Morrison  at  Grants  (William  Chenoweth,  written 
communication,  August  1986) 

30 



Late Jlrassic mrrison Fomtion. The sandstone bodies are thick, 

laterally continuous, and possess excellent W i l i t y .  bbdstone 

intervals, and overlying and Unaerlying less -le rocks of  the Dakota 

Sandstone and Brushy Basin, serve to confins ground water  t o  various parts 

of the sandstone bodies ( G r e e n  and others, 1982). 

Little has been published  about the  deposits. They are zpparently 

roll-- deposits at  oxidation-reduction interfaces. me deposit lies at 

or below the water table and the  other is wll above the wat'x table. 

U r a n i u m  a p w s  to be associated with 4 1  am3unts of carbnamus 

material and pyrite. 'he size of the  deposits is  not known, but  Saucier 

(1974) reports that ore-grade material up t o  50 feet thick has been 

penetrated. There has been 110 p r d u i o n   t o  date fmgn the J5un-u Canyon(?) 

in this area. 

East Carrizo (Ship Rock) area 

!&e Salt Wash b b k e r  of the bkxxi.son Fonmtion is the host rock for 

significant deposits in the &st Carrizo area of San Juan Cormty, New 

mxico and in adjacent areas of Arizona. Historicdlly, the are1 was the 

f i r s t  to prcxiuce uranium in New bkxiro. production fim the East Carrizo 

area has been relatively d, but mines in  the Lukachukai "Iins i n  

Arizona prcdu& considerable  ore and  the area as a *le supported a mill 

a t  Ship Rock frcan 1954 to 1968. The Salt Wash is an imp3rtant host rock i n  

the Uravan Mineral Belt in Colorado and Utah. 

!&e Salt Wash is a fluvial-fan deposit  consisting  of sandsc_one with 

lesser amounts of  interkdded  claystone and siltstone (Fig. 8 ) .  It is 



Stratigraphy of the  East  Carrizo  Area 

System Formation  and  member  Thickness,  feet  Description 

Cretaceous  Dakota  sandstone 30 Conglomerates  and  conglomeratic 

pink;  mostly  qlartz;  pebbles  up 
sandstone,  white  to  grayish- 

to 4" diameter. 

Burro  Canyon  formation(?) 

Jurassic  Morrison  formation 

100 Sandstone,  oralge,  medium-  to 
coarse-grained;  claystone,  gray 
to  brown. 

Brushy  Basin  member 85 
Westwater  Canyon  member 265 

Siltstone,  grap,  green,  and  red; 
sandstones,  mo.qtly  gray,  fine- 
to  coarse-grai-ted,  thick;  clay- 
stones,  thin,  gray-green. 

Recapture  member 190 Claystones, gmyish-red; 
sandstones,  li@t  brown. 

Salt  Wash  member 220 Sandstone,  lig%  gray to 
light  red, vep fine-  to 
medium-grained.  cross-bedded, 
interbedded  with  claystones, 
calcareous  cemsnt;  claystones, 
thin,  mostly  r,?d. 

Bluff  sandstone 

Smerville formation 

Todilto  limestone 

Entrada  sandstone 

Carmel  formation 

Triassic  Wingate  sandstone 

Chinle  formation 

Shinarump  member 

Permian  DeChelly  sandstone 

15-20 

135 

0-3 

80 

40 

350-475 

l O O ( t t  

20 

200(7) 

Sandstone,  lig'lt  brown  to  orange, 
frosted  quartz  grains. 

Sandstones,  li,3ht  red  to 
chocolate  brown,  laminated, 
interbedded;  fine-grained. 

Limestone,  abundant  disseminated 
quartz  sand,  light  gray. 

Sandstone,  rediiish-orange, 
massive. 

Siltstone  and  claystone,  red, 
interbedded. 

Sandstone,  orange,  cross- 
bedded,  massive. 

Shale  and  silstone,  red, 
purple  and  gra?. 

Sandstone,  coa-se-grained  and 
conglomerate,  light  gray. 

Sandstone,  masnive,  cross- 
bedded,  light  brown  to  orange. 

8. Strat igrapkic  section, northwestern 8 r r i z o  area (Masters and 
others,  1955). 



about 220 feet thick in the East Carrizo Mmntain area. Siltstone and 

claystone intercalated w i t h  the sarmdstone lenses constitute between 5 and 

50 percent of the muker and are distributed throughout. 

The ore deposits are essentially u r a n i m - s g  vandim deposits. 

Chenwth and Iearned (1984) r e p r t  that the average proauction  grade for 

the East  Carrizo bkxn-~tain area (including  deposits in adjacent Arizona) was 

2.43 percent V205 and 0.23 percent U308, a ratio of  about 1O:l. This 

ccmrpares to a ra t io  of about 4:l for  ores  in the nearby lukachukai 

muntains (Chenmth and  Learned,  1983). Tyuyarrmnite and metatlvyarmrnite 

are the only uranim minerals identified in the Carrizo deposits ( C h m ~ ~ t h  

and Falan, 1973). V a m d i m ,  clay and mtroseite are present and these 

minerals have been oxidized to form a larye n e  of secondarq- vanadim 

minerals. calcite is a ccmnon cementing agent i n  the ore and pyrite, iron 

oxides, and gypsum may also be present. 

The d e p s i t s  are largely above the regional groundwater table, and 

have been mired by  --pit methods, adits,  inclined s h a f t s  and a few 

shallaw shafts. The orebodies are elongate and lenticular i n  shape  and 

consist of one or mre ore poaS surroded or  separated by protore. 

Claystone and/or siltstone beds nearly always underlie and typically 

overlie the host sandstone units. Ore occurs nust ccarmnly i n  

cross-stratified sandstone which fills SCOUTS and channels in the 

Unaerlying claystone. Detrital catxmaceous material is widely d:.stribukd 

and locally abundant. The majority of the ore in  the East carrizo 

bbmtains is closely  associated  with carbon trash (Masters and others, 

1955). 
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Sanostee (Chuska) area 

Several  deposits OCCUT in the Salt Wash and  €&capture &nkn in the 

Sanostee area. The n m k r  of mines is  about equally divided b : m  the 

two n a b x s ,  but the bulk of the prcduction has cam from one deposit in 

the Recapture, the h o s  Johnson mine, west of Sanostee in west-centrdl San 

Juan County. Total prduction frcw the area is about 332,900 p m d s  U308 

(Table  2). 

The Recapture in this area is about 500 feet thick and consists 

pr&aninantly  of fine- t o  coarse-grahed sandstone with m interkdded 

mudstone  and siltstone. The larger d e p s i t s  are in sandstone in the upper 

part of the mzx&q.r and OCCUT as tabular layers along m w l s t o ~ .  beds, as 

halos around mudstone galls, and as calcareous pods. They range in width 

frcan 150 to 200 feet, in length f r m  500 to 600 feet, and in thickness frm 

1 to 20 feet. The deposits i n  the $ m e r  part OCCUT as fracture fi l l ings in 

calcified logs and  regn nations of the enclosing sandstone (Blagkough and 

others, 1959) . 

The depsits in the Salt Wash Msnker are in the upper part where they 

cccuz as thin, tabular bodies in sandstones that are generally less than 30 

feet thick. Tky  generally bound mudstom beds, lqxecpate sandstone 

around concentratims or pockets of cxbonized plant  debris, f i l l  fractures 

in c a r b n i z e d  logs, and are aissaninated as halos frm a few inches to 

about 2 feet, and vary in length and width from a few feet to as much as 50 

feet (Hilpert, 1969). The Sanostee area is near the southern mqin of 

Sdlt Wash deposition and the member there is only about 50 feet txck .  
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The ores i n   b t h  the Recapture and Salt Wash are above the regional 

groundwater table and are oxidized. Carnotite  has been reported as the 

mst obvious mineral in m o s t  of the deps i t s ,  but tyuyaramite is probably 

also abundant. Ores frcrm the Recapture were quite lcxy in vanadium with 

V205 to U308 ratios ranging frow 1:2 t o  k0.5. Salt Wash ores at Sanostee 

had V205 to U308 ratios ranging frcan 1:5 to 1:3 (Chenmth, 1985). 

Significant  deposits  reportedly have been discovered by Exxon Minerals 

Cmpny U.S.A. a t  Tocito d m ,  about 15 miles northeast  of Sanoste (Plate 

1). Kuclear Fuel (Wch 1, 1981) states that 'I.. . exploration was 

ccmpleted last fa l l ,  and Navajo Tribal officials say the capany is still 

ponlering whether to mine the properties." The exact lccation of the 

deposits is not given, but drill hole records on f i l e  in the E'W Wco 

O f f i c e  of State hgineer indicate that intensive  drilling was dcne on and 

near sections 3 and 4, T.26 N., R.18 W. The deposits are reported to be i n  

the Westwater Canyon Mznbsr, but infonmtion is unavailable on the specific 

geolqic  settjng. hresurmbly, they would be similar t o  mstwater deposits 

i n  the Grants Uranium m i o n .  Drill depths to the base of the wstwater in 

th is  area average about 1,560 feet (Plate 1) and the deposits are below the 

groundwater table. 

U R A N I U M D ~ T P S I N L N O T H E R I N I N M E X I C O  

Hundreds of uranium cccurrenms i n  a wide variety  of  host rocks have 

been found in  New Wxiw outside  of the San J b n  Basin ( " e ,  1983a; 

Hilpert, 1969). In only two areas have significant reserves been 

delineated in  sandstone: (1) the Hagan Basin betwen Albuqu..lrque and 

Wta Fe, and (2) the Riley-Pie !Ewn area in Socorro and catron Counties. 
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Hagan Basin 

In the Hagan Basin, uranium mineralization OCCUTS i n  t m  distinct 

fluvial sandstone units i n  the Eocene Galisteo Fomtion. The Galisteo is 

a fluvial-lacustrine sequence of sandstones, siltstones,  wnglawrates, and - inte&&&d tuffs ranging in thickness frcan 900 to 4,000 feet.. 

The deposits are described by -re (1980). ?Rey are in sandstone 

channels along oxidation frants i n  a modified roll-type form. C C U ~ M ~ U S  

detritus is ccmmonly abundant, but  the uranium is not newsa r i ly  

correlated with it. Pyrite is generally  present where uranium occurs. 

mer e l m t s  associated w i t h  the ore are selenium and mclybdenum. 

Reserves are estimated to be 900,000 porrnds U308 in rock avera-Jins 0.09 

percent U308 (Wre, 1980). Limited lateral dril l ing indicates that ore 

can be develapea a t  several  points on the property. kpth to ore ranges 

fman 10 to 400 feet. 

Riley-Pie Town area 

In the Riley-Pie Town area i n  catron and Socorro caunties, several 

deposits OCCUT i n  the Faxme Baca Fomtion and i n  the uppenoos? part of 

the underlying Cretamus Crevasse Canyon Fomtion. Each unit has 

proauCea only a few hun- pounds of U308, but  closely spaced d r i l l h g  in 

several areas indicate the existence of larger concentrations. 

The Crevasse Canyon Fomtion consists of sandstones, siltstones, 

shales, and coal seam deposited i n  a coastal-plain environment. Iocally, 

a t  the top of the Crevasse Canyon,  and beneath an unwnformity that 

separates it fran the Baca Fomtion, is an altered or transitio2 zone of 
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bleached and oxidized sandstone that  is the host for mst of the wanium 

deposits in the unit (Chanhrlin, 1981). Mthing has been published about 

the size of the deposits,  but  they reprtedly do not exceed 500,000 pounds 

of contained U308. U r a n i u m  is associated with organic material, iron 

staining, clay galls and sandstone-shale  interfaces. chamber?& (1981) 

believes that the presence  of ghost rolls indicates that roll-tyEs deposits 

are likely to occur i n  the subsurface. "e knm deps i t s  are tslieved to  

be above the water table. 

The Baca Fomtion  consists of a sequence of continental sedimsnts up 

to 1,500 feet  thick  consisting of  nudstones, siltstones, san&;tones and 

conglmrates. Several smdll deps i t s  and  minor prospects OCCUI: on and 

near the outcrops  of  the middle and lower m&xxs of the  fonrn+ion &re 

uranium is associated  with carbonaceous material, carhcf~us shale 

lenses, and fossil  logs in  f luvial  sandstones. 

The mst significant d e p s i t s  are in  the middle Inember. chapin and 

others (1979) state that "&e middle nmber of the Eaca has several 

characteristics which are favorable to  the occurrence  of uraniun depsits" 

and that "Lithologically,  the middle ' m a i x x  of the Eaca is similar t o  

terrestrial  sandstones elsewhere that contain abundant carborized wood 

fragmnts that could  provide  a  reducing environment for precip!.tation of 

wanium. The sands are clayey, but are friable and nderately permeable to 

the passage of ground water." 

Sargent (1983) reports that i n  the Riley area of the Bear bbuntdns, 
Socorro county, uranium mineralization is closely  associated  with  organic 

material i n  reduced sandstone  of the middle Inember of the Baca Fomtion. 
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Sargent states that  "Detailed dril l ing has indicated  a few  hundred-thousand 

pounds of U308 exceeding 0.10 percent. " Widely spaced dril l ing has also 

outlined an adjacent area of  favorable (reduced) sandstone. The deposits 

are reported to be belaw the groundwater table a t  depths  of 250 tc 300 feet 

(John Borkert, personal mmnunication, 1985). 

URANIUM REsouRcEs AND PRCDUCTION IN NEW MEXICO 

&serves are the fimsst class of resouTce capris ing dep0;:its that 

have been delineat& by dril l ing  or by other direct sarmpling methods. 
Reserves are t d  Feasonably Assured Resources (FAR) by tke Ehergy 

Informtion  Fdminstration of the U.S. Department of Energy (Fig. 9). 

potential resou~ces are the quantities of uranium believed to be Fresent i n  

deposits that are incmpletely defined or undiscovered. They ar? divided 

into Estimted Mditional Resources (EAR) and speculative Rem~ces (SR) 

based on their  spatial  relationships to  defined resources (i.e., 

reliabil i ty of  measuranent). All potential resou~ces i n  the Morrison 

Ebmtion in the San Juan Basin are EAR. Reserves and resources are 

further subfiivided into forward-mst  categories. Ebrward costs include all 

direct costs of  mining or  extraction but do not include wnk costs 

asscciated  with  exploration and develqFwent. Hic&er, medium and lcaver 

forward-cost categories are currently  defined as $100 per p o u n d , ,  $50 per 

pound  and  $30 per pound U308 respectively. 

Mineral awnership of &w Wco reserves recoverable by ISL my differ 

sawhat frcm shares of past prcduction ownerskip. The bulk of reserves in 

the Church B x k  area are located on Navajo Reservation lands &eras those 
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i n  the Crownpint area are primarily on Indian Allotted acreage although 

Federal and State lands also account for  substantial  Crampint reserves. 
conventional prcduction frcan Indian and state lands has consti%ted the 

m e s t  share of &w Wxico p d u c t i o n  in the past campared to Fduc t ion  

fmn private  (fee) and federal lands (Hatchell, and Wentz, 1982; Hatchell, 

1984). 

Less than one percent  of total prcduction frcm the San man Basin has 

been frcan outside  the Grants U r a n i m  F&gion,  and ahmst   a l l  of this was 

frcan the East Carrizo and Sanostee areas (Table 2).  Except 53r small, 

sporadic  proauction fmn the h o s  Johnson mine in the smostee area, there 

has been no prcduction f r a n  outside the Grants U r a n i u m  w o n  s h e  1967. 

mer 99 percent of the remaining identified reserves in the San Juan 

Basin are i n  the Grants U r a n i u m  Pegion. Other areas containing significant 

but relatively d l  reserves are the East Carrizo, Sanostee and Canjilon 

areas. For mre detailed  infomtion on uranium production and r e m e s  in 

New mco see Hatchell and wentz (1981)  and  Annual Resource Reprts of the 

New &xico Ehergy and Minerals Deparhuent. 

All ccwnercial 1% prcduction of uranim in the United Statec has been 

frcnn depths of less than 1,000 feet. mil oil Corporation has conducted 

pilot  operations in the Crowrrpoint area at  depths  of about 2,000 feet. 

Because much of the remaining reserves and potential resources i n  the San 

man Basin are considerably deeper than 1,000 feet, and as costs increase 

with depth, the depth of deposits is of critical importance. Table 3 gives 

the reserves in New Uco by depth incranents. In the DOE $50 per pund 
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forward-wst category, 83 percent  of  the  reserves are a t  depths  greater 

than 1,000 feet and  31 percent are a t  depths greater than 2,500 feet  (Table 

3). It is not ham what proportion  of the reserves are associzted with 

mined and/or developed areas, but Plate 2 shows that a  majority of umined 

deposits are a t  depths in the vicinity of 2,000 feet or greater. It is 

mrthy to note that the average  proauction  depth for uranim contained in 

ore mined in 1984 in New Mexico was 1,282 feet (Hatchell, 1985) . Mxeover, 

it should be noted that remaining reserves in the Grants Uranim -ion are 

very  larye and there are still large deposits at   relatively shallw depths. 
New Mexico RAR in the $30 per pound and $50 per pound fonard-cost 

categories, ccwprise fully 40 percent  of total U.S.  RAR. 

Since it might be asswed that reserves remaining in deposits near 

mined areas, or  those that have been dwelOpea by mine entries will be 

mined, 'such deposits have h e n  identified on P la t e  2. This is not 

necessarily a valid  asamption,  as a  flooded underground  mine could be 

converted to an ISL operation. sequoyah Fuel Company (Kerr-m) and 
Pathfinder Mines (Utah Construction) did just that a t  undergound  mines in  

the powder River and Shirley Basins respctively, in Wy&g and In Situ, 

Inc. reportedly  plan t o  initially develop the Church Rock, New Mexico 

properties in this -. Also, sndll poaS peripheral  to unc'erground 

mines that are below the ecQncBnic mining  CUt-Off grade or that are too 

mte to dwelop might also be exploited by ISL. H o w e v e r ,  drawanhln  of 

* 

* It should be noted that  shafts have been completed or partially completed at  Phillip's 
Nose Rock mine, sec. 31, T.19 N . ,  R . l l  W. Conoco's Crownpoint  mine, sec. 24, T.17 N . ,  
R . U  W . ;  Bolcum's Marquez  mine, sec. 25, T.13  N . ,  R.5  W,; and  Kerr-McGee's Lee mine, sec. 

properties, and this  is indicated by the absence of cross- hatching on Plate 2. 
17, T . U  N., R.8 W.. There has been neither mining nor ore development at these 
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Table 3. Reserves (FAR) in New Mexico by depth increment and fozward-cost 
category as of Jan~my 1, 1983 (data fram U.S. DOE, wit.ten 
amnnmication, Sept. , 1983). 

mns U308 by depth(W 
Cost 

QtegOW depth 0- 500- 1000- 2500 & 
$/lb. U308 unkncxun 500 1000 2500 deeper Tbtal 

$30 I 2,571 7 , 517  31,870  56 , 271  98 , 229 
$50  4,500  10,931  27,185  126,924  77,632  247,172 

$100 6 , 000 21 , 829  54,306  188 , 844  96,593  367,572 

the water table due t o   p m i n g  of the mines is a factor that W0ul-l have to 

be considered. Kaufmn (1976) , Kelly, Link and Schippr (1980) a?d Lyford 

and -el (1980) discuss the effects of uranium mining  on gromdwater 

levels i n  the Grants Uranium Region. 

In addition to the identified reserves tabulated on Table 3. the DOE 

has e s t h t e d  potential U308 reserves in  the San Juan Basin of 377,063 tons 

U308 in the $50 per powd cost  category ( b k l i s m ~ ,  1983). Since by 

definition  potential reserves are in unexplored areas, and the dee- areas 

are usually the last to be explored, potential reserves are, in geleral, a t  

greater depths than the identified reserves. They are mostly in the 

Wrrison  Fomtion in the Grmts Uranium Region. 

Resources estinrated by MIE are grow into selected cost  categories 

($30,  $50 and $100 per pound of U308) t o  cover  a broad spectrum of econunic 

availability . "e applicable costs used to assign  the urdum reesou~oes 

to these categories are forward costs, ccwprising operating and capital 

casts, that would be incurred in prcducing the uranim. Thf. reserve 
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estimating procedure used by WE incowrates the follawing formula for 

determining the  cut-off grade which is defined as the lmst grade i n  

percent U308 that can be mined at  an operating cost that is law~1- than or 

equal to the chosen cost per pnmd. 

cost of mining, hauling, royalty and 
and milling  per ton of ore 

Cut-off grade = chosen cost/lb. U308 x mill rewvery x 20 

mte r i a l  that is below the  cut-off grade and higher grade material 

that i s  too thin to stand dilution to minimum mining heights is not 

included i n  reserves. The minirmrm mining heigh€ for u n d q o &  mines i n  

the Grants Region is generally i n  the range of 6 to 8 feet dq"g on 

orelxily characteristics and the mining methd. ALSO not included are 

deposits that may be of sufficient  thickness and grade, but are too d l  

and renote frcpn workings to stand developnent costs. 

The DOE estimates reserves recoverable by ISL by another mtkml. It 

should be kept i n  mind that mst of these reserve estimates that have keen 

mde by DOE are in Tews and waning where d e p s i t s  are mch shall.awer than 

mst of deposits i n  the Grants region. Reserves deemed rewverahle by 1% 

above a selected minirmrm thickness, generally 1 to 2 feet, are calculated 

for those properties on which solution mining is in progress or planned. 

The &um amtent abwe 0.01 percent U308 is estimated and the reserves 

are the estimated amxmt of U308 determined by multiplying by a recovery 

factor w h i c h  is generally 50 to 60 percent (W.A. Raberts, U.S. DOE, 

personal camunication, 1985). Chiously, i f  reserves for  the San man 

Basin w a e  calculated by ISL parameters they muld be c o n s i d d l y  larger 

than those calculated by underground mining parameters. HKWWI?~, there 
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W d  be considerable  uncertainty about the recovery factor.  Wvertheless, 

i n  discussing its Crownpoint 1% project,  Mbil Oil Corpratim (1977) 

states that "total uranium resources in-place appear several t i r e s  larger 

than the axmxcial-guality ore which could be recovered by shaft mining 

methods. Iaboratory tests and engineering studies indicate it may be 

possible to recover mch of this uranim by in  situ leaching." 

IN SITU I.mcKIN- 

Larson, W.C. (1978) defines ISL mining as "that selective mining 

technique wbreby the ore mineral(s) that has not been transporterl fmw its 

geologic setting is preferentially leached (dissolved) fraw the sl-unding 

host rock by the use of specific leach  solutions and the mineral value(s) 

recovered . . . dump or heap leaching  operations are not includd because, 
in these systems, the material has been mechanically transprted to 

prepared areas for leaching and thus ramved frcan the original geologic 

setting." This definition is used in this report and dmp and  heap 

leaching operations (which have not been significant in  New m a )  are not 

diSCUSSed. 

Conventional 1% consists of injecting a leaching  solution (,Mviant) 

into the mineralized zone through injection wells. The lead solution 

migrates through the zone, dissolves the uranim values and is pmpd to 

the surface through prcduction wells. The pregnant solution then goes t o  a 

conventional uranium recovery system *re uranium is mered by 

ion-exchange (m) . The residual barren solution is renew3 with suitable 

leaching chemicals and recirculated to the well field. The pmoedure is 

depict& graphically in  Figure 10. 
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Criteria  cited in the literature to judge the suitabil i ty of an ore 

deps i t   fo r  uranium recovery by 1% stipulate that (1) the  ore must be 

located in a  saturated zone that remains a t  all &s below the water 

table; (2) the  ore bcdy must possess adequate permeability and 2x! amenable 

to chdcal leaching, and (3) the ore zone should occur i n  a  generally 

horizontal bed confined by relatively impermeable s t r a t m  so as t o  retrieve 

as mch as possible of the lead soiution  for econ-cal and e n v : m m ~  

reasons. Mst  deposits in the San Juan Basin appear t o  mt these 

criteria. "It is inprtant to  remgnber that  conditions  favoxable for 

uranim deposition [&tone-type deposits] also are likely to be 

favorable for wanim in situ leaching" (Borkert, 1975). 

The advantages of 1% over conventional mining methods that are cited 

in the literature include: (1) surface impact is  minimdl since 1% d e s  

not require large proauction facil i t ies,  excavations, or  extensive land 

use; ( 2 )  the increase in levels of radicactivity are relatively mall 

since  the  oreixdy i t se l f  remains totally heath the surface; (3) the 

number of  personnel required t o  operate the  plant and well field is 

relatively small, and rcad and t raff ic  requirements are mdest and unlikely 

to disturb the character of the camrmnity; (4) pxduction techriques are 

not  energy-intensive, i.e., a leaching system ~ 0 1 1 8 ~ 1 1 ~ s  only 13 Farcent  of 

the energy required for conventional mining  and milling methods (Whne, 

1977); (5) significantly less total water is required, resulting in less 

regional hydmlogical disturbance and aquifer Man; (6) over-all 

resource target is expan3d to include lawer-grade ore zones and there are 

fewer restrictions on both  horizontal and vertical  continuity of the ore; 

(7) ISL is not  nearly as  sensitive to the ecomxy of scale in plant size, 
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and incrmtal wdular expansion fran relatively small projects is 

feasible; (8) ISL is less hazardous, since it does not require employees 

to work undergmund and it eliminates the major source of radiation 

exposure; (9) p m c t i o n  can be obtahed sconer than frcan corrational 

mining methods, even allowing tine to  caplete on-site pilot  op?rations; 

(10) I S  requires less capital and lower operating costs than a 

conventional mine and milling  operation, and (11) an insignificant amount 

of extraneous solid-waste material is brought to the surface, unlike that 

associated  with Conventional  mining methods including tailings  piles axd 

their associated maintenance, reclamtion, and e n v i r o m t a l  costs. 

Possible disaclvantac~~~ of ISL include (1) potential for gmundwater 

contamination by leachate excursions and by leakage from wask-storage 

pods; (2) possible problems with  aquifer  restoration; (3) possible 

problems with  disposal  of waste solutions; (4) testing an IEL mining 

situation short of actudl field operations s m t i n ~ s  proves difficult; 

(5) ISL recovery factors are generally only 50 to 60 pe-rcent of 

conventional mining/milIhg recovery, and (6) mst critically, ore must be 

amendable to  extraction by ISL. 

ISL PRQmcTS IN TMAS, WYCMING AND NEBRASKA 

U r a n i u m  was originally prcducefi by ISL i n  the Shirley Basin OF wycaniug 

in 1960 by U t a h  International and has been carried  out  extensively in south 

Texas (Table 4) and wycanins (Table 5). The f i r s t  1% project i n  ' k x a s  was 

the Clay Wt project of A t l a n t i c  Richfield Corporation, o-Aginally 

permitted in 1975. &e Clay West/wunS Ranch deposits have been the 
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Table 4. 1% projects planned or operating in W as of February, 1986 
(flexas water ccwnission, underground Injection c o n t r o l .  Won, 
personal Camrmnication,  April  1986). 

operator 

Caithness 
Chevron 
cwoco 
Everest 
Everest 

Everes t 
Everest 
IECl 
IEC 
IEC 
Mobil 
Mobil 
Mobil 

Mobil 

Tenneco 
uRI2 
URI 
URI 
U.S. Steel 
U.S. Steel 
U.S. Steel 
US. Steel 
Westinghouse 
Electric 

ISL  Project  Location 

McBryde Bebronville 
Palangana  Dome Benavides 
Trevino Bebronville 
Bobson-1 Hobson 
Hobson-2 Bobson 

Las Palmas Aebronville 
Mt.  Lucas Dinero 
Lamprecht Lamprecht 
Pawnee Pawnee 

(formerly Tex-1) 

zamzow Ray  Point 
El  Mesquite Bruni 
Boliday/O'Eearn Bruni 
Ne11 Pawnee 

Piedra  Lumbrel  Freer 

West  Cole  Bruni 
Benavidez 
Kingsville  Dane  Kingsville 

BNni 

Longoria Kingsville 
BootsIBrown George  West 
Burns  Ranch George  West 
Clay  West George  West 
Tawlik George  West 
Brmi Brmi 

Brelum 

Intercontinental  Energy  Corp. 
Uranium  Resources,  Inc. 

Average 

Depth(s)(ft) 
Production 

300 
275 
300 
200 
375 

600 
40-380 

270 
235 
170 
658 

530-569 
535 

340 

225 

550-750 
300 

575 
400 
400 
400 
400 
190 

Geologic 
Host  Rock 

Oakville Fm. 
Goliad Fm. 
Oakville Fm. 
Jackson  Gp. 
Jackson  Gp. 

Oakville Fm. 
Goliad  Fm. 
Oakville Fm. 
Oakville Fm. 
Oakville Fm. 
Catahoula  Tuff 
Catahoula  Tuff 
Catahoula  Tuff 

Catahoula  Tuff 

Catahoula  Tuff 
Catahoula  Tuff 
Goliad  Fm. 
Goliad Fm. 
Oakville Fm. 
Oakville Fm. 
Oakville Fm. 
Oakville  Fm. 
Catahoula  Tuff 

Status 

Restoration 
Standby 
Restoration 
Restoration 
Standby 

Restoration 
Production 
Production 
Restoration 
Production 
Production 
Production 
Restoration 
Complete 
Restoration 
Complete 
Production 
Restoration 
Evaluation 
Evaluation 
Restoration 
Production 
Restoration 
Restoration 
Restoration 

2/27/86 
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Table 5. ISL projects planned or operating in wvcming and Nebraska as of 
April  1986; &caning kpt. of hviromental Quality, Land Wlity 
Div.,  personal cammication, April 1986). 

Operator ISL Pilot  Project  Location 
Production Host  4/1/86 
Depthcft) Status  

Arizona Pub Se r l  Christensen Pumpkin 

Arizona Pub Ser Peterson  Douglas, WY 220-260 Ft.  Union Push-uull CMOD. 

Malapai Res Ranch Buttes, WY 440-460 Wasatch R6d) planned 1986 
Restoration, 

CEGB' (formerly  Leuenberger  Glenrock, WY 250-360 F t .  Union 
Teton) 

corn.  permit 
issued 

Cleveland Cl i f f s   Col l ins  Draw Pumpkin Buttes, 450 Wasatch 
WY 

Restoration comp. 

Cotter  Charlie Pumpkin Butes, 310 Wssatch Restoration comp. 
wp 

Exxon Mineralel 
Everest 

Highland Powder River B.,  
WY 

340 Ft.  Union R6d) phase 

Malapai  Resources I r iga rey  Powder River B., 100-500 Wasatch Restoration comp., 
R6d) Dlanned 1986 

Nuclear Dynqmics Sundance Crook Co., WY 
OPI-Western 

250-300 Fox Bills 
Bison  Basin Powder River B., 480 Green River  Shut down 

Fully  Restored 

WY 
RMEiM~nolHall.~ Nine Mile Lake Casper, W 
RME/Mono/Rall.  Reno Creek Powder River B., 140-170 Wasatch 

wp 
P i lo t   Cmple te  

Santa Fe Minerals Ruby  Ranch Pumpkin Buttes, 300 Wasatch Pump test comp. 

Sequoyah Fuele B i l l  Smith Powder River B., 770-800 Ft.  Union P i l o t   t e s t i n g  

Sequoyah Fuels Q-Sand Powder River B., 550-600 Ft.  Union P i l o t   t e s t i n g  

Union minerals  Sweetwater Red Desert, WY 300-400 Green River Suspended 

500 Teapot Unsucc. demo. 

WY 

WY and production 

w and production 

uranerz, USA Ruth Plmrpkin Butes, 550 Wasatch Restoration 

URII Urang. l i o r h   P l a t t e  Powder River B., 550 Ft. Union Restoration 

Ferret  Exploration Crow Butte Chadron, NB. 385 B r u h l  P i l o t   t e s t  

WY 
4 

WY complete 

pending 1986 

Central   Electricity  Generating Board (Great  Britain) 

Rocky Mountain EnergyIMono Power/!dalliburton 
Ogle  Petroleum, Inc. of California 

Uranium Resources,  Inc.  /Urangesellschaft 
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largest proauCers in Texas to date. The Goliad  (Pli-e) and the cakville 

(Mimene) are considered to be the mst favorable  hosts  for  the higher 

grade, larger deposits in 1cexas. In waning, the Wsatch (Ewzne\ and Fort 

Union (Falexene) are the mst prolific prcducers. me Crow Butte depit 

is currently under d e v e l o m t  in Nebraska. Eqxrience gained frcan 1cexas 

and wycmins indicates that ISL engineering will be essentially the same for 

New Mzci.co but will involve some modification.  Differencies will be i n  

permitting and licensing, specific recovery techniques, ore M y  

configuration, host rock lithology and amenability, and aquifer 

restoration. 

In addition, the depth  Considerations in Kew &xico ampred to those 

i n  Texas am3 Wycwins demand mre precise control of the lixiviant circuit. 

Just as clay and calcite have presented  operating problems a t  scw? 

localities i n  Texas, h w t e  in dcaninately primry  deposits  (cited earlier 

i n  this report) my complicate ISL operations i n  rn areaa of the Grants 

vranium Region. In addition, mlykdenm circuits w i l l  be necersary, and 

groundwater restoration in the Crownpoint area has encoun&d minor 

prablems with selmim values a t   o r   s l igh t ly  above allowable Limits. 

Improves ISL technology, particularly in  the area of high-oxidant 

lixiviants, m y  offer increased recovery in the  less amenable, e.gh-carhn 

New Mexico deposits. For example, Union Carbide has  patented  a  liquid 

oxygen lixiviant prccess which w i l l  be tested by Squoyah Fuels i n  the 

powder River Basin of waning (Ernie Orell,  personal carmamication, April 

1986). Greater depth and attendant  elevated temperature and pressure i n  

deep San man Basin deposits could, theoretically, facil i tate leaching 

especially i n  ccmbination w i t h  high-oxidant lixiviants such as liquid 

oxygen. 
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ISLPERMITPINGANDFEGWATIONINNEWMWCO 

As of June 1, 1986 the State of New Wco transferred its 

responsibility a s  an "agrement state" to  regulate uranim milk and mill 

tailings back to the Nuclear Regulatory Camission N). It is unclear at  

this p i n t   a s  to exactly what effect this s h i f t  fmw State to Federal 

responsibility may have  on licensing of ISL fac i l i t i es   in  Wv lexica. 
Enti1 the NwJ can establish long-term regulations for  the  State, existing 

State standards have been adopted by the Federal agency. It is clear, 

however, that NRC requirements, i n  general, will exceed those  of the State. 

NCR jurisdiction will be felt  principally in the areas of radiaticm 

protection,  radicxtive  materials licensing, site inspection, and surety 

bonding. Perding further clarification of this, a brief review of I,% 

penaitting and licensing as it has existed may help. Cnnnie (1980)  and 

Simpson (1983) listed the various p m i t t i n g  and licensing requirements for 

ISL operations in New mco. requirements are sumnxized and 

qflated in Table 6 since the State w i l l  still have regulatory authority 

over mst m-radiological aspects. It should be noted that unlike waning, 
New Mzxico did  not require that ISL pilot  plants be constructed prior to 

ccanaercial operations in order to demonstrate adequate gsoundwater 

restoration.  Restoration  capability  demnstrated by the app?icant in 

another state could generally  satisfy New Wco requirements. hkw Wco, 

while an NwJ "agrement state" under the Uranium Mill Tailings Radiation 

Control Act of 1978 (LlMTFtA), required a l l  applicants to sutmit a 

Fadicactive Ez'lterial License Application (Fom Rps-16) to the State 

E h v i ~ o m t a l  Inpr0v-t Division ( E D )  , Radiation Protection BL~eau. An 

envirrxmm~tal reprt (EIS) was also required for review by the Radiation 

protection and Water pollution Control &reaus, ED. provisions of section 

204 (UMEA) for agreanent states k c a m  effective W&r 8, 1981 and 
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Table 6. Permits and regulation requireraents for ISL operations in  Fkw 
Mco as of March 1983; mrdified frcan &nine (1980) and S i q s o n  (1983). 

Permit/Rqulation 

Well Drilling and ccmpletion Permits 
Pilot Test Mine Plant 
Notice of Intent  to D i s c h a r g e  

Groundwater D i s c h a r g e  Pelmit 
F&dimCtive source mterials License 

Archaeolcgical C l e a r a n c e  
Underground injection 

Air Quality control Pentlit 
hdangered Species protection 

water Appropriation  FePait 
Solid Waste Disposal I)egistration 

h e  Registration 

Note: 
USBIA - Bureau of  Indian Affairs 
- 
Em - Envimmtal Improvement Division, New &xi- H e a l t h  and 

PQB - Air Quality Bureau, EID 
r n v b m t  Department 

CSSB - ccamrmnity Support Services wlreau, EID 
RPB - Radiation protection Bureau, EZD 
WFCB - Water Pollution Control wlreau, Ern 

iQ32 - New bkxico Water  Q.dity Control Ckannission 

FMD - New &xiw mergy and Minerals Department 
"D - Mining and Minerals  Division ( S t a t e  Mine Inspector) 

S E D  - New &xim Historic heservation Division, Office of cultllral 
Affairs 

SEO - New &xim State mgineer office 

NRD - New M c o  Natural Resources Deparhnent 

USNPS - National M k  Service 

USGS - U. S. Geological Survey 
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Congress required agreement states to implement the provisions cf section 

204(e) including written analyses. mitten analyses include: 

(1) asses-t of radiological and nonradiological impact to the 

public health 

(2) asses-t o€ impact on grourdwater 

(3) camideration of alternatives sites, engineering methods and 

activities, and 

(4) consideration of long-term impact including  deccmissioning, 

decontamination and reclamation, and management of any  bypmfiuct 

material. 

Kew Mexico has additional  regulations which require an applicant to 

obtain a n&r of permits and approvals. These regulations apply to a l l  

ISL applicants  in  addition to any required by the NRC and include: 

Water appropriation approval (State  hgineer) , 
New facil i ty construction permit (Ern, Air Quality Bures-u). 

G r ” c e r  discharge plan (m, water pollution Control. Bureau) 

Registration certificate for  solid waste dispsal (ED, Cmnnmity 

support service Bureau) 

U n d e r g r o u n d  injection @t (water wlity control Ccmmission 

Regulations, Pa r t s  3 and 5) 

Registration of facil i ty w i t h  State Mine Inspedor (Energy & 

Minerals Department) 
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EID was the lead agency for  insuring that a l l  permitting and licensing 

wds mrdinated -g the various review agencies, and that the pmper 

Water Appropriation Fennit (State hgineer) was approved p r i x  to the 

issuance  of the Radimctive Source FQterials License (EID,RPB). All 

permits except for the Grwndwater Discharge permit (EID, WPCR) must be 

issued in conjunction with the Wmctive Source mterials license 

(Simpson, 1983). U n d e r g r o u n d  injection of wastes and brines is overseen by 

the State Water Quality control coprmission. Archeolcqiwl clearance (SHPD) 

also preceeded issuance of a Radioactive Source rnterialr license. 

Finally, EID as the lead agency sought concurrence on endangered species 

protection fran the Natural Iksaurces &-t prior to final  licensing 

appmval. East licensing  exprience  in New Mexico indicated that the 

entire prcxless required frow a few n-onths to  about two years frcpa initial 

applicatian. Federal licensing is not expxted to accelerate this process. 

. .  
“uml surety arrangements were required by the State, and mre 

stingent surety my be rquired by the NRc to guarantee restcration and 

clean-up ampliance. Surety was apro-tely $23,000 per acre when the 

State transferred  responsibility to the NIic i n  June 1986 (FJoy mtano, 

ED, personal wrmnmication, August 1986). 

1% pilot  testing is not new to t&w Wco. ?maax& wds probably the 

f i r s t  to test ISL i n  New Mexico a t  its Mrth Wjndvhip project at Laguna 

(Jackpile-Faquate mine) i n  April, 1970 (Mining FQgazine, 1971). Grace 

Nuclear exprimnted w i t h  ISL a t  separate sites in  the Grarts U r a n i u n  
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-ion as early as 1975 using 1% technolcgy dwel- in Texas and 

ylaning. Teton ncploration  carried out a pilot IsL (push-pull) project 

near Church in 1980, and Wil successfully tested 1% a t  the south 

"end Dwelo-t Area near Crownpoint in late 1980. Wil is t o  

kegin c-rcial ISL proaudion a t  two Crampint sites should  market 

conditions permit (Table 7).  

Table 7. Past  (canpleted) pilot 1% projects in New plexico. 
Location Approx. 4/1/86 

company Sec.,Twp.,Rge. Depth ( f t )   S t a t u s  

Mobil/TVA Crownpoint 9-17N-13W 2000 Pilot   Cmpleted; 
(South  Trend) commercial l ic.  

approvel 

P i l o t  07 
Standby 

MobilITVA Crownpoint 28-17N-12W 2000 
(Monument) 

UNC-Teton Push-pull,  Sec. l3 l3-16N-17W 1300 Complet?d 

Grace  Nuclear Leach S i t e  No. I 23-16N-17W 500 Completsd 

Grace  Nuclear Leach S i t e  No. I1 l3-12N-4W 380 Completzd 

Anaconda North Windwhip  351-10N-5W 200-240 Completed 

Anaconda (North Windwhip) 

Based on review of the available literature, Anaconda was the f i r s t  to 

experiment w i t h  1% in N e w  Wco in early 1970 in section 35, T.10 N., R.5 

W. a t  the Jackpile-Paquate mine area near Laguna (Hunk in ,  1971). 

Pump tests ccmwnd in  April, 1970 after two mll f i e lds  had been 

ccanpleted into an isolated mirezalized pod in the 1- 40 f ee t  of the 

Jaclcpile sandstone bkinker of the mrrison a t  a depth of 200 to  240 feet .  

A t  the site, the Jackpile is s ~ n e  140 feet   th ick,  overlain by tke nakota 
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Sandstone ( h i g h  kaolinitic  clay zone) aril underlain by the Bn-shy Basin 

Shale IWker of the Morrison. Calcite camt predcmiuates toward the top 

of the ore pod and clay toward the base. Host rock porosity ranges frow 20 

t o  32 percent and pmzab i l i t y  ranges frcan 12  t o  350 millidarcies (Minjnq 

Magazine, 1971). The mineralized zone is belm the gmmdwater table. 

Different  but similar well patterns were used in the two fields in  order to 

amprat ively test engineering  characteristics. Qch field  corsisted of 

a central injection well surrounded by 9 procluction wells or 200-fwt  

centers. Mnitor wells were arrayed a t  various distances up to 1,000 feet 

f m n  the well field centers. Qch field covered approximately 0.5 acre and 

was satumted with approximately 1.3 million gallons by pore volume ( W g  

~gazine, 1971). A sulfuric acid  lixiviant was used in ambination  with 

chloride  elution. Prcduction wells were p u p 4  at  a rate of 115 gallons 

per minute (gpn) . The field layout proved t o  be unsatisfactory i n  

prwiding  sufficient  control over the p i e z m t r i c  surface beyon? the well 

centers. Production wll spacing was adjusted for better ma l  which 

resulted in a to ta l  of 2 injection wells and 29 proauction wells. 

The pregnant liquor was p m p d  to a central surge tank and f m n  there 

t o  IX(resin) tanks on the site. Loaded resin was subsequently transferred 

to the Anaconda Bluewater mill some 50 miles west of  the site where 

elution,  precipitation,  clarification,  decantation, wing and  packaging 

were done. Frcduction is not available, but the pi lot  a t  North Windwkip 

undoubtedly was a significant pioneering effor t   in  ISL techlcgy 

developtent in New Mexico. It is unclear as to the degree of '  success 

achieved by Anaconda a t  North WinMp, although the lack  of continued 

testing during a major boaan cycle i n  the industry (1970-1978) w i l d  appear 
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t o  Mcate  generally  negative results (Dick Chmkrh, written 

cmmnication, June 1986). In  addition, the prevalence of p r h q  deposits 

i n  the Laguna area could have contributed to poor recovery. 

Grace Nuclear 

In  addition to Anaconda, Grace Nuclear was one of the first New &xico 

operators to  use 1% a t  two projects, probably in early 1975 c r  earlier 

(Table 6 ) .  The first project, kncxvn as Si te  No. 1, was in t l ~  NE& of 

section 23, T.16 N., R.17 W. near Church h k  in McKinley county. Six 

injection wells and t?m prcduction wlls were capleted into the Westwater 

approximately 500 feet below the  surface. &e proauctian wlls mxe p m p d  

a t  approxirmtely 40 gpn. Site No. 2 was located in the of section 13, 

T.12 N., R . 4  W., in sandoval County northeast of seboyeta. The ore horizon 

is at  a depth  of 380 feet in the Jackpile sandstone. Ieaching  operations 

were begun without  proper  pMnitting a t  the t?m projects in 1975 or earlier 

and tenrcinated by the end of 1975 by order of the EID ( G r a c ~  Nuclear 

open-file, ELD). The Lixiviant used by Grace was not identified kut i n  all 

probability was an acid. It was reported that a slurry tan'ces truck 

operated betwen the two sites and the Kerr-McGee (Anbrosia Lake) mill 

approximately once each mnth during o p t i o n s  (Hatchell and W n t z ,  1981). 

A t  the tink? of this writirag, the Em is proceeding with Lit igator  to force 

rCxlamtion cmpliance at  bath sites. 

ston Push-pull Project 

In April 1980, the New W m  E D  permitted %ton Bploration 

D r i l h g ,  Inc. to canduct a Limited push-pull test in the SF& section 13, 

T.16 N. , R.17 W. , McKinley  County, near Church W. The test was 

ccpnpleted in  June, 1980 (%ton Exploration Drillhg, Inc. open-file, ED). 
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A t  the site, Teton injected scans 4,500 gallons of water into the 

uranim k i n g  zones of the Westwater Canyon &&er a t  a depth of 

approximately 600 feet. Mineralized Westwater OCCUTS in the B-zone a t  

depths ranging frcan 675 to 725 feet. Tbtal reserves at  Qlu~ch Rack, 

including sed ion  13, have been estimated a t  41.9 million plllds U308 

(contained i n  ore) at an average grade of 0.12 percent U308 (mclear 

Asmance Corp., 1982). 

According to the ED, the lixiviant ran apprmrimately 2 grams per 

liter of d m  carLonate/bicarknnate solution and 0.75 grms per liter of 

h y m e n  peroxide. After 5 days, the well was p q d  at  the rate of 5 

gpo. The fluid was then run through a portable, trai1er"nJnted M 

faci l i ty  a t  the site. After precipitation, uranim slurry was sealed in  

55-gallon barrels for shipmt to the UNC (Church Rack) mill. Waste liquid 

was p m p d  fnmn a storage p l  into trucks and carried to the UNC: mill  for 

disposal. Tbtal uranim recovered was expected to be less than 5 pounds. 
Although results of the Teton push-pull test are unknown, th? ccrmpany 

indicated that it could not prcceed with ccmrnercial proaudion due to 

depressed market conditions. 

Mobil In Situ Lsch h-oje&s (-pint) 

Introdudion 

Wil had mre than 12,000 acres under lease for ISL &vel-t in 

the Crownpoint area in 1976. 7 % ~  mineralized trends, the So-lth Trend 

DevdopEnt Area ( D A )  and the East Trend Develorn t  Area (FXDA) or  
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Pknmrent, have been permitted and Licensed to date. A third trend, the 

North Trend area, may also be pilot  tested in the future. 

The STDA pi lot  was located i n  section 9,  T.17 N. , R.13 W. The 

skidmunted ISL pilot  leach  plant was successfully  operat@ frw Nov- 

1979 through September 1980 with groundwater restoration beghning in 

October 1980 (Mobil open-file, EID). bumhater restoration was ccmpleted 

and Wil has received a -rcial license valid for a pericd of 5 years 

for the SIDA. ETDA (Monument) has never been p i lo t  leached,  although a 

pmanent leach faci l i ty  has been licensed and constructed on &on 28, 

T.17 N. , R.12 W. Wil has obtained a l l  required State permits for FPDA 

including a Water Appmpriaticm panit. Should market conditions inprove, 

the finn could begin prcduction at  Nmmt following the &ion 28 

pilot-leach phase. STDA shares most, i f  not all, enginering and 

geological a q e c t s  with Wn-t and other mil Crmpint 1% properties. 

pement prcduction facilities are planned to be located within the STDA 

with evapration  pnds in the SE% section 15,  T.17 N., R.13 W. F total of 

10 well fields will be located in sections 8, 9, 15 and 16 of T. 17 N., R.  13 

W. Uranium reserves are es-ted at 10 million psunds U308 at zn average 

depth  of 2,000 feet. Average ore grade is reprted t o  be 0.23 percent 

'3'8. Pmjected life of the STDA project is 27 years, including 

deccwnissioning, decontaminaton and reclamation ( V q t  and others,  198233). 

Phased Developsnt  Plan 

Three ISL operational phases are planned in each of the 10 well 

fields : 
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an in i t ia l   in jed ion  rate of 600 gpn in the SF& of secti7n 16 and 

the EX% of section 15. 

a secondary  phase to consist of  an injection rate of 2,100 g p  in 

cabination with  the s t a r t - q  of a yellowcake drying and 

packaging d t  d e m e n t  on market amditions. 

a third-phase to involve a maxirmrm injection rate of 3,000 gpo 

with mx.imum annual production of 1 million pounds u308. 

Irdividual ISL phases are projected to run f r m  6 to 10 years 

each, and were to have begun i n  September 1982 an11 end in 

L&ce&er 1986. Groundwater restoration is  planned to M a t e l y  

follow each ISL phase in each well field. 

rnloyment 

project will employ about 30 workers initially w i t h  total 

employment increasing to about 80 under full third-phase proauCtion. 

Little socio-econcmic Wct wuld be expsckd although a least 80 percent 

of the workforce will be hired and trained locally. A conventional mine of 

the same produdion  capacity wwld employ about 315 warkers (Simpson, 

1983). 

1% well field plan 

A total of 40 injection wells, 27 proauction wells, and 23 monitor 

wells are planned across the ten-wdl field STDA project. A five-spt well 

field  pattern typically contains 9 injection wells and 4 production wells 

ringed by monitor wells. of the monitor wslls will be in the Dakota 

sandstone, while 21 will be in the wstmter. In order to insure that net 

groundwater f l w  is tcrmrd prduction wells, each of the production wells 
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will p w  frm 1 t o  5 percent mre fluid volm than injected. A typical 

five-spot well pattern is planned consisting  of 4 injection wells and a 

proauction well spaced on 200-foot centers. 

Lixiviant chemistry 

The lixiviant or leach solution will be slightly  alkaline (pH greater 

than 7) using scdim carbonate (Na2C03) or scdium bicarhnate &KO3) .  

Scdium hydroxide is to be used t o  control pH. Cqqen will be added to 

prcduce a water-soluble uraniun carbnate amplex which will be pax@ to 

the surface as the pregnant solution. Na2C03 wil l  -lex and solubilize 

all uranium existing in an oxidized state. Once steady-state is attained 

withh the Lixiviant, oxygen w i l l  be intrcducsd to oxidize uranium fram the 

insoluble +4 (re%&) state to the  soluble +6 (oxidized) state. The 

resulting pregnant solution (uranyl tricarbmate) is then p u p d  to the 

surface plant where it is passed through an IX column. 

E%ecipitation, decantaticm and dqing  

U r a n i m  is adsorb2 onto resin pellets in  the IX column and is then 

strippea frm the column by elutriation. The barren resin is fed back into 

the IX colunm for reuse. The collcentrateed eluant is decmpsed with  acid 

and uraniun precipitated by a 6-cel l  precipitation unit as U308 which is 

passed through a clarifier. In the clarifier, solution and solids 

separate, prcduchg a decant and a y e l l d e  slurry. The decant is 

recirculated back to   the barren eluant  for reuse while the yellowcake 

slurry is filtered, washed, reslurried and shippd in bulk. A yellmcake 

dryer will  be brought on-line a t  the 2,100 gpm ISL phase, allowing 

yellowcake to be packaged  and shippea in  55-gallon drums. A mlyMenum 

recovery circuit wil l  also be used. 
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Groundwater Restoration 

m b i l  is required by license to begin groumiwater restoration on 

mined-out ore bodies within 30 days or  sooner follwing  cessation of 

leaching in  each field (Simpson, 1983). Mn-opsrational groundwater areas 

serve as buffer zones to preclude contamination fram leached area€. 

Wlls are to  be plugged with cement ana casings cutoff 3 feet Maw 

the surface to faci l i ta te  surface reclamation. A l l  distw3xd land, 

including  evaporation ponds, are t o  be restored to blend w i t h  the contours 

of the landscape w i t h  seeding and restoration of mature vegetation. 

Surface faci l i t ies  are t o  be dimtled and remwd. 

Several techniques w i l l  be used i rd iv idua l ly   o r   i n   d ina t ion  to 

restore groundwater within the ore-karing Westwater aquifer, and include: 

* GDxmdWater sweep 

Clean water injection 

- chermicals 

A t  the STDA pilot  plant,  section 9, T. 17 N.,  R. 13 W. , acegkabl? ground- 

water restoration ( w i t h  the exception  of p ~ a n  molykienm) was achieved after 

the circulation of 6 pore v o l m s  of  surface-treated water througln the 

leached Westwater aquifer. 

Groundwater depletion or  drawdawn 

ISL recwvery has a distinct advantage over COIIventiDnal undergr01.11~3 

mining and milling in its conservation of grcundwater resources, as it 
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requires significantly less water to proauCe  yell-. For exanple, 

since 97 t o  99 percent  of total p@ water volume is ult imtely 

reinjected, one million pounds of yellawcake may be prcduced per year by a 

typical ISL operation  using qroundwater a t  the rate of 100 to 150 gpn 

ocanpared to 1,500 to 3,000 p for undergromd mcning and conventional 

miJlinq to p d u c e  the sam vo lm.  ISL wat tx  usage, exclusive of aquifer 

restoration,  thus  translates into about 160 t o  240 acre-feet of water per 

year (mil open-file, Em). 

Geolcgic Setting and Suitability to ISL a t  STDA 

A t  the STDA, the uranim host rock is the Westwater Canyon sandstone 

Member of the hbrrison Formation (Jurassic). The Westwater is about 260 

feet  thick (Vogt and others, 1982b), is a major aquifer be-~eath the 

potenticaretric  surface, is permeable, and stratigraphically confined below 

by the Recapture Shale (150 feet thick),  and confined h e  by the Brushy 

Basin Shale (190 feet  thick). Both the Recapture and the Brushy Basin are 

members of the Wrrison Formation. W i t h i n  the hkstwater, thin beds and 

lenses of impermeable clay-shale Irrmdstcole) confine individual cre zones. 

Total depth from surface t o  base of the Wrrison (Recapture M e n h r )  is 

approximately 2,300 f e t .  Structural dip is to the n o r t h - n o r t h & - . s t  toward 

a t  appmxbately lo to 2 O .  

Groundwater is available, not only frcan the Wtwater which is  the 

principal  aquifer proaUcinq a t  the rate of 13 to 350 gpn, but f K m  2 other 

units, the Gallup Sandstone and the Wcota Sandstore (both 

stratigraphically higher than the "water). water availability in the 

Dakota and Gallup is d l  to moderate (10 p or less). 
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Lithologically, the Westwater is a fine to coarse-grajnsd, poorly 

sorted, crossbedded sandstane w i t h  thin clay-shale ( Irmdstone)  lenses and 

conglcmratic zones. Calcim carbnate averages about 6 percent and clay 

content about 2 percent. porosity is about 20 percent and permeability 

ranges f m  400. to  1,500 millidarcies (Conine, 1980). Wtwate: aquifer 

storage mefficient is 8 x and reflects geological c o n f i n m t  by 

mn-water-haring rock units resulting i n  an artesian water le-re1 which 

rises to 1,600 feet above the top of the Vestwater and within 200 to  300 

feet of the surface. Conine  (1980,  p.342) states that hydrostatic  pressure 

i n  the host rock is 740 psi. Uranim cccurs i n  concentrations of about 

0.20% U308 in  the fom of  coffinite where primary, and uraninite where 

redistributed. MolywenUm cccurs chiefly as the mjneral jordisite (Rhett, 
1980). Wil reported  laboratory recovery levels of 65 to 87 percent f r a n  

samples of ore fran the STDA pilot  t e s t  area (Vogt and others, 19E2b). 

PRoEixED ISL P R m s  IN NEW MEiIco 
Several 1% projects were proposed or were actually in the planning 

stages betwen 1980  and  1983  on  newly discovered and delineate3 uranim 

deposits across the Grants Uranium Region including Nose Idock Esction 32 

(Fhillips uranim ccmpany), Borrego Pass (conoco-wycwing Mineral 

Corporation) , and San Antonio Valley (Emon). All of these projzcts have 

subsquently been cancelled or placed on indefinite hold due to the 

currently depressed uranim market. A t  th is  t h ~ ,  h w e r ,  several of 

these and other  proprties are reprted by EID to be under m i d e r a t i o n  

by established 1% firms for  pilot  testing and ultimate ccwnercial 

developcent. Uranim Resou~ces, Inc. (URI) and %ar?xrg Interplan,  for 
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exmple, are negotiating for the church Rcck properties of United Nuclear, 

including the Section 13 orebdly which has been tested (push-pull) by 

%ton. Similarly, In Situ, Inc. is negotiating with Conoco for  aapisit ion 

of the Borrqo Pass property southwest of Crownpoint (Table 8) .  

C o n m W  Borreqo Pass 

C o r n  applid for both a Radioactive Materials and C e t e r  

Discharge permit in  early 1982 to operate a pilot  in s i tu  leach  project a t  

Borrego Pass, MCRinley County, about 10 miles southeast of c3nwrpint. The 

Borrego Pass ISL project  muld have been Conoco's f i r s t  ISL project  outside 

of !Texas. Mineralization occurs a t  depths of 2,100 t o  2,200 f= t  within 

the Wtwater Canyon &nhr and is mixed primary and redistributed. 

Reserves are estimated a t  15 million pounds U308 in ore averaging 0.15 

prcent U 0 The finn canelled ISL plans, haever, in late 19F2 and sold 

its 50 percent interest in the Borrego Pass properties to its joint venture 

partner, Wy-g Mineral Coqwration @ E ) .  A t  the time of this writing, 

In Situ, Inc. is seeking to acquire the Borrego Pass property and has 

applied for EID approval to proceed with an ISL pilot  operation (Table  8). 

3 8' 

Bxon Minerals ( S a n  Antonio Valley) 

Exxm planned a pilot  ISL project i n  section 21, T. 12 N. , R.4 W. , at 

their San Antonio Valley orebody  on the &Bar Ranch between Bibc i n  cibola 

county and Kwquez in Sandoval County. Fxxon owned mineral e.ghts on a 

total of 60,000 acres in t h i s  area. The orekdy is d&tely ~rimary and 

is in  the Wtwater Canyon &shr of the Wrrison Fomtion a t  a depth of 

approximately 850 feet (Hatchell and Wentz, 1981). Reserves are estimated 

a t  3.4 million pounds U308 in ore averaging 0.098 percat U308. The 
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mineralized sands are 55 to 70 feet thick. Exxon planned for 20 proauction 

wlls, 12 injection wells and 10 monitor wlls with a five-spot 

configuration. Four prcduction wells would ring each injection well. 
Seventy-foot diagonal  spacing was planned between injection and proauction 

wells. The entire  project was to occupy m 2.75 acres. 

Table 8. Froposed ISL projects in New Mexico since 1980 ( P r o p o ~ s  
suhnitted to New Wxico FXlvirormgntal I n p r o v m t  Division). 

canpany 
hxation Approx. 4/1/96 

Fmject sec.,mp.Fqe. D e p t h ( f t )  statu3 

Exxon san Antonio 21-1m4w 925 Cancelled 
Valley 

Phillips Section 32-Nose Rock 32-19N-12W  3400- 
3700 

Cancelled 

C0-w Borrego Pass 13-16N-llW 2000 See "In-Situ 
Inc" below 

18-16N-1OW 2200 

m3/saarm 
Interplan Church m k  12N-4W 1300- under 

In-Situ, Inc Borrego pass 13-16N-llhr 2000- Under 
2100 

18-16N-1OW 2200 

negotiation 

negotiation 

united  clear corporation 
Y-g ~ i n e r d l  corporation 
uranim Resources, kc.  

An alkaline  fluid was to be injected in order t o  solukilize the 

uranium. LJp to 20 grams per liter each Of Na2C03 and NaHoo3, FlUs up to 

1.5 gram per liter of hydrogen peroxide were to be added to the injection 

fluid of approximately 140 p. The pregnant solution frcm the proauction 

wlls was to be taken to an M facil i ty whexe the uranim would be 

transferred fra the solution to resin beads. sodium chloride and m2C03 

were to be used t o  reimve the uranim fman the beads. This concentrated 
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U308 solution  wwld then proauCe a 15-prcent solids slurry throuyh pH 

chanye using either an acid and base or acid and hydroyen perO:--ide. T k  

slurry would then be sent by truck t o  a dryiny and packayiny facility. 

Barren solution frcm the M plant would ke reinject&. 

Target U308 slurry proauction was to be approxinntely 9,000 pounds of 

U308 per mnth (Hatchell and wentz, 1981). Consbxction of the facil i ty 

was originally p h e d  to bgi.n i n  late 1980, but was indefinitely  deferred 

in March, 1981 ( E D ,  Emon o p - f i l e )  . 

Phillips Uranium (Nose Rock Sec. 32) 

Phillips U r a n i u m  Corpration discarered large, primry roll-type 

deposits i n  the Nose Rock area of M%idey County in 1975 (Clark, 1980). 

Mineralization occurs i n  at  least three z m s  i n  the upper part of the 

Westwater Canyon a t  depths  ranying frcw about 2,800 feet to mre than 4,000 

feet basinward. The sinwus  roll-front trends yenerally frcgn southest  

(T.19 N., R.12 W.) to northeast (T.20 N., R.10 W.) 4 oontains up to 30.8 

million pounds U308 i n  ore averaginy b u t  0.15 percent U308 (Nuclear 

Assurance Corp., 1984). The middle portion  of the trend contains ore rolls 

that "my be i n  excess of 50 feet thick" (Clark, 1980) and accolllts for a 

significant  portion  (appmximtely 25 million pour&.) of total Nose Rock 

reserves. Undeqround  mining was being &evelo@ but has subseqmntly been 

terminated and the shafts allcrwed to flood. In contrast, ore rolls in 

section 32, T.19 N., R.12 W. are reportedly thin and disoontiruous, and 

appear to be mre amenable to recovery using ISL. ~nsequently,   Phill ips 

proposed i n  June 1980 to develop an ISL pilot  in  section 32.  The section 
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32 ore todies are in the Westwater a t  a depth a t  s a m  2,600 feet. C-shapes 

rolls with very thin Limbs cccur between mudstones and offer  potential  for 

ISL. The ccwpany proposed to drill 2 wells into the mineralized zone, 

wlls which  would ,have ultimately becaane part of a five-spot  pattern. Qle 

well muld have been used for   in je t ion  using sulfuric acid to mobilize the 

uranium; the other well would have been used for recovery. ceVel.opxsnt of 

the section 32 ISL pilot  never proceeded beyond the licensing application 

and planning stages, and Phillips suspended developnent of the Nose Rock 

prop=rties in 1981 after the uranium market kegan its decline. 

OTD STOPE-LEACH PRQSMTPS IN NEW Mwco 

U r a n i u m  operators in the Grants region have u t i l i zed  a fom of 1% in 

old mine stops by IX recovery of concentrations  of uranium in the range of 

2 t o  12  p p  ("ritt, 1971) frcw recirculate5 mine water. united 

Nuclear-Hamestake Partners (WE?) first d e v e l m  the meW in 1964 

&rick, 1977). Gulf (now Chevron) , Kerr-.lcGee (m miviral and U n i t e d  

Kuclear and Homestake have a l l  utilized this lowast remve.ry methcd 

p r h i l y   a t  Ambrosia Lake (Table 9) .  Hatchell (1985) repow that mine 

water recovery amunted to 108 tons of U308 in 1983 or  slightly nnre than 4 

percent of total New Wco proauction for  that  year, and acccunted for 

a h s t  28 percent of total proauction in 1985 as ore prduction  virtually 

ceased. Net recovery fmm mine waters is expected to increase and even 

exceed recovery fmen ore as mines are placed on standby mod% during 

currently depressed market ccditions (Table 10) .  

Since mine-water recovery does not take place within the zone of 

groundwater saturation per - se, but within a cone of groundwater depression, 
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Table 9. Current and past old stowleach uranium projects in W.w Wm; 
data modified fnrm Hatchell and Wentz (1981, p. 103). 

@=rator 

united Nuclear-€kn-estake 
partners (later united 
Nuclear) 
united Nuclear 

Kerr- (Quivira) 

united Nuclear-Hamestake 
Partners (raow H-stake) 

Gulf 
Gulf (Chevron) 
sohio-western 

Location 

Ambrosia Lake 

Church Fo=k 
Ambrosia Lake 

Snith Lake 
san mtm 

Mine 

AnnLee 
sec. 27 
sandstone 
Northeast church f(ock 
Old Church Feck 
Sec. 17 

19 
22 
24 
30 
30W 
33 

Church b c k  I 
35 

Sec. 15 
23 
25 
32 

Mariano M e  
Mxlnt Taylor* 
JJ No. 1 

- 

500-600 
1,200 
600-800 

2,500 

3,800 
1,500-1,600 

1,700-1,800 
200-230 
4,000 
60 

* Although licensed, the Wunt Taylor M facility will not ?XCCEE 
operational. until further underground mine deve lowt  permits. 
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Table 10. "water recovery of uranim in &W wco capred total 

Asses5Ient Bureau. 
zecoVery froan 1980 through 1985; data f m n  ED, &sowxzs 

"- Us. U308 in concentrate ---I-- percent 

Share of 

New &?xiCO 

1985  1,156,047 

1984  2,757,496 

1983  5,100,000 

1982  7,974,000 

1981  12,660,000 

1980  15,500,000 

320,962 

233,930 

216,000 

282,000 

300,000 

320,000 

27.7 

8.5 

4.2 

3.5 

2.4 

2.1 
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old-stope leaching my nut conform to the strict defini t ion of IsL mining. 

Net IX recovery is ultimately €nm an admixta  of uranim-keaxing waws 

derive3 frcan drill-hole  injection,  stope sprinklins and natural groundwater 

(Virginia WImmre, written nwrmnication, Jme 1986). 

Stope leach injection wells are drilled frcan surface to tl-e top of 

underground stopes where low-grade mineraliied  material can be leached. 

Spray nozzles or  specially designed "rainbirds" are installed at  the base 

of the wlls where recirculated mine and surface water is injected into the 

low-grade material (Wyrick, 1977). Air is circulated dawn the holes fmn 

surface to facil i tate oxidation. Mditional uranim is dissolved frcw the 

weakly alkaline mine water as uranyltricarbnate. Spraying is =dated to 

allow for  further  oxidation and dissolution as indicated by m m i t o r i n g  

uranim an ten t  of the mine waters. 

The pregnant solution is colleded in smps within the mine workings 

and then p@ to surface sett l ing and holding ponds. Water can be 

recirculated  for further e n r i c h t  in  uranim or can be pipst1 to the 

m t r a l  Ix facility. After rem3vdL of uranim i n  the IX unit, barren water 

can be discharged, recirculated, or sent to the mill for use as process 

water. N a t u r a l  mine water inflcw also contains uranim in solution and is 

circulated and treated within the total mine-water reqim. 
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A Mnputer-cost Ilpdel for ISL mining has been developd by the U.S. 

Bureau of  Mines (USEM) for San Juan Basin depsits to depths  of 2,500 feet 

(USBM, 1982). The data base, originally  developd  for  the wycgnins basins 

and the south Texas area, has been expanded to include p a r m t e r s  for the 

San Jhan Basin including S ta t e  and local taxes, royalty payments, depths  of 

deps i t s ,  drilling and electrical costs. mil, as the only pilot  ISL 

operator in the San &an Basin a t  the time of the study, apparently 

provided  a dxtential m u n t  of  engineering and cost data. The ndel is 

written  in FOHCRAN IV code. Althmgh considered to be a mjo r  inpromrent 

taward a  generic approach to ISL cost  analysis  for the San J'uan Fm,in, the 

model w i l l  evolve as mre pilot-tests and ccwnercial  properties d d  to the 

San Juan Basin data base. 

The wr i te rs  regard  the USBM cost d e l  to be mre responsi-re to ore 

grade and depth considerations for New bkxico deposits than to the 

geological  parameters  of amenability and ore type (primary vs. 

redisp5.but-d). For example, c h d c a l  costs, especially  those costs 

in-ed for oxidizers, m y  prwe to be higher for primary depcsits than 

for redistributed d e p s i t s   a t  the same depth and average ore grade. 

Table 11 sunroarizes selected cost categories and unit costs as 

calculated ushg the USBM d e l  for New bkxico. costs cannot h 

calculated other than on a site-specific basis. Because the N?w Uco 

cost-model database is primarily derived from only one site (Wil's STDA 

a t  Crownpoint) , calculations  presented i n  Table 11 are not  necessarily 
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mle 11. Selected unit-cost calculations for &w Wco ISL based on the 
USBM canputer-cost -1 ( U . S .  m u  of Mines, 1982) . 

Cost  Category  Cost  per  Unit ($' 

Wellfield 
Drilling,  casing,  cementing, 

perforation """"""""""""""""" 25.00  per  ft  per  well 

Downhole  equpment-production  well 
pump  and  motor .................................. 
Discharge  pipelelectrical  line ------------------ 

4,040.00 per  well 

L50.00 per  well 
Control """""""""""""""""~ 

1,000.00 per  well 
200.00 per  well 

pressure guage """"""""""""""""" 50.00  per  well 
Restoration  equipment  (capping) ----------------- 1,000.00 per  well 

2.00 per  ft  per w(:ll 
Flow  meterltotalifter ........................... 
Electrical witch  pael ......................... 

Downhole  equipment-injection  well 
Flow  meter ...................................... 
pipe ...................... 

180.00 per  well 
30.00 per  well 

pressure """"""""""""""""" 

Restoration  equipment  (capping) ----------------- 120.00 per  well 
50.00 per  well 

Stainless  steel  tubing .......................... 0.34 per  ft  per  well 

Downhole  equipment-monitor  well 
pump  and  motor .................................. 
Discharge  pipe .................................. 
Electrical  line ................................. 
Restoration  equipment ........................... 

565.00  per  well 
0.54 per  ft  per  well 
0.70 per  ft  per  well 

120.00 per  well 

Surface  equipment 
L piping """"""""-"""""""""""" 11.90  per  ft  per  well 

Mobile  equipment 
Well  service  truck """"""""""""""" 
Trailer """"""""""""""""""""- 25,000.00 per  wellfield 

120,000.00 per  wellfield 
10,000.00 per  wellfield 

ll0,OOO.OO per  wellfield 
90,000.00  per  wellfield 

Mobile  crane .................................... 
Road  grader ..................................... 
Bulldozer ....................................... 

Extraction  plant 
Upflow  continuous IX column 

400 size """"-""""""""""" 497,550.00  per  wellfield 
508,250.00  per  wellfield 
561,750.00  per  wellfield 

1,oM) gpm size """""-"""""""""" 
2 000 gpm size """""""""""""""~ 

Capital  costs 
permitting """"""""""""""""""~ 

pilot  plant """"""""""""""""""- 
3 

600,000.00 per  wellfield 

Equipment  installationlbldg.  construction ------- 125,000.00  per  wellfie16 

Drilling & casing 
125,000.00 per  wellfie16 

(productionlinjectionlmonitoring) ------------ 1,250,000.00 per  wellfie18 

73 



12,lll.60 per  wellfield 

0.76 per  lb.  U 0 
3.58 per  lb. U 0 

3 8  

31,760.00 per  wellf?efd 
9,540.00 per  wellfield 
3,329.40 per  wellfield 

ll,051.37  per  wellfield 
100,000.00 per wel l f ie ld  
301,050.00 per  wellfield 

600,000.00 
4.025.00 

301,050.00 per  wellfield 

0.52  per  lb. U 0 
2.78 per  lb.  U 0 
1.15 per   lb .  U 0 
0.08 per  lb. U 0 

3 8  
3 8  
3 8  
3 8  

Variable w i t h  depth 
Insulated  pipe 
New Mexico time  frame may lengthen  with NRC ju r i sd i c t ion  
Based on cost8 in Wgoming 
Var iab le   re la t ive   to  Hp per well (depth) and r e s to ra t ion  time 
See discussion of tax rates, end of this section 

2 

4 
5 
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representative of all or even most of San Juan Basin deposits, and 

extrapolations for costs per puna u308 would be difficult  with such a 

Limited database. 

All costs presented  here are in 1982  U.S. dollars and are calculatd 

for reserves in the 1,000- t o  2,500-foot depth increment which constitutes 

the largest  single reserve group in New W c o  (Table 3). Increased depths 

will cause SCPIE costs to increase progressively. 

Pilot plant costs are  based on the f o l l d n g  asswons:  

O Average pilot  plant  solution grade is % of the f i r s t  pr 

wellfield  solution grade 

Excess plant  capacity is 100 gpn 

&ion 

Mrmber of drill hole patterns is four 5-spot based on 20 g p  

prduction flw 

Labor includes  plant  superintendent, chemist-assayer, 6 operators, 2 

pipe f i t t e rs ,  2 wellfield operators 

O Pilot phase will use sam leach and oxidizers as full-scale 

proauction 

Physical characteristics of orebody are  sam for hth pilot phase 

and full-proauction phase 

O U r a n i m  proaucPa during pilot  phase is sold during year prior to 

first prduction phase 

Manpower costs in New Uco include average annual labor costs of 

$20,750  and average annual s a l a r y  costs of $28,500 with a 35% overhead 
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default. These costs are -what higher than those in Texas and slightly 

less than those in Wycaning according to the d e l .  

Restoration cost are estimated to be lawer i n  New Elexico than in Texas 

where the remDval of aurmnia fmm clay prolongs the  restoration  pxiod. In 

New WXia, 'I.. .wkre sodium &nate-bicarbnate  leach  sol-ltion is 

assun&, the scdim ion does not  attach itself to the  clay  as  tigh+ly", and 

" . . .restoration  tin^ will be half the prduction tine" (USPM, 1982,  p. 19) . 
Thus, costs of reverse o m s i s  and evapration ponaS are projects3 to be 

reduced considerably due to the increased restoration fluid flaw rate. The 

d e l  assumes that deep mlls will be used for brine and waste disposal i n  

New Mexico (as i n  T e x a s )  unlike evaporation ponaS in Waning. It should be 

noted, lxmaer, that &il utilized  evapration ponaS exclusively for their 

STOA pilot. Costs for deep w e l l  brine aisposal are considerab?.y higher 

than for surface evapration ponaS. 

Emping capacity of proauction d l s  require that horsepower be based 

on depth of orebody. New WXico wells will ut i l ize  horsepower ra-s of 

about 7.5 Hp per w e l l  according  to the model. Total power USP may be 

mDdified also by the shortened restoration times required for New Wco 

sites. Qn the other hand, longer leach phases may be necessaxy f0.y primary 

deposits than for redistributed  deposits here the uranium is less mbile 

due to h w t e .  

The model assumes that make-up water -ts will be alxslt 20% of 

the restoration flow rate and states that ". . .the restoration flow rate [ i n  
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New WCO] is the same as the prcduction flaw rate." Cost of water in New 

Mexico is about $0.50 per 1,000 gdllons. 

Five separate State taxes are imposed on uranium in New &xico and 

include : 

O Resource excise 

severance 

O Conservation 

Pd valorem 

O continued care fee 

The resource excise  tax is calculated on 0.75% of the taxable value or 

sale price per pound U308. A deduction is all& for royalty payments to 

the State or the united States. 'he severance tax rate on uranium is 3.5% 

applicable to 50% of the sales p r i e  per pound of the U308 content 

contained i n  severed, saved ( s t o c k p i l e d )  or processed uranium. Severance 

tax is to be paid on or before the m t y - f i f t h  day of the mtt following 

the mth in &ch the taxable  event OCCUTS (New bkxico Mat ion  and 

Revmue Lkpt., 1985). 
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1. New Mexico has very large resou~ces of uranim i n  deposits that are, 

i n  general, in geologic settings  suitable  for  exploitation by 1% 

methods; redistributed ores are considered t o  be mre -le t o  

recovery by ISL than primary ores. 

2. mst of the depits are in gently  dipping  sandstones  of thc bbrrison 

Fomtion, and to a lesser w t  in the Dakota sandstone, ixth in the 

Grants U r a n i m  Region; primary ore is  the dcaninate ore-typ? in mst 

areas except Churck FDA, where ores are acminately redist r ihted,  and 

to extent a t  Crownpoint where subg[ual mixtures of  both  prirnuy 

and redis t r ibuted ores m. 

3. 'he deposits are mstly i n  pawable sandstones interbdded with 

low-pawability mudstones, and are below the grouxdwatex table, 

cri teria deaned favorable  for  pr0auction by ISL. 

4. About 83 percent  of the identified  reserves are deeper than 1,000 

feet, which exceeds the  deepest ammrcial  ISL operation in the United 

States t o  date; the mre amenable reaistributed  deposits are, i n  

general, a t  depths of 2,000 feet  or  less. 

5. The deposits i n  the Mxrison Folmation in the San Juan Basin are of 

mre than one age and type, and are mre variable in habit, 

mineralogy, trace elaaent and organic &n association than the 

roll-type  deposits which have been exploited by 1% in  Texas and 

wucanins. 
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6. High-carbn (primary) ores may pse the greatest ISL recovery problem 

for New bkxico deposits, although the higher  tarrperatures and 

pressures at  depth may actually enhance the mobility of uranium when 

mined with high-oxidant lixiviants. h-imary ores are also 

generally higher in grade than redistributed ores. 

7. The mability of uranim in primary ore in assxiat ion with degraded 

h m t e  is the most  significant area of m-ty in the 

characterization of New Mexico uranim for recovery by 1%. 
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