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STANDARD OPERATING PROCEDURE NO. 40 

GRAVIMETRIC MOISTURE CONTENT 

REVISION LOG 
Revision Number Description Date 
40.0 Original SOP 10/23/03 
40.1 Incorporated comments from Sigda 11/6/03 
40.2 Revisions to sample collection by Sigda 2/17/04 
40.3 Revisions by PJP 5/19/2004 
40.4 Revised by KMD as per comments from GMLR 10/25/2004 
40.5 Revised by LFG 10/25/2004 
40.6  Minor edits JRM, approved VTM 12/25/2004 
40v6 Edits & comments by LMK 2/18/05 
40v7 Edits by FFJ / JRM / BEB (UBC) 8/23/05 
40v8 Final edits LMK, changes incorporated, sent to Jack 

Hamilton for re-posting on Utah website 
8/29/06 

40v9 Checked for audit KMD 2/14/2007 
40v9 Finalized by LMK for posting to Molycorp project 

website and to send to George Robinson for lab audit, 
no new edits 

4/3/07 

40v10 Editorial by SKA 10/24/08 

 
1.0 PURPOSE AND SCOPE 
 
This Standard Operating Procedure describes the method for determining gravimetric 
moisture content.  Gravimetric moisture content is used to estimate the moisture content 
of the material at a specific time [Gardner, 1986; Jury et al., 1991; Hillel, 1998].  
Moisture content is the ratio of the weight of the water contained in a soil sample to the 
weight of the solid fraction of the soil sample.  If the material’s bulk density is known, 
then the gravimetric water content can be converted to volumetric moisture content.  If 
the energy state (matric suction) is measured, then the material’s in-situ matric potential 
relationship, also called the soil-water characteristic curve (SWCC) or moisture retention 
curve, can be determined.  Observations of in situ matric potential and moisture content 
values are critical to modeling the seepage and stability of the rock piles (Fredlund, D. 
G., 2002; Fredlund, D. G. et al., 1994; Fredlund, M. D. et al., 1996, 1997). 
 
2.0 RESPONSIBILITIES AND QUALIFICATIONS 
 
The Characterization Team Leader will have the overall responsibility for implementing 
this SOP.  He/she will be responsible for assigning appropriate staff to implement this 
SOP and for ensuring that the procedures are followed accurately. 
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All personnel performing these procedures are required to have the appropriate health and 
safety training.  In addition, all personnel are required to have a complete understanding 
of the procedures described within this SOP, and to receive specific training regarding 
these procedures, if necessary.   

All environmental staff and assay laboratory staff are responsible for reporting deviations 
from this SOP to the Team Leader. 
 
3.0 DATA QUALITY OBJECTIVES 
 
This SOP addresses objectives 1 and 7 in the data quality objectives outlined by Virginia 
McLemore for the "Geological and Hydrological Characterization at the Molycorp 
Questa Mine, Taos County, New Mexico”. 

• Determine how the hydrogeochemistry and water balance dynamics influence rock 
pile weathering and stability. 

• Determine if pyrite oxidation, moisture content, and microbe populations affect rock pile 
weathering and stability. 

 
4.0 RELATED STANDARD OPERATING PROCEDURES 
 
The procedures set forth in this SOP are intended for use with the following SOPs: 
  

• SOP 1  Data management (including verification and validation) 
• SOP 2  Sample management (including chain of custody) 
• SOP 3 Surveying GPS 
• SOP 4  Taking digital photographs 
• SOP 5  Sampling outcrops, rock piles, and drill core (solid) 
• SOP 6  Drilling, logging, and sampling of subsurface materials (solid) 
• SOP 7  Decontamination of sampling equipment 
• SOP 33  Particle size analysis 
• SOP 35  Volumetric moisture content 
• SOP 36 Sample preservation, storage, custody and shipping 

 
The procedures set forth in this SOP are also intended for use with the drill plans and 
sampling plans.  This SOP embodies the information contained in ASTM Standards, 
designation D-2216 (Appendix 2) and D-4718 (Appendix 3). 
 
5.0 EQUIPMENT LIST 
 
5.1  Field Sample Collection: 
• Moisture content jars with lids 
• Scoops 
• Packing tape 
• Ziploc bags 
• GPS set to correct coordinate system 
• Rock hammer or scoop to collect samples 
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• Boxes or coolers to store moisture content jars 
• Thermometer 
• Indelible marker and waterproof labels 
• gravimetric moisture content sample field forms (Appendix 1) 
 
5.2  Laboratory Testing: 

• Scale 
• Clean, dry specimen containers 
• Weights to calibrate scale 
• Oven  
• Standard sieves No. ¾ and No. 4. 
• Gravimetric moisture content forms (Appendix 1) 
• Weighing tares 
 
6.0 COLLECTION OF SAMPLES 
 
Samples from drill holes, test pits, and trenches should be collected and sealed 
immediately to minimize exposure to the atmosphere and to avoid drying.  Exposure of 
samples to ambient surface conditions of longer than a few minutes can cause significant 
changes in moisture content through evaporation, precipitation, spills, etc. The rate of 
change in moisture content is a function of the differences in temperature and relative 
humidity between the sample’s original environment and the surface environment. 
 
The sample mass collected should be proportional to the range of grain and clast sizes 
contained in the material of interest.  The minimum mass of moist material selected 
should be representative of the total sample and shall be in accordance with Table 1. 
Larger sample masses are required for representative samples of stony or rocky soils 
compared to sandy or silty sediments or soils.  However, collecting smaller masses of 
finer-grained material from stony or rocky soils does not necessarily cause a bias in a 
particular study because variably, saturated flow will generally be confined to the finer-
grained fraction, not the cobbles or larger clast sizes.  The shaded values in the following 
table should be preferentially collected when working with coarse rock pile material.  
 
Table 1.  The minimum sample mass that should be collected according to the  maximum 
particle size contained in a sample.  
Maximum particle 

size (100% passing) 
Standard sieve 

size 
Minimum mass 

(g) 
2 mm or less No. 10 20 
4.75 mm No. 4 20 
9.5 mm ⅜ in 50 
19 mm ¾ in 250 
37.5 mm 1 ½ in 1,000 
75 mm 3 in 5,000 
 
If the material contains cobbles, gravel, or both, test options may be used which result in 
discarding particles retained on a specific sieve (for example the No. 4 (4.75-mm) or the 
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3/4-in. (19-mm), and the test is performed on the finer fraction.  In this case, the water 
content relations determined by the tests reflect the characteristics of the actual material 
tested, and not the characteristics of the total soil material from which the test specimen 
was obtained.  Thus, when the minimum mass of material for testing cannot be sampled, 
an alternative testing procedure must be followed so that the water content can be 
adjusted to the total sample particle size. 
 
Photographs of the rockpile material and the collecting sites should be taken before the 
sample is collected for moisture content testing, if possible. 
 
Samples are collected, labeled, preserved, and transported according to SOPs 1, 2 and 36. 
 
7.0      PROCEDURES 
 
1. If possible, photograph the core, pit, or trench with a scale bar before collecting the 

sample. 
2. Take a GPS reading.  
3. Collect a sample of rock pile material and place it in a moisture content jar and seal 

the jar.  
4. Label the moisture content jar with a weatherproof label and an indelible marker and 

seal it with packing tape. 
5. Seal the moisture content jar in a small Ziploc bag and label the bag with indelible 

marker.  Seal the bag in another Ziploc.  
6. Complete sample form (Appendix 1).  Keep samples cool in an ice chest if necessary.  

Transport samples to the laboratory (SOP 36 Shipping). 
7. Log samples into laboratory following chain of custody procedures (SOP 2). 
8. Calibrate scales using standard weights.  The calibration weights should be 

appropriate for the mass of the samples collected.   
9. Measurement precision should be selected as a function of the sample mass to be 

measured (see Table 1). For sample masses less than 500 g, the weight precision 
should be within 0.01 g.  Precisions for larger sample masses should be scaled up 
similarly: e.g., sample masses between 0.5 and 2 kg should have measurement 
precision in the order of 0.1 g. 

10. Perform the test according to one of the following two procedures: 
1)  When using the entire sample: 

 -    Determine and record the mass of the clean and dry specimen container, without the 
lid (if used), to within the appropriate precision. 

- To prevent mixing of specimens and the yielding of incorrect results, all containers 
and lids must be numbered and the container numbers recorded on the laboratory data 
sheets.  

- Place the container (without the lid, if used) containing the moist material in the 
drying oven.  Dry the material to a constant mass keeping the drying oven at 
110±5°C.  In most cases, drying a test specimen overnight (about 12 to 16 hours) is 
sufficient.  
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- After the material has dried to a constant mass, remove the container from the oven.  
Allow the material and container to cool to room temperature or until the container 
can be handled comfortably with bare hands.  Determine the mass of the container 
and oven-dried material using the same type/capacity balance that was used above for 
weighing the moist sample.  Record this value on the test sample form (Appendix 1). 

- Calculate the gravimetric water content as follows: 
w = [(Mcws – Mcs) / (Mcs – Mc)]    (1) 

where: 
w = gravimetric water content in % 
Mcws = mass of container and wet specimen in grams 
Mcs = mass of container and oven dry specimen in grams 
Mc = mass of container in grams 

 2) For samples that require the removal of coarse particles: 
- Pass sample through the ¾ inch sieve and separate the passing and retained fractions.  

If 100% of the material passes through the ¾ inch sieve, sieve it again through sieve 
No. 4 (4.75 mm) and separate those passing and remaining fractions.   

- Determine the mass of the moist, fine fraction of the sample and the mass of the moist 
oversize fraction (retained on No. 4 or ¾ inch sieves) of the total sample. 

- Determine the water content of the fine and coarse fractions in accordance with the 
procedures listed in section 7.0, step 10. 

- Take the percentage of each fraction from the grain size curve of the material 
obtained through its particle size analysis (see SOP 33 Particle Size Analysis). 

- Calculate the corrected water content of the total material (combined finer and 
oversize fractions), as follows: 

Cw = (wF PF + wC PC)    (2) 
where: 

Cw = corrected gravimetric water content of combined and oversize 
fractions 

wF = water content of finer fraction expressed as a decimal 
wC = water content of oversize fraction expressed as a decimal 
PF = percent of finer fraction by weight 
PC = percent of oversize fraction by weight 

 
11. Record the data using the gravimetric moisture content sub-form (see Appendix 1) and 

distribute the results to the team leader and hydrology PI for inclusion in the database. 
 
8.0 QUALITY ASSURANCE/QUALITY CONTROL  
 
Verify the accuracy of the thermometer.  Laboratory scales should be calibrated using 
standard weights prior to measuring.  Oven temperature should be checked and maintained 
to within 5 degrees C. 
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9.0  DOCUMENTATION  
 
Record field numbers according to SOP 2, date collected, time collected, hole or test pit 
number, depth of sample, sample temperature, air temperature, and initials of person 
collecting the sample on the field sample form (Appendix 1). 
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APPENDIX 1.   SAMPLE COLLECTION AND TESTING FORMS 
APPENDIX 2. ASTM D-2216 - Standard Test Method for Laboratory Determination of 
Water (Moisture) Content of Soil and Rock by Mass 
APPENDIX 3.  ASTM D-4718 - Standard Practice for Correction of Unit Weight and 
Water Content for Soils Containing Oversize Particles 

APPENDIX 1. SAMPLE COLLECTION AND TESTING FORMS 
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APPENDIX 2. ASTM D-2216   
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APPENDIX 3.  ASTM D-4718 

 



Questa Rock Pile Stability Study SOP 40v10                                                                                          Page15       

Rev. 40v10                                                                                                                                       10/30/2008 
 

 



Questa Rock Pile Stability Study SOP 40v10                                                                                          Page16       

Rev. 40v10                                                                                                                                       10/30/2008 
 

 


