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General Instructions for Field Investigations 

1.0 PURPOSE 

The purpose of this procedure is to provide an overview of instructions regarding 

activities to be performed before, during, and after field investigations. These activities 

and associated Standard Operating Procedures (SOPs) are shown in the Field Activit~ 

Flow Chart in Attachment A. ~ 

2.0 SCOPE ~ \ 
2.1 Applicability ~ 

(ER) program field operations. 

2.2 Training ~~ \ 
All site workers will docume~ T~ocumentation Check List 

{Attachment B) that t~e v d erstand this procedure, other 

procedures in Sectio . , tructions, and other appropriate SOPs. 

3.0 DEFINIT N~~ BILITIES, AND ACRONYMS 

~ect Leader (OUPL): Responsible for all Resource 

· n and Recovery Act (RCRA) investigations concerning the 

i d OU, ensuring site workers are trained, readiness reviews 

rformed, and appropriate regulators, Department of Energy (DOE) and 

LANL offices are informed of sampling events. 

B. Field Team Leader (FTL): Responsible for implementing the Sampling and 

Analysis Plan (SAP) and the project specific Quality Assurance Project Plan 

(QAPjP), ensuring that site workers have the required Health and Safety 

(HS) training, and assisting the OUPL in ensuring that training to applicable 

SOPs is accomplished. 

C. Radiation Protection Technician: Responsible for monitoring radiation levels 

onsite. The Radiation Protection Technicians are trained Health Physics 

Operations (HS-1 group or approved designee) personnel. 

D. Industrial Hygienist: Responsible for monitoring industrial hygiene 

conditions affecting site worker health and safety. Industrial hygienists are 

trained Industrial Hygiene (HS-5 group or approved designee) personnel. 
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E. Health and Safety Project Leader (H&SPL): The H&SPL is responsible for 

reviewing the OU-specific H&S Plan to determine if all requirements for the 

health and safety of site workers, Laboratory personnel, and contractors are 

addressed. 

The H&S PL coordinates with ER, HS-1, Occupational Medicine Group 

(HS-2), Safety and Risk Assessment Group (HS-3), and HS-5 for resources 

for the implementation of the requirements of the H&S plan. 

F. Site Safety Officer (SSO): HS-5 personnel (or their approved des~~ 
responsible for worker health and safety; for example, ensuring th · __ "\::::!) 
assigned workers are physically fit, that the required safety ~ice 
observed, and that workers are monitored for health ~ecti · . See 

Annex Ill, Section· 5, IWP for functional reportin . 

G. Field Team Members (FTM): May in ational Laboratory 

for safely conducting t~e a · "eld rk · a manner that collects 

technically valid and I fen · e ta. . 

H. Site Wo~· S~t all of the above referenced individuals. 

I. ec ·c I e '~(TTL): Responsible for his/her team's involvement 

· the team's technologies and methodologies, both new and 

1 "nto the ER Program, including ensuring appropriate training is 

tj ·ned. 

J. HAZCAT: Hazard Categorization: A set of simple field procedures that 

enhances the safe handling and legal transportation of unknown materials. 

It does not take the place of a full laboratory analysis. The use of HAZCAT 

procedures will determine the correct Department of Transportation (DOT) 

shipping category for a sample. 

K. Radiological Screening: A set of radiological measurements to be made 

prior to shipment of materials off site. 

L. SCF: Sample Coordination Facility 

M. SCF Coordinator: Responsible for coordinating the ER program's sample 

collection activities and sample analysis. 
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N. Exclusion Zone: The Exclusion Zone is considered to be the area onsite of 

highest potential for hazardous material exposure, into which access is 

restricted. 

Level IV - Pertains to non-conventional parameters and may include 

modification of existing methods. The detection limits are method-specific. 

4.0 BACKGROUND AND/OR CAUTIONS 

N/A 

5.0 EQUIPMENT 

N/A 
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6.1 Premobolization Activities 
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• equipment is available for sampling event, and 

• responsibilities applicable to specific subject areas (i.e., H&S, SOPs, 

etc.) are evaluated and that supplies and equipment are obtained by 

appropriate individuals. 

• attendance at readiness review meetings will be documented 

(Attachment C is an example of an attendance form). 

Additionally, appropriate regulators, DOE personnel, and LANL offices will be 

invited to attend. 
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B. Site workers will review the procedures presented in this document as well 

as all other Section 1.0, General Instructions, Standard Operating 
Procedures (SOPs). In addition, site workers will review SOPs, SAPs, and 

H&S Plans that are specific to the field effort. 

C. The OUPL is responsible for contacting LANL divisions, subcontractors, and 

regulatory agencies. The ER Community Relations TTL is informed of the 

intent to mobilize for a an RFI so that he/she will be prepared to answer ~ 
media questions. Field materials are organized and carefully loaded for ~ 

transportation to the site, and site workers prepare to mobilize to the~\ V 

6.2 Mobilization to the Site ~ 

A. 
approval, for operations management and anal . e may 
include but are not limited to the followin · 

1 . Data Management Area: A ~ i ltered from weather 
will be set up in the supp for p rily retaining all 
documentation gene d rin t e fi effort until requested by the 
OUPL · 

2. m I : An area that is sheltered from weather may 

b e in rt zone. All sampling equipment for the field event 

w1 e r here when not in use, (this includes spare sample 
· · entification labels, coolers, field screening equipment, etc.). 

I ion to sampling equipment, samples will be handled in this area 

until they can be sent to the SCF to ensure that chain of custody is not 

broken .. 

3. Screening Area: An area sheltered from weather that is used for the 
purpo·se of rapidly field screening sample material for radiological and 

chemical contamination using analytical Levels I, II, and V. This area can 

be provided in the field by EM-9 and may be located in the contamination 

reduction zone. All samples, decontaminated sampling equipment, and 

materials will be stored here until screening results have been received. 

Samples will be handled at this location to reduce the potential of 
contamination from the surface of the container. In addition, excess 

media (soil, cores, sediment, biota, etc.) will be stored in this area until 

· screening results have been received and media can be transferred to 
the curation staging area or disposed of as waste. 

4. Curatjon Staging Area: A specified area in the support zone that is 

sheltered from the weather and is used to temporarily store excess media 

that meets curation criteria as defined in the SOPs in Section 12.0, 
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Curatorial Management Activities, and that may be used in future 

analyses. The media will be transferred to a permanent curation storage 

facility from this area. This area will be provided by EES. 

5. Field Analytical Laboratory: An area designated for analyzing samples 

may be set up in the support zone. This area will be sheltered from the 

weather and will contain field analytical instruments. This area will be 

provided by EM-9 .. The function of this laboratory is to provide on-site 

analytical capabilities up to Level Ill Analysis. ((=\\ 

Data Collection Activities ~ ~ 

i~n~ 

1. Daily Activity Log: The FTL is responsible for completing this log and will 

record all information pertinent to the investigation on it. 

2. Unigue Sample Identification (10) Number Stickers: A sheet of sample 10 

number stickers will be provided for each sample collected. Each sheet 

will have at least ten sample stickers with identical numbers. The 

number series will be unique to each sheet of sample stickers and, 

therefore, will be unique for each sample. All sample control will be 

through the unique 10 number. 

3. Sample Labels: Preprinted sample labels provide sample information. A 

sample label will be attached to every sample that is collected. The SCF 

will accept only those samples with affixed sample labels. 
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4. Sample Collectjon Log: A Sample Collection Log will be completed for 

every sample suite collected. All information pertaining to specific 

samples in a suite is recorded on this log. 

5. Chain-of-Custody/Reguest for Analysis Forms: A Chain-of

Custody/Request for Analysis form will accompany every sample(s) and 

every shipment of samples to the SCF in order to establish the 

documentation necessary to trace sample possession from the time of 

collection to final disposition. The SCF will accept only those samples ((=\\ 
accompanied by a Chain-of-Custody/Request for Analysis Form. ~: .. '&J 

6. Custody Seals: A custody seal will be placed over the lid ach s 

container. For 40 millimeter vials, the seal will not be lace er t 

septa; instead, wrap the seal horizontally around the lea · 

Binding tape will be placed around the samp~l· r, and a 

custody seal will be placed over the bin · t e. st eals will be 

signed and dated by a member of th ·n 

E. t field files located in the 
d daily by the FTL, and 

F. 

Sample Media Evaluation 

A. Where an on-site screening area is available, a representative portion of the 

media collected will be screened before the samples are preserved (See 

LANL-ER-SOP-01.02, Sample Containers and Preservation) and delivered 

to the SCF for packaging and shipment to the designated laboratory(ies) 

(See LANL-ER-SOP-01.03, Handling, Packaging and Shipping of 

Samples). 

If the samples are not screened on site, the sample will be preserved in the 

Contamination Reduction Zone and sent to the SCF promptly after collection 

and will be screened for radioactive and hazardous constituents at the 

facility. After the samples are screened, they will be packaged and shipped 

to designated laboratory(ies). 

B. If the screening results indicate that the excess material meets the curation 

criteria, it will be packaged and temporarily stored at the curation staging 
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·area on-site until it can be transferred to a permanent curation storage 

facility. If curation is unnecessary or if it does not meet curation criteria, the 

excess material will be dealt with as waste per LANL-ER-SOP-1.06, 

Management of RFI-Generated Waste. 

9.0 ATTACHMENTS 

Attachment A- Field Activity Flow Chart 
Attachment B - SOP Training Documentation Check List 

Attachment C - Readiness Review Attendance Form 
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Environmental Restoration SOP Training Documentation Check List 

Date: ---------

Technical Area ---------------

Operable Unit ---------------

Signature of FTL: -------------

Site Work Plan:---------------

Name: 

Signature: 

Date: 

Employer: 

Sheet of 
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Los Alamos National Laboratory Environmental Restoration 

READINESS REVIEW MEETING ATTENDANCE FORM 

Page 1 of __ 

SUBJECT: ---------------------------------
---------------

OBJECTIVE(S): ---------------------------------------------·.A-..... 

Meeting conducted by: 

Print Name 

PRINTED NAME 
PHONE 

---------------------- _________ ,/MS __ _ 

------------------- _______ /MS __ _ 

------------------ _______ /MS __ _ 

----------------- _______ /MS __ _ 

---------------- _______ /MS __ _ 

--------------- ______ /MS_ 

--------------- _______ /MS __ _ 

---------------- _____ /MS __ _ 

----------------- ______ /MS_ 

----------------- _______ ,/MS __ 

---------------- ______ /MS __ _ 
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Los Alamos National Laboratory Environmental Restoration 

READINESS REVIEW MEETING ATTENDANCE FORM 
(continuation form) 

Page __ of __ 

SUBJECT: -----------------------------------------
DATE: _______________ ___ 

PRINTED NAME SIGNATURE ORGANIZAI!ON/MS 

----~~~~~~ ~-----/MS ___ _ 

~~~~~41---"[ll-{J[E /MS_ 

© [?[?0 ----

~~~~u~@~ @~u~~~
________________ W@~~ ~~~~ 

---------------- -------~/MS ___ _ 

---------------- ________ /MS ___ _ 

---------------- _________ /MS __ _ 

----------------- ________ /MS __ _ 

---------------- _________ /MS __ _ 

---------------- _________ /MS __ _ 

----------------- ________ /MS __ _ 

-------------------- ________ /MS __ _ 

------------------------------------ ________ /MS __ _ 

----------------- ________ /MS __ _ 

----------------- _________ /MS __ _ 
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Sample Containers and Preservation 

1.0 PURPOSE 

This procedure describes specific requirements for sample containers, preservation 

techniques and holding times as specified by field regulations and guidance documents. 

2.0 SCOPE 

2.1 Applicability 

3.0 

C. U.S. Department of Transportation 

D. EPA: U.S. Environmental Protection Agency 

E. Holding time: The elapsed time between sample collection and initiation of laboratory 

analysis. The holding time is from date of sampling to date of analysis, not the date the 

designated laboratory receives the sample. 

F. IAT A: International Air Transport Association 

G. RCRA: Resource Conservation and Recovery Act 

H. RFI: RCRA Facilities Investigation 

I. SCF: Sample Coordination Facility 

J. SW-846: EPA approved test methods for Solid Waste identified in EPA-SW-846. 
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K. TCLP: Toxicity Characteristic Leaching Procedure (Method 1311 ), which is a codifiec. 

(40CFR Parts 261, 264, 265, 268, 271, and 302) procedure. 

4.0 BACKGROUND AND/OR CAUTIONS 

5.0 EQUIPMENT 

Equipment needed to implement this procedure is listed on the Equipment and Supplies 

Check List for Sample Containers and Preservation (Attachment G). 

6.0 PROCEDURE 

A Contact the SCF for guidance and assistance in obtaining the proper sample 

containers and preservatives. 

B. Refer to an Operable Unit (OU)-specific SAP for site-specific procedures for sample 

containers and preservation. In addition, follow the protocols established in EPA's 

SW-846, Test Methods for Evaluation of Solid Waste. 
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C. Record all pertinent comments and any deviations on the Daily Activity Log per LANL

ER-SOP-01.04. 

D. Contact the SCF for guidance and acquisition of the proper sample containers. 

6.1 Containing Procedures 

A. If soil, sludge or wastes are submitted to the laboratory in containers other than 

those in which they were collected, the container should be glass, wide mouth 

bottles with a Teflon' cap liner. For specific methods, see Attachment D. 

B. If soil samples are submitted to the laboratory in the sample equipment in which 

they were collected, the container must have the end covered with Teflon' or 

aluminum foil, have a plastic cap placed over the end, and have the cap taped 

in place. This procedure reduces the chance for loss of moisture or volatile 

organic compounds (VOCs). 
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C. The type and size of container used for water samples and aqueous waste 

samples varies based on the type of analysis to be performed. Refer to 

Attachments A and B for specific information on water sample containers and 

Attachment C for information on aqueous waste sample containers. 

D. Sample containers received from SCF will be precleaned to EPA specifications 

before they are sent to the site. A certificate of cleanliness will be retained by 

the SCF, with a copy provided with the containers. 

6.2 Sample Preservation ~ 

A. Regardless of the sample type or container, unless site-specifi~i ~~ e 

otherwise, samples collected for chemical analysis sho~e p 
placing them in an insulated container (cooler) and mai · ed o ce in 

bags or chemical "blue" ice) at 4° Centigrade (C).\\ ~ 

B. Avoid freezing the sample by wrappin it i~~ isolate from the 

"blue" ice. O ,\::::::::!) 
C. Containers for wate~sa ~a o waste may arrive at the OU site from 

the SCF with the pr e a am nt of preservatives in them. If so,·do not 

prerinse or o~· 

D. If on-i!e a aqueous samples is necessary, the proper reagents 
be · o field team members in an easily usable form that can be·<"~,· 

time of sampling. Reagents that are designated as hazardous by 

ardous Materials Table, Title 49 Code of Federal Regulations 

172.1 01, are shipped pursuant to the appropriate DOT regulations . 

. If using an acid or base preservative, check the pH adjustment with pH paper. 

F. Preservation required for the specific analyses requested for aqueous samples 

may be determined by using Attachments A through C, or by consulting the 

referenced documents. 

G. Solid sediment and solid waste for chemical analysis will always be preserved 

on ice to 4°C. See Attachments D through F. 

H. A sufficient amount of ice should be brought to the field to ensure proper sample 

cooling immediately following collection. A temperature of 4°C must be 

maintained until the samples arrive at the SCF. 

I. The temperature shall be checked and recorded at the laboratory to determine if 

preservation has been accomplished. 
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A. Analyze samples as soon as possible after collection. 

B. Some parameters are required to be analyzed in the field (refer to Attachment 

A). 

Title 49 CFR Part 172.1 01 

EPA (U.S. Environmental Protection Agency), 1982. "Handbook for Sampling and 

Sample Preservation of Water and Wastewater." Report EPA-600/4-82-029. Washington, 

D.C. 

EPA (U.S. Environmental Protection Agency), 1983. "Methods for Chemical Analysis of 

Water and Wastes." Report EPA-600/4-79-020. Washington, D.C. 

EPA (U.S. Environmental Protection Agency), 1983. "Manual of Groundwater Quality 

Sampling Procedures." Report EPA/600/2-81-160. Washington, D.C. 

EPA (U.S. Environmental Protection Agency), 1986. "Test Methods for Evaluating Solid 

Waste." Report EPA-SW-846. Washington, D.C. 
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EPA (U.S. Environmental Protection Agency), 1985. "Practical Guide for Groundwater 

Sampling." Report EPA/600/2-85/104. U.S. Government Printing Office, Washington, D.C.... 

EPA (U.S. Environmental Protection Agency), 1986. "RCRA Groundwater Monitoring 

Technical Enforcement Guidance Document." Document OSWER-9950.1. U.S. 

Government Printing Office, Washington, D.C. 

EPA (U.S. Environmental Protection Agency) Region IV, 1991. "Environmental 

Compliance Branch Standard Operating Procedures and Quality Assuarance Manual," 

Appendix A, Environmental Services Division, Athens, Georgia ~ 

Korte, Nic, and Peter Kearl, 1985. "Procedures for the Collection and P~i ~ 
Groundwater and Surface Water Samples and for the lnstallation~on . 

Second Edition." U.S. Department of Energy Report GJ/TMC-08 hnic 

Measurements Center, Grand Junction Project Office, Gra~nct1 do 

Williams, M.C., 1990. Handbook for Sample Colle~·~ n, Instrumental 

Techniques. Los Alamos National Laborat~.W 3 -M, Los Alamos, New 

Mexico a 
8.0 RECORDS ~~ ·~ 

A. Completed Chain-~~st for Analysis Form 

B. Compl d aily ~~og 

B. Sampling and Preservation Procedures for RCRA Groundwater Detection Monitoring 

C. Containers for Aqueous Waste Samples 

D. Preservation Plan for Soil/Sediment Samples 

E. Sample Containers for Waste 

F. Preservation Plan for Soil/Sediment Waste Samples 

G. Equipment and Supplies Check List for Sample Containers and Preservation 
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RECOMMENDATION FOR SAMPLING AND PRESERVATION OF 

WATER SAMPLES ACCORDING TO MEASUREMENT<a> 

(LOW TO MEDIUM CONTAMINANT CONCENTRATION SAMPLES) 

Measurement 

Color 

Specific Conductance 

Hardness 

Odor 

pH 

Residue 

Filterable 

Volume 
Requirement 

millimeter (ml) 

50 

100 

100 

200 

25 

100 

Containerb,c 

Physical Properties 

Preservatived,e 
Holding 
Timef,g 

P,G 

P,G l~c~ ~~h~ 
P,G HNC>a to pH<2 

G only lc 

p ~Q 7days 

Nonfilterable 1 00 G Ice 7 days 

Total 100 Ice 7 days 

Volatile P, Ice 7 days 

lee 48 hrs 

Temperatu~ \ ~ P,G NIA Determineonsite 

T~ \~ 100 P,G Ice ~ trs 

~ Metals (except Mercury and Chromium+6) 

Dissolved 

Suspended 

Total 

Chromium+6 

Mercury 

Dissolved 

Total 

200 

200 

100 

200 

100 

100 

P,G 

P,G 

P,G 

P,G 

P,G 

P,G 

Filter on site 
HN03 topH<2 

Filter on site 

HN03 to pH<2 

Ice 

Filter 
HN03 topH<2 

HNC>ato pH<2 

6mos 
6mosi 

6mos 

6mos 

24 hrs 

28 days 

28 days 
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AECOMMENDAnON FOR SAMPLING AND PRESERVATION OF 

WATER SAMPLES ACCORDING TO MEASUREMEtfl(a) 

(LOW TO MEDIUM CONTAMINANT CONCENTRATION SAMPLES) 
(Continued) 

Measurement 

Acidity 

Alkalinity 

Bromide 

Chloride 

Chlorine 

Cyanides 

Volume 
Requirement 

(ml) Containerb.c 

lnoroanics. Nonmetallics 

Preservative d.• 
Holding 
Timef,g 

:: ::: : ~~ 
100 P,G No~nequ~ .-~days 
100 P,G ©1 equ~ 28days 

200 P ,G · Determine on site 

aOHto pH>12 
0.6 g ascorbic acid 

500 ~~0 14·c Ice 14 days 

Fluoride 3 P ,G Ice 28 days 

::an ©© P,G Ice 241vs 
Ammo 400 P ,G Ice 28 days 

H~04topH<2 

P,G Ice 
H~04 topH<2 

e Plus Nitrite 1 00 P ,G Ice 

Nitratei 

Nitrite 

Dissolved Oxvaen 

Probe 

Winkler 

Phosphorus 

Orthophosphate, 
Dissolved 

Hydrolyzable 

100 

50 

300 

300 

50 

50 

P,G 

P,G 

G bottle and top 

G bottle and top 
and store in dark 

P,G 

P,G 

H~04 topH<2 

Ice 

Ice 

N/A 

Fix on site 

Filter on site, Ice 

Ice 
H~04 topH<2 

28 days 

28 days 

48hrs 

48 hrs 

Determine on site 

8 hrs 

48 hrs 

28 days 
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. RECOMMENDAnON FOR SAMPLING AND PRESERVATION OF 

WATER SAMPLES ACCORDING TO MEASUREME~•) 

(LOW TO MEDIUM CONTAMINANT CONCENTRATION SAMPLES) 

(Continued) 

Measurement 

Total, Dissolved 

Silica 

Sulfate 

Sulfide 

Sulfite 

BOD 

COD 

Volume 
Requirement 

(ml) 

50 

50 

50 

50 

100 

Containerb.c 

P,G 

Ponly 

P,G 

P,G 

Preservative d.• 
Fitter on site, Ice 

H~04 topH<2 

Holding 
Timef,g 

24hrs 

: ~~ 
2 m1 zinc ':.wee · ~ 

NaOH H>9 --~ 

Oraamcs~ \ 

1,000 a.~~ ~ 
50 \~ Ice 

48hrs 

28 days 

H~04topH<2 

Ice 
H~04topH<2 

P,G Ice 

Gonly 

H2S04 or HCI to pH<2 

Ice 
H~04topH<2 

28 days 

28 days 

28 days 

Cy s 1,000. P,G Ice 14days 

Colifonn, Fecal, and 

Total 

Oil and Grease 

Organic Carbon 

Phenols 

Total Organic Halogen 

and Purgeable Aromatics 

250 

1,000 

25 

1,000 

40 

P,G 

G 

P,G 

4QO!o NaOH to pH> 12 

0.6 g ascorbic acid 

Ice 
Sterile 

tee 
H~04 to pH<2 

tee 
H~04topH<2 

G, Teflon,.. -lined cap Ice 

G, vial with Teflon,..

tined septum 
tee 

0.008% Na2~~ 

6hrs 

28 days 

28 days 

7daysuntit 
extraction; 40 
days after 
extraction 

14 days 
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- RECOMMENDATION FOR SAMPLING AND PRESERVATION OF 

WATER SAMPLES ACCORDING TO MEASUREMEN"rt•) 

(LOW TO MEDIUM CONTAMINANT CONCENTRATION SAMPLES) 
(Continued} 

Measurement 

Purgeable Aromatics 

Acrolein and 
Acrylonitrile 

Phenols 

Benzidines 

aromatics and 
lsophorone 

Polynuclear Aromatic 
Hydrocarbons 

Haloethers 

Chlorinated 
Hydrocarbons 

Volume 
Requirement 

(ml) 

40 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

Containerb.c Preservatived,e 

G, Teflonnc·lined cap Ice 

G, Teflon 1M -lined cap Ice 

Ice 

Ice 

Holding 
Timef,g 

7 days until 
extraction; 40 
days after 
extradion 

7 days until 
extraction; 40 
days after 
extradion 

7 days until 
extradion; 40 
days after 
extradion 

7daysuntil 
extraction; 40 
days after 
extradion 
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- RECOMMENDATION FOR SAMPLING AND PRESERVATION OF 
WATER SAMPLES AC.CORDING TO MEASUREMENT{•) 

(LOW TO MEDIUM CONTAMINANT CONCENTRATION SAMPLES) 
(Continued) 

Measurement 

Volume 
Requirement 

(ml) 

Tetrachlorodibenzo-p-dioxin 1 ,000 

Pesticides and PCBs 1 ,000 

500 

241Am 500 

Containerb·c Preservatived,e 
Holding 
Timef,g 

G, TeflonTM·Iined cap Ice 7 days until 

extractio©; 
days~ 8 

Pesticides and PCBs ~ 
G, TeflonTM-Iinedcap ~\\ _'\ysunlil 

© 
~~ction: 40 

G 

p 

p 

P,G 

P,G 

P,G 

P,G 

HN~topH<2 

None 

HNC>ato pH<2 

HNOatopH<2 

HN03 to pH<2 

HN03 to pH<2 

HN03 to pH<2 

HN03 to pH<2 

days after 
extraction 

No limit 

No limit 

No limit 

No limit 

No limit 

No limit 

No limit 

No limit 

aMore specific instructions for preservation and sampling are found with each applicable SAP. 

A general discussion about sampling water and industrial wastewater is found in EPA Region IV 
(1991); EPA (1986); and EPA (1985). 

bContainer Types: 
P = Plastic (polyethylene) 
G= Glass 
T =Fluorocarbon resins (PTFE, TeflonTM, FEP or PFA) 
PP = Polypropylene 
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cshipping containers (cooling chest with ice or ice pack) should be certified as to the 4·c 
temperature at the time of sample placement into these containers. Preservation of samples 

requires that the temperature of collected samples be cooled to 4·c upon collection of sample 

and during shipment. Field personnel will check the temperature in the container at the time of 

shipping and ice the samples to maintain a cool temperature during shipment Maximum

minimum thermometers can be placed into the shipping chest to record temperature history. 

Chain-of-custody forms will include the temperature in the container at the time of shipment and 

at delivery to the laboratory in addition to in-transit (maximum) temperature, if available. 

9Maximum holding time is 24 hours when sulfide is present. Optional testing of all samples with 

lead acetate paper before the pH adjustment will determine if sulfide is present. If sulfide is 

present, it can be ~amoved by adding of cadmium nitrate powder until a negative spot test is 

obtained. The sample is filtered and the pH is adjusted to 12 with NaOH. 

hShipping containers (cooling chest with ice or ice pack) should be verified as to the 4·c 
temperature at the time of sample placement into these containers. Preservation of samples 

requires that the temperature of collected samples be cooled to 4·c upon collection of sample 

and during shipment. Field personnel will check the temperature in the container at the time of 

shipping and ice the samples to maintain a cool temperature during shipment. Chain-of-custody 

forms will include the temperature in the container at the time of shipment and at delivery to 

Laboratory. 

iSamples should be filtered on site immediately, before adding preservative for dissolved metals. 
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iFor samples from nonchlorinated drinking water supplies, concentrated H:2S04 should be added 

to lower sample pH to less than 2. The sample should be analyzed within 14 days. 

kShould only be used in the presence of residual chlorine. 

'Use ml volume requirements for water and gram requirements for media other than liquids. 

mNo preservation for media other than water. 
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SAMPLING AND PRESERVATION PROCEDURES FOR RCRA GROUNDWATER 

DETECTION MONITORING8 

Minirrum Volume 

Parameter Required for Analysis (ml) 
Recommended 
Containe,O.c Preservatived·• 

Maximum 
Holding Timef,g 

pH 25 

lndic@ors of Groundwater Contaminationh . ~ ~ 

T,P,G Fielddele~ ~ 

SpecHic 
Conductance 

Total Organic 
Carbon 

Total Organic 
Halogen 

Sulfate 

Arsenic 
Barium 
Cadmium 
Chromium 

Lead 
Mercury 
Selenium 
Silver 

100 

4 X 15 

4 X 15 

500 

50 

500 

500 

500 

T,P,G ~~ ~:ys 
~ HCitopH<2 

T,P,G 

T,P 

G 

T,P,G 

Ice, add 7 days 

1.1M sodium 
sulfite 

Characteristic 

Ice 28 days 

Field acidified 6months 

to pH <2 with HN03 

lceiH2S04 to pH <2 28 days 

Ice 28 days 

Drinking Water Characteristics 

T,P 

T,P 
T,P 
T,P 
:lark Bottle 

Total Metals 
Field acidHied to 
pH <2 with HN~ 

Dissolved Metals 

Field filtration 

Acidify to pH <2 

withHN~ 

6 months 

6 months 

6 months 
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SAMPLING. AND PRESERVATION PROCEDURES FOR RCRA GROUNDWATER 

DETECTION MONITORING8 (Continued) 

Minimum Volume 
Required for Analysis Recommended 

Parameter (ml, unless noted otherwise) Containerb·c Preservatived,e 

Fluoride 

Nitrate/Nitritei 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2,4 Dichlorophenol 
2,4,5 Trichlorophenol 

Silvex 

Radium 
Gross Alpha 
Gross Beta 

Coliform bacteria 

Oil and 
Grease 

Semivolatile, 
Nonvolatile 
Organics 

Volatiles 

aReferences: 

300 

1,000 

2,000 

250 

1,000 

60 

60 

T,P 

T,P,G 

T,G 

P,G 
pH >12. 0.6g 
ascorbic acidl 

Gonly 
PH<2 

T,G 

G, T-lined 

Ice, NaOHto 

Ice 

Ice 

Maximum 
Holding Timef,g 

6hours 

14days 

28 days 

14 days 

14 days 

EPA (U.S. Environmental Protection Agency) 1986. "Test Methods for Evaluating Solid Waste

Physical/Chemical Methods,• Report EPA-SW-846 {3rd edition). Washington, D.C. 

EPA {U.S. Environmental Protection Agency) 1983. "Methods for Chemical Analysis of Water 

and Wastes,• Report EPA-600/4-79-020. Washington, D.C. 

"Standard Methods for the Examination of Water and Wastewater; 16th edition {1985). 
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fMaximum holding time is 24 hours when sulfide is present. Optionally, all samples may be 

tested with lead acetate paper_ before the pH adjustment to determine if sulfide is present. H 

sulfide is present, it can be removed by adding of cadmium nitrate powder until a- negative spot 

test is obtained. The sample is filtered and then the pH is adjusted to 12 with NaOH. 

9Based on the requirements for detection monitoring (40 CFR 265.93), the owner/operator must 

collect a sufficient volume of ground water to allow for the analysis of four separate replicates. 

hOo not allow any headspace in the container. 

iFor samples from nonchlorinated drinking water supplies, concentrated H2S04 should be added 

to lower sample pH to less than 2. The sample should be analyzed within 14 days. 

jUse ascorbic acid only in the presence of oxidizing agents. 
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CONTAINERS FOR AQUEOUS WASTE SAMPLEsa 

Analyte 

Hazardous Substance 
Ust (HSL) Volatile 

HSL Base/NeutraV 

Sample 
Container 

G vials (2) 

AmberG 

Sample 

Volume 

40ml 

1 I 

Preservativeb,c 

Ice 

Ice 

Holding 
Time( days) 

14 

7/4{/' <5" 
HSL Pestlcide/PCB AmberG 1 I Ice 4W8 ·.-'&J Acjdd 

HSL lnorganicf P,G 11 

Non-HSL MetalsG P,G 11 pH<2,w'l"R\ 

Cyanide P,G 0.51 /\ ~ 14 

pHh P,G NIA V'J a NIA 

NIA 

Temperatureh P,G None NIA 

Dissolved Oxygenh None NJA 

(TDS) 

;,as~) r P,G 

~~~ate P,G 

Chloride, SuHate P,G 

Carbonate/ P,G 

Bicarbonatei 

Nitrate P,G 

Hexavalent P,G 

Chromium 

•Reference: 

0.11 

1 I 

1 I 

1 I 

1 I 

11 

Ice 7 

Ice 

Ice, pH<2, W/~S04 

Ice 

Ice 

Ice 

Ice 

7 

28 

28 

14 

2 

24 

1. EPA (U.S. Environmental Protection Agency) 1986. "Test Methods for Evaluating Solid 

Waste,• Report EPA SW-846 (3rd edition). Washington, D.C. 

bAIJ samples, with the exception of those for total metals, will be filtered within four hours of 

sample collection and preservatives will be added to the filtrate as specified. 



cAll samples will be kept at 4"C after arrival at the Laboratory. 
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dThe HSL base/neutral/acid fractions analytical parameters are the HSL semivolatiles. 

•extract within 7 days; analysis within 40 days of extraction. 

'Includes cesium, molybdenum, and strontium, which are non-HSL metals, but are anal~ 

using the same methods. ~ \\) 

91ncludes Target Analyte Ust (TAL) Metals \\ ~ 

hField measurements. .-.. '::::;:::> 
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PRESERVATION PLAN FOR SOIUSEDIMENT SAMPLES 

Sarf1)1e Sample Holding 

Analyte Volume Container' Method Preservative Time (days) 

(mL) 

Volatile Organics 5 40-mlvial ~ Ref.2 Ice 
with Teflon -lined 
silicon rubber 
septum 

Base/NeutraVAcid 10-30 AmberG, 11 Ref. 3 
Extractable Organics 

Organochlorine 10-30 AmberG,11 
Pesticide/PCB 

HSL lnorgamcb 200 P,G,11 

Non-HSL MetaJsC 200 

Reactivity Ice N/A 

Chloride Ice N/A 

Sulfate Ice N/A 

Nitrate Ice N/A 

Cyanide Ice 14 

Ice 1 

; analysis within 40 days of extraction. .. 

Clbtle€cesium, molybdenum, and strontium, which are non-HSL metals, but are analyzed 

using the same methods. 

clncludes Target Analyte Ust (TAL) metals 

dSoiVsediments will be leached with laboratory reagent water (20 grams (g) soil to 50 ml water) 

and water extract will be analyzed using the procedure in ·Methods for Chemical Analysis of 

Water and Wastes,•1983; EPA 600/4-79-020. 

•SoiVsediment will be leached with laboratory reagent water (5 g soil and 100 ml of water) by 

shaking for 2 hours, and the water extract will be filtered and subsequently analyzed. This is in 

accordance with method 3128 in Standard Methods for the Examination of Water and 

Wastewater, 16th Edition, 1985. 

fContainer types: 
P =Plastic (polyethylene) 
G= Glass 



Method References 
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Ref. 1. Method 9010 - "Test Methods for Evaluating Solid Wastes," EPA report EPA-SW-846, 

Office of Solid Waste and Emergency Response, Washington, D.C. 20460, Revised September 

1986. 

Ref. 2. Method 8240- "Test Methods for Evaluating Solid Wastes," EPA report EPA-S~W 

Office of Solid Waste and Emergency Response, Washington, D.C. 20460, Revised ~· 

1986. 
\V 

Ref. 3. Method 8270- "Test Methods for Evaluating Solid Wastes~" EPA~rt E - -846, 

Office of Solid Waste and Emergency Response, Washington, D.C. 460, · 

1986. 

Ref. 4. Method 8080 - "Test Methods for Ev "d ," EPA report EPA-SW-846, 

1986. 

Ref. 5. Method 6010 or n ds - "Test Methods for Evaluating Solid Wastes,· 

20460, Revi e tern 

0 9030 Series Methods - "Test Methods for Evaluating Solid Wastes, • 

W-846, Office of Solid Waste and Emergency Re&ponsJ, Washington, D.C. 

ev ed September 1986. 



Waste Type 

Photosensitive 
wastes: 1 ,000 or 
2,000 ml 

Pesticides: 
hydrocarbon 
chlorinated; hydro
carbons; petroleum 
distillates 

Oil wastes 
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SAMPLE CONTAINERS FOR WASTE8 

Recommended 
Container 

Amber HDPEb or 
amber glass caps 
with Teflon 1M liners 
for glass bottles 

Wide-mouth, 
borosilicate glass 
bottles 1 ,000 or 
2,000 ml 

Closure 

Teflon 1M caps for 
HOPE bottles; 
Bakelite 

Bakelite caps with 

TM:h©~ 

Analysis 

mouth, 1 ,00 characterization per 

2,00 
40 CFR Part 261 . 

Teflon 1M caps, wide Waste 

hydrofluoric · 1 0 m mouth characterization per 

40 CFR Part 261 

Aqu te- Borosilicate glass Caps with Teflon 1M Waste 

chara · ation of bottles 1 ,000 or liner characterization per 

organics 2,000 ml 40 CFR Part 261 

Solids (sludge, 
soils, and granular) 

8 References 

8-oz wide-mouth 
glass bottle 

1. Title 40 CFR Part 261. 

Bakelite caps with 
Teflon 1M liners 

Waste 
characterization per 
40 CFR Part 261 

2. EPA (U.S Environmental Protection Agency) 1986. "Test Methods for Evaluating Solid 

Waste; Report EPA SW-846 (3rd edition). Washington, D.C. 

b High Density Polyethylene (HOPE). 
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PRESERVATION PLAN FOR SOIUSEDIMENT WASTE SAMPLES 

Anatyte 

HSL Volatile 

TCLP Volatile 

HSL Base/NeutraV 
Acid8 

Sample 

Container 

40 ml vials {2) 

40 ml vials {2) 

AmberG 

TCLP Semivolatiles AmberG 

HSL Pesticide/PCB AmberG 

TCLP Pesticides/ Amber G 

Herbicides 

HSL lnorganicC 

Non-HSL Metalsd 

TCLPMetals 

P,G 

Sample 

Volume 

Sg 

Sg 

10-30 g 

10-30g 

Preservation 

Ice 

Ice 

Holding 

Time {days) 

14 

7/4ob 

180 

180 

180 

N/A 

N/A 

N/A 

N/A 

N/A 

14 

24 

8 The HSL base/neutral/acid fractions analytical parameters are the HSL semivolatiles. 

bExtract within 7 days; analysis within 40 days of extraction. 

cJncludes cesium, molybdenum, and strontium, which are non-HSL metals, but are analyzed 

using the same methods. 

dJncludes Target Analyte Ust (TAL) Metals 

8 SoiVsediments will be leached with laboratory reagent water (20 g soil to 50 ml water) and 

water extract will be analyzed using referenced procedure. Procedure references: •Methods for 

Chemical Analysis of Water and Wastes,•1983; EPA 600/4-79-020. 

• 
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•soil/sediment will be leached with laboratory reagent water (5 g soil and 1 00 ml of water) by 

shaking for 2 hours. The water extract is filtered and subsequently analyzed. This is in 

accordance with method 3128 in •standard Methods for Examination of Water and 

Wastewater,• 15th Edition, 1985 
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EQUIPMENT AND SUPPLIES CHECK LIST 
FOR SAMPLE CONTAINERS AND PRESERVATION 

Forms 

Sample Collection Logs 

Ballpoint pen (indelible dark ink) 

Felt-tip marker pen (indelible dark ink) 

1-14 pH indicator paper 

Ascorbic acid crystals 

Disposable surgical gloves (latex, PVC, other 
suitable plastic, or rubber) 

NaOH pellets 

Disposable wipes 

Methanol and deionized water in TeflonN wash 
bottles 
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EQUIPMENT AND SUPPLIES CHECKLIST 

FOR SAMPLE CONTAINERS AND PRESERVATION (Continued) 

Concentrated HN03, H2S04, and HCI 

Temperature probe 

Clipboards 

Deionized water 

Duct tape 

Wooden tongue depressors 

Aluminum foil 

Teflon 111 tape 

Paper towels 

~~~.,.~.~e Ice or equivalent 

Insulated coolers 

Heavy-duty poly bags and ties 

Strapping tape 

Plastic trashcan liners 

Canvas bags 

Parafilm 

Padding for packaging of samples 

Ziploc~ bags 

Bubble pack 

Unique sample sticker sheets 

Chain-of-Custody/Request for Analysis forms 
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EQUIPMENT AND SUPPLIES CHECKLIST 

FOR SAMPLE CONTAINERS AND PRESERVATION (Continued) 

Sample labels 

Custody seals or custody tape 

Other equipment specified in EPA Methods, as needed ~ 

~~ 
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Handling, Packaging, _and Shipping of Samples 

1.0 PURPOSE 

This procedure describes handling, packaging, and shipping of samples collected for 

the Environmental Restoration (ER) Program. After preparation, the samples are 

transported to the radiation control (rad ) van, chemical analysis (chem) van, or the 

Sample Coordination Facility (SCF) at T A-59 or T A-35 over public-access roads. 

2.0 

2.1 

SCOPE 

Applicability 

handling, packaging, or shipping of samples. \\. ~ 

2.2 Training ~\ W 
Rad van and chem van personnel, the fiel~te ~ , ti field team 

members must be familiar with the objecti s n mg, packaging, and 

shipping and must document that they a n erstood this procedure as 

well as the other procedures in LA - 0 , e ion 1.0, General Instructions. 

The packaging and tr ~tio f a ment of Transportation (DOT)-hazardous 

materials (including e ~ pp 1es such as acids or gasoline) requires a field 

team member w I as ri nd chem van operators that are trained according to 

the Los AI t1 boratory (LANL) designation, Driver Ill. Contact BUS-6 for 

spe ifi · o aining requirements. 

a rdous or radioactive samples requires more extensive training. 

a ... ~ training office of BUS-6 for further information if it is necessary. 

3.0 DEFINITIONS 

A. Environmental samples: Air, soil, water, or other media samples that are 

collected from streams, wells, and soils or other locations and are not expected 

to exhibit properties classified by DOT as hazardous. 

B. Hazardous samples: Samples of on-site air particulates, soil, or water and 

materials collected at waste sites that are known or thought to meet the 

definition of a hazard class as defined in 49 CFR 171.8. In this SOP, 

"hazardous" does D.Q1 refer to Resource Conservation Recovery Act (RCRA) 

hazardous wastes unless so stated. 

C. ORM-D material: Other Regulated Material such as a consumer commodity, 

which although otherwise subject to the regulations of Subchapter C of 49 CFR 

100, presents a limited hazard during transportation due to the form, quantity, 

and packaging. It must be a material for which exceptions are provided in the 

49 CFR 172.101 Table. 
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D. Radioactive material: Any material having a specific activity greater than 2 

nanocuries per gram (nCi/g), is the activity per unit mass of the material and in 

which the radio nuclide is evenly distributed. (This is a DOT definition.) 

4.0 BACKGROUND AND/OR CAUTIONS 

All s s collected for analysis are transported either to the rad van, chem van, or 

SCF for analytical services. A sample custodian will review each sample for proper 

sample size, container, preservative, and labels. The custodian documents any 

discrepancies in the.se areas and notifies the FTL of the possible consequences of 

these discrepancies and possible corrective actions. The custody of samples is then 

transferred to SCF. 

A final data package is to be sent to the SCF staff for review by the participating 

laboratory. After the data have been validated, the report containing the chemical 

analyses will be released to the Operable Unit Project Leader (OUPL) and transferred 

to the ER Program's information management computer system. 

5.0 EQUIPMENT 

N/A 
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6.0 PROCEDURE 

A. Classify samples collected at a site as either environmental (non-hazardous) or 

hazardous (including radioactive} samples according to the DOT requirements. 

Preliminary classification must be made in the field to ensure that the samples 

are transported on public-acces.s roads safely and according to regulations. 

8. 

E. 

F. 

G. 

H. 

Use Sections 6.1 and 6.2 of this SOP as guides to determine characterization of 

sample types and applicable packaging requirements for the samples. See 

Attachment A for a flow chart. 

After all samples are collected, packaged, and preserved, transport them to the 

rad van, chem van, or SCF under chain-of-custody. After the samples have 

been verified with the chain-of-custody documentation, a field team member 

relinquishes custody to rad van, chem van, or SCF personnel. Rad van or chem 

van personnel must maintain proper control of the samples in their custody and 

must reseal the packages containing samples before transporting the samples 

to the SCF. 

Deliver samples to the rad van, chem van, or SCF during any legal workday 

between the hours of 8:00a.m. and 12:00 p.m. and 1:00 p.m. and 5:00p.m. 

Special arrangements can be made with the SCF coordinator for sample 

delivery during off hours. 

All comments and any deviations from this procedure must be documented on 

the Daily Activity Log per SOP-01.04, Sample Control and Field 

Documentation. 

• 
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In general, samples that are collected in non-laboratory-use areas (for example, from 

wetlands, wells, and soils) are not expected to be contaminated with levels of 

hazardous or radioactive materials high enough to be considered hazardous by DOT. 

Most sampling is being performed to eliminate the question of contamination at waste 

management sites, and unless historical data, knowledge of process, or screening 

results suggest that samples are DOT-hazardous, samples will be transported as non

hazardous. Follow the instructions in Attachment B for packaging and handling 

environmental samples. 

Samples taken from inactive sanitary waste lagoon or septic systems are exempt t~ 

all DOT and International Air Transport Authority (lATA) requirements if the~e 

collector can verify that the samples no longer contain infectious material. 

Attachment C for instructions on handling sanitary waste. \\ ~ 

6.2 Hazardous Samples ~\\ ~~ 
Although the sample media in the ER Program · d t ~~ater, or sludge, 

the ER Program may have cause to s~apl u e or highly concentrated 

hazardous material. If the amount oft ar erial in the sample is small, it 

may be shipped under the oar~· i - or all- antity exceptions. Small quantities 

of hazardous material are e ep th OT requirements for packaging, 

shipping papers, labels, that hazardous material and can be shipped 

as environmental I S pt1on for small quantities in 49 CFR 173.4. 

Hazardous m ter. a sported under the limited quantity exception if that 

material pt no a in column SA of Table 49 CFR 172.101. Actual 

qua 1 e e reference indicated in Column SA. The shipment of limited 

n i s f low all requirements in the referenced section. Excepted radioactive 

I be accompanied by the specified information indicated in Section 6.2.2 

ument. For assistance, contact BUS-6 (667 -4127). 

6.2.1 Non-Radioactive Samples 

Samples known or expected to be classified as DOT -hazardous materials must be 

transported according to DOT requirements. After determination of the hazardous 

characteristics, the selection of the appropriate hazard class and packaging 

exceptions, if any, can be determined from the list and text presented in 49 CFR 173.2. 

Attachment D provides a listing of the hazard classes and references for definitions 

and labeling. 

Except for sanitary waste, if a known hazardous sample is to be shipped, BUS-6 must 

be contacted (667-4127) or SCF for assistance. In addition to the more stringent 

shipping requirements for hazardous samples, additional training requirements must 

be met to prepare these samples for transportation. 

Samples taken from sanitary waste in active septic tanks or sewage lagoons can be 

classified as Diagnostic Specimens, which exempt them from special handling during 

ground transportation by 49 CFR 173.196 (h)(1 ). However, because these samples 

may be shipped by air for off-site analysis, the field team members must collect them in 
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the proper containers with all the appropriate packaging, per lATA. See Attachment D 

for collection and packaging requirements for sanitary waste samples. 

CAUTION: nitric acid, which is used as a sample preservative, has restrictive DOT 

packaging and transportation requirements, with no exceptions allowed. All 

regulations in 49 CFR 172.1 01 and 173.158 must be followed when moving any 

amount of undiluted nitric acid. However, water samples preserved by nitric acid (or 

any other additive) are no longer forbidden because of the dilution of the nitric acid 

according to 49 CFR 172.101 (d)(1) and can be packaged and shipped following 

standard practice for shipping environmental samples. 

Shipment of samples preserved by DOT -regulated hazardous materials are als~o ((=\\ 
addressed by 40 CFR 136.3, Table II, Note 3. ~ __ '&J 
6. 2. 2 Radioactive Samples 

DOT only regulates radioactive material with a specific act· · g t 2 nCi/g, 

most samples taken at ER sites may be handled ·r n ta samples unless 

other regulated hazards are identified or pres 1 sample. 

the summary table for DOT rn· e ra . ctive material, indicates some 
approximate disintegrations 1 The health physics technician can 

convert dim to count~i te ( I ) field readings. In this way, the health 
physics technician w I b ermine if a sample is above 2 nCi/g, 

approximat~e. d/ 

Th~ · rotection Group (ESH-1) has established action levels of 
radi iv ·n R Model Site-Specific Health and Safety Plan to alert the health 

physi ician of increased requirements for workers protection. Action Levels I 

and II, din Attachment E, are below the DOT-regulated radioactivity. Even though 

the LANL action levels of radioactivity are not regulated by DOT, special safety 

precautions must be taken if the activity at a sample location indicates one of the 

action levels. Be sure to follow all requirements in the Site-Specific Health and Safety 

Plan. 

For materials exceeding the minimum 2 nCi/g activity, the following information 

applies. Contact BUS-6 for assistance if the health physics technician indicates 

readings in the following ranges: 

A For materials with activities of greater than 2 nCi/g but less than Type A 

quantities, DOT identifies a limited-quantity category and specifications for 

excepted packaging. Radioactive materials in the limited-quantity category may 
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be transported with minimum restrictions. See Attachment E for a summary 

sheet of DOT categories and levels of radioactivity in this category. Limited

quantity shipments must have the following label: 

This package conforms to the conditions and 
limitations specified in 49 CFR 173.421 for radioactive 

material, excepted package-limited quantity of 
material, UN291 0. 

B. Type A and B quantity samples are not expected in the ER Program. However, 

the summary sheet indicates the continuum of shipping requirements for all ~ 

radioactive material. The summary sheet also indicates d/m for some isotop ~· 

that would cause those isotopes to be shipped as Type A material. ~\ V 

Also, be sure to keep the SCF coordinator informed if levels of radioa ity ar · 

action level or limited-quantity ranges. Refer to Attachment E fo~ivi for 

ranges. The SCF coordinator will need to make special~rr ng ents ling the 

samples to keep SCF personnel from unknowingly recei s · tion and to 

keep SCF equipment from contamination. 

If 2 nCi/g activity is exceeded, and a pac rt n must be shipped 

Contact BUS-6 or SCF for assist 

7.0 REFERENCE 0 
fi3].ed og r 1 • 

L - s ection 1.0, General Instructions. 

LAN iron mental Safety and Health Administrative Requirements, AR 1 0-3, 

Hazardous and Mixed Waste. 

40 CFR, 1993. Code of Federal Regulations, Title 49, U.S. Environmental Protection 

Agency, Parts 100 -149. July 1, 1993, U.S. Government Printing Office, Washington, 

D.C. 

49 CFR. 1994. Code of Federal Regulations, Title 49, U.S. Department of 

Transportation, Parts 100-199. October 1, 1992. U.S. Government Printing Office, 

Washington, D.C. 

Charlton, Thomas J., P.E., Chief, Standards Division, Office of Hazardous Materials 

Regulation, Materials Transportation Bureau, DOT, Letter to Myron D. Lair, P.E., Chief, 

Hazardous Waste Section, ESB, ESD, Region IV, EPA, March 22, 1985. 

Dangerous Goods Regulations, International Air Transport Authority. 35th Edition, 

Effective January 1 , 1994. 
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EPA Region IV, 1991. Standard Operating Procedures and Quality Assurance 

Manual. Environmental Services Division, Athens, GA. 

Los Alamos National Laboratory, 1993. Installation Work Plan for Environmental 

Restoration. LA-UR-93-3987. 

Weitzman, David, "Final Regulation Package for Compliance with DOT Regulations in 

the Shipment of Environmental Laboratory Samples," Memo from Work Group 

Chairman, Office of Occupational Health and Safety (PM-273), EPA, April13, 1981. 

8.0 RECORDS 

A. Completed Chain-of-Custody/Request for Analysis Form 

B. 

C. Copy of the Hazardous Material Transportation Form · · ble 

Processing Facility, MS M707. ~ 0 
9.0 ATTACHMENTS 

A. Flow Chart for Sampl 1 • or ipping 

B. 

C. DOT~\ rial Classification 

D. (\!>~~~Sanitary Waste Samples for Shipment 

E. ~ of Material Radioactivities and Corresponding Transportation 
Requirements 



FLOW CHART FOR SAMPLE CLASSIFICATION FOR SHIPPING 

Environmental 
samples 

No special packaging 
or transport requirements 

Are 
hazardous or 
radioactive 

contaminants 
known or 

suspected? 

NO 

Do samples contain 
radioactivity >2 nCI/g 
or exhibit other DOT 

hazardous 
characteristics? 

DOT 
Hazardous 

DOT packaging & 
transport restrictions 

Contact BU8-6 for 
assistance 

r 
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PREPARATION OF ENVIRONMENTAL SAMPLES FOR SHIPMENT 

Environmental samples must be prepared for delivery in the following manner: 

A. Packaging 

1. 

2. 

3. 

4. 

5. 

Before any samples are placed in their delivery containers, the exterior of 
the sample containers should be decontaminated, if appropriate, and 
wiped dry. 

For purposes of controlling leakage, sample containers should b~~ 
placed, properly labeled and securely sealed, into a polyethylen \.V 
sealable (e.g., Ziplock®) bag and the bag sealed. ~ 

If there are multiple sample containers, care should~ake v t 
breakage. Styrofoam "peanuts" or other cu~· · ter" I uld be 
used as appropriate to prevent multiple sa ~ broken 

during movement. O .V 
If the FTL deems it necessa~qu a s, sufficient absorbent 
material should be pl~e e ole r other transport container) to 
absorb all liquid in th f a pie container breakage. 

For sam~p ervation at 4°C ± 2°C, the samples with ice or 
81 I s o ~aced in a sturdy ice chest. The presence of ice or 
r e TN man amount approximately equal to the volume of 

· fficient indication that the samples are adequately cooled. 

en wet ice is used, it must be placed in sealed containers, such as 
doubled Ziplock® bags, so water does not fill the cooler as the ice melts. 

HINT: If wet ice is to be used, try to purchase and use the "old" ice (bags at the 
bottom of the store's freezer) because newly delivered ice is not as 
efficient as ice that has been in the store's freezer for several days. 

7. If samples are to be immediately chilled to below 4°C before delivery, 

they must be totally immersed in a separate cooler containing an ice 

slush solution that is below 4°C. To ensure this tempature before placing 

samples in the delivery container, a sample container of the same size 
filled with distilled water can be checked with a thermometer to determine 
when the samples have reached the desired temperature. The 
temperature check must be recorded. 

8. Water samples must not be frozen or shipped with dry ice. 
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9. When using Blue lcen.c. samples for volatile organic analysis (VOA) must 

be wrapped with bubble pads because direct contact between the 

samples and Blue lcen.c can freeze and burst the 40-ml VOA vial. 

1 0. Completed original Chain-of-Custody/Request for Analysis forms (LANL

ER-SOP-01.04) must be placed in watertight containers and placed 

inside the shipping container lid. 

11. 

Transport containers (ice chests) will be marked Environmental Samples. 

* For samples from septic tanks and lagoons that contain sanitary waste, see Attachment D for packaging 

and shipping requirements. 
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PREPARATION OF SANITARY WASTE SAMPLES FOR SHIPPING 

These instructions are for the handling and shipping of samples from septic tanks and 
lagoons that contain sanitary waste. 

A. Samples from Inactive Septic Systems and Lagoons 

A number of septic systems at the Laboratory have been inactive and have not 
received sanitary waste in a number of years. If the ER Program is taking samples 
from these septic systems, the field team manager and the OUPL can conclude that ~ 
the sample media is not infectious using the following prudent and resource-~ 
conservative philosophy: 

• The types of human pathogens found in sanitary waste cannot maint~via 
state because conditions of pH, temperature, oxygen and othe~es, t ot 

favorable. ©) 
• Without the addition of new waste and new pat~ s I are not 

infectious. 

If the OUPL and the field team mana er c1d at pies from inactive sanitary 

documented in the Daily Acti . amples can be collected and prepared 
for transport as soil o~~~ mp esignated as environmental samples. 

B. Samples o~e ptic Systems and Lagoons 

Sam~s t m active sanitary systems and are expected to contain human 
was e s1 nated as diagnostic samples and are excluded from the specific 
pack 1 d ipping requirements per 49 CFR 173.196 (h)(1 ). However, because 
some ogram samples must be shipped by air to meet EPA holding-time 
requirements, collection and preparation of these samples must satisfy IAT A 
requirements. 

According to lATA provisions, these shipments can be identified as Diagnostic 
Specimens "that have a low probability of containing infectious substances." The field 
team manager or OUPL may determine the following prudent and resource
conservative philosophy: 

• Even though there may be infectious substances in the sample, the count would be 
low, and the probability of sudden illness or death occurring from contact with the 
infectious substance is low. 

• If this determination is made, the responsible party may designate the diagnostic 
specimen as having a low probability of containing infectious substances. 

• This designation reduces the testing requirements for the containers and increases 
the allowed amounts in a shipping package. 

• 
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If the OU PL and the field team manager decide that samples from active sanitary 

waste systems are diagnostic specimens with low probability for causing illness or 

death, the decision with the supporting reasons should be documented in the Daily 

Activity Log. 

For ground transportation of these samples, these samples can be packaged and 

transported as though they were environmental samples. The SCF will be responsible 

for packaging and shipping the samples, whether by ground or air, to an off-site 

laboratory. However, if these samples will be shipped by air, certain restrictions will 

~~ply. Containers ~~ 
For material designated as diagnostic specimens, the total vol e pe · g 

container cannot exceed 500 ml, and the maximum vol e pe · er mer 

2. 

must not exceed 100 mi. Therefore, when SCF in · at th les will 

be shipped by air, they must be collected in cent 1 1cally smaller 

than those used for analyses. The sam~r u o mate with the SCF 

to address this issue before taki~g s a F is responsible for 

packaging the shipment per IAT . w1 provide sample containers 

that meet lATA 650. ~~ 

Warning Labels ~\ ~~ 
Although Ds a uire placarding or labeling, safety of laboratory. 

pe~on uir tti e samples should be identified as sanitary waste. A 

I · ersonnel handling the samples as to the sample's potential 

. pical warning label attached to the outside of the transport 

t · r might read 

This package contains samples of sanitary waste. 

If leakage is noted, take all prudent precautions 

and notify the sampling team that collected the 

samples. 
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1 
2 

3 
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DOT HAZARDOUS MATERIAL CLASSIFICATION 
(49 CFR 173.2) 

Name of Class or 49 CFR Definition 49 CFR Label 

Division Reference Reference 

Ex losives 173.50 172.411 

Gases 173.115 172.415, 416 and 
417 

Flammable and combustible 173.120 172.419 

li uid 
Flammable solid 173.124 

Spontaneously conbustible 173.124 

material 
Dan erous when wet material 
Oxidizer 
0 anic eroxide 
Poisonous and infectious , 431 and 

materials 432 

Radioactive Material 172.436, 438 and 
440 

172.442 
172.446 



RANGE OF MATERIAL RADIOACTIVITIES 

AND CORRESPOKDING TRANSPORTATION REQUIREMENTS 

DOT Definition 
"Radioactive Materi~ ..... 

Not Regulated in Transport I Limited-~es 

LANL ESH-1 Action Levell** See 49 CFR ~ 
Above background but, Contact BU~ ~ 

Type A Quantity* Type B Quantity* 

< 5000 cpm/probe ~/y Q < 500 cpm/probe a @ 
Packaging: See 49 CFR 173.431 

LANL ESH-1 Action Level II** 

~ 500 cpm/probe a 

~ 5000 cpm/probe ~/y 
~ 5 mR/hr 

Strong, tight, leaK ~ 

External rad ~ 0.5 
Outside package mat: 

tctive" If 
packaging, otherwise in 
packaging "Marked" 

Excepted from: 
Shipping papers & Certificatio 
Specification packaging 
Labeling 
Marking 

2 nCi/g 

(0.002 J.1Ci/g) 
4.4 x 103 dim 

*Not expected in the ER program 

**Follow requirements cited in the 
Si+Q-Specific H&S 

~ z 
r;'")> 
m-t 
:D-1 

-o'l> 
Q>C/)0 coo ... 
m""O"""' 
~~3: 
01om 
owZ 
-- -1 
~:n 
Ol_,m 
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LANL-ER-AP-02.1, Procedure for LANL ER Records Management 

8.0 RECORDS 

Field Log Books 

Daily Activity Logs (if used) 

Sample Collection Logs 

Chain of Custody/Request for Analysis Forms ~ 

designee in accordance with the Administrative Procedure for Laborat R R 

Management, LANL-ER-AP-02.1. \\. ~ 

9.0 ATTACHMENTS 1(5\ ~ 
Attachment A - Sample Labels 0 .'\:::::::!) 
Attachment B - Sample Collection Log 

Attachment D - Custody Seal 

Attachment E • Daily Activ~ 



ou 
TA 

TA 

TA 
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Los Alamos National Laboratory Environmental Restoration Project 
SAMPLE LABELS - ACCESS SYSTEM 

Internal No 

LoeiD 

lnttmal No. 

LociO: 

ln&emaiNo. 

LociO: 

Date 1 Tome 

Date/ Tome 

/Tome. 

IIIIIIIIIIDIIEliiiU 
FUTA·9s-- • 

lnatoals 

Los Alamos Natoonal Lab 

ou onternao No 

TA LoeiD 

Analyses Date 1 Tome 

Preservatove 

umu~11BmE11m1~ 
I'UTA·9~- • I) 

coueeted DY ~s \(... ~ 
Los Alamo~ational L~ \ .-v 

ou ~\~0 ~ TA L 10~ 

~ .. ~v 
~e1Tme 

~Q~~ 
1\) 't!IIIUIIIIIIIIUIIImln 

FUTA·9~--

Collected by lnotoals 

Los Alamos Natoonal Lab 

ou Internal No 

TA Locro. 

Analyses Dale 1 Tome 

Preservalove 

'1~1~1111RIIW:HIIMI~~~IIIIIII 
FUTA-9!1- • 

Coueetec Dy lnotoats 

Los Alamos National Lab 

ou Internal No 

TA LociD 

Ana•yses Date 1 Tome 

Preservalove 

'l~I~I'IIIB~li[I'UIImiHEIIIUIU 
FUTA-9!1- • 

Cotoee1eo by lnotoals 

Los Alamos Nauonal Lab 

ou Internal No 

TA LociO 

Anaoyses Date /TII'III 

Preservatove 

'ml~miiiiiiD:UI~\U\miiiWIU 
FUTA·9~- • 

Cotoeeteo Dy lnotoals 



LOS ALAMOS NATIONAL LAB 

Location: ou 9999 
Center of pad TA 99 

Dele Time 
LocetloniO: 

10104195 
99-0000t 

1111111111111111111111111 
0099-95-0001 01 

Analyeie: 
GSCAN 

Preeerv None 

Collected by: Zaphnic Zlbar 
lnltiele: 

An ely ale: 
HEXP 

Preaerv Ice 

Collected by: 
lnltlale: 

LOS AlAUOS NATIONAL LAB 

Location: ou 9999 
Center ol pad TA 99 

Dale Time 
LocetioniD: 10/04195 
99-()()()()t 

11111111110111111111111 
0099-95-0001 03 

Anelyeie: 
MffiAL 

Preaerv Ice 

Collected by: Zaphnic Zubar 
Initials: -- --- ---- -------

~ 
EXAMPLE INFORM@N ONLY 

! 

I; 
"' 
~ 
ii 
3 
0 

"' z 
a 

cno 
~; 
=='"Of"" 
r-Dt 
mD" 

0 
,... .. 
~a 
OJO m-< 
r UJm 

:;:, 

·~ A-. 
og 
cn3 
-(CD 
en::! 
-iDt m-
s::::u 

CD 

"' -0 .. .. -()" 
:;:, ., .. 
0 

'CD 
n -

-u)>r 
e>:::)> 
«lD>Z mor 

:To ......3m 
~(l)JJ 
O::s• --en 
N)>Q 
0 "0 

I 
0 ...... 
0 
~ 

JJ 
U> 
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Los Alamos National Laboratory Environmental Restoration Project 
SAMPLE COLLECTION LOG - ACCESS SYSTEM 

Loa Alamos National Laboratory Environmental Restoration 
SAMPLE COLLECTION LOG 

Date ----------- Time (24 hr clock) ------
Sheet of 

Technical Area ----- Operable Unrl Sample IDs and Contarner IDs 

Site Work Plan 

Control No. CV: RV SMO laiiBIIIIDIDI 
Internal No. 

Sample Loc. 
___________ ER·SOP _____ _ 

LociO _sampleType -· 

PRS 

Planned Interval ----- .. 

10 Conulner 
IRIIIIIIIIIIilfiD 

FUTA·YR- • 

IRIIIIIIIIIiliiiU 
FUTA·YR- .. 

COMMENTS ---------------------------------

Field Screemng Results: 



Los Alamos National Laboratory 

Environmental Restoration Project 
Standard Operating Procedure 

No: LANL-ER-SOP-01.04 Rev:3 

SAMPLE CONTROL AND FIELD DOCUMENTATION 

Prepared by 

Quality Review by 

Technical 
Review by 

PM Approval 

A~ttt~1' A:::b ---- -------------
(Prin Name) 

-~.L.e.!lee._a_S_c~Are<. _L?J:.t/.;,'! ____ _ 
(Print Name) (Signature~ 

~-)A_~f~--
(Print Name) 

Effective Date: 
tt/15/qs 

!t-04~--(b;te) 

f- I lf- SJ-J! ______ _j ___ _ 

(Date) 
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SAMPLE CONTROL AND FIELD DOCUMENTATION 
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6.1 .1 Sample Labels..... ... ....... .. ... . ........................................... 4 

6.1.2 Sample Co~lect' ....... . .................................................. 5 
6.1.3 Chain of C eq to nalysis Forms ........................ 7 

6.1 .4 Cug .. .. ..................................................................... 1 0 

6.1.5 le t oni o e ..................................................................... 1 0 

6.2 Fie I ti · o aries ................................................................ 1 0 

. . D · Entries ................................................................... 1 0 

........................................................................................................ 11 

DS ............................................................................................................... 12 
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SAMPLE CONTROL AND FIELD DOCUMENTATION 

1.0 PURPOSE 

This procedure describes the steps necessary to document the traceability of samples 

collected for the Environmental Restoration (ER) Project. 

A sample is in one's custody when one or more of the criteria listed below have been 

satisfied: 

• the sample is in one or more of the field team members' physical possession, or 

• the sample is in one's view after being in one's physical possession, or 

• the sample is in a locked or secured area (accessible only to authorized 

personnel) and maintained in a manner that would make any tampering 

evident. 

Documentation of these criteria provides evidence that the chain of custody has been 

maintained. 

The Chain of Custody/Request for Analysis form documents the traceability of the sample 

and the location from which the sample was collected. 
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Electronic Follower: A floppy disk containing in electronic format the information that is 

found on the Chain of Custody/Request for Analysis form. The electronic follower is used 

to track sample data. 

Field Team Members: Those authorized individuals present at a sampling site during 

sample collection. Their presence at the site must be documented, which can be done 

with Daily Activity Logs, Field Log Books, or Tailgate Safety Meeting Forms. 

All work performed for the ER Project must be thoroughly and a curat I 

Sample control and documentation are necessary to documen t e wo 

field, to ensure traceability and defensibility of resultin~gn o 

Lack of complete documentation may render t~ \'0 .. li 

5.0 EQUIPMENT ~ 
Computer 

6.0 PROCED~ 
A. i e t least 2 weeks, preferably 30 days, before field work is to begin. 

· e SMO to ensure adequate laboratory space is available for 

'"';)C{ffC a lyses and turnaround needs. The SMO will also be able to provide 

r o endations from associated laboratories regarding minimum amounts of 

atrix needed by each laboratory so that the field teams will be able to better plan 

volumes and containers to minimize excess sample material and unnecessary 

analytical costs. 

B. All forms will be computer-generated using 40 or ACCESS Field Systems as shown 

in Attachments A through C. Corrections, if any, must be made with dark-colored 

indelible ink. To ensure integrity of documentation, it is preferable that handwritten 

corrections not be made to the Chain of Custody/Request for Analysis forms. 

However, if such corrections are made, the electronic follower must be corrected 

before delivery to the SMO. The electronic follower must match the Chain of 

Custody/Request for Analysis form before delivery to the SMO. 

C. Obtain from Facility for Information Management, Analysis, and Display (FIMAD) the 

ER location identification (I D) number for the area where sample collection is 

planned. The location 10 number is prefixed with the Technical Area (TA) number. 

This unique identifier allows location information to be entered into the FIMAD 

system and also connects the exact location with the analytical results. 
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D. Follow the standard operating procedures (SOPs) for media-specific sample 

collection. These SOPs may require following special instructions or completing 

additional forms. 

E. Documents must not be destroyed or discarded even if they are illegible or contain 

inaccuracies that require replacement documents. Any inaccuracies must be 

resolved upon discovery by crossing through the error with a single line, correcting it 

on the original document, and initialing and dating the correction. If the correction is 

not self-explanatory, the individual must assign a number to the correction and 

attach to the original a sheet that fully describes the correction. ((=\\ 

6.1 Sample Identification ~·-~ 
Field System computer-generated forms and labels must be pre d so 

identification and chain-of-custody records can be maint · d an e 

are listed below. Examples are provided as Attac . 

Field Units may use either Field Syste t t rms and labels described 

below. Slight variations in the pia t1on are acceptable on 

the required information id · · th 0 . 

6.1.1 Sa~ 
~~~hment A) provide information regarding the samples . 

. \~el will include the following information: 

sampling activities are being executed. · 

• TA: Two-digit number indicating the TA in which the sampling 

activities are being executed. 

• Unique bar code indicating both sample identification and container 

number: Sample identification number and container number for 

each sample in shipment. 

• Date. Time: Date and time when the sample was collected. 

• Location ID: A unique number that allows location information to be 

entered into FIMAD. 

• Analysis: Order code for type of contaminant for which sample is 

being analyzed (e.g:, METAL, SEMI, VOC, GSCAN). 
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• Preserve: Type of preservative needed for a particular analysis (e.g., 

ice, HN03, none). 

• Collected by. Initials: Printed name and initials of collector. 

• Location: This is an optional field. If it is used, give a general 

description of sampling location (e.g., borehole HDH-1 by TA-16-03, 

outfall samples in Mortandad Canyon, etc.). 

to or immediately following the sampling activity. <\. 2. Completed sample labels must be affixed to the sample containe~s · r 

6.1.2 Sample Collection Logs \. V 

1. 
Collection Log (Attachment B) and must rec all in · n pertinent 

to the collection of sample media on trR\_ 
2. A sample collection log mus ~ ~r each sample collected. 

3. Information must ~ II · Ids provided on the Sample 

Collection Lo ld i ot a licable to a specific project, N/ A (for . 
e · ted in the field. Record additional 

o ents section. The Comments section may be 

~~01\2· ~d t h U's data needs by the addition of optional fields. 

~- ay be filled in by hand rather than computer-generated. 

Eftl~:s on these logs include the following: 

• Date, Time: Date and time when the sample was collected. 

• Technical Area: Two-digit number indicating theTA in which the 

sampling activities are being executed. 

• Operable Unit: Four-digit number indicating the OU in which 

sampling activities are being executed. 

• Name/Signature: Printed name and signature of preparer. 

• Sample ID: A unique identification string of 12 characters 

including dashes assigned to each sample. 

• Control No.: A unique identification string of 12 characters 

(including dashes) assigned for each Chain of Custody/Request 

for Analysis form for this sample. 

,,., 
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• Sample Location: General description of sampling location (e.g., 
borehole HDH-1 by TA-16-03, outfall samples in Mortandad 
Canyon, etc.). 

• Location ID: This unique identifier allows location information to 
be entered into FIMAD and also connects the exact location with 
the analytical results. For composite samples from multiple 
locations, the number of samples and the location ID for each 
location are entered. 

• Sample Type: Description of type, such as soil, grou~n~<""\ 
surface water, filter air, charcoal tubes, ambient air, p I ~V 
sludge, drum contents, oil, vegetation, fauna, w~· , se , t 

• Container: Volume and type of containe~d ( · glass 
container). 

• Analysis: Order code for ~·a or which sample is 
being analyzed (e.g., ~. GSCAN). 

• C os site T e rab Number: If composite samples 
t e , de tify the type of composite sample (e.g., 24-hour 

· , spatial composite); also identify the number of 
tions sampled to make up the composite sample. 

(\ \\' • Depth: Description of sample intervals in inches or feet, including 

~ unit (e.g., depth of sample in feet, distance on transect in feet). 

• Weather: Approximate temperature, sun, and moisture conditions. 

• Field Screening: The results of field screening conducted on a 
given sample (for example, photoionization detector or flame 
ionization detector readings in ppm, field high-explosive testing
negative or positive). 

• Photo: Photo information such as roll number, frame number, 
subject, and participants. 

• Any additional field observations/comments, pertaining to the 
sample. 

• ER-SOP: The unique identifier of the LANL-ER-SOP utilized to 
collect the sample. 
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6.1.3 Chain of Custody/Request for Analysis Forms 

1. Chain of Custody/Request for Analysis forms (Attachment C) are used to 
document the integrity of all samples and to maintain a record of sample 
collection, transfer between personnel, shipment, and receipt by the 
laboratory. A unique control number must appear on each set of three
part forms that represent one Chain of Custody/Request for Analysis 
Form. 

a f t e C in of Custody/Request for Analysis form must 
sample(s) on delivery to the SMO. The FTL or designee 

Chain of Custody/Request for Analysis form in the 
shed By" block, and an individual at the SMO signs the form in 

e .. Received By" block along with the date and time. All copies of the 
form must be signed, unless carbons or no carbon required (NCR) paper 
are used. After an individual at the SMO has acknowledged receipt of 
samples by signing the form, the FTL or designee keeps the third or pink 
copy. The original (top or white) copy is kept with the samples, and the 
second (yellow) copy will be sent to the Records Processing Facility by 
the SMO. 

4. For samples delivered to a mobile analytical laboratory: 

All copies of the Chain of Custody/Request for Analysis form must 
accompany the sample(s) on delivery to the mobile analytical laboratory. 
The FTL or designee signs the Chain of Custody/Request for Analysis 
form in the "Relinquished By" block, and an individual at the mobile 
analytical laboratory signs the form in the "Received By" block along with 
the date and time. All copies of the form must be signed, unless carbons 
or NCR paper are used. After an individual at the mobile analytical 
laboratory has acknowledged receipt of samples by signing the form, the 
FTL or designee keeps the third or pink copy. The original (top or white) 
copy and the second (yellow) copy are kept with the samples until the 
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analyses have been run. The original and second copies are returned to 

the FTL or designee when the results and sample waste are picked up. 

The original copy is forwarded to the Records Processing Facility by the 

FTL or designee. 

NOTE: The Chain of Custody/Request for Analysis form signed off by the 

mobile analyticallaboratory(s) is not a completed record. The FTL or 

designee should retain the pink copy for his/her use only! 

5. Information must be supplied in all blank spaces on the Chain of ~ 

Custody/Request for Analysis form. If the space is not applic~al n C'\. 
N/A. \V 

6. The Chain of Custody/Request for Analysis form conta~the !~ I 
information: ..-W 

• Date: The date field is set to be t h of Custody is 

on a subsequent date uires that the date of 

shipping must ac n pie. 

• Los Alam · ora o Lab rato Destination: The 
I ithin the Laboratory that the samples are 
t 

~~!W!~~onrut;gagtct: The SMO laboratory contact. 

arge Code: The Laboratory program/cost code associated with 

this sampling activity. 

Control Number: A unique number on each three-part set of 
forms. 

• Technical Area: Two-digit number indicating theTA in which the 

sampling activities are being executed. 

• Send Lab Report To: The name and mailstop of the OU contact to 

whom the analytical laboratory results should be sent. 

• Operable Unit: Four-digit number indicating the OU in which 

sampling activities are being executed. 

• OU Contact: FPL or designee, as appropriate. 

• Contact Phone No: The telephone number of the OU contact 

person. 
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• Turnaround Time: SMO laboratory turnaround time default is 45 

days; prior arrangements must be made with SMO for shorter 

times. 

• Date Lab Report Reguired: Approximate date when the lab results 

are needed. Normal delivery time is 60 days. 

• Sample 10. and Container 10: Sample identification number and 

container number for each sample in shipment. 

• DateiTime Collected: For each sample in shipment. (R\ 
• Sample Container: Type and volume of sample co~~ 

(e.g., 1-L glass). \\ __ \5;::> 
• Matrix: Sample description (e.g., li ui~oil, .:~dge). 

• Preservative: Type of~r ~e~~ne) . 
• 

.t:YJ~:§!§.J:l!~U~~~· e sted for each sample, from 
_,.'""'" c s 1 he ACCESS or 40 system. 

pe of screening method used . 

: tiditional relevant information pertaining to the 
(e.g., condition on receipt). 

Relinguished by: Name and signature of field team member 

transferring possession of samples to the mobile analytical 

laboratory(s) or SMO, or to any other authorized person. 

• Received by: Name, signature, and affiliation of individual 

receiving the samples. 

NOTE: The individual accepting custody of a sample or set of 

samples must verify that all containers identified on the Chain of 

Custody/Request for Analysis form are contained in the 
packages(s) being accepted. The signature on the form 
acknowledges that all the sample containers have been received. 

• Possible Hazard Identification: If sample(s) is hazardous material 

and/or suspected to contain high levels of hazardous substances, 

check the appropriate space(s): Radiological, Highly Toxic, 

Flammable, Skin Irritant, Non-Hazard, or Other. If "Other" is 

selected, indicate in writing what the other hazard is. 

• Comments: Any additional comments are included here. 
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7. The FTL or designee ·is responsible for ensuring delivery of the samples 

to the SMO and/or the mobile analyticallaboratory(s) and for the 

completion of the Chain of Custody/Request for Analysis form. The FTL 

or designee will inspect the form for completeness and accuracy. 

6.1.4 Custody Seals 

1. Custody seals (Attachment D) must be used to ensure that samples are 

not tampered with during shipment. 

2. The custody seal for every sample are initialed and dated b~y~ 
of the sampling team. ~ ~ 

3. The lid of every sample container are sealed with a c~dy ~l 
seal will be in contact with the bottle and the li~.-W.: 

4. The sealed sample containers are deli~ I and/or the 

mobile analytical laboratory(s)~·~ 

6.1.5 Electronic Folio~ 0 
1. The electronic f~s u to rack sample data. The Chain of .' 

Custody~s lysi orm and the electronic follower contents 

must a e r e ry of the sample(s) to the SMO. 

~a: ed to a mobile analyticallaboratory(s) do not require an 

~c follower. 

follower. 

6.2 Field Investigation Summaries 

Field Log Books or Daily Activity Log forms must be used by field personnel to 

record all pertinent field data including detailed summaries of information pertaining 

to the field investigation, and additional field data (e.g., unusual events such as 

storms). If Field Log Books are used, LANL-ER-SOP-03.12, Field and Laboratory 

Notebook Documentation for Environmental Restoration Earth Sciences Studies, 

must be followed. These log books are tracked documents; unique identifying 

numbers are issued by the Controlled Documents Coordinator at the Records 

Processing Facility. 

6.2.1 Daily Activity Entries 

The FTL is responsible for keeping field notes that briefly summarize each 

day's progress. If Daily Activity Log Forms (Attachment E) are used, 

paginate each sheet of the Daily Activity Log for each day (e.g., 1 of 4, 2 of 4, 

etc.). 
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1. Entries in the Field Log Books or Daily Activity Log forms include the 

following: 

• Date: Month, day, and year at the start of each day and at the top 

of each page. 

• Time: The time of each activity. 

• Technical Area: Two-digit number indicating theTA in which the 

sampling activities are being executed. ~ 

• Operable Unit: Four-digit number indicating the 0 · ic 1\ ~ 
sampling activities are being executed. 

• Signature: Preparer m~s ig~ e end of each day. 

• Comments: C~ ·~ut are not limited to, the 

followin~: 

7.0 REFERENCES 

I de ription of daily activities 

- from approved plans or procedures 

- f el earn members' names 

- special problems 
- sketches and calculations pertaining to the job 

- performance of subcontractors, such as their equipment's 

suitability and adequacy 
names and affiliations of all ER Project personnel onsite 

supplies and equipment used 
- when photographs are taken in the field, the time, date, 

location, roll identification number, frame number, general 

compass direction, a description of the subject matter, and 

the photographer's name must be recorded 

decontamination practices, such as the time at which 

decontamination is performed 
a description of waste generated as a result of the field 

investigation 
any additional field observations pertinent to the 

investigation. 

LANL-ER-SOP-03.12, Field and Laboratory Notebook Documentation for Environmental 

Restoration Earth Sciences Studies 
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Los Alamos National Laboratory Environmental Restoration Project 

SAMPLE COLLECTION LOG • 40 SYSTEM 

Loa Alamo• Nationel Leboretory Environmentel Reatorehon Program 

SAMPLE COLLECTION LOG FOR SAMPLE 10 0099·95·000 1 

Date October'· 1885 

Technical Area 89 

Q.VQC Type None 

Time 

Op•rable Unit 9999 

Compoelte: Q Yes 

Compoelte Type: None 

Grabe: 

Semple Type Soli · Surface 

Sample Location Center ol pad 

Neme (Print) Zaphn•c Zubar 

Signature 

Theee Semple• were collected uaing LANL ER SOP 06.09 
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03 Mm'AL. 

Weather 

Semple Deacription ----+~-..:~~~..;:a~lliii"-------------

Field Screening 
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Oto 
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6in 

Photo (Roll, Frame, A~~ SubJect, Perticipanta): 
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Reault Unite 

"•LcL 
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cpm 

ppm 

Commenta 
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Coni 

10 

• 
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Control No. Page 
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Technical Area 99 

Operable Unit 9999 

loa Alamoe 

Date 10/04/95 

OU Contact Field Project Mgr. 

Send Lab Report to Field Pro_.._R.adA 

Z999 

17545) 

coc 9999-95-0001 

Page 1 of 1 

Field Unit Leader F"1111d Project leader 

()999-9999 

Turnaround 45 day• 

Lab Report Required 11/18/95 

Contact Phone No() 999-9999 

LANl Destination 

LANL Contact 

lANl M.sil Stop Charge Code 9999999999999999 

Relinquiehed by: Zaphnic Zubar 

(Signature): 
Alllllallon: Outer limits, Inc. 

Received by: 
(Signature): 

Alliliation: 

Date: 1 Relinquished by: 

(Signature): 

Allilietion: 

Time: I Received by: 
(Signature): 
Affiliation: 

POSSIBLE HAZARD IDENTIFICATION: (please indicate it sample(•) 

henrdoua material• and/or euapected to contain high levels of 

hazardous aubetancee): Radiological_ Highly Toxic 

Flammable_ Skin Irritant_ Non-Hazard_ Other 

Commenll: 

Field Unique Coni Date & Time Co~~-
Semple tnD ID Collected Volu e/Meterial Melli• Preeerv 

0099-95-0001 01 10/04/95 125 ml Polyethylene Sod Nona 

0099-95-0001 02 10/04/95 125 ml Glass Sool Ice 

0099-95-0001 03 10/04/95 125 ml Polyethylene Sool Ice 
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Los Alamos National Laboratory Environmental Restoration Project 
DAILY ACTIVITY LOG 
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1.0 PURPOSE 
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Field Quality Control Samples 

This procedure provides instructions for the collection of field quality control (QC) samples 

to ensure the reliability and validity of field and laboratory data. . ((=\\ 
2.0 SCOPE ~~ 

2.1 Applicability ~ 

activities involving the collection of field QC sam \) 

2.2 Training ~~ \ 
The Field Team Leader (§FT) · s si~onitoring the proper 
implementation of this ro nd st ensure that field team members 

collecting QC samP. n each sampling procedure to be used. 

Additionally, t n f I am members must document that they have read 

and unders i ure and the other procedures in Section 1.0, General 

A. 1 A sample aliquot is a portion of a sample that is representative of the entire 

sa e. 

B. Background Sample: A sample collected from an area or site similar to the one being 

studied, but located in an area known or thought to be free from pollutants of concern. 

C. Equipment (Rinsate) Blank: Usually organic-free water that is as free of analyte as 

possible and is transported to the site, opened in the field, and poured over or through 

the sample collection device, collected in a sample container, and returned to the 

laboratory. 

D. Field Blank: Usually organic-free water solution that is transferred from one container 

to another at the sampling site and preserved with the appropriate reagents. 

E. Field Duplicate (Replicate) Samples: Two separate, independent samples taken from 

the same source that are collected in such a manner that they are co-located samples, 

equally representative of the sample matrix at a given location and time. 
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F. Quality Control Samples: Samples used in a planned check of the operation of a 

measurement system to obtain a measure of the quality of the data generated. 

G. Reagent Blank: Usually an organic-free aqueous solution that is as free of analyte as 

possible and contains all the reagents in the same volume as used in the processing 

of the samples. A reagent blank must be carried through the complete sample 

preparation procedure and contains the same preservation reagent concentrations in 

the final solution as in the sample solution used for analysis. ~ 

H. Trip Blank: Usually an organic-free aqueous solution that is as free -~ 
possible and is transported to the sampling site and returned ~he 

Coordination Facility (SCF) without being opened. A triP. blan 1 usu pared by 

the SCF prior to the sampling event. \\. ~ 

4.0 BACKGROUND AND/OR CAUTION r()\ ~ 
The majority of ER field efforts requir~ · ~les for various quality control 

purposes. These include the~· sol · "te ct control samples), definition of 

background (background sa alu t n field/laboratory methodology (duplicate 

samples), and assessm~ · rity f the sampling equipment (equipment rinsate 

blanks). ~ . 

Samplin p re u · in the Sampling and Analysis Plans (SAPs) will be appliEJ8 

to i me way they are applied to samples taken in the field. QC sample 

nt 1 s be abeled and transported, and the samples analyzed in a manner 

ti II other samples taken at a site. 

Equipment required for this procedure is only that specified by the Operable Unit (OU) 

Sampling and Analysis Plans. 

6.0 PROCEDURE 

The requirements for field QC samples will be evaluated as part of the OU-specific 

Sampling and Analysis Plan. QC sample requirements for radiological samples differ 

from those for nonradiological samples. Summaries of these requirements for 

radiological and nonradiological sampling are provided in Attachments A and B, 

respectively. The requirements are also provided in the Generic Quality Assurance 

Project Plan for Resource and Conservation Recovery Act (RCRA) Facility Investigation 

(LANL, 1991 ). In addition to the QC samples listed in these summaries, projects may 

require other types of samples be collected to obtain information concerning the sampling 

site (e.g., background and control samples). Determine the need for these samples 

during the preparation activities. 

• 
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Obtain organic-free water in sealed containers appropriate for transport to the field and in 

sufficient quantity to prepare the required equipment (rinsate) blanks, field blanks, and 

reagent blanks. Organic-free water can be acquired at the Sample Coordination Facility 

(SCF). 

Collect each type of QC sample required in the manner defined below. 

See Attachment A for frequency of QC samples. 

Based on knowledge of the site and surrounding s~i entity and/or 

bodies of water that are similar to those being st · known or 

thought to be free of the contaminates of . Co I ct pies in the 

from the site being studied. 

6.2 Equipment (Rins nk · 

e Immediate vicinity of the sample collection activity, pour a quantity of organic

water into designated sample containers. Follow the sample preservation 

procedure using the same preservatives and volumes as used with the other 

collected samples. 

6.4 Field Duplicate (Replicate) 

At the frequency specified for the type of sample(s) being collected, collect two 

separate samples from the same source and at the same location and time. Place 

the samples in separate containers, follow the sample preservation procedure, 

mark each as a unique sample, and submit both samples for the same analyses. 

6.5 Reagent Blank 

Pour a quantity of organic-free water that is free of the analyte(s) of interest into 

designated sample containers. Add to this container all preservation reagents, in 

the same concentration and volume, as those added to a sample. 
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Request that trip blanks be prepared by the SCF providing the sample containers 

for the sampling activities and that they be shipped with those containers. The 
number to be requested depends upon the number and type of samples to be 
collected. (See Attachments A and B for guidance.) Maintain the trip blanks with 

the sample containers throughout the sampling event and return them to the 

laboratory with the collected samples. Do NOT open the trip blanks. ((=\\ 
7.0 REFERENCES ~ ~ 
The following procedures are directly associat~d with this proced~ an~ be 

reviewed before field operations: \\ __ "\:;:::> 
LANL-ER-SOPs in Section 1.0, General lns1ru · '()\ ~ 
LANL (Los Alamos National Laborato~ ~~ric Quality Assurance Project 

Plan for RCRA Facility lnvestigati t e L A os National Laboratory 

Environmental Restoration Pr Lo am s, New Mexico (current version). 

LANL (Los Alamo at~~ to ), November 1991. "Installation Work Plan for 

Environmental ~s amos, New Mexico (current version). 

Sisk -~ Manual for Ground Water Subsurface Investigations at 
~~qr o e 1tes," EPA Office of Enforcement, National Enforcement Investigations 

t , we , Colorado. (Sisk, 1981, ) 

Records to be generated during sampling are listed in the applicable sampling 
procedures. 

9.0 ATTACHMENTS 

A. Quality Control Sample Summary for Radiological Samples 

B. Quality Control Sample Summary for Nonradiological Samples 



QC 
Sample Type 

Field Duplicate 

Rinsate Blank 
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Quality Control Sample Summary for 
Radiological Samplesa 

Matrix of 
Samples 

Soil 
Water 

Water used to 
rinse equipment 

Frequency Purpose 

Toevalua~~ 
1 per 20 samples reproduci 'I ~~ 
(or less) sa ing t · . 

1 per 20 samples 

decontamma rr\' 
.V cedures. 

Program, May 1991, Sections 5 ul:) to annual update). 

bQr 1 per shipme~~ s pies are collected in a day. . 

~~ 
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QC 
Sample Type 

Field Blank 

Reagent Blank 
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Quality Control Sample Summary for 
Nonradiological Samples8 

Matrix of 
Samples 

Soil 
Water 

Water 

Frequency Purpose 

aGeneric Quality Assurance Project Plan for RCRA Facility Investigations for the LANL ER 

Program, May 1991, Section 5 (subject to annual update). 

bVOA - Volatile Organic Compounds 

*or 1 per shipment if less than 20 samples are collected in a day. 

**or 1 per shipment if less than 10 samples are collected in a day. 
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Management of RFI-Generated Waste 

1.0 PURPOSE 

This standard operating procedure provides decision making guidelines related to the 
handling and disposition of waste generated by Environmental Restoration (ER) 
Program field investigation activities. 

2.0 SCOPE 

2.1 Applicability 

This standard operating procedure is intended to cover and is appl 

A. AR: Administrative Requirements for Environment, Safety, and Health (ES&H). 
Published in the Los Alamos National Laboratory ES&H Manual, these 
requirements have been mandated by Laboratory management to ensure that all 
employees adhere to applicable ES&H laws, regulations, and U.S. Department of 
Energy (DOE) orders. 

B. Disposabl.es: Sanitary Landfill Waste-- Waste that does not contain radioactive 
materials, hazardous chemicals, explosives, or any combination thereof. 

C. Explosives waste: Waste potentially contaminated with explosives, equipment 
potentially contaminated with explosives, and explosive scrap. This waste must be 
disposed of through the Fabrication and Assembly Group (WX-3) (see AR 6-6) or 
by M Division at designated firing sites. 
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D. Hazardous/chemical waste: Any nonradioactive solid waste intended for treatment 

or disposal that is corrosive to living tissue, toxic, flammable, reactive, carcinogenic, 

teratogenic, mutagenic, or infectious, or that in any way presents a potential hazard 

to human health or the environment, including waste meeting the RCRA hazardous 

waste definition in Title 40 Code of Federal Regulations (CFR) Part 261. 

E. Liquid low-level radioactive waste: Liquid waste contaminated or potentially 

contaminated with radionuclides. 

L. SWMU: Solid Waste Management Unit as defined in RCRA as amended 1984 

Title II Section 1 004. Any discernible unit at which solid wastes have been placed 

at any time, irrespective of whether the unit was intended for the management of 

solid or hazardous waste. Such units include any area at a facility where solid 

wastes have been routinely and systematically released. 

M. SWMU Aggregate: Solid Waste Management Unit Aggregate -- A group of 

SWMUs formed by examining geographical relationships, applicable regulations, 

operating histories, waste types, methods of disposal, transport pathways and other 

potential relationships. 
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N. Tritium Waste: Solid waste (see definition "M") that is contaminated with tritium 

(
3H). Tritium waste that is contaminated with a tritium concentration <20 mCi/m3 

needs no special handling and is treated as low-level radioactive solid waste 

(LLW). Waste with a tritium concentration >20 mCi/m3 must be specially packaged 

as described in AR 1 0-2. 

0. TRU Waste: Transuranic Waste -- Solid Waste that is contaminated with alpha-

emitting radionuclides with half-lives >20 years, and in concentrations > 1 OOnCi/g. ~ 

P. Waste pile: For purposes of this SOP, a waste pile is created during the RFI~8 
an Operable Unit Project Leader (OUPL) or FTL chooses to pile borehole cu · 
or sampling residue in lieu of using drums. All waste piles must be st ed o 
plastic obtained from stock and covered with plastic in a mann~ehat a · s 
resuspension or runoff of contaminated soil. Waste in ~ile h be o · e 
disposed of upon receipt of representative analytical re · ill not 

be used in any area not under institutional con~tol 

4.0 BACKGROUND AND/OR CAUTI~ ' 0 
The FTL should consult with EM-7 c ~b~e nagement prior to 

the use of waste containers t rtation. Simultaneously, the FTL can 

provide EM-7 with a~ ·rna f ste to be generated. 

To minimize e 1'1 o xis mg waste management facilities at the Laboratory, it is 
importa t t t tion is minimized. This can be achieved through using 
go e · I ent concerning the return of waste to SWMUs and through 
car regation. Using best scientific judgement, an FTL (in consultation 

with L) can anticipate when sampling will occur in areas strongly suspected of 
conta · 1on and segregate waste generated during this operation from waste 
generated during the sampling of uncontaminated areas. This can be done both 
vertically and horizontally. For example, if past contamination has since been covered 

by 20 feet of clean fill, an FTL could drum or pile borehole cuttings from the upper 20 
feet separately from cuttings generated during drilling in the contaminated zone. 

5.0 EQUIPMENT 

EM-7 can provide 55-gallon drums, labels, plastic liners, and covers, or these items 
can be obtained from stock. 
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A. Coordinate with EM-7 concerning waste management prior to field work. 

B. The FTL must follow the decision flowchart shown in Attachment A for proper 

handling of RFI-generated waste. 

C. The FTL will manage the collection of RFI Waste in a manner that ensures that 

radioactive/hazardous waste generation is minimized. Refer to AR-10-8, Waste ~ 

Minimization, for guidance. ~~ 

D. Borehole cuttings and other wastes may be returned to the borehole or ot 

disposed of within the boundary of the SWMU aggregate, if the OU~nd 
jointly determine that some or all of the RFI work will be con~d i a t it 

is unlikely to be contaminated, or if they determine tha r · bor uttings 

or other waste to the borehole or elsewhere within th 1 crease the 

likelihood of contaminant migration or increas of n corrective 

action. ~0 
E. lyz re r to EPA's SW-846, Test 

Methods for Evaluating Solid r i ct1ons on valid methods of sampling 

and analysis. ~ 

F. i 0: se on analytical results, then the FTL must follow 
t n The Decision Flowchart (Attachment A). If the 

SUtlla.c:Nc~:.;f A (e.g., the waste is either hazardous or mixed), it is critical 
~ ate with EM-7 and EM-8 to implement AR 1 0-3 (and 1 0-2 for 
te) immediately. This includes hazardous waste labeling, 

a li h ent of less than 90-day storage areas within three days of the receipt of 

~WII'IIcal results, and daily or weekly inspections as required. EM-8 should be 

contacted immediately for assistance in setting up 90-day storage areas; AR 10-3 

provides additional guidance on RCRA compliance for hazardous wastes. 

NOTE: Methanol or other organic rinsates may become subject to RCRA 

immediately after use. 90-day storage areas for hazardous wastes should be set 

up immediately upon generation, unless the total volume of accumulated waste 

does not exceed 55 gallons. Hazardous wastes in quantities less than 55 gallons, 

or acutely hazardous waste in quantities less than one quart, should be stored in 

satellite storage areas. Again, EM-8 should be consulted for assistance in setting 

up such areas. 

G. Borehole cuttings, sample residue, and other wastes (e.g., decontamination water) 

should be drummed or piled (as appropriate) and left on site within demarcated 

(yellow tape) exclusion zones pending analytical results if contamination is 

suspected and it is determined unwise to return waste to the borehole or SWMU. 

Waste piles will not be used in any area not under institutional controls. Drumming 

of wastes strongly suspected to be contaminated is preferred over piling since this 
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facilitates labeling and transportation. This is an additional precaution against 
contaminant migration. All waste piles must be stacked on new plastic obtained 
from stock and covered with new plastic so resuspension or runoff of contaminated 
soils is avoided. Waste in piles should be otherwise disposed upon receipt of 
representative analytical results. 

H. The FTL must label segregated waste piles and drums as "pending analytical 
results" to ensure that representative sample analytical results can be used to 
determine the fate of the waste. The FTL is responsible for labeling the drums or 
piles in a manner that maintains a relationship between sample analytical results ~ 
and drummed or piled waste. ~\V 

I. Uncontaminated waste can be disposed on site (soil and water in ac~anc 
National Pollutant Discharge Elimination System) or at the Los Alamo unty 
landfill, but only after receiving written approval from EM-8. 

J. The FTL should implement the appropriate AR based u e e 

levels and methods of disposal for contami tion, the ARs 
provide appropriate waste transfer form 1n 1 for completion. 

K. 
waste. Contact EM-7 at ~ use the current forms. 

7.0 REFERENCE~~ 

The followi~ directly associated with this procedure and should be 
reviewe e e agement activities are performed. 

AR ti Exposure Control 
AR 6- sives 
AR 1 0-1 adioactive Liquid Waste 
AR-1 0-2 Low-level Radioactive Solid Waste 
AR 10-3 Chemical, Hazardous, and Mixed Waste 
AR 1 0-4 Polychlorinated Biphenyls 
AR 1 0-5 Transuranic (TAU) Solid Waste 
AR 10-8 Waste Minimization 
DOE Order 5820.2A Radioactive Waste Management 
DOE Order 5400.5 Radiation Protection of the Public and Environment 
LANL-ER-SOPs in Section 1.0, General Instructions 
LANL Health and Safety Manual (Chapter 1 of the Laboratory Manual, Environment, 
Safety, and Health Supplement) 
LANL Hazardous Materials Transportation Manual 
40 CFR 261, Identification and Listing of Hazardous Waste 
40 CFR 264, Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities 
55 FR 30798 (July 27, 1990), Corrective Action for Solid Waste Management Units at 
Hazardous Waste Management Facilities 
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EPA, 1986. "Test Methods for Evaluation of Solid Waste." U.S. Environmental 

Protection Agency report EPA-SW-846, Washington, D.C. 

8.0 RECORDS 

The following completed forms, as applicable, are the records generated during the 

use of this procedure (forms are available from EM-7, 665-4000 and sample forms can 

be found in the referenced ARs): 

A. The Waste Profile Request (Form 1 0-38) ~ 

B. The Radioactive Solid Waste Disposal Record, Application for Storage/Di~~ 
Form 1 0-2A (as appropriate) 

C. The Disposal of Batch Uquid Waste, Fonn 10-1A (as approp~) ~ 
D. The Hazardous Materials Transfer Form (HMT 1-1) ~~ 

E. The Chemical Waste Disposal Request, F ~opriate) 

R Program waste generated during the 
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RFI-Generated 1 •< 
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known or strongly 
suspected? 
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waste until media 
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available. 
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within the SWMU or 
CAMU boundary. 
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Re-deposit all 
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within the 
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boundary. 
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OPERATIONAL GUID.ELINES FOR TAKING SOIL AND 

'"'- WATER SAMPLES IN EXPLOSIVE AREAS 

1.0 PURPOSE 

The purpose of this procedure is to provide operational guidelines for personnel taking 

surface and subsurface soil samples and water samples in the high explosive (HE) 

corridor specified below in Section 2.0. 

2.0 SCOPE 

The HE corridor is a controlled location within Los Alamos National 

Laboratory) where explosives may be present in observable pieces, arti matter 

in the soil, and in rare cases, as a dissolved contaminant. At hnic ( A)-33, 

samples have the potential of being radioactively cont 1 i · to being 

operations and/or taking soil samples in the H · -7, -8, -9, -11, -14, -15, -16, 

-18, -22, -28, -33, -36,-37,-39,-40, -67~ , n ]. Many HE areas are 

separated by buffer zones know~to f e s contamination. The HE corridor is 

made up of both HE areas and ne 

2.1 Applicablli () 

r · ents, collect samples, and/or remediate an area within this 

. ert must accompany the team during pre-assessment and be on-

"le ey are sampling. 

Training 

Personnel entering the HE corridor to perform field operations shall read the Site

Specific Health and Safety Plan, this Standard Operating Procedure (SOP) for the 

explosive corridor, as well as complete the HE Corridor Access Safety Course and 

the site-specific training at the host group. The HE Corridor Access Safety Course 

is a 1-2 hour briefing on the hazards associated with high explosives and the 

general rules for working in areas where HE may be present. A self-assessment is 

taken at the conclusion of the HE Corridor Access Safety Course. The site-specific 

training consists of reading the material in the visitor package concerning rules, 

guidelines, and hazards at the specific T As. The site-specific training is conducted 

by the host group. A signature of understanding and acceptance is required. 

Personnel who need access to HE corridor at several T As must complete the site

specific training for each of the T As. 

It is the responsibility of the Field Project Leader (FPL) to arrange an: schedule the 

training including that required by the host group. It will be the responsibility of the 

host group to ensure that the appropriate internal approvals are obtained. 
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All personnel performing .. HE spot tests .. on potentially contaminated soil and/or 

other samples shall complete the Group DX-16 training course on the use of the HE:'' 

spot test field kit. 

3.0 DEFINITIONS 

A. Field Operations: Any activity to be performed in the field, including, but not limited to, 

visual reconnaissance, preliminary sampling, RCRA Facility Investigations (RFI) 

sampling, and remedial actions. ~ 

B. Field Project Leader (FPL): Person responsible for all RCRA activi~ ifi 

group of T As. The FPL is responsible for ensuring that personnel t a in 

the HE exclusion areas are trained and the host group havin~risd~) er the 

location of the sample collection is informed of field o~tio:~ 

C. Field Unit: Specified portions of TAs assigned ~~ct Leader for Resource 

Conservation and Recovery Act (RCR~~ 

D. Hazard Circles: The area in za r lting from explosives firing or other 

explosive operations are t. 

E. HE Spot Test Kit:~· ion of chemical tests developed by the military and 

DX-16 to ~ osi surfaces. The HE spot tests are approved only for 

homo s-t les and cannot be used reliably for heterogeneous ones. 

oil Sample Area: A heterogeneous soil sample location is an area 

n s randomly dispersed pieces of explosives that are not well mixed in a 

e volume and cannot be detected reliably using the HE spot test kit. The 

p osives pieces may be in large chunks or small pieces, they may be on the 

surface or buried. These areas constitute a potentially more hazardous situation than 

that of a homogeneous area. Examples of a heterogeneous areas are The land 

surrounding the TA-11 drop Tower, TA-22 Firing Site, or TA-67 (12) open firing Pit. 

Samples testing positive with the HE spot test kit and containing at least five percent 

explosives or those in which visible pieces of HE are found from heterogeneous 

areas must be submitted to DX-16 or another HE certified laboratory before being 

handled or treated further. 

G. Homogeneous Soil Sample Area: A homogeneous soil sample location is an area 

that contains explosive materials with high solubility, well dispersed within the 

desired sample volume such that the explosives could be detected by the HE spot 

test. 

H. Host Group: The operating group in the field unit where field operations are to take 

place. The host group will appoint .. authorized .. personnel to review the sampling 

plan, and authorize release of samples off-site for further analysis. 
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Since the mid-1940s, explosives development, processing, and testing operations have 

been performed at several T As at the Laboratory. Explosive handling and operations are 

subject to much more stringent safety requirements than most other chemical process 

operations because of the inherently hazardous behavior of explosive compounds. 

During many years of explosives development, explosives and devices containing 

explosives may have been scattered or deposited both inside and outside of the hazard 

circles; therefore, extreme caution is required for all field operations in the field units that 

contain current or previous operations. ((=\\ 
4.1 Hazards ~ ~ 
• Impacting soil with metal objects or other hard surface it~. .-~ 

• Screwing crystals of explosives between li?'R\~~ttles. 
• Handling chunks of weathered ex~~ 

• Detonation components "'s-~~h care. 

• ~a~and flames have the potential to initiate 
osives and components containing high-energy 

n many colors and forms in which their presence may 

The 

• Approved drilling plans must be in place before work commences. 

• Whenever possible, tool used to take the sample must be aluminum, plastic or 

other approved material that will not produce a spark when struck against 

rocks, concrete, or metallic items. 

• Containers used to store HE-contaminated samples shall not have metallic lids 

that screw on to glass or plastic containers or any other type of containment 

mechanism that allows .. pinch points between metals, metal and glass, or 
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metal and other material. Plastic bottles with plastic screw-on or snap on lids 

are acceptable for sample containment. 

• Heat sources, open flames or spark producing devices are prohibited in the 

explosive corridor. They have the potential of initiating explosives. A special 

permit is required when these devices are needed for sampling. 

Chunks of explosives and any components, materials, or objects found during 

sampling shall not be handled or removed unless they are to be analyzed as part of 

the sample. If the object or component is an explosive, detonator, or com nt 

containing explosives, the sensitivity may be increased from exposure t 

weather or by being mixed with unknown materials at the locatio 

mementos from the sites is not allowed. 

At areas known to be contaminated with both HE a radia · , physics 

Group ESA/WMA-2 has SOPs which h n m nt of explosives in a soil 

sample represents a safety h~a r, · 3 the Laboratory's Explosive 

Review Committee agreed so a s with up to 5% explosives 

(determined using HE o st 1 an PLC) to be removed from the corridor as 

non-HE samples · t · tio hat the Laboratory at DX-16 nor any other 

laboratory be a o trate the explosives in such samples. 

w II samples leaving the Explosive Corridor. 

(\ \\.} diation Exposure 

~osimeter badges will be worn by personnel in areas suspected of being 

contaminated with radiation. A ACT or a health physics monitor must scan 

personnel, equipment, vehicles, and supplies before leaving an area known to be 

contaminated with radiation. 

5.0 EQUIPMENT 

Equipment required for this procedure is that which is specified in the OU Sampling and 

Analysis Plan. 

6.0 PROCEDURES 

The following steps must be followed to collect, analyze, and approve off-site release of 

collected samples. 
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The sampling plan must be made available to the host group and it must include the 

exact location, type of sampling (surface, subsurface, or water), depth of sampling if 

sampling is subsurface, quantity of samples, analytes, and date/time for the work to 

be done. If subsurface sampling is requested, a detailed description of the method 

and type of equipment that will be used to extract the sample will be required. The 

FPL is responsible for arranging the site visit with the authorized host group 

personnel upon approval of the sampling plan. 

The soil samples will fall into one of four categories: (1) buffer zones~r ~e 
of explosives, (2) low to negligible probability of explosive contamin 3 

with potential for explosive contamination, and (4) areas with ~ten· o 

explosive and radioactive contamination. The areas that pete lly c E are 

further classified as being homogeneous or heterogen~. ~ 

6.1.1 Areas Generally Accepted as ~f~sive 
Contamination ~~ 

If there is substantial hi ~ta, re nowledge, or if data from an 

existing or previou ra rule out the possibility of potential HE 

contaminati~ p declare the location free of HE 

contaminati personnel can authorize the release of 

sam~~ e i further analysis. 

~ to Negligible Probability of HE Contamination Area 

locations are not known to have been exposed to explosives, 

ever, contamination remains a remote possibility. A visual examination 

and the HE spot test kit will be used on homogeneous or heterogeneous soil 

mixtures to make an initial characterization. A visual examination at these 

areas can rule out the possibility of heterogeneous-type contamination. 

Negative results form the HE spot test kit will rule out the possibility of 

homogeneous contamination. Negative results from both the visual 

examination and the spot test will allow the samples to be released off-site 

upon written approval from the host group. If the visual examination results 

in HE material or any of the HE spot tests are positive, the location must be 

considered as an HE contamination area. The size of the contaminated area 

and the extent of the contamination will be determined by the HE expert. 

6.1.3 Potential HE Contamination Area 

These are locations that have a high probability HE contamination in either a 

homogeneous or heterogeneous nature. These locations include firing 

mounds, stream beds and/or drainages from sites with known contamination, 

and outfalls from HE processing facilities. 
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• Homogeneous Area: The explosives are uniformily dispersed 

throughout the sample. A reconnaissance-type sampling program wi' 

be used. If positive results are obtained for a minimum of one of the 

reconnaissance samples, then all of the samples in the defined area 

must be considered contaminated. For concentrations of HE in the 

sample exceed five percent, special arrangements will be made for 

transport and analyses. Packaging and labeling can be done at S-Site 

(ESAIWMA) and analyses may be done at Group DX-16 or any certified, 

commercial laboratory equipped to handle and analyze HE samples. 

The required SOPs, policies, and safety devices, and PPEs m~e in 

place. Also, HE cannot be concentrated once removed from 'd or 

water, i.e., one shall not combine all5-g samples to~ 
sample for easy storage. 

• Heterogeneous Area: If the historical da r th~ot 2 , or 

authorized host group personnel d§' tha£!~ation is 

contaminated with visible pieces e · e will categorize it as 

a heterogeneous field. T~ les ill analyzed by an analytical 

laboratory and eq~u·R e sives. The samples can be 

approved by the ou r site release on an individual basis. If 

lab analysi s in c amination, the samples will be released 

off-s~ al with a special work permit. 

6.2 S~~o Methods 

i mple, follow the method outlined in LANL-ER-SOP-06.09, "Spade 

hod for Collecting Soil Samples... For pure explosives or explosive 

ts, call the HE expert assigned to your team to collect, package, label, 

sport the sample. This person may delegate this task to Group DX-16, the 

xplosive Safety Group. Follow LANL-ER-SOP-06.05, "Soil Water Samples," and 

LANL-ER-SOP-06.13, "Surface Water Samples, 11 when necessary. 

An authorized HE expert from host group or personnel designated by the host 

group as acceptable to perform HE related activities, must be present during the 

pre-assessment and on-call during sample collection. Shovels, scoops, or any 

other equipment used to remove the sample shall be constructed of aluminum or 

wood. Equipment and methods required for subsurface sampling will be reviewed 

on an individual basis in the same manner that excavation and trenching work by 

contractors in the HE exclusion areas are reviewed. Removal of samples to be 

tested for HE shall be performed using the "scoop .. method, i.e., the samples are to 

be scooped and saturated with the liquids from the HE spot test kit. 

6.3 Transport Samples from the HE Corridor to Group DX-16 

Analytical Laboratory 

HE contaminated samples and potentially HE contaminated samples requiring .. 

laboratory analysis shall be transported from the specific HE area to the DX-16 
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S-Site packaging laboratory using the plaqued vehicle assigned to transport 

explosives. Also, one must follow existing Laboratory guidelines specified in the 

latest edition of the Hazardous Materials Transportation Manual and any additional 

hazardous material shipment requirements specified by the specific location or host 

group. Off-site transportation of HE samples must follow the Department of 

Transportation (DOT) regulations. 

7.0 REFERENCES 

Training documentation checklist 
Field notebook 
Daily Activity Log (LANL-ER-SOP-0 
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FIELD DECONTAMINATION OF DRILLING 
AND SAMPLING EQUIPMENT 

This standard operating procedure (SOP) provides guidance for the field decontamination 

of drilling and sampling equipment to help ensure the integrity of soil, sediment, rock, 

water, and other samples collected from potentially contaminated sites and to minimize 

the potential for cross contamination between sampling locations. Implementation of this 

procedure will help protect site and community personnel by requiring that equipment not 

be removed from a controlled area without proper decontamination. ((=\\ 

2.0 SCOPE • __ '\:::!) 

equipment. 

2.1 Applicability ~rf)\ 
This SOP is applicable to person g · ~ection of surface and 

subsurface soil, sediment, roc , an h samples using hand tools (e.g., 

hand auger, shovels, sco , hamcal drilling and sampling equipment, or 

excavation equipm!¥: se of characterizing a potentially contaminated 

site for the·· n nta ra 1on (ER) Program. This procedure may be used 

to deconta a nge of sampling equipment, but may need modification 

to a~ cif sa ing applications. This procedure applies only to 

c · · tivities that are performed in the field. 

2. ining 

e field team leader (FTL) is responsible for proper implementation of this 

procedure and shall verify that he/she and those field team members engaged in 

sampling documentation have read and understand this procedure. The FTL will 

maintain proper training documentation in accordance with LANL-ER-SOP-01.01, 

General Instructions for Field Investigations. 

3.0 DEFINITIONS 

A. Cross contamination: The inadvertent introduction of contaminated materials from 

one location to another. 

4.0 BACKGROUND AND/OR CAUTIONS 

To help ensure that samples collected for the purpose of characterizing a potentially 

contaminated site are representative of the point place where they are collected, the 

equipment used to collect those samples should be decontaminated between each 

sampling event. Decontamination helps minimize the potential for cross contamination 
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between sampling locations and helps protect site and community personnel by requiring 

that equipment not be removed from the site without proper decontamination. The 

decontamination process applied should be tailored to the types of contaminants 

anticipated and should be minimized to the degree possible to reduce the volume of 

decontamination wastes produced. 

This procedure addresses decontamination for both radioactive and hazardous chemical 

constituents. A dry decontamination process is used first for the primary purpose of 

removing soil that may be contaminated by radioactive and/or hazardous constituents, 

followed by a wet decontamination process intended to remove the remaining 

constituents. Dry decontamination is essentially the mechanical and/or chemical cleaning 

of the equipment without the excessive use of liquids. Dry decontamination is~s irst to 

minimize liquid waste production, especially the production of liquid mixed a ~ e 

solid waste produced by the dry decontamination process, however, m ta o 

radioactive and hazardous chemical constituents and may be a mixed 

decontamination is essentially a washing process to remove con~ent~ not 

removed by the dry decontamination process. ~~ ~ 

In the interest of waste minimization, refer to Se io~1. f . to determine whether 

extraneous soils removed by mechanical m r m d to the site of origin (e.g., 

using a wire brush to remove and retu~l t borehole from an auger flight). 

Decontamination procedures ~o ct in accordance with the applicable Site.-

Specific Health and Saf e ure that personnel performing the 

decontamination r ct f uipment-related accidents and from exposures tQ,. 

radioactive, haz , ixed wastes. Implementation of these procedures m£ ; 

~~~ . . high pressure and temperature and is capable of causing burns 

S~UIPMENT 
The equipment recommended for this procedure is listed in Attachment A. 

6.0 PROCEDURE 

Optional approaches for decontamination are presented below to provide flexibility to the 

FTL in addressing site-specific situations. 

6.1 Decontamination Areas 

A. Decontamination areas shall be established to provide "dry" and/or ••wet .. 

decontamination, depending on the decontamination needs at the site. 

B. The dry decontamination area is used to remove loose, contaminated soil 

adhering to the equipment. This area may be located where the drilling or 

excavation is taking place, to minimize the potential for spreading 

contaminants from the site. If contamination is potentially extensive or h 
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environmental factors such as wind may cause uncontrolled dispersal of 

potentially contaminated soil or other substances, decontamination may, at 

the discretion of the FTL, be conducted within an open-top solids 

containment vessel. Prior to decontamination, clean plastic sheeting should 

be placed on the ground or inside the solids containment vessel to collect 

material removed from the equipment. Waste material removed from the 

equipment should be managed as specified in AP 5.3. For example, when 

steel brushes are used to clean soil particles off auger flights, at the location 

of the open borehole, this material may be returned to the hole as per 

guidance from AP 5.3. An equipment table, covered with clean plastic 

sheeting, may be placed near the dry decontamination area to facilitate 

disassembly of the contaminated sampling equipment. Drums may ~ 

placed nearby to contain waster material. ~~ 

removed during dry decontamination. The wet d onta ati a 

equipment varies depending upon the nautr iz nd c ity of the 

sampling operation and of the equipment i ted. For 

sampling tasks involving drilling or i g e i nt, the wet 

decontamination area must~a ~ c ent vessel, and may 

involve a high-pressure ste ea , mp to transfer liquid wastes to 

drums, and drums with r to · hquid wastes. The drums should 

have secondary con t. equipment table, covered with clean 

plastic sheete· d next to the wet decontamination area to 

facilit§a mo a wrapping of the decontaminated equipment 

pe di For sampling tasks using hand augers or other small 

e t, e decontamination area may consist of tubs, buckets, 

spray bottles. Separate buckets or tubs shall be used for 

\VIimQJ.IJig and rinsing this equipment. The use of spray bottles for rinsing 

imizes the generation of water that must be collected for disposal. 

Whenever practicable, the decontamination area should be placed 

downwind of the site personnel, giving consideration to the anticipated 

contaminants, detection of airborne contaminants above background, wind 

and weather conditions, and other site considerations such as site layout, 

access, and other site activities. Where possible, the decontamination area 

should not be located downwind of dust-producing site operations that could 

contaminate the equipment. The decontamination area may be located 

adjacent to the designated and secured drum storage area to reduce the 

need to move drums around the site. 

The decontamination of equipment that is to be removed from a 

contaminated area to a controlled or uncontrolled area shall be performed 

with the approval and oversight of the Site Safety Officer. Decontaminated 

equipment shall be screened by a Radiological Control Technician (RCT) or 

designee prior to release if radiation is potentially present at the sampling 

site. The radiological screening may include swipe and/or smear surveys as 

well as direct instrument surveys. If radiological screening conducted before 



6.2 

A. 

B. 

c. 

!-'age 0 Ul I I 

wet decontamination shows that no radioactive contamination is present, a 

second radiological screening following wet decontamination is not required. 

Drilling/Excavation Equipment Decontamination 

Prior to commencing sampling operations for a project, those parts of the 

drilling or excavation equipment that will come in contact with the sampled 

media shall be screened for radiological contamination and volatile 

organics. If soil adhering to the equipment is found to be contaminated 

during the field screening, dry decontamination procedures shall be applied 

as described in Paragraph B below. If hazardous chemicals or residual 

radioactive contaminants are potentially present, any dry decontam · ion 

shall be followed by the wet decontamination procedures desc i ~, 

Paragraph C below. In addition, a visual inspection shout e ~~ of 

the entire equipment, and gross residuals such as di from · u 

operation may be removed at the discretion of the "f it c c the 

objectives of the sampling operation or has th~ten · · g from the 

equipment and contaminating the site.~ 

If contamination is found or su Q ce of the equipment, or in 

the soil on the equipme · · ment shall be decontaminated 

in the dry decontami i a. e arse contaminated material may be 

removedg wa r s ch as a wooden spatula or paint stirring stick ... 

A~ w r y 1:) I a e used to lightly moisten dry soil being removec;i 

ro e · t, 1f needed to control dust. Only the minimum amount . 

a sp y uld be used to keep the waste moisture content low. 

r the coarse contaminated material has been removed, remaining 

contamination may be removed by washing with Fantastik ™ (an alkaline, 

waxless household cleaner) and/or RadiacTM (a commercial cleaner for 

removing radioactive particles), or similar product, followed by air drying or 

other appropriate methods. If radioactive contaminants are present, the 

equipment may be periodically surveyed with hand-held radiation detectors 

during the course of decontamination to determine where contaminated 

areas are located. Upon completing the decontamination process, swipe 

and/or smear samples may be collected from the equipment at the discretion 

of the ACT or designee, or as required by the Los Alamos National 

Laboratory (the Laboratory) Radiological Control Manual, and either 

submitted to a laboratory for radiological analysis or counted on site if 

appropriate portable equipment is available. 

If hazardous and/or residual radioactive contamination is still present after 

dry decontamination, a wet decontamination process shall be used. The 

liquid containment vessel should be empty at the start of each wet 

decontamination campaign, especially if the previous wet decontamination 

did not require a methanol rinse, so that the volume of wastes generater:t~ 

the decontamination process can be minimized. · 
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In general, a non-phosp~ate detergent and water wash with a water rinse is 

adequate for most decontamination requirements. Alternatively, the 

contaminants may be removed by steam cleaning, by washing with 

Alcon ox TM soap, or by another appropriate method, followed by a water 

wash using a standard scrub brush. The equipment shall then be rinsed with 

clean water. A second rinse should be performed using distilled or deionized 

water, particularly in cases where the chemistry of the water supply is not 

monitored on a regular basis. Where trace metals are anticipated, an acidic 

rinse may follow the detergent wash and rinse in the decontamination 

process to remove the trace metals, followed by a distilled or deionized water 

rinse. If organic contaminants are expected, a rinse with a solvent~ 

methanol may follow the detergent wash and rinse to remove o ni If 

used, the solvent shall either be wiped off or allowed to eva 

completely, and shall be followed by a water rinse. P · r to 1 a or 

a contaminant of concern at the site. D~c a · tion · containing 

solvents or acids may need to be analy gnitability prior to 

disposal. ~ 

The equipment is then al~o 0 r 1s dried with clean rags, 

towelettes, paper tow or oth ppropriate methods. Only those parts 

of the equipm t t e i direct contact with the potentially 

contaminat i be decontaminated in this manner. If an 

eqiili t sa nk is required by the governing sampling and 

IS Ia ality assurance project plan, a deionized water rinsate 

I b ol ected in accordance with LANL-ER-SOP-01.05, Field Quality 

t mples, following completion of the decontamination process. 

econtaminated drilling and excavating equipment not in active use, such as 

hollow-stem auger sections, drill rods, down-hole hammers, and bits, may at 

the discretion of the FTL be wrapped in plastic or otherwise protected from 

dirt and dust until needed. 

E. In the event that radioactive contamination is fixed on the equipment surface 

and cannot be removed using these field decontamination procedures, the 

FTL shall wrap the equipment in clean plastic sheeting or otherwise isolate it 

from cross contamination, label the equipment according to the RCrs 

instructions, and set the equipment aside pending a decision to conduct 

further decontamination at a decontamination facility or to dispose and 

replace the equipment. 

F. The successful decontamination of radiologically contaminated equipment 

shall be verified by the ACT using field survey techniques. The equipment i~ 

considered radioactively clean and suitable for sampling use if it meets the 

acceptance criteria for release from the Laboratory property specified in the 

Laboratory Radiological Control Manual. 
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G. Following the initial decontamination, the drilling or excavation equipment is 

typically not decontaminated again until completion of the specific borehole 

or excavation, unless cross contamination within a single borehole or 

excavation is of concern. The need to decontaminate during drilling or 

excavation may be determined by the FTL from field screening or may be 

indicated in drilling plans, excavation plans, or other work plans. The 

internal surfaces of augers have potential to come into contact with 

contaminated soil and should be screened periodically prior to 

demobilization. 

H. 

I. 

ater in the liquid containment vessel shall be removed from the vessel 

following each decontamination campaign and disposed of in accordance 

with AP 5.3. 

K. Equipment decontamination personnel shall follow the requirements of the 

Site-Specific Health and Safety Plan when removing personal protective 

equipment (PPE). Rags, plastic, PPE, etc. shall be disposed of in 

accordance with AP 5.3. 

L. Upon completion of site sampling and decontamination activities, the 

decontamination area shall be secured. 

6.3 Sampling Equipment Decontamination 

A. Both sample collection and sample preparation equipment are 

decontaminated according to the procedure described in this section. 

B. After sampling equipment has been used to collect each sample, the '\ 

equipment and sample shall be screened with hand-held radiation dete.._ "'Js 
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to evaluate personnel safety and radioactive contamination. If safe, the 

sampling equipment shall then be disassembled, as appropriate to the type 

of equipment, on a clean surface such as a clean plastic sheet. The sample 

shall be removed (except in the case of Shelby tubes} and processed 

according to the appropriate SOP. If Shelby tubes are used to collect 

samples, the sample is generally left inside the tube during shipment; in such 

cases the outside of the tube should be screened prior to shipment and 

decontaminated as required. 

G. Sample preparation equipment used to collect subsamples that will 

constitute a single composite sample does not need to be decontaminated 

between each subsample collection. 

H. If the rinsate in the liquid containment vessel includes methanol, it should be 

transferred to a separate lined drum prior to additional methanol-free 

decontamination to minimize cross contamination and potentially mixed 

waste generation. Drums should not be overfilled to allow for expansion. 

Methanol-soaked rags or towelettes should be bagged and placed into a 

separate lined drum. Waste containers shall be labeled and handled in 

accordance with AP 5.3. 

I. Equipment decontamination personnel shall follow the requirements of the 

Site-Specific Health and Safety Plan when removing PPE. Rags, plastic, 

PPE, etc. shall be bagged, drummed, labeled and handled as described in 

AP 5.3. 
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7.0 REFERENCES 

The following procedures are directly applicable to this procedure, depending upon thr 

type of sampling activity, and those that are pertinent should be reviewed prior to field 

operations: 
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Los Alamos National Laboratory Environmental Restoration Project 

RECOMMENDED EQUIPMENT AND SUPPLIES CHECKLIST FOR 

FIELD DECONTAMINATION OF DRILLING AND SAMPLING EQUIPMENT 

__ high-pressure portable steam cleaner 

_liquid containment vessel and support rack 

__ buckets, tubs, plastic wading pools, as needed 

__ solids containment vessel and support rack 

_shovel 

__ electrical generator (if power source is not available) and fuel 

_two sturdy equipment tables for tool assembly and 

disassembly 

__ steel brushes and standard scrub brushes 0 
_Aiconox ™ soap + acid solution if re uir tti SP 

__potable water (from~p ~ itti own 

chemistry} for e cl ani aV 
1 t e · · ed water 

"' .... _ ... _for deionized and potable 

ter •squirt• bottle for methanol 

and/or Radiac ™ wash cleansers, or equivalent 

__ wooden spatula or paint stirring sticks 

__ box of clean, dry lint-free rags and/or disposable towelettes 

__ sponges 

__ roll of heavy plastic sheeting 

_heavy-duty stapler and staples 

__ drums and liners (for liquids and solids) 

and covers 

__ wooden pallets (for drums) 

__ secondary containment for drums containing liquids 

__ labels and marking pens 

__ one gallon sealable plastic bags 

__plastic trash bags 



__ paper towels 

-~-duct tape 

- _appropriate personal 0 

in th protective 
0 

e applicable 0 equipment (PPE) 

_._bound field I parable Unit She Safety 'as specified 

Attacnmem ,.,... 
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CST og books and ink pe and Health Plan 

-17 (66S-4 ns 

obtained from ~~~k~an provide 55-gallon d rums, labels, plastic r mers, and cov ers, or these ite · ms can be 
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MANAGEMENT OF ENVIRONMENTAL RESTORATION PROGRAM 
RADIOACTIVE MATERIAL MANAGEMENT AREAS 

1.0 PURPOSE 

This procedure implements the requirements of Section 7.0 of the Los Alamos 

National Laboratory (Laboratory) Final Radioactive Material Management Area 

(RMMA) Program Plan, including environmental restoration (ER) operations on non

DOE land and the closure of RMMAs on both DOE and non-DOE land. 

2.0 SCOPE 

2.1 Applicability 

en ER 

RMMA: An area in which waste will be generated and a reasonable potential exists for 

contamination because of the presence of unencapsulated or unconfined radioactive 

material: an area that is potentially exposed to beams or other sources of particles 

(neutrons, protons, etc.) capable of causing measurable activation. 

RMMA Manager: The individual with overall functional responsibility for an RMMA. 

For field work in the ER Project, the FTL fills this role. A RMMA Manager can be 

responsible for multiple RMMAs, as appropriate for the size and complexity of 

operations in the RMMAs. The RMMA Manager will have the authority to suspend 

waste generation operations within a RMMA if necessary to ensure program 

compliance. 

RMMA Program Plan: The Laboratory's written plan describing the program for 

managing and controlling wastes from RMMAs. 



4.0 BACKGROUND AND CAUTIONS 

4.1 Background 
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This procedure is tailored to meet the needs of the ER Project and the objectives of the 

DOE/AL Waste Moratorium as described in the RMMA Program Plan. Waste control, 

segregation, and management follows the requirements of LANL-ER-AP-05.3, 

Management of Environmental Restoration Program Wastes. 

5.0 EQUIPMENT 

Instruments, signs, radiation and contamination control equipment are specified in the 

appropriate procedures used by RCTs and others in the field. Yellow and magenta 

signage and ropes/barriers will not normally be used on private property. 

6.0 PROCEDURE 

6.1 Establishing an RMMA 

6.1.1 Sites on DOE-Controlled Land 

Before beginning any waste-generating activities, the FTL or Decommissioning Project 

Leader (DPL) reviews the radiation profiles from the PRS or decommissioning project, 

and the site-specific work plan for general activity levels and the presence of hot spots 
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as well as for all information on process knowledge from the site history. The following 
criteria are used as benchmarks with which site information is compared to decide if a 
RMMA is required within the site: 

• General surface contamination is detected at levels greater than background levels 
as discussed in LANL-ER-SOP-1 0.07. 

• General beta-gamma count rates near the surface of the ground are greater than 
the minimum detectable activity (MDA) of the survey meter, as defined in LANL-ER
SOP-10.07. 

• Posting, barriers, and access control follow the general guidance of the LANL 
RadCon Manual, but yellow and magenta ropes, signs, or wording on the signs 
specified by the LANL RadCon Manual are not necessarily used. Instead, signage 
and barriers developed specifically for the ER private property are used. 

6.2 Managing an RMMA 

6.2.1 Sites on DOE-Controlled Land 

RMMAs are set up and controlled as required by the RMMA Program Plan. 
Decontamination is conducted according to site-specific health and safety plan 
directions. Contaminated wastes from decontamination and waste from the site are 
managed in accordance with LANL-ER-AP-05.3. 



6.2.2 Sites on Private Property 
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The signed Access Agreement between a land owner and the Laboratory allows the 

ER activities detailed in the site-specific Work Plan to be conducted on that land. The 

FTL takes the precautions indicated below to ensure that all waste coming from that 

area is segregated and otherwise managed: 

• On privately owned areas under investigation or remediation, the radiological 
areas are controlled by standard safety yellow flag and tape barriers, and Caution 
postings. Information on location, management, and closure are recorded as 
described for DOE-controlled land. Physical control by fencing, presence of 

personnel, or other methods is important to ensure waste control and to preven~ 
spread of contamination by intruders. ~ 

• Decontamination is conducted according to instructions in the sit~cif1 
and safety plan. 

• Contaminated wastes from decontamination and wa · e managed 

05.3. 0 
6.3 Closure of an RMMA <:::::(' 
Closure of the RMMA does · ~ r~e criteria for the area have been 

attained. It only means th 1 - rating activities are completed and a RMMA 

At the co~ aste-generating activities the RMMA Manager will close the 

~
M physical /administrative controls and completing the ER/D&D 

o e m (Attachment 7-2 of the Final RMMA Program Plan). 

7.0 ERENCES 

7.1 Cited References 

Los Alamos National Laboratory, Field Monitoring for Surface and Volume 

Radioactivity Levels, LANL-ER-SOP-1 0.07, September 20, 1994. 

Los Alamos National Laboratory, RMMA Program Plan, pp-01.0, prepared by IT 
Corporation, September, 1994." 

Los Alamos National Laboratory, LANL Radiological Control Manual, Document LM 
1 07-01 December 1992. 

Los Alamos National Laboratory, Management of Environmental Restoration Program 
Wastes, LANL-ER-AP-05.3, 1994. 

U.S. Department of Energy, Radiation Protection of the Public and the Environment, 
Order 5400.5, 1988. 
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7.2 Reference Material Necessary· for Implementation of this SOP 

Los Alamos National Laboratory, Documenting Equipment and Item Removal, 
Laboratory Procedure LP 107-04.0, February 1, 1994. 

Los Alamos National Laboratory, Radiological Posting, Laboratory Standard LS-1 07-
02.0, March 31, 1994. 

Los Alamos National Laboratory, Releasing Equipment and Items, Health Physics 
Operations Standard ESH-1-07-01.0, April18, 1994. ~ 

Los Alamos National Laboratory, Surveying for Alpha and/or Beta/Gamma 
Contamination, Environment, Safety and Heatth Procedure ESH-1-02-02.0, M~\\) 
1994. -~ 

Safety, and Health Procedure ESH-1-02-03.0, March 14, 

8.0 RECORDS ~~ \ 
s .e~l~ng and closing RMMAs will 
ch ents 7-1 and 7-2 of the Final RMMA 

r mpleting the necessary forms and sending 
, MS M707. 



LOS ALAMOS ENVIRONMENTAL RESTORATION PROGRAM 
INTERIM CHANGE NOTICE 

EFFECTIVE DATE: (Dist. Date) 2/11 J OJ5 ICN No. DO (P Page ...L of .1 
I I 

b.. . .-ument No. _3s.:·.&.01~-- Rev. 1 Title: Land Surveying Procedures 

Reason for Change: 

Point of clarification: 

Under New Mexico Engineering and Surveying Practice Act, Ucensed Professional Engineers or 
other surveyors with comparable qualifications and demonstrated experience and can perfonn 
design, construction, or topographic surveys including photogrammetric methods. Only licensed, 
Professional Land Surveyors are authorized to perfonn control, property, easement, or boundary 
surveys. 

It is the responsibility of the Field Team Leader to submit all records generated by this SOP to 
the ER Records Processing Facility including: 

Change Requested 
by: 

Functional Reviewer 

Program Manager 
ft -· "'lrOval: 

QPPL (QA review 
and approval) 

YJ.,~:iv~-4 
(Signature) u 

)oRG JA-N i.r.;tU 
(Signature) 

1/1? "rr-(D te) 

-{-~(- 11 
(Date) 



Los Alamos National Laboratory No: LANL-ER-SOP-03.01 Rev: 1 

Environmental Restoration Program 
Standard Operating Procedure 

Prepared by 

Quality Review by 

Technical 
Review by 

QPPL Approval 

Land Surveying Procedures 

L,qui~ 1{. &ou'r« ~ 
(Print Name) {SiQilatllre) 

Effective Date: r 1 

5-l--i~ 
(Date) 

(Date) 



LANL-ER-SO Page 1 of 8 P-3.01, R1 

LAND s URVEYING PROCEDURES 

Contents 



LANL-ER-SOP-3.01, R1 
Page 2 of 8 

LAND SURVEYING PROCEDURES 

1.0 PURPOSE 

4.0 BACKGROUND AND/OR CAUTIONS 

This SOP is intended to supplement and modify the procedures listed in the Laboratory 
Survey Manual with regard to various special requirements of the ER Program. The 
Laboratory Survey Manual serves two basic purposes: 1) to provide standard procedures 
and methods for conducting surveys and transmitting data, and 2) to provide a standard 
list of coordinates. Contact Mr. Larry Jones, P.E., of ENG-3 at {505) 667-0142 to obtain 
copies of the Laboratory Survey manual. 

Because of the sensitive nature of the work, the requirement that sample locations be 
staked out accurately, and the ability to resurvey sample points based on survey data and 
field notes, only personnel with experience in land surveying and/or who are registered 
New Mexico professional land surveyors should use this procedure. Much of the 
information and direction contained herein requires professional judgment to properly 
apply. 



5.0 EQUIPMENT 
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All equipment used to perform land surveying for the ER Program must be capable of 

measuring distances and angles, when in conjunction with established surveying 

practice, meet or exceed the requirements detailed in the •Minimum Standards for Land 

Surveying in New Mexico, • revised February 2, 1994, or latest edition as published in the 

New Mexico Engineering and Surveying Practice Act. A copy of the standards is included 

in the Laboratory Survey Manual. 

6.0 PROCEDURE 

Below is a specific listing of each applicable procedure from the Laborat e ~ 
additions required by the ER Program. They are listed by procedu umb tie. 

1 00 LANL Procedures ~ ~ _' 

10~1 Purpose and Scope ~ ~ ~ 
This is wholly applicable to la~e~r the ER Program. 

100.2 Central Poi \ \0 
ER Pro s he changes in organization at ENG-3. The first change is 

to a th e oint Contact: 

(\ ~' m Mr. Ralph Alarid, Chief of Surveys 

~ (Mr. Alarid has retired from the Laboratory.) 

1Q Mr. Larry Jones, P.E. 
Phone: (505) 667-0142 

Second, final survey information must also be transmitted to the Facility for 

Information Management, Analysis, and Display (FIMAD), since they produce the 

maps and assemble the data the ER Program utilizes. The contact and addresses 

for FIMAD are as follows: 

Mailing Address 

Ms. Marcia Jones 
Los Alamos National Laboratory 
FIMAD 
Mail Stop B452 
Los Alamos, NM 87545 

For UPS 

Ms. Marcia Jones 
Los Alamos National Laboratory 
FIMAD 
Building SM 215, Room 259 
Bikini Road 
Los Alamos, NM 87545 
Phone: (505) 665-2807 
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The third party final survey information must be submitted to is 

Mailing Address 

Ms. Renee Archuleta 
Los Alamos National Laboratory 
Environmental Restoration 
Records Processing Facility 
Mail Stop M707 
Los Alamos, NM 87544 

For UPS 

Ms. Renee Archuleta 
Los Alamos National Laboratory 
Environmental Restoration 
Records Processing Facility 
Trinity Drive 
Los Alamos, NM 87544 ((=\\ 
Phone: (505) 665-64~ ~ 

100.3 Definition of Terms Used ~ 
The 

following definition needs to be added: 

FIMAD: Facility for Information ~~ d Display 

100.4 Steps of Proce~\ ~a~Field Survey 

A. n r in modified to include EIMAD. EIMAD•s function is 
to in;;e e t to a database, from which maps can be made. 
ElM · Is sible for storing and retrieving survey data related to the 

r gra dition, all records generated for the ER Program must be 
nvironmental Restoration Records Processing Facility (APE). 

r · I r . Although the Laboratory Survey Manual does 
ot explicitly require it, all land surveys executed under the ER Program 

should be performed under the direction of a New Mexico Registered Land 
Surveyor. This is prudent because of the sensitive nature of the work and the 
ability to locate sample locations in the future. The involvement of a 
professional surveyor will ensure that accurate state plane coordinates are 
calculated and proper field notes compiled. It is also important so that 
accurate results are ensured. 

C. Quality Assurance. The Laboratory Survey Manual requires a quality 
assurance (QA) check by ENG-3. This ER SOP recommends that all land 
surveys be conducted under the responsible charge of a New Mexico 
Registered Land Surveyor. A QA check should also be performed by a New 
Mexico Registered Land Surveyor. Because such a person is licensed, he is 
required to work to standards established by the state of New Mexico. 
Additionally, the surveyor is required to perform to standards established by 
this SOP. QA is an inherent factor in meeting these two standards. If a New 
Mexico Registered Land Surveyor is not utilized, the Field Project Leader 
must record the deviation and the justification in the Logbook or Daily Activity 
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Log per LANL-ER-SOP-01.04. The Field Project Leader or designee will then 

accept any liability resulting from not using licensed surveyor. 

D. Final Submittal. In addition to the requirements listed in the Manual, the data 

must also be submitted to FIMAD and the RPF. Unless the survey involves 

private property or boundary work, the surveys do not have to be stamped. 

The only cases where the survey needs to be stamped would involve projects 

adjacent to private property. 

100.5 Survey Procedure Summary 

E. Revise QA submittal as noted above. 

100.6 Survey Procedure Flow Chart 

2.Jl..O LANL Survey 

Temporary Control Monuments 

This section is wholly applicable 

200.3.2 Permanent Survey Monuments 

This section is not applicable and should not be included in the SOP for ER land 

surveying. The ER Program should not set permanent control markers as defined 

in the Manual and will not need to perform such work. 

200.3.3 Benchmarks 

This section is not wholly applicable, but it is a source of information. 

200.4 Surveys for New and Existing Utilities, Roads and Parking 

Areas 

This section is applicable only to the extent that ER land surveys require existing 

features to be located. Those parts of the section that deal specifically with 
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installation of new items (roads, utilities, etc.) are not applicable, since the ER 
Program will not be constructing these items. 

200.5 Surveys for Location of Existing Underground Utilities 

This section is wholly applicable. 

200.6 Construction Staking 

This section is not applicable. The ER Program will not be building anythin9('f\\ 

200.7 Sol/ Sampling Points (e;~ 
This section is applicable, although it is recommended t t the rizo~ 
accuracies be within 0.1 ft and the vertical accuracy wit 1.0 ft. he 
horizontal coordinates have been established, ~i I e relatively 
easy to reestablish if the stake or marker is 'sl Ci ed away. 
Additionally, a vertical accuracy of 0.1 t I or cost-effective in some 
instances. <::::::( ~ 

200.8 Building Stru~e~ti s 

This section is no~~~ 

200.9 ~tion Submittal 

onumentation Standards 

This part of the Manual is not applicable, since the ER Program will not be installing 
permanent control monuments. 

!QO. Monument Coordinates 

This section is wholly applicable to the ER Program. 

Miscellaneous 

The •Minimum Standards for Land Surveying in New Mexico, • included in the back of the 

Laboratory Survey Manual are wholly applicable. (Standards updated February 2, 1994, 
or use latest editions.) 
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Los Alamos Facilities Engineering Division Survey Procedures Manual, Revision 1, 

October 30, 1992 

LANL-ER-SOP-01.04, R2, Sample Control and Field Documentation 

8.0 RECORDS 
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Los Alamos National Laboratory Environmental Restoration Program 
100.6 SURVEY PROCEDURE FLOW CHART 

G) Survey Data 

Survey Requestor 
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• Private Surveyors 
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GENERAL SURFACE GEOPHYSICS 

1.0 PURPOSE 

This set of related procedures describes the general technologies available to meet 

project data collection objectives by using non-intrusive surface geophysical 

methods. The surface geophysical methods described herein may be useful in 

attaining the following data collection objectives: waste characterization (physical 

limits in two or more dimensions), waste consistency, buried objects, likely water 

levels, possible shallow plume distribution, local hydrogeologic conditions, and 

geologic structural conditions. The seven technologies included are electromap 

conductivity, electrical resistivity, seismic reflection and refraction, magneto t , 

gravity, ground penetrating radar, and self-potential. These technologie e r 

bulk earth properties through indirect means. Such technologies e not 1 

to be "stand alone," but are intended to be utilized in conjunction 1 dire piing 

methods such as test pits, soil test boring, and rock coring. ~!:a~~ sical 

techniques are referred to as "surveys" due to the in~W aata obtained. 

2.0 SCOPE \6\ \8) 
2.1 Applicability 4 \}"'> 
These procedur i · ~c~ for the general planning, selection, and 

implement · n ge a urveys that may be considered during 

investig f u waste sites. These procedures are applicable to 

e i ram. Seven methods are discussed from the standpoint of 

·ty o site investigation . 

. 2 Training 

The seven methods listed in section 1 require college level instruction in 

geology and geophysical methods. At least one field team member must be 

college-trained and have experience in the data collection objectives of 

surface geophysical methods. One field team member must be well versed in 

the use, maintenance, and calibration of the equipment to be used. The field 

team leader is responsible for monitoring the proper implementation of these 

procedures. All field personnel should document that they have read and do 

understand these procedures and the procedures in SOP Section 1.0, General 

Instructions. 

Interpretation of the geophysical data acquired requires a significantly higher 

level of training than that required to implement the survey or to process the 

geophysical data. The person responsible for interpreting the geophysical data 

is required to have an M.S. or equivalent in geology, geophysics, geological 

engineering, or geological sciences. 
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3.0 DEFINITIONS AND ABBREVIATIONS 

3.1 Definitions 

A. Electromagnetic conductivity: The ability of a material to conduct 
electrical time-varying current. In isotropic material, the reciprocal of 
resistivity. 

B. Electrode: A piece of metallic material that is used as an electrical contact 

with a nonmetal. 

C. Electrical Resistivity: Observation of electric fields caused by curr n~ 
introduced into the ground as a means for studying earth resis · · . ~ __ '\:::::!) 

D. Ground Penetrating Radar: A system in which short w5ngt 
electromagnetic waves are transmitted, and the ~sc re 
electromagnetic energy from reflecting obj~· ecte 

E. Magnetometry: The measurement o on ement of the 
geomagnetic field at different I (@ asurements are usually 
made either to map the br tt n e Earth's main field or local 

anomalies that exist~u va · ion magnetization (either natural or 
man-made). 

F. Magn~et~ ment for measuring magnetic-field strength. 
Such ically measure either the vertical component of the 

~r he p ae of the magnetic field (often termed the total 

('\ ~ ~~ic ~efraction: The change in direction of a seismic ray upon 
'\:::::!) passing into a medium with a different velocity. Also, a method of . 

mapping geologic structure by using head waves involving energy that 

enters a high-velocity medium (refractor) near the critical angle and 
travels in the high-velocity medium nearly parallel to the refractor surface. 

H. Seismic Reflection: The energy or wave from a seismic source that has 

been reflected (returned) from an acoustic contrast (reflector) or series of 
contrasts within the earth. Also, a method of imaging the subsurface by 

recording, usually with a multichannel recorder, reflected seismic energy 
generated by a surface or near-surface seismic energy source. 

I. Contractor-Specific Geophysical Procedure: A contractor-supplied, 
specific procedure or set of procedures for making and interpreting 
measurements of physical properties of the earth to determine subsurface 

conditions, usually with an economic or geotechnical objective. 

J. Instrumental Drift: A systematic change in the output of a given surface 
geophysical system due to causes inherent in the system, such as 
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changing equipment temperature or deterioration of an electronic 

component. 

K. Calibration: A test or tests performed against known standards with a 

given surface geophysical system to verify that the system is functioning 

properly and to provide calibration values which allow the data from the 

system to be used quantitatively. 

L. Survey Notes or Data: Information obtained during a surface geophysical 

survey that is written in a field book or recorded by an electronic or optical 

recorder. 

M. Surface Geophysical Technical Specifications: A set of te~h · ~ 
specifications prepared by the Operable Unit Project Lead \. V 
particular type of geophysical survey. Such specifi · ns d i e 

of geophysical survey to be employed, the pre~· ion uired 

survey, the data accuracy and repeatabilit th ata r g format and 

medium, and so forth. r\' 

N. Self-potential or spontaneou · I: ~ easurement of naturally-

occurring, potential diffe s p mts on the earth's surface. 

earth or fluid flow e- h. 

3.2 Ab i ~ 

e gnetic conductivity 

- rica! resistivity 
-Ground penetrating radar 

OUPL - Operable unit project leader 

POCO - Project data collection objectives 

QA/QC - Quality assurance/quality control 

SGTS - Surface geophysical technical specifications 

SP - Self-potential (sometimes called spontaneous potential) 

SR - Seismic reflection/refraction 

FTL- Field Team Leader 

4.0 BACKGROUND AND/OR CAUTIONS 

4.1 Health and Safety Concerns 

Potential hazards during a surface geophysical operation are associated with 

machinery, electrical devices, weather, possible contact with contaminants, 

and other hazards. Some of these hazards are listed below; this list is not 

intended to be comprehensive. A Laboratory Standard Operating Procedure 

(SOP) or Special Work Permit (SWP) may be required when certain 
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instrumentation is used. Refer to the Laboratory's Environmental, Safety, and 

Health manual for specific requirements relevant to SOPs and SWPs. 

4.1.1 Machinery 

Ground penetrating radar (GPR), electromagnetic conductivity (EM), and 

electrical resistivity (ER) sources are somewhat mechanical; and 

hazards such as tipping, rotating, or moving machinery are present. 

Seismic reflection/refraction (SA) sources are mechanical and have 

hazards such as tipping, high pressures, pulleys, etc. Occasionally~ 

explosive sources are tried; use of such sources must adhere~o n (\ 

approved Laboratory Standard Operating Procedure. \V 

4.1.2 Electrical Devices \\ _' 

Direct electrical hazards - such as electr~io~d.J>~r 
electrical fires from sources, electrodes, e possible, 

especially using EA. ~ 

Indirect hazards-such as ~-o generators, batteries, high 

pressure hoses, e~~le ing several of the methods 

~~ in increase machinery and electrical hazards. 

(\~~~increases electrical shock hazard, especially in ER. 

~ Lightning is a potential hazard, especially where long wires are used 

along the ground. 

Exposure (e.g., heat exhaustion or hypothermia) is a hazard in adverse 

weather or if work continues beyond normal working hours. 

4.1.4 Contamination 

All equipment used at a site known or suspected to be contaminated 

must be monitored for contamination. Site workers should be aware of 

surface geophysical operations at all times and read and understand the 

SOPs related to Health and Safety in the Field. 

4.1.5 Other Hazards 

Fuel fires 

Carbon monoxide fumes 
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Personnel problems such as inadequate training, carelessness or 

inattention, and impairment from medication, drugs, ailments, etc. 

4.2 Overview of Surface Geophysical Techniques 

4.2.1 Introduction 

In environmental restoration applications, surface geophysical 

techniques are used for the in-situ determination of physical, chemical, 

geological, and hydrological parameters in site characterization and 

waste sites. Surface geophysical measurements can be used to:@ 

solve waste cleanup problems as part of initial site charact~r" ·o 

during remediation, and for post-remediation monitoring. 

For accurate results to be achieved with a give surf geo · al 

standards and monitored for any malfu · r · · drift of the 

system calibration. In addition, th us e ected for non-

standard conditions (con~itia ~r H e encountered in the 

calibration). 

4.2.2 Types o~~e op ysical Methods . 

~~~agnetic Conductivity 

T ~~thod provides an indirect means of measuring the 

groundwater. Electrical conductivity is a function of the type of 

soil and rock, its porosity, and the fluid composition and 

saturation. In most cases the conductivity of the pore fluids will be 

responsible for most of the measurement. Accordingly, the EM 

method applies both to assessment of natural geohydrologic 

conditions and to mapping of many types of contaminant plumes. 

In addition, trench boundaries, buried wastes, drums, and utility 

lines can be located with EM techniques. The EM technology is 

versatile; data may be collected either continuously or on a 

station-by-station (grid) basis. 

Note that the EM technique measures earth conductivity by 

inducing eddy currents into the near-surface materials. The 

inducing electromagnetic field usually has a frequency close to 

1 0 kHz; commercially available instruments have depth 

penetrations of roughly 5 meters (the actual depth of penetration 

depends upon the local conductivity structure). 
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4.2.2.2 Electrical Resistivity 

Electrical resistivity surveys provide information about the 

subsurface distribution of the ground resistivity. The information 

can be used to infer groundwater quality and lithologic and 

geological information. Both horizontal and vertical changes in 

ground resistivity can be mapped by resistivity surveys. However, 

in practice, resistivity surveys are mostly used to determine the 

vertical changes, and lateral resistivity changes are more easily 

mapped by electromagnetic surveys. Often, electromagnetic and 

resistivity surveys are used together. ER surveys are normall~ 

performed on a station-by-station basis following linear (cr (""'\ 

section) or grid patterns. The ER method applies to as e \V 
of natural geohydrologic conditions and to mapping of . 

contaminant plumes. In some conditions, trenc~~~~ , 

buried wastes, and utility lines can be Joe~ w:~ 

4.2.2.3 Seismic Reflection/A~~ 

Seismic technique~ha ~~me instances for 
assessing subsurf oh · conditions such as depth to 

bedrock; dep t 1 ne an ·p of lithologic units; horizontal 

and vertical an alous geologic features (folds, faults, 

and~r: ) roximate depth to the water table; and, in 
· io it eophysical well log data, the porosity and 

· · f lithologic units. Seismic techniques have also 

ee us to delineate the boundaries of subsurface bulk waste 

es and the depth of landfills. 

Seismic methods are relatively expensive to use and have poor 

spatial resolution (rarely < 0.5 meters) when compared to the 

resolution possible using GPR. However, the useful depth of 

penetration for seismic methods can be quite large (hundreds of 

meters), and the method can often provide results when all the 

other methods discussed herein fail. 

4.2.2.3.1 Seismic Reflection 

The method of seismic reflection consists of measuring the 

two-way travel times of compressional waves generated by 

a surface source and reflected from subsurface interfaces. 

Depths to each reflecting interface can be inferred from 

reflection two-way travel times combined with layered 
velocity information. 

Higher subsurface resolution of shallower layers is 
possible with shallow reflection techniques than with 
refraction methods (see 4.2.2.3.2). Modern multichannel 
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engineering seismographs have filtering capabilities that 

allow later arriving wide-angle reflections to be separated 

from earlier refraction arrivals. '"~. 

4.2.2.3.2 Seismic Refraction 

The method of seismic refraction consists of measuring the 

travel times of compressional waves that are generated by 

a surface source, critically refracted from subsurface 
interfaces, and received by surface receivers. First-arrival 

travel times of seismic energy plotted against source-to-

receiver distance on a time-distance curve are ~ 

characteristic of the material through which~ te C'\ 
The number of line segments on the time-di I ~V 
indicates the number of layers. The in~e s · e 

segment indicates the apparent ~·smi locit aye. r. 

Seismic velocities obtain~ survey over 

an area do not a~w r e ·t obtained from a 
reflection surv e rea. The differences may 

be becau i oc s are obtained from rays 

traveli r I to e p of a layer, whereas reflection 

vel · · re ained from waves traveling perpendicular 

t at e bottom of the layer. 

technique of seismic refraction has been used to a 

(\ ~, characterization of hazardous waste sites. 

~ 4.2.2.4 Magnetic Methods 

Magnetometer surveys are used to identify areas of anomalous 

magnetic field strength. Although natural conditions may cause 

anomalies, shallowly buried ferrous metal objects (for example, 

steel drums) exhibit strong anomalies that are rarely confused 

with natural sources. Generally, any strong anomaly must be 

considered suspicious and therefore should be examined by 

direct sampling methods. Magnetic studies are performed on a 

station-by-station (grid) basis. The data are typically presented by 

contouring, although maps using colors rather than contours may 

be used, as well. 

The magnetic methods described are applicable to locating 

buried drums and other ferrous metal objects; locating waste pits 

that contain ferrous metal; locating underground utilities such as 

pipelines, cables, tanks, and abandoned well casings; clearing 

drill sites; and identifying geologic features that exhibit sufficient 

magnetic contrast. 
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Ferromagnetic metal location and depth of burial can be inferred 

from the shape and width of the anomaly. The location of metal 

using magnetometry facilitates excavation without puncturing 

metal containers. Underground utilities, which are traceable with 

magnetics, often lie within loosely filled trenches and may provide 

permeable pathways for groundwater flow. Magnetometry is 

used in clearing drilling sites to select locations that are free of 

drums, detectable underground utilities, and other ferrous objects. 

4.2.2.5 Gravity Methods 

Surface gravity measurements are occasionally useful for 

quantifying the volume of mass deficit or excess. The method is 

affected by mass density variations and thus can be useful for 

estimating the volume of a landfill or tank, if the density contrast 

between the landfill or tank and the surrounding medium is 

known or can be estimated reliably. The method is not particularly 

sensitive and typically requires large volumes of material to be 

missing (or in excess) to be useful. 

To be useful for environmental applications, gravity methods 

require that each gravity measurement location be known 

precisely, especially its elevation, and that modern, highly precise 

instrumentation be used. Modern instrumentation is capable of 

reliably measuring gravity differences as small as 3 microGals; 

instrumentation that is incapable of such precision is usually not 

useful for environmental applications. 
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4.2.2.6 Ground Penetrating Radar 

Ground penetrating radar has been demonstrated to be useful in 

defining landfill cover thickness and the presence of shallow (less 

than 3m) burial sites. The method may be utilized on a station

by-station or continuous recording basis, but is more often used in 

the continuous mode. 

GPR data are often used to produce a continuous subsurface 

profile through the use of a linear strip chart recorder, although 

digital recording and subsequent processing will probably 

supplant the older analog methods in the near future. The~ 
following is a partial list of major GPR uses related t~a us 

waste site investigations. 

• Delineate the locations of bu~· d dr~, t~ les, 

and pipelines. .-'\;::::? 
• Define the bo~~~ ersus original 

ground~· ~ n~ trench. 

• Ma \~bl . 

~D. a stratigraphic layers such as clay, till, or sand. 

{P-. ~e ine natural subsurface features, such as buried 

.\::::!J stream channels, lenses, and voids (caves). 

Although GPR cannot provide definitive information on 

subsurface conditions, the data are desirable largely because of 

the very high spatial resolution that is attainable. 

GPR instruments are limited with regard to sensitivity, resolution, 

and penetration. Field experience, published references, and 

operators' manuals should be used when an evaluation of 

instrumentation versus capability is desired. 

Interpretation of radar data generally becomes more complex as 

the contrast in electrical properties between background and 

target areas becomes less. Several small, closely-spaced targets 

may not be sensed as multiple anomalies, but as one large 

anomaly. 

4.2.2.7 Self-Potential Methods 

Self-potential methods utilize naturally-occurring differences in 

electrical potential between locations on the surface. Historically, 

such measurements have been used to prospect for metallic ore 
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bodies, for the electrical conductivity of such bodies is typically 

much higher than their host rocks; such conductivity variations 

can give rise to measurable potential differences, which are what 

the SP method is based upon. In most applications relevant to 

environmental restoration, however, the SP method is used to 

measure potential differences resulting from fluid flow in porous 

materials. Sometimes such potentials are termed streaming 

potentials. In such cases, measurements are usually made over 

time, rather than as a function of spatial position. As fluids pass 

through porous media, electrodes (typically porous pots) on the 

surface are used to measure the time changes in potential ro; 
differences. Such measurements are then used to infer t e ~ 

and geometry of the fluid moving in the porous medi o \ V 

Because the potential differences usually enc5ere · 

surveys are quite small (often less than ~illi s eters 

small voltages. Additionally, ace ~ h of such or other recording devices shout~· ed t sure very 

equipment is essential. ~ \V" 
4.2.3 Calibration a '\s"'v 
Accurate cali ti~~e~ary for the data to be used 

quantitativ , · 1 lso play an important role in monitoring 

sui! hy · I hniques over time. The contractor of the surface 

e 1c 1que must include a set of written calibration 

du for all geophysical equipment involved in quantitative 

ents. The surface geophysical contractor is responsible for 

taining full and complete documentation for all calibrations for all 

equipment and shall provide copies of such records as required by the 

field team leader (FTL). 

Regular calibrations traceable to accepted standards are performed at 

specified time intervals as well as every time a surface geophysical 

instrument is modified or repaired. Some instrumentation requires field 

or job-site calibrations to be performed immediately before and after a 

geophysical survey. 

5.0 EQUIPMENT 

The list of equipment required for surface geophysical surveys varies with the 

contractor and the specific technique(s) being used. Refer to the surface geophysical 

technical specifications (SGTS) and the contractor-specific geophysical procedures 

(CSGP) for the required lists. 



L-~., ... ~·' .....,_. --·--, --

Page 13 of 16 

6.0 PROCEDURES 

Operation of the surface geophysical equipment will be in accordance with applicable 

industry standards and regulatory requirements. 

6.1 Surface Geophysical Technical Specifications 

Before soliciting bids on any surface geophysical contract for an operable unit, 

detailed surface geophysical technical specifications must be prepared as part 

of the project data collection objectives (POCO). The success of the surface 

geophysical technique depends to a large degree on these specifications. The 

SGTS must define the type of surface geophysical system; the technique~ 

used; the parameters required; the data precision, accuracy, and ~e t "ty; 

the sample interval, calibration schedules and requirements; data s 

media; and so forth. The SGTS will be prepared by the op ble 1 r · 

leader (OUPL) and the FTL responsible for data colle ion o ctive e 

geophysics should be consulted for assistanc t of the SGTS. 

6.2 Before Letting the Surfac ~ ontract 

Specific, detailed procedur p ~pe of surface geophysical 

system and the geo hy tra r bemg used. These contractor-specific 

geophysical proc prepared and submitted by the prospective 

geophysi~c cto f r pr val by the FTL for the POCO before the 

contract i z . CSGP should conform to the general procedures 

~~~ G e~ urface Geophysics SOP. 

(\ \'\~~aring for the Surface Geophysical Survey 

~is the FTL's responsibility to 

• ensure that approval for property access has been obtained. 

• review the site project data collection objectives and health and safety plan 

for specific information on field activities. Verify that the surface geophysical 

equipment meets specifications outlined in the SGTS. Verify that the 

CSGPs meet the specifications outlined in the SGTS for each surface 

geophysical method to be applied. 

• have the work site cleared of all brush and minor obstructions and have the 

location of utilities properly staked and identified. 

• ensure that the specific surface geophysical equipment to be used has 

completed a regular calibration within the required time period prior to the 

surface geophysical operation as specified in the SGTS. Ensure that the 

calibration(s) met the accuracy requirements given in the SGTS. Ensure 

that the surface geophysical equipment has completed a regular calibration 
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subsequent to any repair or modification even if the equipment is not yet 
due for a routine regular caltbration; ensure that the calibration was within 
acceptable accuracy tolerances as defined in the SGTS. 

• ensure that all surface geophysical equipment has been decontaminated 
prior to use. 

• prepare to monitor all surface geophysical equipment used on the site for 
contamination (Refer to the SOPs in Section 7.0 of this SOP, References, 
for guidance). 

6.4 The Surface Geophysical Survey Operation 

• 

• ensure that the survey equipment documentation sheets are correct and 
complete and meet the specifications given in the SGTS. He must sign and 
date as witness. 

• obtain copies of field data in hard copy form (field notes or report) and 
digital form (for example, magnetic tapes or diskettes), as specified in the 
SGTS. These field copies are an important part of the data quality record, 
even though reprocessed data may be submitted by the geophysical 
contractor at a later time or date. 

• ensure that all surface geophysical equipment is accounted for, 
decontaminated, and ready for transport. 

• ensure that the site is restored to pre-survey conditions or as otherwise 
specified. 
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7.0 REFERENCES 

Contractor-specific surface geophysical survey procedures 

LANL-ER-SOPs in Section 1.0, General Instructions 

LANL-ER-SOPs in Section 2.0, Health and Safety in the Field 

LANL-ER-SOPs in Section 12.0, Curatorial Management Activities 

LANL-ER-AP-02.1, LANL ER Records Management Procedure 

Surface Geophysical Technical Specifications 

8.0 RECORDS 

Field reports and copies of field data, signed by the surface geophysical contractor 

representative and the field team leader or other approved witness as specified in the 

SGTS. 

Digital data on magnetic tape or as otherwise specified in the SGTS. 

Completed surface geophysical quality report for each geophysical survey run, as 

specified in the SGTS. Completing this quality report is the responsibility of the field 

team leader. 

Calibration records as specified in the SGTS. 
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PETROGRAPHY 

1.0 PURPOSE 
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The purposes of this procedure are {1) to standardize the petrographic descriptions used within 

mineralogy-petrology tasks through use of a set of primary reference books and {2) to assure 

adequate documentation of petrographic descriptions. 

2.0 SCOPE 

2.1 Applicability 

There are no unique definitions in this procedure. 

4.0 BACKGROUND AND/OR CAUTIONS 

The principles of petrographic analysis are learned through college-level course work. The 

standard reference for this procedure is Williams et al. (1954). Mineral identification and 

description can be augmented by use of other texts such as Wahlstrom (1955) and Tomkeieff 

(1983). 

The only significant source of uncertainty and error in petrographic description is mineral and 

textual misidentification. Analysts are advised to refrain from making optical mineral 

identifications where the minerals are too fine-grained for adequate analysis or where the topical 

properties are ambiguous. Where mineral identifications must be ventured without certain 

optical identity, the entry should be marked as •possible, • •?, • or otherwise queried. 
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Uncertainties and errors in quantitative petrographic analyses are described in the procedure, 

Determination of Volume Constituents in Thin Sections of Rock. SOP-03.05. 

5.0 EQUIPMENT 

Petrographic descriptions may be obtained by unaided visual observations, by hand lens, by 

binocular microscope, or by petrographic microscope. Any brand or model of lens or optical 

microscope may be used for petrographic analysis. 

6.0 PROCEDURE 

Petrographic descriptions are either descriptive or quantitative. No two analysts 

identical descriptions. For such descriptions, the recorded information will traCEflillllt!ACJ) 

specific location in the field or to a specific sample in the laboratory to ers 

to review the description. Photographs and drawings, appro I cific field 

locations or samples, may be used to support petrogr Quantitative 

petrographic analysis includes, but is not limited to, PQi t an iz easurement. Point 

counting is described in procedure SOP-03~05. t ay be measured by any 

standard scale, with metric units preferred· p ea s may be measured by ocular 

scale. These scales are used for ·rna nd lative size classification only; thus 

calibration of the scales is not r · . e f petrographic descriptions appropriate to 

this procedure can be found · ·ons of Williams et al. (1954). The standard 

reference for petrogr w I be ates and Jackson (1980), Tomkeieff (1983), and 

described in · 961) and Smith (1960). 

Petr~ s s are considered acceptable as descriptive data. Rejections of certain 

parts agraphic analysis may be made by the same analyst or by another analyst based 

on rean sis of the same sample; in such a case, the cause for the rejection should be 

described in the reanalysis and referred back to the original analysis. Because a wide latitude is 

possible in descriptive parameters, such rejections should be rare. The likeliest cause of a 

rejection is mineral misidentification based on optical properties; where mineral identity is 

optically ambiguous and important to the sample description, confirmation of mineral identity 

should be sought through Operating the Microprobe, SOP-09.02; Operation of Siemans X-Ray 

Diffractometer, SOP-09.03; or Operation of Scanning Electron Microprobe, SOP-Q9.07. 

Petrographic descriptions are recorded in ink on the attached Petrographic Description Form. 

Photographs may be attached as part of the description, and sketches may be used. It is 

advisable to mark or describe the scale of any photograph or sketch. 

7.0 REFERENCES 

LANL-ER-SOP-Section 1.0, Procedures, General Instructions 

I..ANL-ER-SOP-03.05, Determination of Volume Constituents in Thin Section of Rocks. 

I..ANL-ER-SOP-09.02, Operating the Microprobe. 



LANL-ER-SOP-09.03, Operation of Siemens X-Ray Diffractometer. 
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LANL-ER-SOP-.09.07, Operating Instructions for the International Scientific Instruments Model 

DS-130 Scanning Electron Microscope and Tracor Northern Series 11 X-ray Analyzer. 

Bates, R. L. and J. A. Jackson (editors). 1980. Glossary of Geology. American Geological 

Institute, Washington, D. C. 

Ross, C. S., and R. L Smith. 1961. Ash-flow tuffs: Their origin, geologic relations and 

identification. U.S. Geol. Survey Prof. 

Smith, R. L 1960. Zones and zonal variations in welded ash flows. U.S. Ge~o. ~ 
Paper 354-F, p. 149-159. ._'&J 
Tomkeiell, S. I. 1983. Dictionary of Petrology. Wiley. 680p. \\ ~ 
Wahlstrom, E. E. 1955. Petrographic Mineralogy. Wiley, ~ ~ 

Williams, H., F. J. Turner, and C. M. Gilbert. ~ .g~W. H. Freeman and Co., San 

Francisco. 

8.0 RECORDS 

Petrographic Description Form 
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Date:------

LOSALAMOSNAnONALLABOAATOAY 
ENVIRONMENTAL RESTORA TlON 

PETROGRAPHIC DESCRIPTION FORM 

Sheet __ ot __ 

Technical Area---- Operabte Unit----- .············AFRI············; 

Site Work Plan:---------------

Signature: _______________ _ 
. IWTIAIIU i 

····~-~ ... .! 

1. Hand Sample Description 

1b. Estimated Size: 

~-- 01,>4-t. 
~s~ 

s.co.-.y Alwaion: (:'~ 
. ;("0 

~~ 
-------------------------------------------------~-----------
2d. Special Features: 

3. Stratigraphic Assignment (if known): 

4. Rock Classification: 

5. Comme.-.s (be sure to record Geologic Setting/Occurrence): 

::J CHECK HERE IF CONTINUED ON BACK OF THIS SHEET 

• 
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DETERMINATION OF VOLUME CONSTITUENTS IN THIN SECTIONS OF ROCKS 

1.0 PURPOSE 

This procedure describes a petrographic modal point count method for determining the volume 

fractions of identifiable constituents in a slide (thin section), using a petrographic microscope. 

This p ure for ER program rocks is based on principles and methods in standard textbooks 

on optical mineralogy and petrography (e.g., Williams, Turner, and Gilbert 1954; Hutchison 

1974; and Kerr 1977). 

The fraction of points within a rectangular grid superimposed on a two-dimensional planar 

section through a specimen provides an estimate for the volume fraction of an identifiable 

constituent (Chayes 1949; and Hutchison 1974). This technique assumes that a statistically 

adequate number of sample points are taken on the plane of section (Weibel 1980; Byers and 

Moore 1987). Although Chayes' (1949) theory and proof relating point count on a planar section 

to volume percent of constituents was based on a square grid of points, volume percent of 

constituents was based on a square grid of points, volume percentages for correlation purposes 

have been determined from points counted along parallel traverse lines separated as much as 

10 times the distance between points along the traverse (Byers et at. 1976; Byers and Warren 

1983). In this method, prior to development of point counting, a series of evenly spaced 

continuous line traverses were made along a rock slab or a thin section and linear intercepts 

were recorded for each constituent. The total linear intercept distance for each constituent 

along all the traverse lines was summed by a millimeter scale on a drum translating the stage 
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for that constituent. An electrically driven adaptation was the Hurlbut stage and console, which 

summed up the Rosiwal proportional intercepts of each constituent. 

The point count method described herein is similar to the Rosiwal system of counting mineral (or 

other constituent) intercepts, insofar as the number of successive points tallied on a mineral 

could increase without limit and become infinitesimally close together to form a continuous line 

or intercept through the mineral. The Rosiwal method is based on the reasonable assumption 

that the lengths or percentages of the mineral (constituent) intercepts are proportional to its 

section area, which in tum is proportional to its volume percentage in the rock (see also 

discussion in Byers and Moore 1987, p. 47). Stoyan (1979) makes similar assumptions b~ 

on line segment portions of traverse lines that intersect a given constituent. lnasm~t 

point counts are relatively close together (-1.0 mm), the percentage of the total lin 

representing the constituent is approximated. \\ _' 

5.0 EQUIPMENT \\ --~ 

Any standard research petrographic microscope wi~IR) ~ed or manual 

mechanical stage with mm-graduated x-y stage · ~ move the thin section 

may be used. The slide is placed in the sta r p el he x translation, which is either 

(1) electrically power-driven and is e to m console that has keys individually 

in mm read off the x translatio ~ 1ng translations of -0.1 to -0.5 mm, depending 

on setting (original pois~~ s 9), and the •clicks· are tallied with the other hand 

on a mechan~1cal n (e. . ams blood counter). The electrically driven mechanical 

stage mov s . . er count (depending on the setting) and the console sums the 

poin lh f nstituent and converts to percentages. Precise calibration of the 0.1 to 

0.5 t Ia · 'ngs of the mechanical or manual stage is not critical, inasmuch as 

approx acing of translation steps or •clicks• is adequate for calculation of percentages of 

constituen . They translation of either automated or manual stage is controlled manually and 

determines the spacing between traverses, generally 1.0 mm, and need not be calibrated for the 

simple arithmetic calculation of percentages of constituents. 

6.0 PROCEDURE 

6.1 Orientation of Plane of Thin Section With Respect to Fabric 

In the case of pumice-foliated welded tuff (flattening or foliation nearly perpendicular to 

gravitational force) or other rock type with horizontal fabric, the thin section should be cut 

close to vertical with the long dimension running perpendicular to the foliation (Hutchison 

1974, p. 47, fig 3.2). This provides the longest traverse lines nearly normal to foliation. 

Also, in sampling nonfoliated silicic volcanic rocks, especially where the attitude (strike and 

dip) is unknown, the long dimension of the slide may be cut vertical for consistency. The 

drill core or surface outcrop should be marked with a down arrow prior to sampling. The 

thin section preparer should cut the long dimension (30 mm) of the slide parallel to the 

arrow and show the direction of the arrow on the slide. Exception: In sectioning of a 



LANL-ER-SOP-03.05, RO 
Page 3 of 8 

horizontal cylindrical core plug (e.g., paleomagnetic samples), the thin section is cut 

perpendicular to the core axis (circular section). Down is marked on the section from the 

down arrow marked on either end of the core plug by the original sampler. 

6.2 Additional Thin Sections From Specimens 

Where a sample site is critical, two or three thin sections may be cut from a single specimen 

of core. The purpose is to provide a larger area to count for better statistics on a critically 

located sample. The first section should be cut vertical and perpendicular to foliation in 

accordance with the standard procedure indicated above in 6.1. The second thin se~ 

should also be cut vertical and as close to perpendicular as possible to the first se · (~'\ 

second section would not necessarily be perpendicular to the foliation u ~~ 

horizontal), and the third should be at an angle of 45 degrees to the ot two · 

to the other two but must carefully avoid any larg~um whi t not be 

representative of the ground mass. 0 
6.3 Data to be recorded -:::::f ~ \ 

6.3.1 Set-up \. ~ \)'V 
The general back n ·ng thin section data is given in SOP-03.04, 

descrip s ( utc · a 4). No two petrographers will generate identical data but 

· ar (cf. Moore et al. 1989). Definitions of phenocrysts (minerals), 

, a 1ne grained •groundmass• will depend on the thin section being 

. he cut-off size for phenocrysts or microphenocrysts must be judged by the 

rapher before the modal analysis is begun. For example, in devitrified rhyolitic 

tuffs the lower median diameter for microphenocryst (mineral) or fine textural 

constituent to be recorded is taken at about 0.1 mm; therefore the step-wise movement 

on traverse lines parallel to the long dimension of the slide (x dimension) is generally 

selected at -0.1 mm for phenocryst-poor rocks. This close spacing is selected not only 

for phenocrysts but also for microscopic textures. Constituents that are smaller than 

the 0.1 mm cutoff, even though they are recognizable, are included with categories of 

groundmass. The distance between traverses is generally selected at 1.0 mm, giving 

about twenty 30-mm traverses per slide. This rectangular grid spacing of 1.0 x -0.1 

mm is generally sufficient to quantify phenocrysts that have abundances of 1% or 

more. 

In volcanic rocks with less than 1% of critical constituents, additional traverses may be 

required to quantify these constituents. For volcanic rocks with macrophenocrysts 

and/or coarse textures greater than 0.1 mm that make up more than 1% of the rock, the 

point spacing along the traverse may be wider than 0.1 mm, depending on size and 

concentration. Other point-count spacings may be used for other rock types; the 

spacing should be recorded by the petrographer. 



6.3.2 Use of Photographs 

LANL-ER-SOP-03.05, RO 
Page 4 of 8 

For any thin section that may be used for Operating Instructions for lSI Model DS-130 

Scanning Electron Microprobe, SOP-09.07, or Operating the Microprobe, SOP-09.02, 

or may be essential to identify stratigraphic position, an enlarged photo of the entire 

section may be made before the section is point counted. This photo can then be used 

to record the location of features of interest, some of which may be phenocrysts for 

later examination by microprobe and/or SEM. Photographs may also be take~n to 

record fields containing exemplary phenocrysts by 35-mm or Polaroid camera atta 

to the microscope as standard equipment. These photographs may be num~ 
stored as separate records or they may be attached to the Modal Analysis ee 

Attachment A). \\ _' 

6.3.3 Counting @~ ~ 
The counUng procedure described below Is · 1 a R program rocks from 

descriptions given in a standard te~ · . -61). A petrographic 

microscope with a Swift auto~mted nte i al shown (Hutchison, Figure 3.6). 

Magnification selected for poi g e d on the grain size of features being 

analyzed. If features~ m re to be quantitatively determined, then 

reflected light~· tifi tion bE1 preferred (with transmitted light to aid in 

identification). t1 eath the point defined by the intersection of cross hairs 

within e is i depressing the key corresponding to that constituent on 

t c corder, and the stage is simultaneously advanced to the next 

· · epeated until the end of the traverse. If a ... 0.1 mm point spacing is 

t 300 points will have been tallied in one traverse on a 30-mm-long slide. As 

~~l"'t'a'!l.e.mple, in modal counting of thin sections of devitrified phenocryst-poor tuff, a 1 OX 

ocular and a 1 OX or 20X objective, may be used on the petrographic microscope in 

transmitted light. The substage converger may be engaged, to enhance the color of 

groundmass textures. A 40X or higher objective should be available for optical 

interference figures (conoscopic images) as an aid for positive identification of 

phenocrysts (Kerr 1977, p. 108-133). 

After completion of the first traverse, the stage is moved (usually 1.0 mm) on they axis 

and the second traverse is begun, following the above procedure. After about 20 

traverses, depending on the width of the slide, the point count is completed. The points 

in each constituent are read off the manual counter or off the automated console 

display. 

In the rare event that a point should fall on the boundary of two constituents, the 

constituent with the most area in SE quadrant of the cross hairs will be tallied. 
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Rare to sparse accessory minerals, mostly of average diameters less than 0.5 mm may 

be simply enumerated rather than point counted. Accessory minerals in rhyolites 

include sphene, allanite, zircon, and apatite. The first two are larger, occasionally up to 

1.5 mm and may be hit during the point count. The others, however, are generally less 

than 0.2 mm in long dimension and are rarely hit during a traverse. 

6.3.5 Calculation of Percentages 

The number of points accumulated for each constituent, Ci, is divided~~~ 
number of points in all constituents, Cr, and is expressed as the volume f ~~ 

constituent, Vi in the thin section: \\ ~ 

vi = ci x 1 ootc1 
.-. v::::;> 

points accumulated for each phe~o t, · i · by the total number of 

phenoetySI poinls, PT. in the~~ . 

Vp•P1x100/PT ~ w:> 
6.3.6Reco~ 
~~ould be recorded in the appropriate laboratory form: . 

\ ~~mber of points and spacing. 

Volume % of each constituent. Individual phenocrysts may also be represented as 

percent of total phenocrysts. 

(c) Specimen location, identification, brief thin section description, and stratigraphic 

assignment if possible. 

(d) Petrographer and date. 

(e) The maximum and minimum (cut-off) dimension of each type of phenocryst, if 

desired. 

Any additional information and deviations should be noted on the Daily Activity Log in 

SOP-01.04. 

6.4 Sample/Site Traceability 

Sample traceability is described in SOP-01.04, Sample Control and Field Documentation. 

Site traceability for field petrographic descriptions will be recorded on the Modal Analysis 

Form; field descriptions will be referenced to appropriate map(s) or photograph(s) as 

necessary. Copies of maps and photographs will be maintained by the investigator using 
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them; upon task completion or departure ·of the investigator from the project, all records will 

be transferred to the ER Records Processing Facility. 

6.5 Acceptance/Rejection Criteria 

There are few known potential sources of error in this procedure as far as operation and 

functioning of equipment. There is, however, a subjective observer element, especially in 

counting textures where there is a size cutoff; two operators are not likely to get precisely 

the same results (Moore et al. 1989). If more than one operator is involved, they sho~uld 

check on percent of groundmass textures within 20 percent of error (e.g., 50% ± 1 o 

within the same thin section; if not, they should discuss differences of obse~a 
repeat the point counts. Phenocryst (including microphenocrysts >0.1 mm) · a 

phenocryst-poor thin section (-1% phenocrysts), should check within 20 ~to 
the total phenocrysts for major constituents, such as feldspars, a~ithi t on 

minor constituents, such as biotite, that constitute less~ r the total 

phenocrysts (<0.1% of the total rock). Mafic and accesso t)iie\~ t occur at less 

than about 1.0% of the total phenocrysts should ~~ point counted, as the 

chance occurrence of hitting such very min~ t count is highly variable. 

In volcanic rocks with greater ~r of en sts correspondingly greater 

accuracies should be attainable. 

7.0 REFERENCES r(5\ 
LANL-ER-SOPs in c~ ~~Instructions. 
LAN!!LER-- , ~y. 
LAN - - rating the Microprobe. 
LANL- -S -0 7, Operating Instructions for lSI Model DS-130 Scanning Electron 

Micros Tracor Northern Series II X-Ray Analyzer. 

Byers, F. M., Jr., W. J. Carr, P. P. Orkild, W. D. Quinlivan, and K. A. Sargent. 1976. ·volcanic 

Suites and Related Cauldrons of Timber Mountain-Oasis Valley Caldera Complex, Southern 

Nevada.• U.S. Gaol. Survey Prof. Paper 919. 

Byers, F. M., Jr., and R. G. Warren. January 1983. •Revised Volcanic Stratigraphy of Drill Hole 

J-13, Fortymile Wash, Nevada, Based on Petrographic Modes and Chemistry of Phenocrysts.• 

Los Alamos National Laboratory Report LA-9652-MS. 

Byers, F. M., Jr., and L. M. Moore. February 1987. •Petrographic Variation of the Topopah 

Spring Tuff Matrix Within and Between Cored Drill Holes, Yucca Mountain, Nevada • Los 

Alamos National Laboratory Report LA-1 0901-MS. 

Chayes, F. 1949. ·A Simple Point Counter for Thin Section Analysis.· Am. Mineralogist, v. 34, 

p. 1-11. 
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FRACTURE CHARACTERIZATION 

1.0 PURPOSE 
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This procedure details the methodology to be applied for characterization of all natural rock 

fractures in the Bandelier Tuff. Through application of this standardized approach, 1ield studies 

of the Bandelier Tuff can give statistically significant measurements of (1) linear density of rock 

fracture, (2) fracture width, (3) fracture strike and dip, and (4) nature of fracture filling materials. 

The fracture characterization plots and data table that result from this study constitute u~ 
documentation of rock fracture to locate possible fault zones, tectonic a n 

deformation amounts, density of fractures contributing to fracture permeability, v 

competency of the Bandelier Tuff. The primary intent of this standardized~o~c i ake 

fracture characterizations from various field studies compatible su~at f~\ I 

field area to another can be correlated. r()\~ ~ 

2.0 SCOPE ~ \8) 
This procedure is applicable for all f~a ~~tudles of the Bandelier Tuff where 

fractures are consistently exposed, t ~~~ and blade cuts, cliff exposures, mesa tops, 

or excavation sites. '()\ 

2.1 Appli iii~,., \8) 
~~cable to all researchers working on the Environmental Restoration 

.......... - responsible for characterizing rock fractures occurring within boundaries 

e Environmental Restoration Program. 

2.2 Training 

Completion of a· college-level course in field geology and a laboratory/lecture course in 

structural geology is required to use this procedure. In addition to fulfilling the requirements 

of this procedure, familiarity with the computer data-base RS/1 or similar system is 

necessary. Researchers must document that they have read and understood this 

procedure and the seven procedures in Section 1.0, General Instructions. 

3.0 DEFINITIONS 

The term "fracture• refers to any natural, linear to curvilinear break in the Bandelier Tuff without 

regard to the origins of the break. Displacement or opening of the break may exist but is not 

necessary. Terms having similar connotation for this work are •joint• or ·crack.· A fracture 

along which significant displacement has occurred is a •fault. • The level of significance required 

for this designation depends upon locality and geological structure. 



4.0 BACKGROUND AND/OR CAUTIONS 
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Fracture analysis in volcanic tuff follows techniques described in the structural geology text by 
Dennis (1972). An example document that describes a fracture characterization study on the 
Bandelier Tuff, using this procedure is by Vaniman and Wohletz (1990). 

6.1 Photo Documentation 

Once a traverse or area has been identified for fracture characterization, noting the above 
caution that fractures should have uniform exposure, a photo mosaic map of the traverse is 
constructed using a Polaroid camera. In order to maintain a uniform scale and resolution 
for this photo mosaic base the distance from the camera lens to the exposure should be 
held within ± 1 0%. Generally this distance is on the order of 40 to 60 feet such that the 
edges of the photo will have a lateral scale within ± 10% of that of the photo's center. 
Successive photos should be overlapped sufficiently to maintain this scale requirement. 
Also the scale should provide enough visual resolution that major fractures are easily 
identified on the photo. Typically this scale requirement is that each photo will cover from 
1 0 to 30 horizontal feet of fracture exposure. 
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After construction of the photomosaic, tracing paper is overtaid to make a map of outcrop 

features including key topographic points such as cliff tops and bottoms, prominent 

fractures, and geographic objects such as buildings, trees, and large sign posts. This map 

should be attached to the base of the photomosalc such that a one-to-one correspondence 

can be made between mapped and photographed features. 

6.2 Fracture Measurement 

Using the fracture map constructed from photomosaics, the fracture traverse is me~s 

using a tape measure; a horizontal scale is then placed upon the map that s o 

distance between mapped features. This scale will have some horizo ri · 

because of the map projection method and photographic error. The s~e re 

be ± 1 00.4. Starting from one end of the fracture traverse, each tract is sk pon 

the map and designated by a numbea. Fracture strike and dip seas accuracy 

of ± 1 degree with the brunton compass along with e acture opening 

width (measured perpendicular to fracture surfa . ~a recorded in a field 

notebook with the fracture number along · ~g any unique features of the 

fracture, such as nature of fracture filii en nt, oxidation or mineralization on 

fracture surfaces, and cross-cu~n lati ip "th other rock features (pumice or lithic 

clasts, textural features~ stimate movement along the fracture). 

6.3 FractureD~~ 
The ed in the field notebook are entered into a data base, which allows 

v statistical procedures. The RS/1 data base system is suggested for 

er systems can be adapted. The data base consists of a table with column 

cture listing the fracture's number designation, its horizontal location shown on 

racture map, its dip and strike, and its width. From these data several other columns 

are statistically calculated, including: (1) a linear fracture density calculated as a moving 

average by counting the number of fractures contained in a given distance interval (10 and 

100 feet) centered on each fracture; (2) a cumulative fracture width over a specified interval 

(10 and 100 feet) centered on each fracture; and (3) relative dip of fracture from vertical 

where negative values indicate southerly inclinations. Because fractures in the Bandelier 

Tuff are generally part of conjugate sets of northwest and northeast trending systems, 

additional columns for the table are separately calculated for each of the three above 

columns for each conjugate set. The RS/1 procedures for the above calculations are 

archived as source and compiled codes on essxrf VAX under RS/1 directory 

[wohletz]@ken@ta55. The procedures are: (1) DENS - calculates linear fracture densities 

for several different distance intervals; (2) DIP-- transforms dips measurements to degrees 

from vertical; and (3) WID -- computes cumulative fracture widths for several distance 

intervals. 

Fracture data are then graphed on several different plots. (1) Fracture density (1 0 and 100 

foot intervals) vs horizontal distance along the traverse; (2) Histograms or rose diagram of 

fracture strike; (3) Fracture strike vs horizontal distance where positive s~rikes represent 
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strike in degrees east of north and negative strikes are west of north. These data are 

smoothed using the RS/1 data smoothing option to show the trend of northeast and 

northwest fracture sets as well as the overall trend of all fradure strikes; (4) Fradure dips 

vs horizontal distance where vertical plots at zero, dips toward the northeast or northwest 

are positive infledions from vertical, and southerly dips are negative infledions from 

vertical. Again smoothing of data show average trends for fracture sets; (5) Fradure widths 

vs horizontal distance with smoothed trends for fradure sets; (6) Cumulative fracture widths 

(per 100 foot interval) vs horizontal distance with smoothed trends for fracture sets; and~ 

Fracture widths greater than 10 em versus horizontal distance. ~ \~ 

7.0 REFERENCES ~ 

Compton, R.R. (1962) Manual of Field Geology. John Wiley & Sons, N~~ 
Dennis, J.G. (1972) Structural Geology. The Ronald Pre o.®J.Wpp. 

Vaniman, D. and Wohletz, K. (1990) Result~s 1ng/fracture studies: TA-55 

Area. Los Alamos National Labor~to s H rograrn Memo, EES1-SH90-17, 

48pp. 

LANL-ER-SOPs in Secti~O ~I ctions 
LANL-ER-SOP-03.09, i~g of Bedrock Units 

8.0 REC ~' 
Fra Ch ~n Is recorded on field fonns or Dally Activity Logs In SOP-01.04, on a 

fradure , and in the RS/1 computer data base. Fradure maps are clearly located by 

specified topographic points of reference and notes are keyed to numbered fractures on the 

map as are tabulated fracture data. 

9.0 ATTACHMENTS 

None. 
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CHARACTERIZATION OF LITHOLOGIC VARIATIONS 

WITHIN THE ROCK OUTCROPS OF A VOLCANIC FIELD 

1.0 PURPOSE 

This procedure establishes the methodology for characterizing the lithologic variations 

within rock outcrops of a volcanic field. Field methods used to describe individual 

outcrops and to establish stratigraphic relationships between outcrops of volcanic rocks 

are very similar to those used for sedimentary rocks and are described in textbooks on ~ 

field geology (e.g., Compton, 1962). Careful geological mapping of lithologic u~n·ts (\' 
establishing a stratigraphic framework is a crucial foundation for all other studies \ V 
sequence of volcanic rocks. Without this framework, sample analysis is ~hing 

than rock collecting. Flexibility in the approach to a comprehensiv ield s m 

allowed in order to determine what observations are appr~or· t e roc nee 

being studied. For example, the approach to field descriptio a · uld differ 

considerably between that used for a large basaltic~ a sed to study a 

group of small tuff rings. a ' 
2.0 SCOPE \ ~ 

2.1 Applicability 

adja~ent t e s A 1onal Laboratory for the purpose of characterizing the 

geol a 

1 

• he Environmental RestoraUon program. 

e of the remarkable complexity of the spectrum of volcanic rocks making up 

p ateaus occupied by the Laboratory, especially the pyroclastic rocks, 

descriptions of outcrops require at least an M.A. or M.Sc. in Geology and five years 

experience with these rock types. Researchers must document that they have read 

and understood this procedure and the procedures in Section 1.0, General 

Instructions. 

3.0 DEFINITIONS 

N/A 

4.0 BACKGROUND AND CAUTIONS 

When in the field, use common sense when moving from outcrop to outcrop and caution 

when measuring cliff sections. The best outcrops are always in cliffs, but access can be 

safely gained along scree slopes, road cuts, and stream bottoms. Follow procedures 

established in Group EES-1 for field work, which includes the location of your field 

traverses, time of departure, and estimated time of return. When working on outcrops 

along a highway, enlist an assistant to watch the traffic. 
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The field equipment used by geologists is quite often a matter of personal preference. 

The basic equipment includes, field notebooks with perforated pages, Daily Activity 

Logs, ink pens for notes and pencils for sketches, optional camera (Polaroid, 35-mm, 

large-format, or all of them), rock hammer and chisels, small shovel for unconsolidated 

samples, sample bags, Geological Society of America rock color chart, Brunton 

Compass, altimeter, and meter tape (for stratigraphic sections), aluminum or stainless 

steel markers and nails for marking sample locations, and safety glasses for use during 

sample collection. Chain-of-Custody/Request for Analysis forms, Sample Collection 

Logs, Variance Logs, Custody Seals, Unique Sample Stickers, and Sample Labels w·~ 

also be used. If oriented samples are required, then use of a gas-powered roc~ki 

be necessary. 

6.0 PROCEDURE 

0
\\ ~ 

6.1 Background \ ~ 

Rock units within volcanic fields show 

units in most sedimentary basins. depressions or deep valleys 

making it possible for young I ic present at a low~r levels than 

older rocks before a§n ing. Pyroclastic rocks are formed quickly, 

initially with §u t neti n e at energy and can be deposited as ashfalls 

draping to , at cross topographic highs, pyroclastic flows that 

follow he II , e wet surges of cohesive ash that defy the taws of original 

tared onto vertical surfaces. 

·ations within single depositional units must be considered when mapping 

ic rocks. For example, surges and pyroclastic flows can grade outward into 

volcanic mudflows because of cooling and condensation of steam within the flow, 

some distance from the source. Pyroclastic flow units can vary in the degree of 

welding of pyroclasts, depending upon the unit thickness, with dense rocks near 

vent or in the center of valley fills. For detailed descriptions of facies variations in 

volcanic rocks, see Fisher and Schmincke (1984) and Cas and Wright (1987). 
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TABLE 1. STRATIGRAPHY IN VOLCANIC FIELDS (Adapted from Fisher and 

Schmincke. 1984 ). 

PURPOSE 

Correlation of lavas, tuffs, and epiclastic 

sedimentary rocks; eruption types; unit 

volumes; locating buried or eroded volcanic 

vents. 

Paleotopography, and paleogeology; 

eruption history; depositional history; "basin 

analysis." 

Magma COJTl)Osition and volcano evolution; 

tectonic setting and volcanism; regional 

stratigraphy. 

FIELD OBSERVATIONS 

Individual beds; bedding sets in layered 

sequences; grain size; component 

analysis of features; fabric. 

Facies analysis; creating a stratigraphy; 

descriptions of relations at 

unconformities; 

~:ro::rking stratigr 4: 0 ier published work and study of 

aerial photographs o~r · ~~ublished stratigraphic studies supply 

all of this Info · i o and on a map or photo base. useful inform~aio fro ne nd may include radiometric dates. Compile 

~. hole area to locate the best exposures, especially those that 

between depositional units. Note these locations on maps and/or 

g hs and return to them later to measure stratigraphic sections. As 

graphic data are collected, enter the information on ongoing cross-sections 

through the volcanic field. During the field season, some of your ideas on the 

stratigraphy will change and it will be necessary to revisit some outcrops several 

times to reevaluate your interpretations. 

Measure sections at the best exposures, preferably in unfaulted areas. However, 

this may not always be possible. Begin by standing back and looking at the outcrop 

from a distance. How many layers or discrete rock units stand out? Mark them on a 

sketch or Polaroid photograph with their general characteristics, including thickness, 

texture or structure, and color. This "distance view· may be useful when unraveling 

variations from one detailed stratigraphic section to another. 

When measuring a stratigraphic section, describe the attitude (strike and dip) of the 

rock units, descriptions of the rock types, and their relation to older rocks, paleosoils 

and any intrusive rocks. Mark the area traversed while measuring the section on a 

map or aerial photograph; if neither map or photo exist, prepare a pace-and 

compass map of the line with distances, slope angles and attitudes (strikes and 
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dips). Also note elevations, using an altimeter, of the base, top, and important 

contacts. If you are working with a team, use a tape measure; 

If you are by yourself, a Jacob's staff can be used. If the stratigraphic sections are 

very thick, confirmation of thickness can be made by measuring elevations of 

contacts on a topographic map. 

What will you be measuring and describing? Within the field, rock-stratigraphic units 

are defined solely on physical differences. Fisher and Schmincke (1984) define a 

formation as a •mappable bed, bedding set or sequence of beds of any thickness 

set apart from rock units above and below by distinctive physical criteria such as 

texture, color, lithologic or mineralogic characteristic, or by weathered zone~ 
erosional unconformities; a member is a convenient subdivision of a ~o 
They also define the concept of an eruption unit, which is a dePQsit fro · I 

eruptive pulse, eruptive phase, or an eruption. A sequence of sev~erup · 
can be treated as a mappable unit or formation. Eru~un er to 

pyroclastic fallout deposits, pyroclast flow deposits~· u , ava flows, 

and any other deposit from a singe eru~p·v ul information on 

defining stratigraphic units within volcanic ~ e · and Schmincke (1984), 

or Cas and Wright (1987). <:::.( \ 
6.3 For each layer (p roc~~i~ry. or lava), describe and measure the 

following characteri . \ ~~ 

Descri ·o 1 a Unit. Ideally, your descriptions should go onto graph 

I ge clip board. This allows you to evaluate relationships at a 

o measuring the stratigraphic section. However, because of rain, 

lln~...,...!:lrrying around a bulky board, this is not the usual means of recording 

r servations. You will most likely record your observations and sketches in a 

ebook, along with thickness and attitudes, to be used later to draw a section in 

the comfort of your camp or office. Don't worry about using notebook space; it is 

easier to take copious notes at the time, along with photos and sketches than to 

wish you had done so later in the office. 

A. What is the relation of the unit to underlying rocks? Determine if there is a 

sharp erosional or depositional contact, a collection of reworked clastic debris, 

or paleosoil. Do the deposits drape the underlying topography or are they 

concentrated in channels and valleys. If they are deposited within a valley, 

measure the size, orientation and slope of the valley floor. 

B. What is the color or variation in color? Be consistent and use a color chart 

(Munsell System rock color charts are available from the Geological Society of 

America). 

C. Within pyroclastic rocks and epiclastic rocks: 
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Field estimates of grain size. can be made, using the Fisher (1961) 

classification, which is parallel with Folk's (1966) classification of clastic 

sediments. These estimates can be made with a scale and charts for 

estimating areas. Actual measurements will be made by sample sieving or thin

section studies in the laboratory, but the visual estimates are good enough for 

measured sections. For coarser materials, including pumice and lithic clasts, 

they can either be sieved in the field with coarse (>4cm) sieves or measured 

and described at an outcrop within a designated area ouUined on the rock 

surface (usually around 1m2). These observations are especially important for 

a study of lithic clasts within a pyroclastic unit. Another technique for observing ~ 
textural variations within an eruption unit is to measure the length of~ 

largest lithic clasts and the 5 largest pumices. 

2. Pyroclast Descriptions ~\\ -' 

Most of this detailed work will be done within§ tho ry, _!~ for 

pyroclast and lithic clast characteristics that can be · ctentify this 

formation or member. These can in~l s e, percentage of 

phenocrysts, phenocryst types, an~d· · Uthic clasts include 

those of lag breccias, mesobrec ·a m r ·as (the two latter types are 

related to catatrophic coli e h val hes from sector collapse of a 

volcano and wall co~l · Ide . 

3. Beddin~ 
A~eq c f p eds can be used to identify a mappable unit in the 

fi , n ong with other observations. For example, a specific 

t are mapping may consist of a fine-grained ash fallout bed 

e a surge bed, two pyroclastic flow deposits, and a volcanic mudflow 

cc1a. Thicknesses, and the degree of compaction and welding within the 

oclastic flow deposits may change, but the sequence appears to be unique 

and helps to correlate units. 

4. Grading 
Is a bed massive, normally-graded, or reversely graded? 

5. Oriented Clasts 
Within surge deposits and pyroclastic flows, there may be elongate clasts or 

accidental debris, such as fossil tree trunks, which can be used to determine 

flow directions. Measure the orientations of the long axes of as many elongate 

clasts (or debris) as you can find and average them for each field location. 

6. Flow Features 
Many surge deposits are characterized by dunes and antidunes. Measurement 

of implied current directions, description of the type of cross-bedding, and the 

magnitude of the cross-beds are all useful for evaluating eruption types and 

processes and for locating vent areas. ' 
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Is the rock welded, partly welded, or nonwelded? Has the rock been indurated '"' 

or cemented by post-depositional processes, including vapor-phase alteration 

within pyroclastic flow deposits, weathering, or hydrothermal acidity? Is there 

evidence for fossil fumaroles, including pipe-like zones cemented with vapor 

phase minerals or vertical concentrations of small lithic clasts (segregation 

pipes)? 

8. Sampling 
For each distinct unit (not necessarily from all measured stratigraphic section~s), 

collect a sample that is representative of that unit. If the tephr ~ 

unconsolidated and coarse-grained, use a field sieve, weigh the siz n \. V 
and collect chunks of the pumice in addition to a split of the ess-t - m 

fraction kept for laboratory sieving. If the rock is consolidated ), briCK~• ...... ,,_ 

sample that you feel is representative of the unit. After sribi ety of 

lithic clasts, collect samples of each lithic type~- i y. Collect 

samples (if appropriate) for radiom~t · d g d mical analysis. 

Coordinate all sampling efforts with e ~I · tion Facility. 

9. Thermal Remanent Ma 1za · (T ) 

directions. Pol · · s of welded ignimbrites can be made in the 

field,~~ le g ometer(Upman,1975). . 

~ ~:e te::e:ariations within flows or domes, including variations in 

vesicularity (size, shape, and orientation), phenocryst content and size, 

brecciation, and flow foliation or layering. Map coarsely pumiceous zones, 

which can rise diapirically and may be broken or folded by flow movement (Fink 

and Manley, 1987); variations in relief and vesicularity may show up on aerial 

photographs of silicic lava flows and can be used to map flow structures. 

Flow layering in silicic lavas ranges from sub-J.I.Ill shears, which have annealed 

to macroscopic bands of dense glass and slightly vesicular glass. Layering 

attitudes, measured vertically and over the entire lava flow, can provide 

information on vent location, and physical properties of the flow. 

2. Type of Jointing 

Most lavas are broken into blocks by thermal stresses during cooling. The open 

fractures or joints are often columnar, at right angles to the flow surface and 

base (normal to the isotherms or cooling surfaces). Fracture surfaces are 

striated, the striae of which is a record of incremental crack advance during 

stress buildup in the cooling lava (Ryan and Sammis, 1978). 
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Columnar joints can range in size from a few tens of centimeters to over a 

meter wide and up to 30 m long (in some thick plateau basalt flows). The 

columns can have as few as three or as many as seven sides; most appear to 

have five or six sides (Williams and McBirney, 1979). Mapping column 

orientations can sometimes help determine lava flows boundaries (especially 

useful where outcrops are poor); for example, within a valley-filling lava flow, 

columns in the center of the valley would be vertical but oriented at an angle 

along the valley walls, and perpendicular to those walls which had acted as heat 

sinks during cooling of the lava flow. Similar columnar jointing can also be 

found in dikes, plugs, and lava lakes. ((=\\ 
Mapping the size, width, and extent of cooling joints In lava flows expose~~ 
surface may be of considerable use in estimating their permeabili~~~ 

3. Petrology ~ 
Field identification of lava type. Use whatever pe~· · tion with 

which you are familiar, but be consiste}Pber at e descriptions 

should be the best possible, ~ut ~ i ably change these 

descriptions once you have thin fo r hie analysis and chemical 

analyses, especially in fine c lin ckS 

4. Type of Lav~ 
If possible · e ava flow. Most basaltic lavas can be described 

with t s • •, •aa•, and ·block lava·. Include a description of 

~~.P(e~·liNLACI ava tubes or channels if they are visible. 

(\ \\' h al Effects 

~ermal metamorphism of rocks underlying the lava flows, which includes the 

oxidation of soil layers or older rocks, formation of pipe vesicles during heating · 

of water in soil or bogs, or desiccation of clastic sedimentary rocks. 

E. Thickness 

Measure thickness of all mappable subdivisions (eruption unit, member, or 

formation) and all of its members or textural subunits. Measure distances from the 

base of a unit to significant textural features and boundaries. 

F. Correlation of Volcanic Rock Units 

The means of correctly identifying a particular eruption unit is not difficult if it is small 

and covers a small area, for example a small-volume rhyolite flow where it is 

possible to walk from one end to the other. However, even in these cases, 

describing the lithologic characteristics necessary for correlation may be necessary; 

for example, if the underlying vent or dike is drilled and a correlation is needed 
• 

I 

between d1ke rocks and the flow. 
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The ability to identify and correlate eruption units becomes much more important if 

the units are large, extensive, and within a tectonically complex area. If a 

pyroclastic unit (either fallout deposit or ignimbrite) is to be traced, either for the 

purpose of determining its volume or its utility as a stratigraphic marker across 

complex terrain, then correlation criteria must be established. Field work within 

calderas requires that pyroclastic deposits exposed around the margins be 

correlated with thick caldera-fill deposits; these tuffs are from the same eruption; but 

may have drastically different textures. 

1. Careful geologic mapping of the whole unit. 

2. Indicating stratigraphic position. 

3. Noting thermal remnant magnetic directions within welded tuffs and high 

precision K-Ar ages. 

4. Noting a distinctive suite or lithic clasts. 

5. Noting petrographic characteristics within pumice clasts, pyroclast shapes, 

and unusual phenocrysts. 

7.0 REFERENCES 

LANL-ER-SOPs - Section 1.0, General Instructions. 
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Cas, R.A.F. and J.V. Wright. 1987. Volcanic Successions: Modem and Ancient. 

Allen and Unwin. London. 528 pp. . 

Compton, R.R. 1962. Manual of Field Geology. John Wiley & Sons, Inc. New York. 

378pp. 

Fink, J.H. and C.R. Manley. 1987. Origin of Pumiceous and Glassy Textures in 

Rhyolite Flaws and Domes. Geol. Soc. Amer. Spec. Papers 212: pp 77-88. 

Wilcox, R.E. 1965. Volcanic-ash chronology. In Quaternary of the United States. 

Princeton Univ. Press. Princeton. pp. 807-816. 

Williams, H. and A.R. McBimey. 1979. Volcanology. Freeman, Cooper and Co. 

San Francisco. 397 pp. 

8.0 RECORDS 

Field observations will be kept in the following manner: 

(1) Field notebooks. 

(2) Where appropriate, large sketches will be made of outcrops with pencil and later 

inked in the office. This approach is particularly appropriate in most cases where a 

stratigraphic section is being measured. 
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(3) On large outcrops or along entire sections of a canyon wall the base for recording 

these details will be enlargements of photographs taken from the opposite canyon 

wall with a large-format (8" X 10" negative) camera. 

(4) Photographs of field details may be taken with 35 mm or Polaroid camera. The 

camera should have a built-in date and time that appears on the negative, which will 

be recorded in the field notebook. Prints prepared for analysis or use in the field (for 

annotation with ink) will be at the discretion of the investigator. Proof sheets will be 

filed along with the negatives. 

9.0 ATTACHMENTS 

N/A 
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GEOMORPHIC CHARACTERIZATION 

1.0 PURPOSE 

The purpose of this procedure is to standardize the geomorphic characterizations of 

sites investigated in the Environmental Restoration (ER) Program, including (1) 

preparation of maps of surficial deposits, landforms, and drainage channels, and (2) 

documentation of surficial processes that pertain to the potential erosion and deposition 

:::o:;~;ted soil and rock matertal. ~ ~ 

2.1 Applicability ~~ 

are responsible for characterizing geomorphi a eomorphic 

processes associated with site chara~~ ct. · ie . 

2.2 Training a ''\)"""> 
To implement this o \tJe ~r must be a professional geomorphologist, 

as designated m Earth Sciences Team Leader or Geology 

-" desi n t Sciences Team Leader or Geology Principal 
v · r. searchers conducting geomorphic characterization activities 

· that they have read and understood this procedure, as well as 

., ............. __ ocedures in Section 1.0, General Instructions. 

FINITIONS 

There are no unique definitions in this procedure. 

4.0 BACKGROUND AND/OR CAUTIONS 

The user will follow the general instructions for field personnel as specified in Standard 

Operating Procedure (SOP) Section 1.0, General Instructions. 

5.0 EQUIPMENT 

Topographic base map, at a scale appropriate to the task and specified beforehand in 

consultation with the Project Leader. 

Aerial photographs of the site at a scale appropriate to the task. These photographs 

may include both overlapping vertical photographs that allow stereoscopic examination 

of the ground surface and oblique photographs that allow improved examination of 

certain features, such as canyon walls. 
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6.0 PROCEDURE 

The geomorphic characterization activities associated with the ER Program are focused 

on the identification and description of surficial deposits and landforms that provide 

evidence for processes that can potentially result in the exposure and/or transport of 

contaminants. Processes of concern in this task are primarily surficial, specifically mass 

wasting on canyon walls and erosion associated with surface channels. Also of concern 

is evidence for lateral emergence of subsurface flow along canyon walls because of its 

importa.nce in understanding groundwater flow paths and potential transport~of 

contammants. 

Geomorphic characterization involves a thorough examination of the~l s at 

sites of concern and in adjacent areas, with the areal extent oi!dy on site 

characteristics. The areal extent will be determined in c suit · w· reject 

Leader. The size of the area appropriate for exag· io ay v · the processes 

under consideration. For example, a search for · e ence of groundwater 

flow may be important at greater distance ste te an the search for 

evidence for sediment transport ~nd @ ails. The focus of the 

geomorphic characterization rna va dent on the characteristics of the site. 

For example, whereas docum i f s o erosion and deposition associated with 

drainage channels rna b c · at · w ere contaminants are or have been 

exposed at the surf · · mentation may not be needed at sites where 

wastes hav= epl u · d 1n rock. Similarly, examination of evidence for past 

and pot nti u re · ing on canyon walls may be critical for sites adjacent to, ····"'· 

ed s, y be unnecessary where waste sites are set back a substantial 

anyon walls. Decisions concerning the size of the area appropriate 

s the critical processes at a site require professional judgment developed 

u experience with geomorphic characterization activities. 

6.1 Mapping Surficial Deposits, Landforms, and Drainage Channels 

Geomorphic features of significance to the investigation are to be located on 

topographic base maps. For many purposes, adequate location control can be 

provided by using topographic or man-made features shown on the base map, 

such as the course of drainage channels. If needed, more precise location 

control can be provided by using a tape and compass or surveying equipment 

such as a plane table and alidade, transit, theodolite, or total station. 

Preliminary mapping of geomorphic features over a large area is most efficiently 

done using vertical aerial photographs that provide stereoscopic coverage. This 

allows rapid examination of the entire area of interest and an initial identification 

of areas of critical interest that require field checking. The examination of vertical 

aerial photographs can be supplemented by examination of oblique aerial photos, 

particularly of canyon walls, that allow improved resolution of detail. 
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Field checking of the preliminary map is required to confirm the accuracy of 

interpretations made on the aerial photographs, to locate features not visible on 

the photographs, and to conduct in depth examination of potentially critical 

features that provide evidence for processes that may influence the transport and 

deposition of contaminants. Often, the initial field checking is followed by re

examination of the entire area on the aerial photographs to adjust the preliminary 

mapping. The above process should be repeated, if necessary, until the 

geomorphic map adequately records the significant geomorphic features. 

Features to be mapped may include: 

• cliffs. 

• slopes generally covered with a thin · 

• 

• alluvial sediments ~~ . 

• soil-covere~p~ 
T~~edareas. 
l~nnels, distinguishing channels incised into erodible 

rial by a separate symbol from channels not so incised. 

sites of possible or confirmed emergence of lateral groundwater flow, 

evidenced by observed springs; vegetation indicative of relatively moist 

conditions; distinct concavities on canyon walls or enlarged 

amphitheater-shaped drainage heads. 

• features indicative of landsliding including: partially-detached blocks on 

or adjacent to canyon walls; partially-opened fractures near the edges 

of mesas; pronounced concavities or embayments along the canyon 

walls that are suggestive of locations of more rapid cliff retreat in the 

past than adjacent portions of cliffs; deposits of bouldery colluvial 

debris on canyon slopes or in canyon bottoms that may record large

scale slope failure in the past. 

The geomorphic map shall include a legend in which all mapped features are 

included and described. Mapping units may include small areas with different 

characteristics, to be mentioned in the legend (for example, "Bare bedrock 

slopes: includes small, discontinuous areas of thin colluvial deposits"). 
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6.2 Documentation of Surficial Processes 

Evidence of the relevant surficial processes active at the sites of investigation is 

identified during the mapping of surficial deposits, landforms, and drainage 
channels. Observation sites may be recorded on aerial photographs, the 

topographic base map, and/or in field notebooks. 

Evidence of surficial processes to be recorded may include: 

• General variations in soil thickness on mesa tops, if possiblilay 
reflect long-term variations in the location and intens~1t r n. 
Relatively thick soils on gentle slopes or towards the o s 

may reflect low erosion rates or long-term dep~"tion e · e s, and 
relatively thin soils on steeper slopes a;§;owa the of mesas 

reflect more intense surficial ero~io 

• Drainages incised into all · r oil u pacifying width, depth, 

and length of incision ents that the channel is 
incised into. 

• Exposure ~oft s or shrubs, specifying depth of exposure· and 

age s ible, as determined from tree rings; surface 
r cte · i hould also be recorded, as appropriate, including · 

xt urficial materials and the gradient of the ground surface. · 

(\ \\.' induration. 

~ • Partially-detached landslide blocks, specifying position in relation to 
lithologic variations, and the length, width, estimated vertical extent, 
and apparent amount of previous movement. 

• Partially-opened fractures near the edges of mesas, specifying 
apparent length, depth, orientation, distance from mesa edge, and 
relation to drainages on mesa. 

• Pronounced concavities or embayments along the canyon walls that 
are suggestive of more rapid cliff retreat in the past than adjacent 
portions of cliffs or of sapping and erosion at sites of emergence of 
groundwater flow. 

• Distinct deposits of bouldery colluvial debris that may record large
scale slope failure in the past, specifying size and apparent source. 
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• Springs, both perennial and intermittent, specifying geologic setting of 

spring, associated landforms such as concavities on canyon walls, and 

associated vegetation. 

• Sites of sediment deposition and storage along streams and on slopes 

that pertain to transport of contaminants, specifying topographic 

position, estimated size of storage site, and associated erosional 

features such as rills or incised channels. Where appropriate, 

supporting information on the estimated age and history of the deposit 

should be included, using chronological techniques appropria~ 

age range of concern and available datable materials~ os a ~ 

7.0 REFERENCES 

LANL-ER-SOPs in Section 1.0, General Instructions 

Management o 
8.0 RECORDS 0 

characterization. This · m include summary of education and · 

experience in a curri · . 

Observati s~ ons of geomorphic features and processes made in the 

field · x ina 1on of aerial photographs will be recorded on maps, in field 

1bly on photographs. These observations and interpretations will 

e to a report presenting the results of the geomorphic characterization 

e nd this report will serve as the record of these activities. The report may 

e the following: 

• a map or maps showing significant geomorphic features. 

• figures illustrating important geomorphic features or relationships, such as: 

sketches of natural or artificial exposures; geologic cross sections made from 

field measurements or from topographic maps; cartoons schematically 

showing important features or interpretations. 

• photographs of selected sites. 

• tables presenting data from analyzed samples, field measurements, or other 

pertinent information. 

These records shall be transferred to the ER Records Processing Facility in accordance 

with the Procedure for Los Alamos National Laboratory ER Records Management 

(LANL-ER-AP-02.1 ). 
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N/A 

L.../"\l'tL.-'-1 ,- •• 

P 
-""'' age 7 of 7 ................. , .. .., 



Los Alamos National Laboratory 

Environmental Restoration Program 

Standard Operating Procedure 

No: LANL-ER-SOP-03.09 

Geologic Mapping of Bedrock Units 

Pre parer: 

Quality 
Review by: 

QPPL 
Approval: 

PM 
Approval: 

(Print Name) 

Effective Date: 3- lCa. · q_ .)..... 

Rev: 0 

~/·z:7/tfl 
(Date) 



LANL-ER-SOP-03.09, RO 
Page 1 of 10 

GEOLOGIC MAPPING OF BEDROCK UNITS 

1.0 PURPOSE 

This procedure establishes requirements for the collection, plotting, recording, and 

interpretation of geologic data to produce a geologic map and associated cross-sections 

of bedrock (non-soil) units. Because many bedrock exposures in the Los Alamos region 

occur along tall, vertical cliffs, this procedure also establishes requirements for producing 

geologic maps on photo mosaics of canyon walls and for recording geologic data on 

measured stratigraphic sections. Finally, this procedure establishes requirements fo~r 

collection of rock samples. ~ \\) 

2.0 SCOPE \\ ~ 

2.1 Applicability \\ --'\:;::? 
Field geology consists of the methods used to i~n ~~structures and 

materials at the outcrop and field studies a ri ans of obtaining first-

hand geologic knowledge. This P. · t all Los Alamos National 

Laboratory personnel and their s ors o w111 perform geologic mapping of 

bedrock units for regional or i ific jects of the Environmental Restoration 

Program (ERP) being~: alf of Los Alamos National Laboratory. 

2.2 Trai · g {P,.:~ 
~n of college-level courses in stratigraphy, structural geology, 

n es, and geologic mapping or demonstrated experience in geologic 

in through publication are required to use this procedure for ERP projects. 

earchers or technicians using this procedure must document that they have read 

and understood it, as well as the procedures in Section 1.0, General Instructions. 

3.0 DEFINITIONS 

A. Field geology: The investigation of rocks, rock units, and rock structures in their 

natural environment and in their natural relations to one another. 

B. Bedrock: The solid rock that occurs everywhere beneath a mantle of soil. 

4.0 BACKGROUND AND/OR CAUTIONS 

This procedure is designed for the Environmental Restoration Program but is based on 

principles and methods of field geology that are discussed in textbooks on the subject 

(Lahee, 1941; Compton, 1962}. This procedure is an adaptation of U.S. Geol. Survey 

Technical Procedure GP-01, R1 ("Geologic Mapping") dated 11 August 1988. Because 

most of Los Alamos National Laboratory and waste sites therein are located on the 
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most of Los Alamos National Laboratory and waste sites therein are located on the 

Bandelier Tuff, no researcher or technician can perform competent geologic mapping of 

bedrock units in this area without referring to works on pyroclastic rocks and ash-flow 

tuffs (ignimbrites) (e.g., Smith, 1960; Ross and Smith, 1961; Smith and Bailey, 1966; 

Fisher and Schmincke, 1984). Additionally, the geology and stratigraphic nomenclature 

of the Los Alamos region have been previously defined and usage refined (Griggs, 1964; 

Bailey et al., 1969; Smith et al., 1970; Gardner, et al., 1986) thus, all geologic mapping 

projects for the ERP must adhere to accepted terminology, nomenclature, and usage. 

The object of geologic mapping includes identification of geologic features (rock units, 

faults, geomorphology), definition of their distribution, contact relations, and internal ~ 

variations, and determination of the age and history of the features. This info~r 

provides an understanding of the tectonic and geologic processes that could affe 

and investigations of the ERP at Los Alamos National Laboratory. The~:~ 1 

also required to generate models of tectonism, mass wasting, a~~-

Equipment required to adequately sa · ~ ~ may include, but is not 

necessarily limited to the following: \ ~ 

• Topographic base m~ 
• Brunton com5 iv t) 
• Lands togr. 
• AeN!!Il._..,,AtA 

• scope 
m r 

_u,_.lens 
eld forms, or ER Field Notebooks 

• Altimeter 
• Binoculars 
• Camera 
• Sample bags 
• Marking pens, pencils, small drafting implements. 

• Daily Activity Log 
• Chain-of-Custody/Request for Analysis forms 

• Sample Collection Logs 
• Variance Logs 

• Custody Seals 
• Unique Sample Stickers 

• Sample Labels 



6.0 PROCEDURE 

6.1 Objective 
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The object of this procedure is to produce geologic maps, cross sections, and 

stratigraphic sections of landforms, surficial deposits (excluding soils), and all 

bedrock features including rocks, faults, fractures, and folds that may occur within 

any site or regional area of interest or investigation to the ERP. Because of the 

unique terrain of this region, geologic maps will be constructed on photo mosaics of 

cliff walls as well as on standard topographic base maps. 

erpretations are to be distinguished from observations through use of distinctive 

symbols on the map, and through clear written distinction in the Daily Log or ER 

Field Notebook. 

Observations and interpretations may be made through visitation and examination 

(field mapping) of the actual geologic feature. Field mapping may be supplemented 

or aided through examination and interpretation of aerial photographs of the· actual 

geologic features. In field mapping, observations, interpretations, and/or field 

stations are to be plotted on a version of the base map (field sheet) or photo carried 

to the field area, and subsequently replotted on a version of the base map or photo 

retained at the base camp, field office, or home office. If aerial photographs are 

employed, observations, interpretations, and field stations may be plotted directly on 

the aerial photographs and subsequently transferred to a field sheet, to a base map, 

or to a photo mosaic. 

The geologic map shall be drawn on a version of the base map and photo mosaic, 

and provided with an accompanying explanation. The geologic map and 
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explanation shall present a synthesis of the geologic information contained in the 

Daily Log or ER Field Notebook notes, field sheets, other base maps, photos, and 

such auxiliary information from aerial photographs, sample collections, previously 

published maps, and other relevant sources of data as may be available. In 

addition, the geologic map shall present an interpretation of the likely distribution, 

character and age relationships of the particular geologic features of interest (e.g., 

rock stratigraphic units, geologic structures, surficial deposits, geomorphic features) 

consistent with available observational data. Finally, the geologic map, explanation, 

and supporting documentation and illustrative material (e.g., text and cross

sections), if used, shall distinguish through appropriate symbols or other means that 

which was observed from that which was interpreted. ((=\\ 

6.2.1 Map Scale ~ ~ 
This procedure is applicable to geologic mapping of be~k f~res~ 
scales. Specific scales of base maps and photo i e ~~ the 

discretion of the Principal Investigator (PI) of each ~~ estigalion. 

6.2.2 Base Maps 0 ... '\::::::!) 

Alamos National § iety scales <1 :24,000) or advance and 

edition copies of . i urvey topographic quadrangle maps at 

1 :24,000 ~ 0 al . Base maps may be made of paper or 

~ 
last" s mylar. Base maps may be cut into pieces or folded 

f sportability. Plastic overlays may be used to record field 

1 be or other data. Photos used for photo mosaics of cliff walls may 

convenient scale to adequately portray necessary geologic features. 

o versions of base maps and photos used for mosaics may be employed. 

hese are field copies for actual field work and compilation copies used in the 

office for integration of all field data. 

6.2.3 Rock Samples of Stratigraphic Units 

Hand samples should be collected from the outcrop or from artificial exposures 

(man-made cuts and pits) and retained in sufficient number to represent the 

dominant lithologies and significant variants of all mapped rock stratigraphic 

units. Samples of rock stratigraphic units should normally be obtained by 

breaking the prospective sample from the outcrop, using a hammer or hammer 

and chisel. H the sample is taken from material previously separated from the 

outcrop (e.g., float or talus) that fact should be recorded in the Daily Log or ER 

Field Notebooks. Samples may be bagged in plastic, cloth, or paper bags If 

necessary to prevent loss, damage or contamination of the sample during 

handling, transit, and storage. 
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Samples of friable materials (soils, uncemented aggregates) should be 

collected directly from the bed, stratum, or deposit they are to represent, using 

implements appropriate to the purpose (e.g., shovels, trowels), taking care to 

prevent contamination of the sample through accidental inclusion of foreign 

material, and bagged in plastic, cloth, or paper bags. 

Processing of these samples is limited to preparation of thin-sections, polished 

sections, grain mounts, and measurement of physical properties (e.g., specific 

gravity) or other nondestructive procedures. However, portions of a sample 

may be removed for destructive tests (e.g., chemical analysis) provided 

sufficient material remains, in the judgement of the PI, to fulfill the prima~ 

purpose of the sample, as described above. ~ 

Specialized sampling for other purposes (e.g., dating), which may be ~~ V 
or desirable, is outside the scope of this procedure. \\ -~ 

6.2.4 Photographs .-. ~ 

as described above to observe~inte ic features and field 

stations. If annotated, the phot of the formal data base. If 

not annotated, the photo r r r ar part of the informal data base, 

requiring no special doc n o stodial care. · 

ca a s data collection. The field location, frame number, 

· mate), and object of the photograph are to be recorded in the 

· Field Notebooks. As soon as practicable thereafter, a print or 

d · transparency of the photograph should be correlated with the 

nf rmation in the Daily Log or ER Field Notebooks, the print or transparency 

labeled in such a way that this information can be recovered, and filed as part of 

the formal data base. Other prints, positives, and negatives of the same 

photograph may be retained by the PI as part of an informal data base, to be 

used for· other purposes, and requiring no special documentation or custodial 

care. 

6.2.5 Attitude of Planar and Unear Features 

The attitude of planar and linear features may be measured using hand-held 

devices (e.g., Brunton compasses) at the discretion of the Pl. The 

measurement may be entered directly on field sheets, aerial photographs, or on 

Daily Logs or ER Field Notebooks. Magnetic declination will be compensated 

for by adjustment of the compass to the local declination, or through adjustment 

of the measurement. 
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Field notebooks may be used if preferred over Daily Log Sheets. The ER Field 

Notebooks will have perforated sheets that may be removed and attached to 

field forms, photographs, or other pertinent record information in a record 

package. The sheets in the ER Field Notebooks must have printed sequential 

numbers, and the header information on each set of sheets must be complete. 

In addition the notebooks sheets must contain, as appropriate: 

Data collected using this procedure is presented as a geologic map, with 

accompanying explanation and optional cross-sections, and character of rock

and/or soil-stratigraphic units, geomorphic features, faults, folds, and fractures, their 

age relationships, and their geologic history. 

6.4.1 Quantitative/Qualitative Criteria 

An acceptable general purpose geologic map should meet the following criteria: 

1. The map should be on a base that meets National Map Accuracy 

Standards. A topographic base is essential except on small scale maps or 

in areas of such low relief that the ·absence of contours does not hinder 

geologic interpretation. Bedrock geology portrayed on photo mosaics of 

cliff faces should show obvious reference features or structures. 
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2. The completed map should be clearly readable and usable at publication 
scale. All symbols on the map should be fully explained in the marginal 
material, if not in common usage. The sources of geologic data should be 
indicated for all parts of the map. Contacts inferred from geophysical, 
photogeologic, or remote sensing data should be Identified and explained. 

3. All geologically significant units mappable at the scale selected should be 
shown, and geologic features should be depicted uniformly throughout the 
area of the map. 

4. Mines, prospects, quarries, wells, trenches, test pits, and drill holes s u((=\\ 

be shown to the extent possible at the map scale. ~--'&J 
5. Geologic interpretations should be internally consistent~la . 

Relations of normal contacts of geologic units to ~r CJ be 
consistent with rock attitudes, stratigraphy,~ s n the map 

and in cross sections. ~~ 'V::::!) 
6. Structure should be adequa rtr 0. "tudes of significant structural 

features should be in i ve ctical. Structure sections should 
be included if and these should be consistent with 
relations dep,· 

· ge, origin, morphology and/or lithology. If the map meets all 
~,."·a this, it should be termed as bedrock geologic map. If It meets 

1 riterion, but does not portray the bedrock units, it should be termed a 
surficial geologic map. In some cases several maps may be required to 
provide adequate general purpose coverage of an area. 

8. Faults that display mappable offset of stratigraphic or lithologic units or 
which display evidence of recent movement, or are of some other special 
significance, should be mapped and classified as to type (normal, reverse, 
thrust, strike-slip, etc.); and dip and direction of relative movement should 
be shown wherever possible. 

9. The explanation should be concise and reasonably definitive, and should 
express the distinctive characteristics and principal variations in the map 
units. Map units (including surficial units) should be described in terms of 
lithologic character, physical properties, thickness (where possible), 
economic significance, geologic and/or absolute age and contact relations. 
Definition of map units and stratigraphic nomenclature should be consistent 
with current USGS standards. 
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Calibration is not required as a part of this technical procedure. 

6.6 Sample Identification 

As part of the data records and documentation, all samples will be identified as 

follows: All samples will be labeled with a unique identifier, using indelible ink 

whenever possible. Samples with surfaces too rough to mark, or too porous to 

mark, will be placed in bags and the bags will be marked with the unique sample 

identifier. Sample identifiers will be recorded on field sheets, base maps, or photos~ 

as deemed appropriate by the Pl. Pis shall assure that the original sample id~· · 

is traceable to all documentation associated with the samples, and is mai 

when the samples are handled by different organizations. All sampli~orts_~ s 

be coordinated with the Sample Coordination Facility. \\. -~ 

6.7 ControlandStorage ~~ 

Samples collected during this work sh~ll -~· ~oiled in accordance 

with the procedure for Sample Contro ie o entation. (LANL-ER-SOP-

01.04). ~ 

6.8 Special Treatment \~~ 

~~~ r al s. • Samples are to be routinely prepared for petrographic or 
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All organized documentation will be prepared as appropriate by the PI or a 

contributing investigator to record data from this procedure and shall include any 

information considered pertinent. Each page of documentation will be numbered 

consecutively and chronologically. Information superseded as a result of any 

revisions will be lined out, initialed, and dated. All documents will be signed or 

initialed and dated by the investigator on a daily basis when entries are made. 

8.2 Review 

All data collected and the applicability of methods used in this procedure will be 

reviewed and cosigned by a peer or supervisor of the investigator who is 

knowledgeable in the objectives of this procedure. This indicates that the data are 

acknowledged by both the investigator and the reviewer to be acceptable and 

meaningful data that meet appropriate quantitative and qualitative acceptance 

criteria. Unacceptable data shall be identified in a manner appropriate to the form of 

the data. 
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Trenching and Logging 

1.0 PURPOSE 

This procedure describes general methods for trenching and logging of trenches for 

characterization of geologic units or geologic structure. 

2.0 SCOPE 

2.1 Applicability ~ 

trench logging for the Environmental Restoration (ER) Program the 

of geologic characterization. \\ ~ 

2.2 Training ((=Y\~ 

The investigation team should be co ~ ~pecialists with 

backgrounds in the field of geolo . ad · i n, personnel using this 

procedure for the ER Progra t c t they have read and understand 

this procedure. 

3.0 DEFINITION () 

4.0~ D AND/OR CAUTIONS 

Tren e open excavations with generally vertical sides, and precautions are 

require o ensure the safety of workers. Shoring is required for trenches deeper than 

5 feet when the trench is excavated in material susceptible to collapse, and ladders 

are required to provide exits for site workers. A minimum of two people must be 

present at the site before entry, and all personnel entering trenches must be equipped 

with hard hats and steel-toed safety shoes. OSHA Publication 2226, Excavation and 

Trenching Operations, should be reviewed prior to start-up. 

5.0 EQUIPMENT 

Equipment to be used in trench activities include standard geologic and surveying 

tools, such as the following: 

• Geologic hammer 
• Pick 
• Knife 
• Brunton compass 
• Hand lens 
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• Notebook 
• Total station, theodolite, or transit 
• Stadia rod or surveying prism 

6.0 PROCEDURE 

Trenching may be used to document the presence or absence of faults or other 

geologic structures, and to help evaluate the potential for surface rupture and the 

frequency and amount of such displacement. Trenches may also be used to evaluate 

other geologic features such as soils or stratigraphy. 

Geologic features such as stratigraphy, faults, fractures, and related struct~r il~(\ 
logged in detail. This will allow the geologic relationships and sample Joe 1 ~V 
permanently recorded and to be available for later analysis \\ ~ 

6.1 Trench Locations .-.. ~ 

of aerial photographs. Sites will be s s e requirements of the 

project, such as the potential for n n u t location and fault 

history, stratigraphic units, or . 

Location control at d ne using either a digital total station or 

aenal phot s. 

~~ ensions . 

~~~ trench dimensions sufficient to expose significant geologic 

rials and relationships on the trench wall are generally 5 to 12 feet deep by 

eet wide. The actual dimensions may vary depending on site and geologic 

conditions and available equipment. Trenching will also vary considerably 

depending on topography, ease of excavation, and available equipment. 

6.3 Trench Wall Preparation 

The sides of the trench shall be cleaned by chipping or scraping continuously 

so as to expose a clean face of rock, sediment, or soil. 

6.4 Logging Scale 

The choice of scale will be at the discretion of the project geologist and will 

depend on the complexity of geologic structures revealed in the trench. The 

normal scale for detailed logging is 1 inch equals 1 to 2 feet. Justification for 

scales other than these shall be documented. 
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6.5 Logging Procedures 

Logging procedures shall consist of making a vertical profile parallel to one 

trench wall using a natural scale, with no vertical exaggeration. Contacts 

between geologic units shall be drawn on the profile and units identified and 

described as considered appropriate by the project geologist. Characteristics 

and types of contacts shall be noted. 

6.6 Stratigraphic and Lithologic Variations ~ 

Variations within the geologic units will be described and indicated on~\\) 
trench log whenever the variation occurs. ~ ~ 

6.7 Photography ~~ W 
After the trench is logged, the shoring, if used, will ~~ the trench 

may be photographed at the discretion of t~~i . 

6.8 Other Notations '\)"'> 

a sample tag showin n. All sample locations should be 

referenced to ~ ~t tio . 

7.0 REFE E ~ 

Labo 

LANL- - P-02.1, Procedure for LANL ER Records Management 

8.0 RECORDS 

The results of the trenching activities shall be presented in a report, and this report will 

serve as a record of these activities. The report will include the following: 

• a map or maps showing trench locations, 

• detailed trench Jogs, 

• descriptions of geologic units and structures exposed in the trenches, and 

• interpretation of the trench logs with respect to the project goals 

Records will be transferred to the ER Records Processing Facility in accordance with 

..,. the Procedure for LANL ER Records Management (LANL-ER-AP-02.1 ). 
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COORDINATING AND .EVALUATING GEODETIC SURVEYS 

1.0 PURPOSE 

This procedure establishes the methodology for initiating and coordinating geodetic 

surveys with professional surveyors and establishes the data requirements, chain of 

command, and quality assurance/quality control (QA/QC) procedures for geodetic survey 

data. 

2.0 SCOPE 

2.1 Applicability 

This procedure applies to all Environme · ) Project 

that may require surveyi~ninc ons, grid points, 

photographic sites, and · a rement points. 

2.1.2 Personn~ · 

This Rr ce~~~l ER Project personnel and contractor personnel 

wh e ith coordinating and evaluating geodetic surveys. 

I p f · al surveying companies are currently under contract to 

C!Milil't]l; National Laboratory (the Laboratory) to provide surveying 

ce , however, other accredited professional surveying companies may 

sed as required. 

Under the New Mexico Engineering and Surveying Practice Act, licensed 

professional engineers or other surveyors with comparable qualifications 

and demonstrated experience can perform design, construction, or 

topographic surveys including photogrammetric methods. Only licensed 

professional land surveyors are authorized to perform control, property, 

easement, or boundary surveys. It is recommended that surveyors be 

certified and registered in the State of New Mexico. 

2.2 Training 

The field team leader (FTL}, field team members, and surveyors who perform 

geodetic surveying for the ER Project must be familiar with the objectives of field 

surveying and must document that they have read and understand this procedure, 

LANL-ER-SOP-03.01, RO, and the other procedures in Section 1.0, "General 

Instructions." 



3.0 

A. 

B. 

DEFINITIONS 
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Geodetic surveying: The method used to determine the precise position and/or .... ., 

dimensions of a particular locality or tract of land by direct measurements and by the·~ 
application of geometric and trigonometric principles. 

Survey coordinates: Coordinates that are expressed in a Cartesian system, which 

includes X, Y, and Z components (east, north, and elevation, respectively). 

4.0 BACKGROUND AND/OR CAUTIONS 

Two survey grid coordinate systems have been identified in the Labora~ory ~ 
1927 North American Datum system (NAD 27) was established and us it 

supplanted by the 1983 North American Datum system (NAD 83).~ite 

Geological Survey (USGS) Bulletin 1875-B provides the specific · rgen een the 

two data systems. \\ _\ 

The NAD 83 coordinate system must be u~~r~ Project at the 

Laboratory. SuiVey coordinates must be d"~~shed New Mexico state plane 

&.O ~omments, and deviations from this procedure must be documented 

a · ity log in accordance with SOP-01.01, "General Instructions for Field 

ns." 

Health and Safety Prescreening 

At the request of the FTL, Group ESH-1, Group ESH-5, or a contractor industrial 

hygienist who has been approved by one of these groups prescreens for health and 

safety purposes the field site to be surveyed. If readings at the site are above health 

and safety action levels for worker safety, as determined by one of these groups, 

then no survey of the site should be attempted unless authorized by one of these 

groups. 

6.2 Field Team Leader Responsibilities 

The FTL or the designated field team member determines the locations and spacing 

requirements of sample locations, grid points, and other sites that require surveying. 

The FTL contacts the surveyor and conducts an on-site briefing to establish the 

requirements of the survey and to indicate to the surveyor the locations of sample 

sites and/or grid points to be surveyed. The FTL then provides to the surveyor ir"''· 

writing the location identification (I D) number for each point to be surveyed. Th~. 
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FTL may also provide to the surveyor a sketch map of the site showing the 

approximate locations of the sites to be surveyed. 

6.3 Surveyor Responsibilities 

The surveyor surveys the sample locations, grid points, and other sites using the 

best available surveying practices, linking the surveyed locations to established 

survey control monuments. The surveyor then provides the FTL with the following 

information no later than one week after completing the survey. 

Two signed, certified copies of a map that shows the surveyed locati~ 
the control points used in the survey. All points shown on them s 

identified by location ID and/or site name, site type, and elevat~ 
must contain an appropriate scale bar and a written scal~tor, 
indicate the NAD coordinate system that was use 

A certified paper copy of the survey results 1 ; X, Y, and Z 

• 

• 

A statement of the precisio~n f e survey data . 

An ASCII file on a fl~ dis that contains the locationiD; X, Y,and 

Z coordinates~ ·on each surveyed location and control point. 

labels c ol n. 

• 

• 

The s~rve d s I e ranged in a columnar format with appropriate 

6. i Quality Assurance/Quality Control Review 

nducts a preliminary QA/QC review of the map and survey data for 

p eness and accuracy and for the appropriate relative location of each survey 

t. The following components are checked. 

• Verify that all control points, such as bench marks and control monuments, are 

within acceptable error limits and are located properly. 

• Compare the locations of the surveyed points with other known ground control 

points, such as control monuments, buildings, structures, pipelines, and power 

lines. 

• Verify that the surveyed points conform to the actual arrangement of the 

environmental points, grid points, and sample locations. 

• Compare the locations and elevations of the surveyed points with other 

topographic data on maps such as those from the Facility for Information, 

Analysis, and Display (FIMAD) and the USGS. 
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If an error or omission is encountered or if any other question arises from the survey 

data, the FTL contacts the surveyor to obtain additional or missing information or ~ 

request that the surveyor repeat the survey or portions thereof. ,, 

6.5 Handling Survey Data 

When the survey data appear acceptable, the following procedures are followed. 

• 

• 

• 

• 

6.6 

The FTL provides to the data manager of the field unit (FU) the survey data and 

one original, certified survey map. 

The data manager incorporates the survey data into the FU~~ 
transfer the data to FIMAD. ~_'\:g) 

FIMAD incorporates the survey data into the FIMAD base . 

structures and other ER Project~it to nal eview and QA/QC 

assessment of the survey data. 0 
Final Quality Ass u ontrol Review 

The FTL and t~ m review the FIMAD map and conduct a final 

QA/QC review f a for completeness, accuracy, and suitability for ER 

Project ~ . T fo wing components are checked. 

~~ all control points, such as bench marks and control monuments, are 

\~~~ roperly. 

Compare the locations of the surveyed points with other known ground control 

points, such as control monuments, buildings, structures, pipelines, and power 

lines. 

• Verify that the surveyed points conform to the actual arrangement of the 

environmental points, grid points, and sample locations. 

• Compare the locations and elevations of the surveyed points with other 

topographic data on the FIMAD map. 

If the survey data are complete and accurate, no further action is required. If an error 

or omission is encountered, the FTL contacts the surveyor to obtain additional or 

missing information or to request that the surveyor repeat the survey or portions 

thereof, and the QA/QC procedure described in Sections 6.4 through 6.6 is 

repeated. 

See Attachment A for a flow diagram that outlines the procedure for coordinating 

and evaluating geodetic surveys. '"''"' 
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The following procedures are directly associated with this procedure and must be 

reviewed before field operations: 

LANL-ER-SOPs in Section 1.0, General Instructions 
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FIELD AND LABORATORY NOTEBOOK DOCUMENTATION FOR 

ENVIRONMENTAL RESTORATION EARTH SCIENCE STUDIES 

1.0 PURPOSE 

This procedure establishes the methods used to document earth science field or 

laboratory investigations and the methods to track the origin, history, and 

disposition of earth science samples used for the Los Alamos National Laboratory 

(Laboratory) Environmental Restoration (ER) Program. 

2.0 SCOPE 

2.1 Applicability 

This procedure applies to the documentation of fi -------
conducted for earth science studies and for sit91"s~~"ft 

geohydrologic studies. This procedure C~lS 

collection, description, processing, aru-.... ,~ 

information in the field. This pro aor::~~teei' 

Notebook authors and reviewers who conduct the actions described in 

Section 6.0 are required to be trained to this procedure. Training is 

accomplished by reading this procedure and documenting the training on 

the Environmental Restoration Standard Operating Procedure (SOP) 

Training Documentation Check List form. 

3.0 DEFINITIONS 

3.1 Investigator 

For the purpose of this procedure an investigator is the user (author) of the 

notebook. 

3.2 Environmental Sample 

An environmental sample is one whose properties are studied to gain 

information about contaminant nature, concentration, and/or extent. Examples 
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of environmental samples include cores, cuttings, hand samples, soils, and 

fluid. These samples are submitted to the laboratory for contaminant analysis 

and are used to determine the course of action for a Potential Release Site 

(PRS). These samples require documentation per LANL-ER-SOP-01.04, 

Sample Control and Field Documentation. 

3.3 Earth Science Sample 

An earth science sample is one whose properties are studied to gain 

information about the geology, hydrology, geochemistry, geophysics, and/or 

physical characteristics of a site. Examples of earth science samples m~ 

include cores, cuttings, hand samples, mined muck, soils, soil-aff~c · ~~· 
and fluid. \V 

3.4 Notebook 

single purpose [e.g., to document work e r a p unit (OU) or task] 

or by a single investigator involved i r e tasks. There are three 

types of notebooks: bound, ~o - , I ic. Bound and electronic 

notebooks are generally u ovi a ailed, chronological description of 

the various activities p r d g 1 estigations or to document 

miscellaneous a · · · ( . ea , observations, and field trips). Loose-leaf 

notebooks are e record activities prescribed by Los Alamos ER 

field or I ro d es (SOPs) or to record tabulated data (e.g., sample 

~0\',; OUND AND/OR CAUTIONS 

~ocedure cannot be used to document activities related to the collection of 

environmental samples, which will be used to determine the course of action for a 

PRS. Those samples require documentation per LANL-ER-SOP-01.04, Sample 

Control and Field Documentation. 

5.0 EQUIPMENT 

N/A 

6.0 PROCEDURE 

6.1 Type of Notebooks 

Bound, electronic, and/or loose-leaf notebooks can be used to document 

investigations or geologic sample gathering information. 



6.1.1 Bound Notebooks 

LANL-t::H-~UI""-u;.;. 1 ~. Hu 

Page 4 of 10 

Bound books with blank, numbered pages are generally used for 

documenting field investigations, mapping, or laboratory work. They are 

used to record a detailed, chronological description of the various 

activities performed during investigations or to document miscellaneous 

information or activities (e.g., ideas, observations, and field trips). 

6.1.2 Electronic Notebooks 

Electronic media may be used as a tool to document field or labor~ 
activities or to enter tabulated data; however, the electronic ~ 
file is not the record. A hard copy of the notebook entries be tH 

record and is maintained in a binder or folder. Entrie e pri 
each day (if there is an entry). Each page mus ontai p ber, 

The print-out pages are treated as a loo , and the 
requirements for this type of note t b I ed. 

6.1.3 Loose-Leaf N~~ 0 
Loose-leaf noteb-~ ~~e for documenting field investigations, 

laboratory~ ttachments, or as the means for maintaining 
hard ie ro on c media entries. If loose-leaf notebooks are to 

be are consecutively numbered and kept in an 
ri · r or folder. Each page is signed and dated by the 

. Loose-leaf pages may also be numbered consecutively in a 

ivt ed section, providing a logical system is used (e.g., pages A 1, 

& A3 in Section A). A table of contents is included at the beginning of 

the notebook, and provides the current page count for the notebook or for 

each section (as applicable). This table of contents should be updated 

weekly (if entries were made). 

6.2 General Notebook Requirements 

The following requirements apply to all notebooks. Additional requirements for 

specific types of entries are detailed in Section 6.3. 

6.2.1 Starting a Notebook 

Enter on the first page of the notebook the following items: 

• investigator•s name; 
• title of activity; 
• OU for which work is being done, if appropriate; and 
• name of Principal Investigator (PI) or Project Leader (PL) 

responsible for the activity, if appropriate. 
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Investigators may create a table of contents or index for listing the major 

sections within the notebook. 

6.2.2 Requirements for Notebook Entries 

All entries in notebooks must meet the following requirements: 

6.2.2.1 Make text and data entries in ink (not pencil), or use 

electronic media to record entries. Field sketches may be 

made in pencil and then inked over. 

6.2.2.3 Record entries in sufficient detail so ~t a 
similarly qualified individual could repeat the rk de 

and achieve comparable results witho~cou~ 

original investigator. ~\ ~ 

6.2.2.4 When recordi ~ d, 1n a bound 

notebook, sign th ng a task or workday 

(whichever is ore individuals may record 

entries in e b , providing they each sign their 

ow~ usi electronic media, print out a copy of the 

en or workday is finished (whichever is 

st n ate and sign each page of the hard copy. When 

n e-leaf notebooks, sign and date each page. 

2.2.5 Fill out each page of the notebook completely, unless 

you need to reserve space for future entries (for example when 

entering tabulated information). Clearly label spaces for future 

entries and record these entries before you complete the · 

notebook. After completing all entries, void all blank spaces 

with a diagonal line. 

6.2.2.6 Correct entries by crossing the incorrect entry with a 

line so that the original entry is readable and by entering the 

correct information. If the correction is done at a later date, 

initial and date the correction. 

6.2.3 Attachments to Notebooks 

All attachments (e.g., maps, charts, graphs, and computer printouts) are 

referenced in the applicable notebook, or they can be included within the 

loose-leaf notebook or binder that corresponds to the work for that 

attachment. Loose-leaf attachments for bound notebooks are maintained 

in a uniquely identified binder or folder and the pages are consecutively 

numbered. ' 
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6.3 Content of Notebook Entries 

The content of notebook entries is divided into three categories: (1) entries 

that document field and/or laboratory activities such as field observations, 

mapping, sample collection, petrographic descriptions, data reduction, and 

data analysis, (2) entries that document tabulated data and sample tracking 

such as laboratory data collection, and (3) entries that document activities 

prescribed by Los Alamos ER procedures. 

6.3.1 Entries that Document Field or Laboratory Activities 

Notebooks are used to provide a continuous record of an <\ 
investigation, such as geologic mapping, geomorphic \V 

traceability from field activities to laboratory acti~"ties re 

photographs, samples, and maps are u~sd s ort a . a 
measurement, a map, or a report. The k · e 

traceability for the results or concl · s uc t a er similarly 

qualified individuals could arri s nclusions without 

recourse to the investigat . 

• Description of the work to be done (description may 

include reference to other notebooks, procedures, 
manuals, texts, etc.). 

• Description of the location, reference to a map or 
photograph that shows the site (if appropriate). 

• Methods and objectives (state the methods to be 
employed, and objectives of the work, reference a SOP or 

other information if appropriate). 

• Equipment (list any major equipment or special materials; 

common field equipment does not need to be identified) 

• Software (if doing data reduction or data analysis). 

• Samples collected or utilized (by identification number). 
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• Weather conditions (when appropriate). 

• Conclusion {when appropriate). 

6.3.1.2 In subsequent entries (follow-up in a site or task), 

provide detailed daily entries of the work performed and results 

obtained, addressing the items listed in Section 6.3.1.1 as 

appropriate. Daily entries are not required for days in which 

work was not performed. ~ 

6.3.1.3 Describe any changes made to the origin~~~ 
stated in 6.3.1.1, as appropriate. .~ 

6.3.2 Entries that Document Tabulate~ata~ · -' 

Sample Tracking @\ vd:>. ~ 
These types of entries provid~· u r cord of geologic 

sample traceability, e.g~, pies that have a unique 

number identifier th tra g geologic sample from the time 

it is collected in f u · "ts · position. This traceability must be 

maintainii"l le consumed or the activity concludes. 

Sam le o 6 ble to be reconstructed from the combined 

u a le r c · g logs and/or notebooks in which sample 

ies r mented. Site traceability for geologic samples is 

i · d by using field notebooks, maps, and/or photographs. 

t5 ed data can be a result of analysis {e.g., microprobe), 

easurements (e.g., point counts, fracture lengths), in which 

information that must be captured is that information that will allow 

other individuals to reproduce the results obtained by the original 

investigator. 

6.3.2.1 For tabulated data and sample tracking, document the 

items listed below. If one of the items listed below does not 

apply during any part of the work, mark •NA • beside that item. If 

an item becomes applicable during the process of the work, 

document that item when it becomes applicable. 

• Description of the work to be done (description may 

include reference to other notebooks, procedures, 

manuals, texts, etc.). 

• Headings for the table columns that are clear, or an entry 

with an explanation for the headings. 

• Sample identification number. 
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• Date of laboratory work (when appropriate). 

• Brief description of sample or description of the process 

that the sample is being put through. 

• Disposition of a sample (when appropriate). 

6.3.3 Entries that Document Activities Prescribed by 
Los Alamos ER Procedures 

6.4 Review of Notebooks 

6.4.1 Investigators are responsible for selecting a technical reviewer to 

review their notebooks. The technical reviewer must have the expertise 

necessary to understand the work being reviewed; however, the 

technical reviewer must not have performed the work they review. 

6.4.2 Submit notebooks for review at least every six months. More 

frequent reviews are done at the discretion of the investigator, for 

example, if there has been much activity and the notebook contains 

many new entries. Accompanying attachments are also reviewed. 

6.4.3 The investigator is responsible for ensuring that the technical 

reviewers adhere to the following criterion during the review: 

• 
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6.4.3.1 The reviewer determines whether the notebook 

entries are written in sufficient detail such that another similarly 

qualified individual could repeat the work described and 

achieve comparable results without recourse to the original 

investigator. 

6.4.3.2 If the reviewer determines that the entries meet the 

criterion in 6.4.3.1, the following steps are performed: 

a. The reviewer provides a review statement that 

characterizes the review (e.g., •notebook read an 

b. 

c. 

b. 

c. The investigator addresses the reviewer's comments and 

resubmits the notebook to the reviewer. Steps 6.4.3.1 

through 6.4.3.3 are repeated until the notebook meets the 

criterion in 6.4.3. 1. 

NOTE: Generally, notebooks that have not had entries within 

the last year should be reviewed and submitted to the Records 

Processing Facility as a record. However, some notebooks for 

continuing investigations may be kept active for longer periods. 

Attachments are usually submitted with a notebook, except 

when the attachments contain information that is being carried 

forward to other notebooks. · 

7.0 REFERENCES 
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LANL-ER-SOP-01.04, RO, Sample Control and Field Documentation 

8.0 RECORDS 

It is the responsibility of the notebook author to ensure that the record package 

generated as a result of this procedure is submitted to the Records Processing 

Facility. The package should include: 

• 
• 

9.0 

Copy of completed and reviewed notebook . 

Attachments to notebook, as appropriate . 

ATTACHMENTS 

None. 
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Drilling Methods and Drill Site Management 

1.0 PURPOSE 

The purpose of this procedure is to describe drilling methods that may be used during a 

field effort and to define the measures necessary for implementing a Drilling Package to 

meet the subsurface sampling requirements for an operable unit (OU) as a part of an 

Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI). 

2.0 SCOPE 

3.0 

A. 

B. .,....,.,TI~II\Iinding metal strips welded to the auger sections that while being 

soil to the surface 

C. Bailer: A long narrow bucket-like device with an open top and a check valve at the 

bottom that is used to remove water and/or cuttings from the borehole. 

D. Casing: Casing for drilling purposes is usually seamless pipe constructed as a tube 

from hot metal into various diameters. 

E. Center Plug: A plug inserted into the hollow center of a cutter head that prevents soil 

from coming up inside an auger. 

F. Cutter Head: A special auger bit that is attached to the leading auger flight section and 

cuts a hole for the auger to follow. 

G. Drill Bit: The cutting tool attached to the bottom of the drill stem. 

H. Drill Collars: A heavy walled length of pipe. One or more drill collars are used to 

concentrate weight just above the drill bit to help keep the borehole straight. 
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1. Drill Rods or Drill Pipe: Special pipe used to transmit rotation from the rotation 

mechanism to the bit. The rods also transmit weight to the bit and conveys air or flui~ 

which removes cuttings from the borehole and cools the bit. 

J. Drilling Package: Consists of a detailed Drilling Plan and specifications to meet the 

sampling requirements defined in the site specific Sampling and Analysis Plan (SAP). 

A Geophysical Logging Plan and a Curation Plan for borehole material management 

may be included with this Package. 

K Drilling Summary: A primary record of well-site activity. The FTL is respons~· 

completing this log and will record all information pertaining to the pr~gr s ~· 
daily drilling activities. An example of this log can be found in Attach . \ V 

L. Kelly: A hollow stem bar that is the main section of drill string ~hie~~ er is 

directly transmitted from the rotary table to the drill pipe.\\. .-. '\:;::? 
M. Reamers: A type of drill bit that is used specifica~~ing, cleaning or 

enlarging a borehole. ~·~ 

N. Rotary Table: The table into w · ~el ts. he rotary table provides the power 

that forces the entire drills · ~ b~ tu on a table-drive machine. 

0. Sand Pump: A bail~ · e 'th a plunger so that an upward pull on the plunger 

produces a v~~~n he valve and sucks slurried cuttings into the tubing. 

P. Sett · · · i vided for the temporary containment of drilling fluid before it is 
e borehole and holds cuttings that drop out of the drilling fluid. 

•n"""---e portable or a it may be excavated near the borehole and lined for 

r use. The pit should contain at least three times the volume of the material to 

moved during drilling. 

a. Split Spoon: A 1 to 2 foot core barrel that can be opened to remove samples. This is a 

sampling method used with auger drilling. The drill rods holding the center plug and 

cutter are withdrawn from the borehole in sections, and the split spoon is attached, the 

drill string reconnected, and the sample taken. 

R Stabilizers: Drill Rods with large outside diameter dimensions used to maintain 

straight holes in soft formations by increasing the borehole wall contact. 

4.0 BACKGROUND AND/OR CAUTION 

Various drilling methods have been developed to achieve successful subsurface contact 

for retrieving suitable formation, gas and water samples. These include but are not limited 

to solid-stem augering, hollow-stem augering, direct rotary, reverse rotary, and cable tool 

drilling. Because geologic conditions range from hard rock to unconsolidated sediments, 

and environmental concerns are consequential, some drilling methods may be more · , 

appropriate than others. 
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A. Solid-Stem Augering 

A boring method using single flight or continuous flight augers. 

The single flight method uses one section of auger. They are commonly called earth 

augers or construction augers and are normally used for boring shallow, large 

diameter holes. 

The continuous flighting method operates multiple sections of augers and is~ 
advance holes in stable formations. A single auger section length is g~l ft ; 

diameters range from 4 to 24 in. Borings have been advanced to 350 · · 

diameter solid stem augers during investigations in the Los Ala~are · · 

turn the auger sections with a rotary drive head. A hydrau~c-fee ech pushes 

the auger section down or pulls it up. 

A cutter head is attached to an auger desi~na ~e er. The cutter head is 

usually 2 in larger in diameter than~ te fli t r head breaks up the 
formation, the cuttings are brought to 1ghts which act as a screw 

conveyer. ~ 

B. Hollow-Stem Augerin · 

The hollow-ste ·sa · n of seamless steel pipe. Unlike the solid-stem 

ril r ass through the center of the hollow-stem auger section. 

The s . elded to the pipe and act as a screw conveyer to bring the 

flight in a hollow-stem auger drill string, the lead auger, is equipped with a 

ead. The lead drill rod has a center plug which prevents cuttings from coming 

up inside the auger. The center plugs has an attached drill bit that helps to advance 

the auger. 

Auger lengths are usually 5 or 10 ft and common outside diameters (OD) are 6 1/4 to 

13 in (2 1/2 to 6 in inside diameter [ID]). At Los Alamos, experience has shown that 

depths of up to 250ft have been drilled through volcanic tuff using 7 1/4 in OD (3.5 in 

ID) augers. 

Hollow-stem augers can be used as temporary casing when setting wells to prevent 

caving of the borehole walls. A diagram of a hollow-stem auger can be found in 

Attachment B. 

C. Direct Rotary Drilling 

For this method, a borehole is drilled with a rotating bit. Cuttings are continuously 

brought to the surface by the circulation of drilling fluid. 
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Components of the rotary drilling machine may include drag bits or roller (cone) bits, 

reamers and underreamers, drill pipe, drill collars, stabilizers, a kelly, and a rotary 
4

"""'\ 

table or top-head drive. A diagram of the direct rotary rig and the drill string for a dire~"'', 

rotary rig can be found in Attachment C. 

A borehole is drilled by rotating a bit that is attached to the lead section of a drill pipe. 

Drilling fluid is pumped down through the drill pipe and out ports in the bit. The drilling 

fluid and cuttings flow upward in the annular space between the hole and the drill 

pipe. Drill pipe or rods must be added continuously as the borehole advances. The 

terms "tripping in" and "tripping out" are used to describe the process of runni e 

splitspoon or core samples, or changing bits. 

1. Mud Rotary 

(usually bentonite) materials and water. The 1 • to lift cuttings will 

depend on the visc~sity of the drilling~ he h velocity. 

When the cuttings are brou t~s c ey must pass through settling pits 

where the suspended P. i se ou f the drilling fluid before mud pumps can 

recirculate the slur a h drill rods by way of a swivel hose connected 

to the kelly. 

·m~lut ydrostatic pressure against the borehole walls preventir., , 

eho e walls. The fluid also forms a lining on the inside of the bore 

.-.._ •. _... consist of small particles of clay and silt. The lining holds loose 

atilc~~nd crumbly material in place. 

ir Rotary 

The direct rotary air drilling method uses air alone to lift the cuttings from the 

borehole. A large compressor is used to force air down the drill rods via the swivel 

hose that is connected to the kelly. The air passes through ports in the drill bit. As 

the bit cuts through the formation, cuttings are blown to the surface and collect 

around the top of the borehole. 

The direct rotary air method operates best in formations which are firm enough not 

to be destroyed by the blast of air exiting the drill bit. Casing may have to be 

installed in the overburden to avoid caving of the borehole wall. 

A second direct rotary method using air is called the "down-the-hole" drilling 

system. A pneumatic drill is operated at the bottom of the drill pipe by air pressure 

provided from the surface. The percussive energy of the piston striking the bit 

breaks the material below while the drill string is rotated to expose new surface. 

The air used to facilitate percussion is exhausted through the bit face and blows- ···~ 

cuttings away from the cutting face and up the hole to the surface. 
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D. Reverse Circulation Rotary Drilling 

This method is similar to the direct rotary drilling method and most pieces of equipment 

are essentially the same with the exception that they are usually larger. Only table 

drive rotary machines are used in reverse circulation drilling because of the large 

borehole diameter and the torque required to tum the bit. Reverse circulation rotary 

drilling is most successful in soft sedimentary rocks and unconsolidated sand and 

gravel. 

A cable tool drilling machine also commonly referred to as percussion, spudder and 

churn rigs, operates by repeatedly lifting and dropping a heavy chisel-type drill bit that 

is suspended on a heavy string of drilling tools. In consolidated formations, the bit 

breaks the rock into small fragments and in unconsolidated formations, the bit primarily 

loosens the formation. A diagram of the cable tool drilling system and string of cable 

tools can be found in Attachment E. In both instances, water (generally a small 

amount is added if little or no water is present in the formation) is mixed with the 

rock/soil particles to form a slurry or sludge at the bottom of the borehole. When the 

accumulation of this slurry impeded the penetration rate, slurry is removed by a sand 

pump or bailer. 

When drilling in unconsolidated formations, casing must follow closely behind the drill 

bit and is usually driven by an operation similar to pile driving. Initially 3 to 10 ft of 

casing is driven when a borehole is begun. Usually, the hole is then drilled 3 to 6 ft 

below the casing; the casing is then driven down to the undisturbed material and the 

drilling is resumed. 
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F. Odex/Tubex 

The Odex/Tubex drilling system advances a steel casing into the hole by means of 

percussive energy, while simultaneously reaming the hole slightly larger than the 

casing via the Odex/Tubex driver (guide device) which shoulders on the casing shoe. 

Intermittent coring can be done when the Down-The-Hole Hammer (DTH) with pilot 

and reamer bit are removed from the casing. While advancing the casing, all cuttings 

are safely diverted from the hole and stored in plastic bags for handling. 

Refer to Attachment F, Equipment 

B. Ensure .that approval for property access has been obtained. 

C. Have the work site cleared of all brush and minor obstructions and have the 

location of utilities and the proposed boring areas properly staked and 

identified. 

D. ENSURE THAT PROPOSED BORING AREAS ARE NOT TRAVERSED BY 

UTILITY TRANSMISSION WAYS. 

E. Ensure that the equipment and supplies listed in Attachment Fare in place and 

in working order. Modify the equipment list in Attachment F for all items that are 

specific to each particular job. 

F. Ensure that all downhole equipment, and the drilling rig, are decontaminatec 

prior to use (as described in SOP 02.07, General Equipment Decontaminatiorrj:' 
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G. Prepare for the collection of potentially hazardous borehole materials (Refer to 
the SOPs in Section 1.0, General Instructions for guidance). 

d. The site worker is to take possession of the core and handle it in 
accordance with the curatorial plan and appropriate curatorial SOP's in 
Section 12.0. 

3. If the borehole is to be completed as a monitoring well, review SOP 05.01 , 
Monitoring Well Construction. 

4. The termination of any boring should be in accordance with the SAP or 
approved by the OUPL. 

B. Complete Daily Drilling Summaries. Verify that a detailed drilling report is 
being maintained. Sign and initial all pages. 
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C. Ensure that sampling equipment is decontaminated between sampling events 

(as described in SOP 02.07, General Equipment Decontamination). 

D. Ensure that borehole materials are field screened for hazardous and 

radioactive constituents. 

E. 

D. Record all cleanup and hole abandonment information and note any 

uncompleted work (like site restoration or long-term monitoring) on the Daily 

Drilling Summary. 

7.0 REFERENCES 

Procedures directly associated with this procedure that should be reviewed prior to 

drilling are: 

LANL-ER-SOPs in Section 1.0 General Instructions 

LANL-ER-SOP-1.06, Management of RFI-Generated Waste 

LANL-ER-SOPs in Section 2.0, Health and Safety in the Field 

LANL-ER-SOP-05.01, Monitoring Well Construction · 

LANL-ER-SOPs in Section 12.0, Curatorial Management Activities 
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Driscoll, Fletcher G., 1984, Ground Water and Wells, Johnson Division, St. Paul, 

Minnesota, pps 268-313. 

Environmental Monitoring Systems Laboratory. 1989. Handbook of Suggested Practices 

for the Design and Installation of Ground Water Monitoring Wells. EPA 600/4 - 89/034. 

U.S. Environmental Protection Agency. December, 1987. A Compendium of Superfund 

Field Operations Methods. EPA /540/ p.87/001. 

8.0 RECORDS ((=\\ 
Completed Core Log Forms. ~~~'&/ 
Completed Bit Cuttings Log Form. 
Completed Daily Activity Log. 
Completed Daily Drilling Summary. 

A

9.0 ATTACHMENTS <:::.? ~ \ 
Daily Drilling Summary \. ~ ~ 

B. Diagram of a HoiiOW""'!'!II!tG 

C. Diagram o~~ o II Rig and a Drill String 

D. Di ~rse Rotary Circulation System 

F. uipment and Supplies Checklist for Drilling 
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Los Alamos National Laboratory 

Environmental Restoration 

DAILY DRILLING SUMMARY 

Date:----------
Sheet __ of __ _ 

Operable Unit -------
Technical Area-------

Site Work Plan: 

Signature: ---------------------~-_ ©) 
BOREHOLE INFORMATION .- \.,. .-.~ 

Borehole ID Drilled Interval Shift Start Date Shift Time Comoleted Bv -de?.. Ch" -~··'-·l'.al. Date 

©~~\;~-

_. (\~ ~ 

""\\ \\ J1 (C?j~ 

~.\ \\\\ ~ 
~GIC INFORMATION---------------------

RUN INFORMATION 

# Interval Cut Recovered Unrecovered Unrecovered Interval % Recovered Verified By 

TOTAL 
,~ 

....... ~;.,;,;,:;:...---
------------------

------ .,fii--
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DIAGRAM OF A DIRECT ROTARY DRILL RIG AND A DRILL STRING 
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DIAGRAM OF A CABLE TOOL DRILLING SYSTEM AND A STRING OF CABLE TOOLS 
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EQUIPMENT AND SUPPLIES CHECK LIST FOR DRILLING 

GENERAL 

Hard hat 

Safety glasses 

Gloves 

Steel-toed boots 

Hearing protection 

Coveralls 

Sample containers 

Appropriate clothing 

Polystryene core cradles 

Large black·permanent marker 

Strapping tape 

'Hand knife 

Rock hammer 

Any additional supplies listed in 
associated procedures, as needed, 
or equipment specified in the 
Health and Safety Plan 

ADDITIONAL SITE-SPECIFIC ITEMS 
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GENERAL BOREHOLE LOGGING 

1.0 PURPOSE 

• Other SOPs, 
• Borehole Logging Technical Specifications (see definitions}, and 

• Contractor-Specific Logging Procedures (see definitions). 

NOTE: This document contains general health and safety information. All 

SOPs in Section 2.0, Health and Safety in the Field must be followed in 

addition to this SOP. 

3.0 DEFINITIONS/ABBREVIATIONS/ ACRONYMS 

3.1 Definitions 

A. Blueline - A general term for a hard copy of borehole logging data in the 

form of graphs of one or more logging parameters as a function of depth. 

Historically these have been blue-on-white prints on z-fold paper; although 

that format is becoming less common, the term blueline is still commonly 

used to denote hard copies of logs regardless of copy color. 
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B. Borehole corrections - Factors obtained from charts or algorithms to correct 

the logging data for any conditions which deviate from the conditions under 

which the system was calibrated; also known as environmental corrections. 

For example, if the system was calibrated in a 6" borehole and is being used 

in a 4" borehole, the results may require correction. Other such corrections 

include fluid invasion, mudcake, casing, borehole fluid, and so forth. 

C. Borehole logging- The process of making remote measurements of 

physical, chemical, or other parameters at multiple depths in a boreh 
~~ 

D. Borehole Logging Technical Specifications (BL TS) - Docum~n e 
the site-specific Drilling Package which define the capabiliti d 

quality required of prospective logging contractors for~·ve 1on 

ofanOU. ~ 

E. Calibration - A test or tests performed ag ards with a given 

logging system to verify that the s fun 1 roperly and to 

provide calibration values w · om the system to be used 

quantitatively. Standard ti shop calibrations, which are 

field calibrations 1 p rm d immediately before and after a 

logging run~ 

F. Co~ · Logging Procedures (CSLP) - Documents supplied by 
gi ctor and approved by the OUPL, in conjunction with the 

estigator (PI) for Borehole Geophysics prior to awarding the 

ct, which define the detailed procedures by which a given logging 

m will be calibrated and operated to achieve objectives for data type 

and quality given in the BL TS. 

G. Drilling fluid - A liquid or gas circulated into the borehole during the drilling 

process to cool and lubricate the bit and carry cuttings out of the borehole. 

H. Drilling Package - A document package including detailed drilling, borehole 

logging, and borehole sample curation plans as necessary to meet the 

sampling requirements defined in the site specific Sampling and Analysis 

Plan (SAP) for a given OU. 

I. Fluid invasion - The migration of drilling fluid or one or more components of 

the drilling fluid into the pores, fractures and other openings of the formation 

near the borehole. 

J. Instrumental drift - A systematic change in the output of a given logging 

system due to causes inherent in the logging system, such as changing tool 

temperature or deterioration of an electronic component. 
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K. Log header- One or more· pages of information included with each blueline 

and with logging data recorded digitally on magnetic tapes or disks. The 

minimum informatio{l required in the log header is specified in the Borehole 

Logging Technical Specifications and includes such information as name 

and location of hole, logging services performed, date and time of beginning 

and end of log, and so forth. 

L. 

N. Logging tool stack - Two or more logging 
a single unit to save time and improve de 

0. Mudcake - A layer of mud whii~ll)tla~ 
when the drilling fluid 
invades the formatio 

~!:11,,.,.,..,., tc~Mtr and run as 
~\A •• c.on logs. 

on the borehole wall 
liquid component ofthe mud 

may be left on the borehole wall. 

P. on a wireline to obtain samples from a 
run, multiple sample tubes or hollow shells are 

e wall at various depths by explosives and retrieved 

R Verification - A test or tests, generally performed before and after logging in 

lieu of a calibration, to ascertain whether the logging system is operating 

properly. The verification differs from a calibration in that it does not provide 

updated system calibration values. 

S. Wireline- The logging cable used to support the logging tool and carry 

electrical power and signals between the tool and surface instrumentation. 
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3.2 Abbreviations and Acronyms 

BLOR Borehole Log Quality Report 
BLTS Borehole Logging Technical Specifications 
CSLP Contractor-Specific Logging Procedures 
ER Environmental Restoration 
FTL Field Team Leader 
LANL Los Alamos National Laboratory 
OU Operable Unit 
OUPL Operable Unit Project Leader ~ 
RCRA Resource Conservation and Recovery Act ~ 
RFI RCRA Facility Investigation 
SAP Sampling and Analysis Plan 
SCF Sample Coordination Facility 
SOP 
TTL Technical Team Leader 

4.0 

4.1 Health and Sat t n ns 

con mi , a hazards. Some of these hazards are listed below; this 

· n Q e e list. 

electrica~·c ra · e sources, weather, possible contact with 

fi \\' .1 Machinery 

~ 1. Winch problems such as drum brake failure, cable jumping flange, 
loss of winch power, cable "birdcaged" or tangled, and insufficient 
pulling power. 

2. Rigging problems such as cable jumping sheave or failure of sheave 

wheel, tie downs, or supports. 

3. Logging tool stuck in hole due to hole collapse, cable pulling out of 

cablehead at tool, cable key-seated. 

4.1.2 Electrical Devices 

1. Direct electrical hazards such as electrical shock and burns or 
electrical fires. 

2. Indirect hazards such as failure of depth system or failure of weight 

system (tension). 
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4.1.3 Radioactive Sources 

1. High-intensity, isotopic or chemical gamma-ray and neutron 

sources. 

2. Pulsed neutron sources that may be accidentally actuated. 

4.1.4 Weather 

1. High winds increase machinery and electrical hazards. 

2. Rain increases electrical shock hazard. 

3. Lightning hazards. 

4. Exposure. 

4.1.5 Contamination 

All material coming out 
must be monitored 
borehole 
workers 

oCiilr'\nran~ ,.c~~•..,•uding logging equipment, 
rnt!:I,MI,~+iODI!ranla the air near the top of the 

t~.,,.,.,!:1+ le organic compounds. Site 
logging operations at all times and read and 
to Health and Safety in the Field. 

Carbon monoxide fumes. 

3. Problems on drilling rig which might affect the operation. 

4. Personnel problems such as inadequate training, carelessness or 

inattention, impairment (medication, drugs, ailments, etc.) 

4.2 Overview of Borehole Logging 

4.2.1 Introduction 

In ER applications, borehole logging techniques are used for the in situ 

determination of physical, chemical, geological and hydrological 

parameters in boreholes. Borehole measurements can be used to help 

solve waste cleanup problems as part of initial site characterization, 

during remediation, and for post-remediation monitoring. 
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For accurate results to be achieved with a given logging system, it is 

essential that the system be calibrated against accepted standards and 

monitored for any malfunction or significant drift of the system calibration. 

In addition, the data must be corrected for non-standard conditions 

(conditions other than those encountered in the calibration). 

Accurate calibrations are necessary for the data to be used quantitatively; 

calibrations also play an important role in monitoring tool performance 

over time. The CSLP must include a complete set of written calibration 

procedures for all logging equipment involved in quantitative 

measurements. The logging contractor is responsible for maintaining full 

and complete documentation for all calibrations for all tools and shall 

provide copies of these records to the FTL for transfer to the ER Records 

Processing Facility. 

Shop calibrations traceable to accepted standards are performed at 

specified time intervals as well as every time a tool is modified or 

repaired. Field or job-site calibrations are performed immediately befo1 
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and after a logging operation or run (also known as pre- and post-log 

calibrations). 

5.0 EQUIPMENT 

The list of equipment required for borehole logging varies with the contractor and the 

specific log(s) being run. Refer to the BL TS and CSLP for the required lists. 

6.0 PROCEDURE 

Operation of the logging equipment will be in accordance with applicable ind 

standards and regulatory requirements. 

6.1 Before Soliciting Bids on the Logging Contract 

6.3 Preparing for the Logging Operation 

The FTL has the following responsibilities: 

Ensure that approval for property access has been obtained. 

Review the site SAP, Drilling Package including Borehole Logging Technical 

Specifications, and Health and Safety Plan for specific information on field 

activities. Verify that the logging equipment meets specifications outlined in the 

BL TS. Verify that the Contractor-Specific Logging Procedures meet the 

specifications outlined in the BL TS for each logging method to be applied. 

Have the work site cleared of all brush and minor obstructions and have the 

location of utilities properly staked and identified. 
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Ensure that the specific togging equipment to be used has been shop calibrated 

within the required time period prior to the logging operation as specified in the 

BLTS. Ensure that the calibration(s) met the accuracy requirements given in th£ 

BL TS. Ensure that the logging equipment has been shop-calibrated 

subsequent to any repair or modification even if the equipment is not yet due for 

a routine shop calibration; ensure that the calibration was within acceptable 

accuracy tolerances as defined in the BL TS. 

The FTL has the following responsibi · · 

If borehole samples have been obtained by the logging contractor, such as 

water samples, sidewall cores or percussion gun samples, ensure that borethole 

materials ·are field screened for hazardous and radioactive constituents. 

If borehole materials prove hazardous, take appropriate action for handling,, 

Handle hazardous borehole materials according to procedures established in 

SOPs in Section 1.0, General Instructions. 

Ensure that a Chain-of-Custody/Request for Analysis form is completed for all 

analytical samples and accompanies the samples to the Sample Coordination 

Facility. 

Monitor the collection and containerizing of all waste materials and 

decontamination solutions for proper disposal, as described in SOP-1.06, 

Management of AFt-Generated Waste. 

,# 
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6.5 After the Logging Operation 

The FTL has the following responsibilities: 

Ensure that log headers are correct and complete and meet the specifications 

given in the BL TS. Sign and date as witness. 

Richard M. Bateman, 1985, "Log Quality Control," International Human 

Resources Devel. Corp., Boston, ISBN 0-934634-89-0, 398 pp. 

Darwin V. Ellis, 1987, "Well Logging for Earth Scientists," Elsevier Science 

Publishing Co., Inc., 52 Vanderbuilt Ave., New York, New York, 10017 

8.0 RECORDS 

Hard copies of logging data ("bluelines") with completed headers, signed by logging 

contractor representative and FTL or other approved witness as specified in the BL TS. 

Digital data on magnetic tape or as otherwise specified in the BL TS. 
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Completed Borehole Log Quality Report (BLQR) for each logging service run, as 

specified in the BL TS. Completing the BLQR is the responsibility of the FTL. 

Calibration records as specified in the BL TS. 

Completed Chain-of-Custody/Request for Analysis form for borehole samples, if any. 

The FTL will ensure that copies of all records are conveyed to the Records 

Management Facility, MS M707 

9.0 ATTACHMENTS 

N/A 
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4.0 BACKGROUND AND/OR CAUTIONS 

A properly constructed monitor well allows access to aquifer fluids for the collection of 

ground water samples and determining aquifer characteristics. Ideally, the well should 

not alter the medium that is being sampled. 

Drilling Package - The site-specific documentation provides information about the scope 

and details of monitor well construction at a given site. The following is a list of critical 

issues involved in monitor well c~nstruction: 0 
• Soil boring or rock coring technique \V 
• 
• Screen-slot size, screen type, and screen interval 

• Filter pack composition, gradation, and dimension~ 

Refer to the site-specific documents for the location a~i of the wells to be 

installed. Wells are generally installed as co~ ito ng systems in 

accordance with EPA guidance (EPA ~9 Solid Waste Amendments 

Permit, Module Vlll, Ma.y 1980; and xic ta ngineer regulations .. Borehole 

drilling, development of the well io nd asurement of samples, and the 

documentation of data will as scribed in the associated procedures. 

5.0 EQUIPME~() 
The mat · Is a or allowing this procedure are listed in three categories: health 

and t ; ·e · equipment. Additional equipment should be identified on the 

·v , the Well Completion Information form (Attachment A) or the 

nwrwv~ Construction Field Data Log form (Attachment B). 

• Hard hat 
• Safety glasses 
• Gloves 
• Steel-toed boots 
• Hearing protection 
• Coveralls, splash and cold weather protection 

Supplies 

• Silica sand 
• Portland cement 
• Approved water supply, preferably untreated 

• Well screen 
• Sample containers, 1/2- and 1-pint size 
• PVC casing, screen, cap and bottom plug for each well 
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Monitor Well Construction 

1.0 PURPOSE 

This procedure provides instructions for acceptable and consistent monitor well 

construction. 

2.0 SCOPE 

2.1 Applicability · 

This procedure provides instructions to the site workers who will t 

informati~n on the scope of work and specific requir~nts m ell 

construction. ~ 

2.2 Training Q; 
The field team leader is respo fa 0 · g the proper implementation of this 

well construction, and u urn that they have read and understand this 

procedure along~ e ures in Section 1.0, General Instructions. 

3.0 DEFI IT~-. \:::::::V 
A I M,nulus: The space between the borehole wall and the well casing, 

~~Jae!B)between a casing pipe and a liner pipe. 

ie pipe: A device that allows pressure grouting up, without the introduction of 

appreciable air pockets on the bottom; usually a small-diameter pipe, used to carry 

sand pack, bentonite, or grouting materials to the bottom of the borehole. 

C. Bentonite: A hydrous aluminum silicate available in powder, granular, or pellet form 

that provides a tight seal between the well casing and borehole wall. Powder or 

granular form is preferred due to possible bridging problems caused by the quick 

swelling of the pellets. Bentonite is also added to drilling fluid to keep the borehole 

open. Bentonite is typically used in a 5°/o mixture with Portland cement to form a 

pumpable grout that expands as the material hardens. 

D. Well screen: Perforated or wire-wrapped casing that allows fluids, but not sand pack 

material, to enter the well. 

E. Well casing: Piping that will allow access to the fluids within the target aquifer upon 

completion of the well. 
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1. 

2. 

3. 
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• Prepacked PVC screen sections, if needed 

• Mechanical centralizers 
• Bentonite pellets or crushed bentonite (pure montmorillonite) 

• 5 foot length of pipe (black iron or galvanized, 6 or 8 inch diameter, according to 

needs) 
• Guard posts 

Egujpment 

• Drill rig and accompanying equipment 
• Tremie pipe 
• Tape measure 
• Nylon rope 
• Protective steel casing 
• Locking cap 

~~ 
• Padlocks 
• Surveying pins 

~~smff. PROCEDURE 

Coordinate schedules/action 

4. r/sand slurry or grout is required, the source(s) of any water used must be 

a roved, based on potential contamination, by the field team leader before field 

operations. A potable, nonchlorinated source is preferred. 

5. Any use of solvents, glues, or cleaners are prohibited for use less than grade unless 

otherwise stated in the specifications. If official permission is received for their use, 

describe the material and include the manufacturer and type (specification). The use 

of pipe dope, grease, soap, and oil is also prohibited for any purpose on site. 

6. Monitor borehole opening and the breathing zone according to SOP-10.03, 

Monitoring of Combustible Gas Levels; SOP-10.01, Monitoring of Organic Vapors 

with a Photoionization Detector; and SOP-10.02, Monitoring of Organic Vapors with 

a Flame Ionization Detector. Perform readings as often as necessary to ensure the 

safety of workers. Record all measurements on the data collection forms included 

with these SOPs. 

7. Record all field measurements and comments on the Well Completion Information 

(Attachment A) or the Borehole/Well Construction Field Data Log form (Attachment 



8. 

9. 

10. 

11. 

12. 
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B). Fill out the forms as described in Attachment F. Use the Daily Activity Log in 
SOP-1.01.01 with these forms. 

Record pertinent information on the diagram of the well installation on the Well 
Completion Information form. At a minimum, show the depth from surface to the 
bottom of the boring, sump depth and location, screen location, coupling design and 
location, granular backfill, seals, grout, cave-in, centralizers, and the height of the 
riser above the ground surface. Record the actual composition of the grout, seals, 
and granular backfill on each Borehole/Well Construction Field Data Log form. 
Include the screen slot size. (in inches), slot configuration, and screen ma~er. 

If appropriate, include the protective casing detail on all well skate~~ 
The following is a list of instructions for using a sand pack, if quir~ 

a. The average grain size of the sand is bas~d t~ain 1stribution that 
matches screen size and medium being · 1 reened formation. 
Use sand having a gradation that w· o es t a 0k of filler pack material 
to pass through the screen slo 0 

b. Take at least one samp 1- i t s1ze) from each shipment of granular 

Describe ea~ s of lithology, grain-size distribution, and source 
(com~r wti as purchased and the pit or quarry of origin). Reco,..~,,._ 
th i · at ber on the sketch of each installation for which that 

. w us . 

ecifications of the proposed sand-pack material should be submitted by 
contractor for approval before use. Use well-sorted (poorly graded) sand, 

which is clean, inert, and siliceous. 

Typical well construction features are shown in Attachments C and D. When 
installed as a piezometer or well point (for water levels only), the well configuration 
may vary significantly from these drawings. After well development is complete, 
indicate the static water level on the well construction diagram. 

In the event that a predominantly fine-grained, water-bearing unit is encountered, it 
may be desirable to construct a monitor well using a factory completed PVC 
Schedule 40 screen and filter pack subassembly. This type of device, available from 
several vendors, consists of two PVC well screens separated by a prepacked sand 
filter of inert silica sand. Various sand pack gradations are available. This type of 
device has been demonstrated to be effective in the mitigation of ground water 
sample turbidity problems, or where well installation is impeded by difficult physical 
conditions, such as adverse hydrostatic pressures. 

13. The prepacked screen subassembly is attached to the solid well PVC casing in tt
same manner as a conventional screen. The fine-grained formative materials art:. 
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allowed to collapse against the prepacked well screen. Final well construction tasks 

are identical to those for a conventional well, including the placement of an 

expansive bentonite seal, grouting, security pipe/locking cap and surface pad. 

14. When applicable (i.e., when not installing through hollow stem auger), use 

centralizers (not less than one every 20 ft) for the uniform and complete annular 

filling by granular backfill, seal, and grout materials. Fasten centralizers to the well 

casing by mechanical fasteners that are radially spaced at 120° or 90° intervals. On 

the Borehole/Well Construction Field Data Log form (Attachment B), or the Daily 

Activity Log provide a desc~ption of the centralizers and their locations. ~ 

15. If specified, place a sand pack (inert silica) in the annulus next to the~ · 

all monitor wells. The sand pack ensures a continuous flow ca~bilit 

natural formation to the well bore. 

a. Fill the annulus between the well screen an~~ wJ silica san. d. 

b. For wells deeper than 30ft, or as d~eG~~am leader, use a 

Tremie pipe to place the sand . 

c. It is necessary to pum s 1en nd rry to cover the screen after the sand 

documents, a umb is to apply a 2-ft-thick layer of sand slurry 

overth~f es e 

d.s th ep of the top of the sand with an acceptable measuring device 

· hickness of the sand pack. If necessary, add more sand to bring 

f the sand pack to the proper elevation, but in no case may more than 

feet of sand be added above the well screen. 

e. Under no circumstances should the sand pack extend into any aquifer other 

than the one to be monitored. In most cases, the well design can be modified to 

allow for a sufficient sand pack without the threat of cross flow between 

producing zones. 

f. The field team leader is the only individual authorized to modify an existing well 

design. Any modification should be noted on the Borehole/Well Construction 

Field Data Log or the Daily Activity Log. 

g. If specified in the project documents, partial development of the sand pack may 

be required before installation of bentonite seal and grout. 

16. Place a bentonite pellet seal between the sand pack and grout to prevent infiltration 

of cement into the filter pack and the well. In special circumstances, an open 

borehole may be drilled to a depth below where the screen is set. If grout is used to 

seal off a lower aquifer or as backfill up to the proper level, place a bentonite seal 

above the grout before the casing, screen, and sand pack are introduced. Allow the 
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grout to set up for a minimum of 24 hr before placing the seal. Place the bentonite 

seal in the borehole as described below. 

a. Fill the annulus between the well casing and borehole above the filter pack wifn"' 

a bentonite seal at least 2ft thick (vertically). 

b. Use bentonite pellets or crushed bentonite. The pellets should have a minimum 

purity of 90o/o montmorillonite clay and a minimum dry bulk density of 75 lb/ft3 

for 3/8-inch to 1/2-inch pellets (as provided by American Colloid) or the 

equivalent. Pour the bentonite pellets directly down the annulus. Nope lets will 

be placed into the well. bore. Place a cap over the top of the well ca · re 

pouring the bentonite pellets from the bucket. Pour the pellet~ re t 

points around the casing to ensure even application. A Trem 

used to redistribute and level the top of the seal. 

c. 
exists, the bentonite may either be poure t duced as a slurry 

through a Tremie pipe. The met~h be t ed by the site manager 

after evaluating the condition o I hole wall. If there are no 

centralizers in the upper p o ing, manipulate the casing to 

prevent pellets from ha · in t narrow annulus and to allow them to 

settle to the bottom 1 ly ssible. 

d. If a sl~f ~i sed as an annular seal, prepare the slurry by mixinQm,'l!. 

powd r ~ r bentonite with potable water. The slurry should be of \ 

tly li- ecific gravity and viscosity to prevent its displacement by thlr" 

I be placed above. Regardless of depth and depending on fluid 

ity, a few handfuls of bentonite pellets may be added to solidify the 

e of the bentonite slurry as a precaution. In addition, a few feet of a sand 

pack may be emplaced above the bentonite slurry to prevent movement of the 

overlying grout into the saturated zone. 

e. Before placing the bentonite seal, be sure the filter pack has settled by 

measuring the depth of the top of the sand with the Tremie pipe. The sand pack 

should provide an adequate cover over the screen. 

f. Visually check the condition of the slurry by pumping into a bucket or onto the 

ground. Retract the Tremie pipe 3 ft from the top of the sand pack and begin 

pumping. 

g. In materials that will not maintain an open hole, leave the hollow-stem augers in 

the hole during filter pack placement and bentonite seal placement to the extent 

practical. Maintain the bentonite in the auger a small distance for even 

placement, as the augers are removed. 

h. Measure the distance to the top of the seal using an acceptable measuring 

device to verify that the proper thickness of seal has been placed in the 
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annulus. 

i. Until the specified quantity of bentonite has been placed in the well annulus, 

repeat the application and verification. 

17. Allow a minimum of 24 to 48 hours after the bentonite seal has been placed, then 

place grout from the top of the bentonite seal to the surface. Use grouts as specified 

in project documents. Place grout in the monitoring wells as described below. 

a. Fill the annulus betwe.en the well casing and borehole wall with grout.~ 

b. Pump the grout through the Tremie pipe to the bottom of the o~ ... ~ 
undiluted grout flows from the annulus at the ground surf~. 

c. The grout should consist of a neat cement and be ita · I a according 

to the EPA (1986) guidelines. Use only gro · 'th ad water. 

d. 
the hole during grouting to the · a move them as the level of the 

grout rises above the botto t e a 

e. If necessary, a~d o :o c pensate for the removed casing or auger 

and Tremie pi o that the top of the grout is at or above the ground 

surfacef'P~ 

f. ~r~casmg should now be placed over well casing. 

grout has set (about 48 hr), fill any depression in the grout caused by 

s ement with a grout mix similar to that previously described. 

18 stall protective casing around all monitor wells. The minimum elements in the 

protection design include the following: 

a. The protective steel casing and locking cap should be weatherproof and should 

be secured to the casing by padlocks. 

b. Set the protective casing (5-ft minimum length) so that the top of the pipe is 

about 1.5 to 3 ft above the ground surface and grout it in place as shown in 

Attachments D and E. 

c. Use the 8-inch-diameter pipe for 4-inch wells and 6 inches for 2-inch wells 

(depending on approved borehole size). A drain hole near ground level that is 

0.5 inch in diameter is permitted. 

d. Provide a protective steel cap or equivalent device and secure it to the top of 

each protective casing. 



t-'age ~ OT I ~ 

e. Mark the location ID on the inside and outside of the cover with indelible ink. 

f. Form and pour the concrete protective pad around the protective steel casing. 

Pad dimensions are typically not less than 2 ft by 2 ft by 0.5 ft. The concrete 

protective pad, once constructed, will form a continuous concrete seal 

extending below the maximum anticipated depth of frost penetration. 

g. Place surveying pin in the concrete protective pad. 

24. Make sure all monitoring wells are properly labeled and the location ID is readily 

visible on the protective casing. 

25. Ensure that well surveying for horizontal control and datum determination are 

completed and that the necessary information is entered on the Well Completion 

Information form. 

7.0 REFERENCES 

LANL-ER-SOPs in Section 1.0, General Instructions 
LANL-ER-SOP-4.01, Drilling Methods and Drill Site Management 

LANL-ER-SOP-1 0.02, Monitoring of Organic Vapors With a Flame Ionization Detector 

LANL-ER-SOP-1 0.03, Monitoring of Combustible Gas Levels 
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Barcelona, M. J., J. P. Gibb, J. A. Helfrich, and E. E. Garske. 1985. "Practical Guide to 

Ground water Sampling." US. Environmental Protection Agency report EP A/600/2-85/1 04. 

US. Government Printing Office, Washington, DC. 

DOE. 1985. "Field Technical Representative Manual." 2nd ed. Uranium Mill Tailings 

Remedial Action Project. US. Department of Energy, Albuquerque, New Mexico. 

EPA. 1986. RCRA Ground Water Monitoring Technical Enforcement Guidance 

Document. OSWER, Washington, DC. ~ 

EPA. 1990. Handbook of Sug~ested Practices for the Design and Instal~~ 
water Monitoring Wells. EPA/600/4-89/034. Las Vegas, Nevada. \\. ~ 

8.0 RECORDS \\. --.'\::::? 
Records generated as a resutt of the use of this proce ~\ W 

Completed Well Completion lnforma · m 
Completed Borehole/Well Const ct Fi Da og Form 

Completed Daily Drilling~ . · 

Other forms that ~ e the health and safety forms from the following 

procedures: ~ 

9. ACHMENTS 

Attachment A - Well Completion Information Form 
Attachment B - Borehole/Well Construction Field Data Log 

Attachment C - Typical Construction of Overburden Well 

Attachment D - Typical Construction of Bedrock Well 
Attachment E - Post Placement Around Well 
Attachment F - Data Form Completion 
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Los Alamos National Laboratory Environmental Restoration 

Well Completion Information Form · Page 1 of 2 

Site Work Plan-----------

Inclusive Sample Identifier: 
Technical Area-----------------

Operable Unit-------------

Signature-----------------------

---------------ro ________ __ 
Date-------------

Installation 

Owner ______________ Installer ___________ Date _ __,.,.. ......... _ 

Filter Pack Length (ft) ---------

Formation of 

Completion (US/RC)) ---------

Casing Elevation (ft MSL) --------

Casing Depth (ft) ----------

Casing Diameter (in.)----------

Seal End Depth (FTFD) ---------
Screen Material ______________ --:::~~tfll! 

Riser Material __________ --"~~ 

U - Upgradient 

WELL COMPLETION METHODS 

C- Porous Concrete 
F- Gravel Pack 
H - Horizontal Galley 
0- Open End 
P - Perforated/Slotted 
S- Screen 
T- Sand Front 
W-Walled 
X -Open 
0- Other (specHy) ___ _ 

• FTFD = feet from datum. 

D - Downgradient 
C - Cross Gradient 
0- Onsite 
N- Not known 
B- Background 

CAP MATERIALS 

CT - Concrete 
CR- Copper 
Fl - Fiberglass 
Gl - Galvanized Iron 
WI - Wrought Iron 
SS - Stainless Steel 
OM - Other Material 
TE- Teflon 

PV- PVC 
RK - Rock or Stone 
ST- Steel 
TI-Tile 
CS - Costed Steel 
WD-Wood 
NO- None 
OT - Other (specify) 

CAP TYPE 

LC- Locking 
SL- Slip-on 
TR - Threaded 
NO-None 
SC - Screw-on 
OT- Other (specify) __ _ 

ZONES OF CONCERN 

A- Artesian 
C- Confined 
H - Acquitard 
G - Aquiclude 
M - Multisystem 
S - Semi-confined 
U - Unconsolidated 

SOP 5.01, R0:3-&-lk 
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Los Alamos National Laboratory Environmental Restoration 

Well Completion Information Form (continued) Page 2 of 2 

Technical Area-------------

Operable Unit--------------

Site Work Plan ----------• 

Inclusive Sample Identifiers 
________ ro ________ _ 

Signature ____________________ _ 

BackfHI Material 

Filter 
Pack 

Length 
(ft) 

Filter Pack Material ---------

Seal Material 

Screen 
Length 

(ft) 

Casing 
Length 

(ft) 

Commen~--------------------------------------------------------------------
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Los Alamos National Laboratory Environmental Restoration 

Monitor Well Construction Field Data Log Sheet __ of __ 

Site Work Plan 

Technical Area Inclusive Sample Identifiers 

Operable Unit to 

Signature Date 

BOREHOLE SUMMARY CONSTRUCTION TIME LOG 

HOLE END1 FLUID START )~ BIT TYPE DIAMETER DEPTH TYPE ACTIVITY DATE Tl~ 
(in.) (ft) 

DRILLING 

~~ 
:;;> \/ 

~ 

~~ 
CASING SUMMAR~~ 

SEAL 

CASING DESC(\rf \n~u ~?--~DEPTH 
TYPE 11~ (ft) 

(\\~\~ v BACKFILL 

\' \\\\~ 
' ,V_/ DEVELOPMENT 

OTHER 

P - Protective S - Screen 0 - Open N- None 

1 Depth from Ground Surface 2 Depth from Toe of Casing 

WELL CONSTRUCTION 
WELL DEVELOPMENT 

TYPE1 END1 

CODE 
DESCRIPTION DEPTH 

(ft) 

COMMENTS: 

B - Backfill S - Seal F - Filter Pack 1 Depth from Ground Surface 
SOP 5.01, R0:3-5-112 
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TYPICAL CONSTRUCTION OF OVERBURDEN WELL 

TELESCOPING OR HINGED COVER 

,/ 

THREADED PVC CAP 
2'± 

PROTECTIVE CASING ...... 

'GROUND SURFACE 

2'minimum 

2'minimum 

SAND/GRAVEL PACK 
SCREEN 

CAP 

3'minimum 

SOP 5.01, RO::H-112 



TYPICAL CONSTRUCTION OF BEDROCK WELL 

TELESCOPING OR H'ED COVER 

THREADED PVC CAP 

PROTECTIVE CASING .... 

------~~--------------------------:~:.~:.~· ... """"" ~ GROUND SURFACE ·;":;-:;· •.....•. ,., . ., 

GROUT 

......•. .. , . ., .......• .. ,., ....... .. ,., ....... 
"""" ........ . , . ., 
~ ... 
~~. 

,.,·.~, •..•.... ,.,.,, ........ ., . ., . ., . ......... 
""""" ........ 
""""" ........ 
""""" ..•..... 
""""" ~:!.-:;· 

-"""T'--

2'± 
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BENTONITE SEAL 

TOP OF BEDROCK)i' 
f~~i~~--3--~·--mm __ in_i:-~m_u_~m--------------------------

SAND/GRAVEL PACK 

CAP 

•..•.... ,.,., . ......... ., . ., . ., . ........ 
""""" ....... , , . .,., . ......... ,.,., . ...•..... ,.,., . ......... , ,.,., . ........ ,.,., . ........ 
,:,:, ......•. 
""""" ........ ,.,., ....... .,., .. ...... ,., .. ...... ,.,. 

2'minimum 

WELL SCREEN 

3'minimum 

SOP 5.01, RO::H-92 
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POST PLACEMENT AROUND 

PLAN VIEW 

WELL 
1200± 

4? 
0 

POST 

-
t 

4'± 

~ 

POST__.,)r 

PROFILE VIEW 

Figure a 

LANL-t:H--

A 
...,ur--o u 
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WELL 

0 

PLAN VIEW 

PROFILE VIEW 

Figure b 

SOP 5.01 RO • :3-6-112 
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Los Alamos National Laboratory Environmental Restoration 
DATA FORM COMPLETION INSTRUCTIONS 

Use a ball point pen with black ink that is not water soluble (not a felt-tip pen). Make an entry in each blank. 
For entry blanks for which no data are obtained, enter UNK for Unknown, NA for Not Applicable, or NO for Not 
Done. If any procedure was not performed as prescribed, give the reason for the change or omission on the 
form. To change an entry, draw a single line through it, add the correct information above it, and initial the 

change. 

DATA FORM COMPLETION ~ 

1. Technical Area (TA). Two-digit nu.mber indicating theTA in which the drilling sa~· be 0 
conducted. 

2. Operable Unit (OU). Two-digit number indicating the OU in which ~rilli~m~~ · ing 

conducted. -.W 
3. Sample Identification. Five-digit number identifying s~ · he unit area. 

4. Log Date and Time. The date and time w f'e~s made, in the following formats: 

p.m.). 

5. Sheet Number. Num~ t are used for this sample collection. 

6. Weather @~ Record all other conditions pertinent to the sample collection in this 

secti ~~iv· og Form in SOP-1.01. 

~L~~ INFORMATION FORM (Attachment A) 

1.~r. dentifying the owner of a well that is being installed. 

2. Installer Code. Identifying the group, agency, or company responsible for installing and completing a 
well. 

3. Formation of Completion (US/RC). US/RC designation. 

4. Well Type Classification. One-character code that designates the type of well being constructed. Valid 
codes are listed the Well Completion Information form. 

5. Well Completion Method. One-character code describing the method used to complete a well or the 
nature of the openings that allow water to enter a well. Valid codes are listed on the Well Completion 
Information form. 

6. Zone of Completion. Designate the basic water-bearing zones in which a well is completed. 

7. Casing Elevation (ft MSL). Top of casing elevation. Casing elevation will be filled out at completion of 

the field investigation. 

8. Casing Length (ft). Distance from the top of casing (in feet and tenths of feet) at which the bottom oi 



the casing is placed. 
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9. Casing Diameter (in.). Diameter of casing installed in inches. 

10 Seal End Depth (FTFD). Depth below ground surface (in feet and tenths of feet) at which the bottom of 

the seal is placed. 

11. Screen Material. Describe the type of screen material. 

a. Bit Type. The type of bit used. 

b. Hole Diameter (in.). Diameter of borehole in inches. 

c. End Depth (ft). Depth from the ground surface to the bottom of the borehole (in feet and tenths of 

feet). 

d. Fluid Type. Type of fluid used during the drilling phase of well installation. 

4. Casing Summary 

a. Casing Type. One-character code describing the type of casing material used. The codes are listed 

below. 

b. Description. Describes the casing materials used (for example, Schedule 40 PVC) in well 

construction. 



c. Diameter (in.). Diameter of casing in inches. 

Anacnmem r 
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d. End Depth (ft). Depth (in feet and tenths of feet) from the top of the casing to the bottom of the 

casing. 

5. Well Construction 



Los Alamos National Laboratory 

Environmental Restoration Program 

Standard Operating Procedure 

No: LANL-ER-SOP-05.02 

Well Development 

PM 
Approval: Kt;.r-t<\ L. w~ 

(Print Name) 
~1;{_~ 
(Signature) 

Effective Date: (o - I - 9 ~ 

Rev: 0 

s/n frL-
(Date) 
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Monitor Well Development 

1.0 PURPOSE 

This procedure describes methods for removing foreign materials that may have been 
introduced into the groundwater, well annulus, or well screen during monitor well 
installation, and for facilitating hydraulic communication between the screened formation 

and the monitor well. 

2.0 SCOPE 

3.0 

erpumping: Overpumping involves pumping the well down as low as possible and 
allowing it to refill. 

C. Jetting: Involves lowering a pipe into the well with a series of water jets oriented 
perpendicular to the pipe. In the shallow alluvial wells at the Laboratory, a flexible 
hose also can be used for jetting. 

D. Rawhiding: Water that is pumped out is allowed to run back down into the well and 
thus generates a two-directional flow. 

E. Nephelometric Turbidity Unit (NTU). 

4.0 BACKGROUND AND/OR CAUTIONS 

All monitor well installation procedures create a skin, or filter cake, on the borehole wall. 
During monitor well development, the fine particulate matter is removed from the well or 
aquifer formation near the screen removing the filter cake. There are four primary 
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methods for developing monitor wells: overpumping, rawhiding, jetting, and surging 

(water or air). All of these methods are used to break away the fines (fine particulate 

matter) from the borehole or well walls. After the fines are broken away, they are ramo~ 

by either pumping or bailing. This also settles the gravel pack. Refer to the site-specific 

work plan for more information on the scope of work activities for determining the method 

to use. 

There are three primary factors that influence the development of a monitor well: 1) the 

type of geologic material, 2) the design and completion of the well and 3) the type of 

drilling technology employed in the well construction. Because of the small si~z 

weathering products from the volcanic tuff, in some of the alluvial canyo~a i ~ s 

Alamos, it is virtually impossible to eliminate turbidity while developing II.\ V..-

The following discusses the different methods for well developm~nd -~· ormation 

to help choose a method. ~~ ~ 

A. Overpumping involves pumping the well down ~ le and allowing it to 

refill. The increased velocities, created b · , re e nes. This method is 

usually not very effective, because I · ne direction and at relatively 

low velocities. 

B. Rawhiding is a modifi ·o~u ing. After the water is pumped to the surface, 

it is either allowed 1 he well through a foot-valveless pump or poured 

back down t I a 'd is superior to overpumping because this method 

t low. 

C v ering a pipe into the well with a series of water jets on the end. 

· horizontally. The high-pressure water pumped through the jets flushes 

the formation and breaks the skin caused by drilling. There are two major 

dvantages of the jetting method. As with the other methods, fines must . 

occasionally be pumped from the well during development. An external water supply 

is needed for jetting. External water is introduced into the formation and may alter the 

hydrochemistry. 

D. Surging involves raising and lowering a surge or swab block inside the well. The 

resulting motion of the water creates a washing effect and removes the borehole skin 

and fines from the formation. The fines must occasionally be pumped or bailed from 

the well to prevent sand locking of the surge block. The rubber or viton seals on the 

surge block are the same diameter as the inside of the well or 1/2 inch smaller if 

surging is conducted inside the screened interval. A 3-ft stroke is typical. 

Surging can also be implemented with high-pressure air. Air under high pressure is 

introduced through a high pressure air pipe. Water may be literally blown out of the 

top of the well, and as the air surging progresses water can be pumped out. However, 

air surging can introduce air into the formation (altering ·the hydrochemistry) and 

become entrained in the screens (reducing flow rates). Air must be filtered to ens~ 
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its purity. Plastic screens can also be damaged if the air surge is too violent. A 
specially fabricated air swab can be used to prevent these types of damages. 

Surging with a vented (pressure-relief) block (Attachment B) and rawhiding are the 
preferred methods for well development, although no one method is appropriate for all 
situations. 

Regulatory guidance may be found in the RCRA Technical Enforcement Guidance 
Document (1986), and the EPA Handbook (EPA160014-891034). 

5.0 EQUIPMENT 

See Attachment A. 

NOTE: In the installation of some monitor wells in perched alluvial aquifers at Los 
Alamos, partial development is desirable before emptacing the bentonite seal 
and cement grout because of settling that commonty occurs. 

A. Assemble the necessary equipment on a plastic sheet outside of the splash range. 

B. Record pertinent information and on the Well Development section of the Monitor Well 
Construction Field Data Log. A copy of this form and instructions for completing the 
form are provided in SOP-5.01, Monitor Well Construction . 

C. Open the monitor well and take the air monitoring reading at the top of the casing and 
in the breathing zone (refer to relevant SOPs). 

D. Measure and record depth-to-water and the total depth of the monitor well according to 
SOP-7.02, Fluid Level Measurement. 
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E. Develop the well until the well is free of sediment (to be determined by field team 

leader) and the appropriate volumes of water have been removed (refer to E.4. belo'~ 

If this is not possible, consult project documents for guidance. The Hazardous and 

Solid Waste Amendments Permit (May, 1990) requires attempting to develop unitl the 

turbidity is <5 NTU. Be sure to record all changes in the Daily Activity Log, SOP-1.01. 

If the well is not free of sediment after the appropriate volumes of water have been 

removed, continue until twice the appropriate volume of water has been removed. 

1. Note the initial color, clarity, and any obvious odor of the water. 

2. Measure and record the initial pH, temperature, and specific cond ~the 
water. 

) ... '&J 
3. Containerize all water produced by development in co inat or 

areas suspected of contamination unless specifi othe · Ject 

surrounding the well; however, if water is n · e · !early label each 

container with the location ID, dat ti . e should be placed on the 

lid of the container and cover · ensure their permanence. 

Base the determination f pr at isposal method on the first round of 

analytical results fro e 

4. For those we ring was made without t~e u~e of drilling fluid (m·u· d.·. 

or wa e ve i e · es the standing water volume in the well (well sere~ 

d ing rated annulus). Should recharge be so slow that five ... / 

v d not be removed in 1 day or the water is not sediment free after 

e · ng that the well is properly developed . 

. Complete the appropriate data entry requirements on the Well Completion 

Information form to document well development. A copy of the form and 

instructions for completing it are in SOP-5.01, Monitor. Well Installation. 

F. Groundwater ·samples may be collected from the monitor well 30 days after well 

development is complete, unless specified otherwise in project documents. When 

samples are collected, ship them to the analytical lab as per SOP-1.03, Handling, 

Packaging, and Shipping of Samples. 

G. Make sure all monitor well locations are properly staked and the location ID is readily 

visible on the protective casing. 

H. Contact the analytical laboratory to ensure that samples arrived safely and instructions 

for sample analyses are clearly understood. 

I. Ensure that all equipment is accounted for and decontaminated (refer to SOP-2.07, 

General Equipment Decontamination). 
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7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be 

reviewed before field operations: 

LANL-ER-SOPs in Section 1.0, General Instruction 
LANL-ER-SOP-4.01, Drilling Methods and Drill Site Management 

LANL-ER-SOP-5.01, Monitor Well Installation 

LANL-ER-SOP-7.02, Fluid Level Measurement ~ 

Barcelona, M. J., J.P. Gibb, J. A. Helfrich, and E. E. Garske. 1985. "Pracf~~~ 
Groundwater Sampling." U.S. Environmental Protection Agency re EP 8 04. 

U.S. Government Printing Office, Washington, D.C. 

Gass, Tyler E., "Monitor Well Development." 1986. , no. 1: 52-55. 

Att nt A - Equipment and Supplies Check Ust 
Attachment B- Surge Block Schematics 

• 
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CHECK LIST 
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Los Alamos National Laboratory Environmental Restoration 

SURGE BLOCK SCHEMATICS 
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PURGING OF WELLS FOR REPRESENTATIVE SAMPLING OF GROUNDWATER 

1.0 PURPOSE 

This procedure describes methods for evacuating stagnant water from a well bore in sufficient 
quantities so that water samples collected are representative of the formation interval open to 
the well bore. 

2.0 SCOPE (R\ 
2.1 Applicability • __ '&J 
collecting groundwater samples for the Environmental R~ ogr 

2.2 Training O ~ 
analysis. The field team mem st me that this procedure has been read and 

understood along with ~ es 1 action 1.0, General Instructions. 

3.0 DEFINITIONS (?-~ 
A. Hy ~~H): The effective concentration (activity) of dissociated hydrogen 

~~ines the acidity of an aqueous solution. 

B. potential (Eh): Chemical reactions whereby a participating element changes its 
v ence state, losing or gaining orbital electrons. This may be referred to as oxidation
reduction potential. 

C. Specific (Electrical) conductance: A measure of the ease with which a conduction current 
flows through a substance under the influence of an applied electric field. The conductance 
measurement provides an indication of ion concentration. 

4.0 BACKGROUND AND/OR CAUTIONS 

Groundwater that remains in the well bore is subject to chemical reactions over time that may 
significantly alter the composition of the formation water that initially entered the borehole. This 
water will not be representative of the water in the formation. 

Upon exposure to atmospheric pressure and atmospheric oxygen content, the well water 

oxidation-reduction potential (Eh) and hydrogen-ion activity (pH) are subject to change. 

Reactions with the casing material may also affect water composition. Solubility may increase, 

dissolving constituents that under normal conditions would remain in the formation; or solubility 
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may decrease, precipitating constituents that" under normal conditions would migrate through the 

aquifer in solution. 

Ideally, a well should be purged until the water temperature, specific conductivity, and pH 

stabilize, where it is possible to collect groundwater samples representative of the formation 

water. However, the well may be purged dry before this state is reached. Samples collected 

after the well has been purged can then be sent to a laboratory for analysis. 

The choice of equipment for well evacuation depends on the well yield, depth to water, cas~· 

diameter, the constituents to be anal~ed for, and the requirements in the Site Wo~rkl ("'"\ 
Sampling and Analysis Plan. \. V 

The decision to use any well evacuation system, whether listed below or not,~ld 
on what is best for that particular situation. Descriptions of a few well-~uati~) s, their 

advantages, and their limitations follow: t()\\ W 
4.1 Bailer ~ \8) 
With a stainless steel or Teflon"' baile~ ~ ~m the well bore by a vessel of 

known volume. The vessel fills wi ~;~unit is retrieved with a line or rope. The 

bailer purges the well's e~ n y removing standing water at the groundwater 

surface. Recharge i II~ from the screened Interval below. 

9 
are mechanically simple, lightweight and highly portable, 

y sizes, and require no external power source. Bailers are easily 

a cleaned and are inexpensive. In additiion, considerable time and cost 

s e possible by using dedicated equipment to reduce the decontamination task and 

to limit the possibility of cross-contamination (EPA 1991) The primary limitation of bailers is 

their limited-volume purging capability, especially in deep wells where purging is labor 

intensive and time consuming. Bailers may also disturb the water by the pressure changes 

created by purging. Another disadvantage is that sampling personnel are directly exposed 

to any contaminants present. 

4.2 Reciprocating Piston Submersible Pump 

The pump assembly is suspended from the discharge tubing and submerged in the well. 

Water is transported through the discharge tube to the surface by piston action. A portable 

air compressor is used to drive the pump. 

The reciprocating piston submersible pump is a portable system that can purge wells with 

water depths up to 500 ft. These pumps develop high pumping rates and can be operated 

in 2-inch-diameter wells. The pump is self-priming, and the compressed gas (air or 

nitrogen) that drives the pump does not contact the purged water. The pump is constructed 

from stainless steel or Teflon TM and can be decontaminated easily. 
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The pump assembly is suspended from the discharge tubing and submerged in the well. 

The turbine in the pump bowl creates sufficient pressure to force water up the discharge 

pipe. Usually, a portable generator is required for power to the electric pump (unless 

electricity is available) and a truck-mounted winch may be required to move and lower the 

pump into the well. 

The submersible pump may be '-'sed for purging both shallow, small-diameter ws 

deep, large-diameter wells requiring large rates of discharge. Manufactuf~r al 

diameter stainless steel and Teflon,... constructed pumps capable of effici i 

significant depths. The pump may be portable and self-contained. 

and transport along with auxiliary equipment; (2) the ~~ o damaged by dry 

pumping, and the gears may be damaged b~~~ t11gh levels of suspended 
sediment; (3) large-capacity pumps ar · · with negative displacement, 

pumps can significantly aerate the us · g the in situ chemistry and stripping 

low molecular weight volatile ul itor during operation is needed to obtain 

optimum pump perform de e possibility of equipment damage. 

Site workers g operations should read and understand the procedures 

I - cific Operable Unit Health and Safety plans for the particular health 

t ment to be used. 

5.0 MENT 

Equipment required for this procedure is listed in Attachment A. 

6.0 PROCEDURE 

The following procedure for purging a well is applicable regardless of which pump has been 

selected to best meet the constraints of the job. Procedural variations or additions specific to 

the type of pump used directly follow the general instructions. 

A. Make provisions for proper storage and disposal of the extracted well water, as described in 

SOP-01.06, Management of RFI-General Wastes, and coordinate sampling effort with the 

Sample Coordination Facility. 

B. Assemble the equipment and supplies listed in Attachment A. 
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c. Verify that the equipment and meters ·are in good working order (obtain and review the 

manufacturer's operations, calibration, and instructions for the pH and conductivity meters 

to be used.) Record all calibration information on the Daily Activity Log in SOP-01.04. 

D. In the field, locate the monitor wells to be sampled, and the appropriate staging and 

decontamination areas. If the amount of contamination differs significantly between wells, 

plan to purge and sample the least contaminated wells first. 

E. 

F. 

G. 

H. 

e diameter, in feet 
the well's total depth, in feet 

1 == the depth to water, in feet 

~~~~~W~t. om the reference point 
...-~~DUel Measurement. 

Determine the height of the water column standing in the well by subtracting depth to water, 

in feet, from the total well depth. Measure the well's diameter, in feet. Calculate the volume 

in gallons and enter these data on the Water Quality Sampling Record found in SOP-06.02. 

I. A minimum of three casing volumes must be extracted before sampling. If the well is 

pumped dry before sampling, refer to the Sampling Plan for guidance. 

J. Set the intake in the well at the approximate midpoint of the screened interval, if applicable 

or possible, and begin extraction. 

K. If required by the site safety officer or the Site Health and Safety Plan (SHSP), monitor the 

air above the wellhead and the breathing zone for explosion and fire potential and for 

toxicity, using SHSP approved equipment. 
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L. Record the discharge rate (usually by calibrated bucket and stopwatch) and the time 

periodically, and calculate and tabulate the gallons discharged since the start of pumping. 

Also measure and record the temperature and specific conductance of the well fluid, as 

described in SOP-06.02, Field Analytical Measurements on Groundwater Samples. 

M. When the temperature and specific conductance have begun to stabilize, also begin to 

monitor the pH. If a flow-through cell is used, all pH readings should be made while the 

groundwater flow through the cell is halted, to eliminate streaming potentials. 

N. When a minimum of three times the casing volume of fluid has been extracted, and fi~ 

specific conductance, and temperature have stabilized, the well is ready to s~m e 

parameters do not stabilize, refer to the Site-Specific Work Plan and Sa · I 

guidance. \\ -' 

0. Record the final, stable readings of pH, specific condu , ~ te~~ on the field 

parameter section of the form. \ ~ 

P. 
These data may provide limited inform o t ed zone hydraulics. 

a. When sampling is co~ml , ~en f the day, carefully clean the outside of the· 

meters with a damp di e remove any visible dirt. Return them to a secure 

area and check ch e. 

flu · ce with SOP-02.07. 

S. the site to its original presampled condition. 

T. Store the extracted groundwater as directed in the Site Work Pl.an and Sampling and 

Analysis Plan until its composition and proper disposal can be determined. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be reviewed 

before field operations: 

LANL-ER-SOPs in Section 1.0, General Instructions. 

LANL-ER-SOPs in Section 2.0, Health and Safety in the Field. 

LANL-ER-SOP-06.02, Field Analytical Measurements of Groundwater Samples. 

LANL-ER-SOP-07 .02, Fluid Level Measurement. 

Barcelona, M. J., J. P. Gibb, J. A. Helfrich, and E. E. Garske. 1985. •practical Guide to 

Groundwater Sampling.• U.S. Environmental Protection Agency report EPA/600/2-85/104. U.S. 

Government Printing Office, Washington, D.C. 
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EPA, 1986. ·RcRA Ground Water Monitoring Technical Enforcement Guidance Document• 

OSWER, Washington, D.C. 

EPA, Region IV, 1991. •environmental Compliance Branch Standard Operating Procedures 

and Quality Assurance Manual.• Environmental Services Division, Athens, GA. 

C. Water Quality Stabilization Record, as appropriate 

D. Fluid Level Measurement Record, as appropriate 

E. Completed Chain-of-Custody/Request for Analysis Form. 

9.0 ATTACHMENT 

A. Equipment and Supplies Checklist for Purging of Wells for Representative Sampling of 

Groundwater 
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EQUIPMENT AND SUPPLIES CHECKLIST FOR 

PURGING OF WELLS FOR REPRESENTATIVE SAMPLING OF GROUNDWATER 

Purging pump or bailer 

Water level measurement device 

Calculator 

Thermometer 

Conductivity meter (and extra cup) 

s or other water storage 

Daily Activity Log 

Water Quality Sampling Record forms 

Water Quality Stabilization Record forms 

Fluid Level Measurement Record forms 

Chain-of-Custody/Request for Analysis forms 

Sample Collection Logs 

Variance Log 

Custody Seals 

Unique Sample Stickers 

Sample Labels 
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FIELD ANALYTICAL MEASUREMENTS OF GROUNDWATER SAMPLES 

1.0 PURPOSE 

B. pH: A measure of the acidity or alkalinity of a solution, numerically equal to 7 for neutral 
solutions, increasing with alkalinity and decreasing as acidity increases. Originally stood for 
the words •potential of hydrogen.· 

C. Specific conductance: A measure of the ease with which an applied electric field can flow 
through a material. It is the reciprocal of resistivity and is measured in micromhos per 
centimeter at 25°C. 

D. Dissolved oxygen: The amount of oxygen dissolved in water, in parts per million (ppm) by 
weight, or in milligrams per liter (mg/1). 

E. Turbidity (nephelometric): A measure of the intensity of light scattered by sample 
particulates relative to a standard reference suspension. · The range of water turbidity is 
measured from 0 to 40 Nephelometric Turbidity Units (NTU). Five NTU is the sample 

acceptance criteria (EPA 1986). 
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Field analytical parameters are normally measured along with well purging and groundwater 

sampling activities. Measurements of temperature, turbidity, specific conductance, and pH, 

done in advance of sampling, are also used as the final indication that a well is purged of 

stagnant water. The alkalinity and dissolved oxygen of groundwater are highly dependent on 

the availability and partial pressures of carbon dioxide and oxygen in the underground 

environment. Preservation of samples selected for turbidity analyses is not practical. B~eus 

the value of these parameters begins to change with prolonged exposure to atmo · 

conditions, well head measurements generally yield the most accurate representa~in 

values. 

Some properties or constituents in groundwater begin to change · in ~.e .. ~ urs of 

sample collection. If dependable results are required to more t I ch~~ the in situ 

chemical properties of groundwater, immediate analysis may a 1 e development of 

sophisticated and reliable portable field equipment th a sis for many unstable 

constituents or properties possible at the con~· 

Site workers preparing for field oper~ou ad d understand the procedures outlined 

in LANL-ER-SOPs, Section 2~ fe the Field. In addition, site workers should 

refer to site-specific O~rabl m Safety plans for the particular health and safety 

:i:en~~ ··~ 

Eq e ~~~nt this procedure is listed in Attachment A. 

A. For quality control, field determinations should be repeated, from the beginning, on the 

same samples that are selected for lab replicates. Samples to be replicated may be 

selected on the basis of sample availability,. but generally constitute 10 to 20% of the 

samples collected (SOP-01.05, Field Quality Control Samples, and the Sampling and 

Analysis Plan for details). 

6.1 Field Parameter Measurement 

A. Review SOP-06.01, Purging of Wells for Representative Sampling of Groundwater, 

SOP-01.04, Sample Control and Field Documentation, and SOP-01.06, Management 

of RFI-Generated Waste. 

B. Assemble the equipment and supplies listed in Attachment A and the manufacturer's .. 

operations manuals. 
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C. Verify that the equipment/meters are in good working order. (Review the 

manufacturer's instruction manuals for operation and calibration of the instruments to 

be used in the field.) 

D. Refer to the site-specific documentation to locate the wells to be sampled and the 

appropriate staging and decontamination areas. If the amount of known or suspected 

contamination differs significantly between wells, plan to sample the least contaminated 

first. 

E. Coordinate all sampling efforts with the Sample Coordination Facility. ~ 
The remainder of this section contains individual descriptions of field ~yti s for 

measuring temperature, specific conductance, pH, dissolved o~n, i . Refer to 

the site-specific documents for details about the~· locations of 

measurements to be made. ~ ~ 

6.1.1 Temperature c:;f. ~ 
A. Obtain an immersion ~t~ thermocouple. 

B. AsceS§~ ~nt has been calibrated to within ± 1.o·c against a 

e er:~d to National Institute of Standards and Technology. (The 

i nt is compared to the reference thermometer at two different 

r that bracket the temperature range normally measured in the field. 

\WliiDir.ltion must be done at least annually, and whenever the instrument is 

uspected of misuse, damage, or erratic or erroneous readings.) 

C. Read the temperature immediately upon stabilization, and record on the Water 

Quality Sampling Record (Attachment B). 

6.1.2 Specific (Electrical) Conductance 

A. Obtain a specific-conductance meter that is battery operated, equipped with 

temperature compensator, and reads direcUy in micromhos/cm at 2s·c. This 

meter is recommended to save time in converting resistance values to specific 

conductance and to ensure that the value is read in the field. Record reading on 

the Water Quality Sampling Record. 

B. For all meters, follow the instructions in the manufacturer's operations manual for 

use and calibration of the equipment. 

6.1.3 pH 

A. Obtain a pH meter to be used for field measurements and the appropriate 

operation manual. 



LANL-ER-SOP-06.02, RO 
Page 5 of 16 

B. Operate the meter in accordance with the manufacturer's instructions. For 

purposes of this procedure, record pH value to the nearest 0.02 unit, on the Water 

Quality Sampling Record. 

6.1.4 Dissolved Oxygen 

A. Obtain a sufficient number of the appropriate ER program field record and instrument 

test forms (refer to Attachments B through E) to record all measurements. Also refer to 

SOP-06.13 and SOP-01.04. 

B. Additional comments may be provided on the Daily Activity Log, refer to SOP-01.04. 

C. Refer to Attachment F, Data Form Completion, for detailed documentation instructions 

for most forms. 

6.3 Postoperation Activities 

A. When the work is completed, or at the end of the day, carefully clean the outside of the 

sampling instruments with a damp disposable towel to remove any visible dirt. Clean 

and decontaminate equipment per SOP-02.07, and replenish supplies. 

B. Restore the site to the presampling conditions and fill open sampling holes as 

described in the site-specific documents. 
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C. Prepare samples and transport according to SOP-01 .04, Sample Control and Field 

Documentation. 

D. Return equipment to the equipment manager. Report malfunction, performance 

deviations, or damage. 

7.0 REFERENCES 

The fo!lowlng procedures direclly relaie to this procedure and should be r~@ 
operations: ~\g!) 
LANL-ER-SOPs in Section 1.0. General Instructions. ~\\ ~ 
LANL-ER-SOPs in Section 2.0, Health and Safety in the Fie . ~ W 
LANL-ER-SOP-06.01, Purging of Wells for Representative ~ ndwater. 

LANL-ER-SOP-06.13, Surface Water Sampling. 0 ,\:::d) 

by the American Geologicallnstitu , dn A. 

Driscol F., 1986. ·Gr r a , econd Edition. Johnson Division, St. Paul, MN. 

emical Analysis of Water and Wastes.• U.S. Environmental 

Aalu'\c1~~ument FPA/600/4-79-020. U.S. Government Printing Office, 

EP 6. RCRA Ground Water Monitoring Technical Enforcement Guidance Document. 

OSWER, U.S. Government Printing Office, Washington, D.C. 

Korte, N., and P. Kearl. 1984. •Procedures for the Collection and Preservation of Groundwater 

and Surface Water Samples and for the Installation of Monitoring Wells: DOE, Grand Junction, 

co. 

U.S. Geological Survey. 19n. 11 Chapter 2 - •Groundwater" prepared January 1980 in 

National Handbook of Recommended Methods for Water Data Acquisition. Office of Water Data 

Coordination, U.S. Geological Survey, U.S. Government Printing Office: 1981-341-614/131, 

Washington, D.C. 



8.0 RECORDS 

A. Completed Water Quality Sampling Record 

B. Completed Water Quality Stabilization Record 
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C. Completed Daily Activity Log which may include any additional comments or deviations 

from the procedure. 

9.0 ATTACHMENTS 
(f\\ 

A. Equipment and Supplies Chec~ist for Field Analytical Measurements of ~~ 
Samples 

\\ ~ 

B. Water Quality Sampling Record ~ '\;:::? 

c. 

D. Data Form Completion 
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EQUIPMENT AND SUPPLIES CHECKLIST FOR 

FIELD ANALYTICAL MEASUREMENTS OF GROUNDWATER SAMPLES 

For Temperature 

Calibrated, partial-immersion thermometer graduated in o.s·c 
or 1.0· F within the range of o-so·c 

:thermocouple. calibrated within± o.s·c greater than the ~· ~ 
range o-so·c or expected use. ·_:'&J 
Manufacture(s operation manual. \\ ~ 

For Specific Conductance 0 \ ~ 
manual. ~~ 

For \~~ 

dard pH solution. 

~ _ For Dissolved Oxygen 

Colorimeter and manufacturer's operation manual, 

or 

Oxygen meter with sensor and manufacturer's operation 

manual. 

For Turbidity 

Equipment specified in EPA's •Methods for Chemical Analyses 

of Water and Wastes: Method 180.1 with a range of 0 to 40 

Nephelometric Turbidity Units. 

Forms 

Water Quality Sampling Record 

Water Quality Stabilization Record 

Daily Activity Log 
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EQUIPMENT AND SUPPLIES CHECKLIST FOR 

FIELD ANALYTICAL MEASUREMENTS OF GROUNDWATER SAMPLES 
(Continued) 

Chain-of-Custody/Request for Analysis Forms 

Sample Collection Logs 

Custody Seals 

Unique Sample Stickers 

Sample Labels 
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WATER QUALITY SAMPLING RECORD 

Date:-------

LOS ALAMOS NAT10NAL LABORATORY 

ENVIRONMENTAL RESTORAnON 

WATER QUAUTY SAMPUNG RECORD 

Sheet __ of __ 

Technical Area----- Operable Unit-----

Site Work Plan:----------------
S9M

w~:
 ______________________________ __ 

*Initial Groundwater Deplh ------

Potential of Hydrogen-ion Activity 

Specific Conductance 

Ter11)8ratu~ 

Dissolved Oxygen 

• Groundwater samples only 

*Sample Deplh ----

PARAMETER MEASUREMENTS: 

pH s.u. 
Ec umhoslcm 

Tmp ·c 
DO "9'1 

f"""~~---·1 
i ST1CKER HERE i 
:•••••••••---n••••••••-•-••l 

SAMPLE TYPES 
SAMPLING METHODS: 

D - Duplicate 

F-Field 

K-Known 

T- Trip 

R - Replicate 

A - Acid Blank 

Q CHECK HERE IF CONTINUED ON BACK OF THIS SHEET 

D - Depth Integrated 

B- Bailer 
c -Cof11)0site 
G- Grab 

AL- Ail Lift~ 

BP - Bladder Pump 

PP - Peristaltic Pump 
SL - Suction Lift Pump 

SP - SUbmersible Pump 

o -Other 
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WATER QUALITY SAMPLING RECORD, Continued 

LOS ALAMOS NATIONAL LABORATORY 

Date:------- ENVIRONMENTAL RESTORATlON Sheet __ of 

WATER QUAUTY SAMPUNG RECORD, Continued 

Technical Area ____ _ Operable Unit-------

Site Work Plan:---------------

S9Mru~=-----------------------

~Ol. CALCU~(GAL)* 
4 (h,-~,~~ 

*Depth of WeD(~) (Ft) -----E~++---

Depth-te:w~er (h1) (Ft) 

Well Dla~~-------~~ 
One Bore volume~-:-------+~~~ 
Screened Interval (Ft) __.~'A-ne.___.,_.~~~r-
lnstrument(s) Used -----...~l;k~+-t~..--

.KWJi~ INFORMATION 

------~~C-.~~~- Lot No.----~

------~~ion lot No. ____ Date ___ _ 

----- pHso~No. Date ___ _ 

,.("0 

For Standard Solution pH 10, Instrument Reading pH soluto'n ~ ~ Date ____ _ 

ot?4?s SHIPPING INFORMATION 

Lab(s) Shipped To: 

Date(s) Shipped: 

Method of Shipment: 
COMMENTS: ____________________________ _ 

Q CHECK HERE IF CONllNUED ON BACK Of THIS SHEET 
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WATER QUALITY STABILIZATION RECORD 

LOS ALAMOS NAnONAL LABORATORY 

Date: ENVIRONMENTAL RESTORAnON Sheet of_ 

WATER QUAUTY STABIUZAnoN RECORD 

Technical Area Operable Unit 

Site Work Plan: ~~ D Signature: 

TOTAL VOLU~~ ~~ 
TIME WITHDRAWN Ph Ec TEMP ~ 

(BcnV~ 
(umhoslcm) 

~ ~ (Gill) ~ 
VII ~ ./-t\1 \ ) V'" 

c.. lbA ~ £< ~\~ ~.~~ 
~~,. 

~J""\ ~~ .\ }J [~ v 
"-/ .J-~. (' ~\\ \\1 ~ ~ 

'7~~ ~ L~\ - 1.7 w ~ 
,--..... \'VwJr ~ )\) /isd)_ L'l. 

"' 
((._._\...'- ~/, ~ IL 

_< ,, \\J) ''VI- 4~ /A, 

_\\ .~ \.__... '-'~,.y_ 
...., 
~ 

\\ \\ _\) ~ .._~ ~ ~ 

\ '-' _) l ~ 
'L?.LJ 

'Uii:'r 
,.c-f"'\ 

-'r'!l-1n 
"" 

Cl CHECK HERE IF CONTINUED ON BACK OF THIS SHEET E"-801'~ All !1111 
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Use an indelible dark ink pen. Make an entry in each blank. For entry blanks for which no data 

are obtained, enter UNK for Unknown, NA for Not Applicable, or NO for Not Done. To change 

an entry, draw a single line through it, add the correct information above it, and date and initial 

the change. For all forms, complete the following information: 

1. Technical Area (TA). Two-digit number indicating theTA in which the sampling is b~i 

done or sample is being studied. 

2. Operable Unit. Four-digit num~r indicating the operable unit in which the~} · 
being done or sample is being studied. \\ ~ 

3. Sample Identification: ~ '.::;:::::> 

• 

•Attach Last Sample Number Her 
stickers that match the sticker numbe~ , ne through the box labeled 

• If the Daily Activity a uential number of samples, put the first 

matching sample sf r arked ·Firsr and put the last matching sample 

sticker in the~ • t. 

• ~ · sed are not sequential, be sure to afiix the lowest sample sticker 

le box, record the remaining sample identifie~ on the form ano Daily 

and line through the •Lasr box. 

4. L ate and Time. The date and time when the measurement was made, in the following 

formats: 00-MMM-YY (e.g., 01-JAN-88) and the 24-hour clock time (e.g., 0837 for 8:37 

a.m. and 1912 for 7:12p.m.). 

5. Sheet Number. Number all the sheets that are used for this activity, by day or by some 

practical unit. 

6. Weather and Other Comments. Record all other conditions pertinent to the sample 

collection in this section on the Daily Activity Log in SOP-01.04. 

For the specific following forms, complete the additional information as indicated below. 

WATER QUALITY SAMPLING RECORD 

1. Lot Control Number. A two-digit number denoting that a given set of samples should be 

analyzed as a lot or group. (Normally, this number is not assigned by persons in the field 

collecting surface water samples.) 
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2. Sample Type. A one-character code distinguishing the type of sample collected. This 

classification permits the analysis of data for specific groups of samples. The codes are 

identified on the form. 

3. Sampling Method. A two-character code identifying the method used to collect a soil, rock, 

or water sample. The codes are identified on the form. 

4. Well Number. Record number of well sampled. · <(=\\ 
5. Comments. Includes preservati~n method, acidifoed or nonacidified, type~~ 

was used to preserve water sample), and any additional information.\\. ~ 

6. Parameter Measurements. The measurements listed \>.t re~~ the time the 

sample is collected. C)\\;:? 
a. Hydrogen-ion Activity--the pH uni~ ~ · n. 

b. Specific Conductance--T · ic u ce of the water sample in micromhos/an 

in (JUTihos/cm) at 2 f ction. 

f collection. 

7 thd awal Device. The sampling device used to collect the surface water sample. 

8. Filter Size. Size of filter in use. 

9. Thermometer ID. The identification of the thermometer used. 

10. Conductivity Meter ID. The control number and manufacturer of the meter used to measure 

the specific conductance of samples or calibration solutions. 

11. pH Meter 10. The control number and manufacturer of the meter used to measure the pH 

of the samples. 

12. Pump ID. Identification of the pump in use. 

13. Alkalinity Kit ID. Identification and model or serial number of the alkalinity kit used. 

14. Depth of well. Record depth in feet for groundwater sampling. · 



15. Depth to water. Record depth in feet for groundwater sampling. 
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16. Well Diameter. Record diameter in feet for groundwater sampling. 

17. One Bore Volume. Calculate volume in gallons using the equation on the form. 

18. Screened Interval. Record in feet. 

19. For a well, include information on the left side of the continuation page. ((=\\ 
20. Instruments Used. The_ types ~ instruments used to obtain measurements.~~ 

quality, or facilitate the collection of a sample or test performance. ~ 

sample collection, record the following information: 

a. Datemme of Last Ec Calibration.~ Dt ~~ cific conductivity meter 

was last calibrated. '\)'> 
b. Time of pH Calibration. e~et as calibrated. 

c. Slandard Sol · ea ~~pH readings are to be recorded as the probe is 

lot ndard solutions. 

22. ~P~ ') r on. Information that includes the date, method, laboratory where the 

s~e e shipped, and a comments section. 

23. Comments. Add results of turbidity testing. 

WATER QUALITY STABILIZATION RECORD (Attachment C) 

This form contains data that are collected during well purging. These are described below. 

1. Minimum purge volume. Total volume of well water to be extracted, at a minimum, is three 

to five well volumes before sampling may begin. 

2. Time. The time when a field measurement of purged water was performed in the format 

HH:MM. 

3. Total Volume Withdrawn. Using a bucket or flowmeter, the field sampler will note the 

number of gallons of water purged from the well at the time that a field measurement is 

taken. This entry is cumulative and represents the total volume of water purged before 

sampling may begin. A second column is provided so that the field sampler can equate 
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gallons as bore volumes purged {see equation on page 2 of the Water Quality Sampling 

Record). 

4. pH. The pH readings of water sampled during the purging process. 

5. Ec. The specific conductance readings of water sampled during the purging process in 

J.IITihos/cm. 
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1.0 PURPOSE 
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This procedure describes the collection of groundwater samples from wells for analysis of 

volatile organic compounds (VOCs), and the selection of equipment and materials to be used in 

this process. 

2.0 SCOPE ~ 
2.1 Applicability ~ _"'&J 

Environmental Restoration program. f(5\ 
2.2 Training ~·~ 
The field team leader and the field m h be familiar with the objectives of 

vee sampling and must docum ve ead and understand this procedure and 

the procedures in Sectio~ 

3.0 DEFINITIONS © ~ 
::~~AND/OR CAUTIONS 

Sample retrieval systems potentially suitable for the valid collection of volatile organic samples 

are reciprocating piston-type submersible pumps; gear-driven submersible pumps; syringe 

samplers; and bailers (Barcelona 1984; Bennett 1988; Nielsen 1985; EPA 1986; EPA Region IV 

1991 ). Field conditions and other considerations will limit the choice of system. The focus of 

concern must be to provide a valid sample for analysis, one that has been subjected to the least 

amount of turbulence and subsequent aeration possible. Sampling mechanisms capable of 

obtaining samples for VOC analyses are described below: 

A. Reciprocating piston-type submersible pumps. These systems are portable, self-contained, 

and capable of delivery flow rates of 30 gallons per hour at lifts up to 500 feet. The pump 

fits into 2-inch wells, which is the most common monitor well diameter. The flow rate of the 

pump is varied by increasing or decreasing the driving pressure supplied to the pump from 

a compressed air container. The gas driving the pump does not contact the sample being 

purged. 

B. Gear-driven submersible pumps. These pumps are not as complicated or as expensive as 

the bladder pumps. They provide comparable samples and are often easier to handle and 
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cleaner than other pumps. More care, however, must be exercised when sampling with 

them because the flow rate is not controllable and there is a greater potential for splashing 

and aeration of the sample. 

organics are of concern (as determined by field measurement for floating organics}, a 

representative sample cannot be obtained with confidence. 

The sensitivity of the analysis and the fragility of the samples require that all volatile samples are 

collected in duplicate. 

Holding time for the analysis of volatiles is 7 days; vials for volatile organic analysis {VOA} may 

be kept for up to 14 days when preserved with acid. The samples will be shipped to the EM-9 

Sample Coordination Facility {SCF} daily or following each completed sampling effort. The 

bottles must be shipped on their sides to aid in maintaining the airtight seal during shipment. 

Sample shippers {coolers} will be sealed with custody seals. They must also be adequately 

packed and cooled to ensure that they arrive intact. Refer to SOP-01.03, Handling, Packaging, 

and Shipping of Samples for further instructions. 

5.0 EQUIPMENT 

Equipment required to implement this procedure is listed in Attachment A. 



6.0 PROCEDURE 
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A. Assemble the equipment and supplies listed in Attachment A. Ensure the proper operation 

of all sampling equipment. If any equipment requires calibration, be sure to record this 

information on the Daily Activity Log (SOP-01.04, Sample Control and Field 

Documentation). 

•.·"""· 

B. Coordinate the sampling effort with the SCF. The SCF will give guidance regarding sam~ple 

containers, preservation, and shipment to the SCF. ~ 

C. Locate monitor wells to be sample~ and establish an appropriate decontamin~l a. 

Select the staging area and areas for managing purged water and exp~~~~~ 

materials. Provide barricades to public access or intrusion by non-~nti: ~· . 

D. Decontaminate all sampling equipment before taking the fir~ een sampling 

intervals, in accordance with SOP-02.07, General ~·~a 1nation. 

E. Purge wells before sampling, as ~-in 0 6.01, Purging of Wells for 

Representative Sampling of Groun E e the wells were not pumped dry and. 

that flow was at rates too lo~ nc 1n the formation. 

F. Perfonn other sam~Q cloed In SOP-06.02, Field Analytical Measurements on 

Ground W~te \~ ecting volatile samples. 

G. ~i e · e is residual chlorine in the water to be sampled. If there is residual 

c ·n e e sample vials with a crystal of sodium thiosulfate before sample collection 

(S 2, Sample Containers and Preservation). 

H. Determine contamination levels of wells. Monitor wells should be sampled from least to 

most contaminated to reduce the possibility for cross-contamination. 

I. Collect VOC samples using the most appropriate sampling mechanism. 

J. If a pump is used for sampling, follow the instructions for the specific pump. If a syringe is 

used, follow these steps: 

1. If necessary, evacuate the syringe and lower the sampling device to just below the well 

screen. 

2. Remove the constriction from the device and allow the syringe to fill with sample, 

applying slight suction. 

3. Bring unit to the surface. If necessary, transfer the sample to vials. 
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K. If a bailer is used, follow these guidelines: 

1. Spread new plastic sheet on the ground around the wellhead, inside a secure, 

delineated zone, to establish a clean working area. 

2. Decontaminate all sampling equipment per SOP-02.07. 

3. Cool the bailer and sample containers before use to approximate the groundwater 

temperature. Avoid exposing them to direct sunlight. 

4. Lower the TeflonN closed top', bottom charging bailer into the water colu ~ 
noting the depth. Stop when the bailer reaches the well's screened interv . ~ __ \&!) 

5. 
collect the cable in a cleaned stainless steel bucket. 

6. Use the baile(s bottom discharge tube {Te~ ~- tals by slow drainage. 

7. Repeat step 5 as necessary to a uffi~ple quantities. 

8. The vials (40-ml) § tel illed to prevent volatilization, and extreme 

caution should be ~ ng a vial to avoid any turbulence which could also 

produce vosi ~\!!)h a le should be carefully poured down the side of the vial 

to min· ·z rb a rule, it is best to gently pour the last few drops into the 

vi t tension holds the water in a "convex meniscus." The cap is then 

i n some overflow is lost, but air space in the bottle is eliminated. After 

, tum the bottle over and tap it to check for bubbles. If any bubbles are present, 

at the procedure once. If a second try is required, use a new sample contain~r. 

When collecting water samples for purgeable organic compounds, duplicate samples 

should always be collected from each location. 

Water samples to be analyzed for purgeable organic compounds should be stored in 

40-ml septum vials with screw cap and TeflonN-silicone disk in the cap to prevent 

contamination of the sample by the cap. The disks should be placed in the caps 

(TeflonN side to be in contact with the sample) by the sample container vendor before 

the beginning of the sampling program. 

9. After each use, the sampling equipment must be decontaminated in accordance with 

SOP-02.07. 

10. A sampling blank should be acquired periodically to test the decontamination 

procedure's efficiency. 

11. A trip blank of distilled deionized water should be carried throughout the sampling, 

preservation, and shipping process. 
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For each sample collected, initiate a Sample Collection Log, Chain-of-Custody/Request for 

Analysis form, and affix a Sample Label to the sample container. SOP-01.04, Sample 

Control and Documentation, contains copies of the forms and labels and instructions for 

completing them. 

D. 

- OPs in Section 1.0, General Instructions. 

LANL-ER-SOP-02.07, General Equipment Decontamination. 

LANL-ER-SOP-06.01, Purging of Wells for Representative Sampling of Ground Water. 

LANL-ER-SOP-06.02, Field Analytical Measurements on Ground Water Samples. 

Barcelona, M. J., J. A. Helfrich, E. E. Garske, and J.P. Gibb. 1984. "A Laboratory Evaluation of 

Groundwater Sampling Mechanisms." Groundwater Monitoring Review, Spring 1984: 32-41. 

Barcelona, M. J., J. A. Helfrich, and E. E. Garske. 1985. "Sampling Tubing Effects on 

Groundwater Samples." Analy. Chern. 57:460-63. 

Bennett, Robert Co. 1988. " Operation Manual for the Bennett Sampling Pump." Amarillo, TX. 

DOE. 1985. "Field Technical Representative Manual." 2nd ed. U.S. Department of Energy, 

Uranium Mill Tailings Remedial Action Project Office, Albuquerque Operations Office document, 

June 1985. Albuquerque, NM. 
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EPA. 1981. "Manual of Groundwater Quality Sampling Procedures." U.S. Environmental 

Protection Agency report EPA-600/2-81-160. Washington, D.C. 

EPA. 1982. "Handbook for Sampling and Sample Preservation of Water and Wastewater," 

U.S. Environmental Protection Agency report EPA-600/4-82-029. Washington, D.C. 

EPA. 1985. "Practical Guide for Groundwater Sampling.: U.S. Environmental Protection 

Agency report EPA/600/2-85/104, September 1985. Washington, D.C. 

9.0 ATTACHMENTS 

A. Equipment and Su.pplies Checklist for Sampling Volatile Organics. 



EQUIPMENT AND SUPPLIES CHECKLIST 
FOR SAMPLING VOLATILE ORGANICS 

Teflon'N stainless steel bladder pump 
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Teflon'N stainless steel gear-driven submersible pump 

Syringe sampler; stainless steel, Teflon'N, or glass 

Teflon'N bailer (closed top, bottom charging) 

Teflon'N or other chemically inert tubing ~ 

Fittings for pump ~8 
40-ml amber glass vials; Teflon'N -lined septa 

Hach® field kit for chlorine (optional) \\ _, 

Na2S20 4 crystals \\ --~ 
Foam sleeves, coolers, and Blue Ice~~~ 
Stainless steel cable, reel, ~~d) 
Air compressor or b~ 
Plastic sheet~ 
Daily~· -

----::o~~ai - f-C s o equest for Analysis Forms 

Sa ction Logs 

1 nee Logs 

Custody Seals 

Unique Sample Stickers 

Sample Labels 

Any additional supplies listed in associated 

procedures, as needed 
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SAMPLING COMMERCIAUMUNICIPAUDOMESnC WELLS 

1.0 PURPOSE 

This procedure describes methods for sampling commercial, municipal, and domestic water 

supply wells. 

2.0 SCOPE 

2.1 Applicability ~ 
This procedure is applicable to field team members involved in sa ·ng co I, 

22 Training o 
The field team leader and field team m~ 11iar with the objectives of 

sampling commercial, municipal, a ·c w I a must document that they have 

read and understand this pro a f th procedures in Section 1.0, General 

a.o :::~:~s © © . 

Water pies may be collected from industrial, public, and private water supply wells to 

support the site characterization of a facility (EPA 1986). Specific sampling protocols must be 

considered on an individual basis; each well may be completed into different aquifers, or parts of 

aquifers, will have a different pump, construction material, pipe, and access point for sample 

collection. The water samples collected are to be representative of the water aquifer within a 

given segment of the distribution system and potentially representative of the aquifer in which 

the well was installed. Consult the site-specific documentation for specific instructions for each 

well. 

In most instances, details concerning installation and development of these wells will be 

incomplete. Because n'on-inert materials in the well and distribution systems can alter the 

chemistry of the sample, it is important to collect the sample as close to the wellhead as 

possible (EPA Region IV 1991 ). Following properly documented field procedures will ensure 

that privately owned wells do not become damaged or contaminated through sampling activities. 

Representative water samples must be taken from a discharge pipe or water faucet located near 

the supply well. Under no circumstances will the field technician pull a pump or insert a 
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sampling device directly into a well unless directed by or with documented approval from the 

field team leader and property owner. 

Site workers preparing for field operations should read and understand the procedures outlined 

in LANL-ER-SOPs Section 2.0, Health and Safety in the Field. In addition, site workers should 

refer to site-specific Operable Unit Health and Safety plans for the particular health and safety 

equipment to be used. 

A. 

Preliminary Activities 

record calibration 

roximate arrival date. Coordinate all sampling efforts with the Sample 

ination Facility. 

. Contact the carrier that will transport samples to obtain information on regulations and 

specifications. 

D. Contact the well owner and set up a time to collect water samples and perform field 

chemistry measurements. If possible, arrange for commercial, municipal, and domestic 

wells to be sampled before the monitor wells. 

E. If possible, discuss your activity with the well owner and set up the sampling vehicle in 

a location that will not inconvenience area residents. Also, discuss with the well owner 

how the purge/Wastewater can be disposed of in accordance with SOP-01.06, 

Management of RFI-Generated Waste. 

F. Decontaminate all sampling equipment before taking the first sample and between 

sampling intervals in accordance with SOP-02.07, General Equipment 

Decontamination. 
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G. Select a discharge pipe or faucet closest to the well for sampling or directly from the 

well, If possible. 

H. Determine if the discharge pipe or water faucet is on a water treatment system of some 

type (water softener, for example). Note this in the comments section of the 

Groundwater Quality Sampling Record (refer to SOP-06.02, Field Analytical 

Measurements on Groundwater Samples). 

I. If possible, take a water level measurement as instructed in SOP-07 .02, Fluid Lev I 

Measurements. For Laboratory supply wells, record the airline pressure or tran..-..-~ 

readout. ~ 

J. If the well is documented, well completion data will have been ~ed 

obtained. Calculate the bor~ volume as described In SOP~01 , ~ i ells for 

Representative Sampling of Groundwater. ~ ~ 

6.2 Sampling Procedures ~ Q; 
A. Detach aerators, strainers, or si tta~prior to sampling. 

B. -··- artt~ID~:mc~tus (cleaned tubing, connectors, and flow

emember that the sample should be collected as 

ce, and directly from the wellhead when feasible. 

Calibration information must be recorded on the 

If this is not possible, purge the well 

E. Perform field measurements according to SOP-06.02, Field Analytical Measurements 

on Groundwater Samples. 

F. Collect water samples according to SOP-01.02, Sample Containers and Preservation, 

and SOP 06.03, Sampling for Volatile Organics. 

6.3 Documentation 

For each sample collected, initiate a custody record on the Chain-of-Custody/Request-for

Analysis forms and affix a Water Sample Identification label to the sample container. SOP-

01.04, Sample Control and Field Documentation, contains copies of the forms and labels 

and instructi~ns for com~leting them. Supply well documentation must be entered on aN"'""' 

Well Completion Information form, per SOP 05.01. ' 
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Whenever a well is purged or sampled, record all field measurements and chemistry 

determinations on either the Groundwater Level or the Groundwater Levels and Gasoline 

Thickness Data forms, as well as the Groundwater Quality Sampling Record form. Copies 

of these forms and instructions for completing them are provided in SOP-07 .02, Fluid Level 

Measurement, and SOP-06.02, Field Analytical Measurements on Groundwater Samples, 

respectively. 

6.4 Postoperation Activities 

c. 

sin Section 1.0, General Instructions. 

LA -SOPs in Section 2.0, Health and Safety in the Field 

LANL-ER-SOP-05.01, Monitor Well Construction. 

LANL-ER-SOP-06.01, Purging of Wells for Representative Sampling of Ground Water. 

LANL-ER-SOP-06.02, Field Analytical Measurements on Ground Water Samples. 

LANL-ER-SOP-06.03, Sampling for Volatile Organics. 

LANL-ER-SOP-07 .02, Fluid Level Measurement. 

EPA, 1986. ·RcRA Ground Water Monitoring Technical Enforcement Guidance Document • 

OSWER, Washington, D.C. 

EPA Region IV, 1991. •environmental Compliance Branch Standard Operating Procedures and 

Quality Assurance Manual Environmental Services Division. • Athens, GA. 
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A. Completed Daily Activity Log that includes (if alternate forms are not available): 

• 
• 
• 
• 

Groundwater Level 
Groundwater Quality Sampling Record 
Deviations (if applicable) 
Any other pertinent information . 

B. Completed Chain-of-Custody/Request for Analysis Form 

A. 

~~ 
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EQUIPMENT AND SUPPLIES CHECKLIST FOR 

SAMPLING COMMERCIAUMUNICIPAUDOMESTIC WELLS 

Teflon 1M tubing 

Pump fittings 

Water level probe 

Calibrated bucket ~ 
Stopwatch • __ '&J 

Foam sleeves, verm~·culit co~ 
(or equivalent) 0 ,\:::::::}) 
Plastics ~ 

~~ . us~/Request-for-Analysis Forms 

~ ~ Sample Collection Log 

(\ ~ ~'V Variance Log 

~ Custody Seals 

Unique Sample ·Stickers 

Sample Labels 

Any additional supplies listed in associated 
procedures, as needed 
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SOIL WATER SAMPLES 

1.0 PURPOSE 

This procedure defines the equipment and proper method for sampling soil water. 

2.0 SCOPE 

2.1 Applicability 

This procedure is applicable to the operation of soil water samplers (lysim~te ~ 
Environmental Restoration Program. . __ ~ 

2.2 Training 
. 

procedure. Field team members using this pr~ uld f ar with the objectives 

of the program, including sample coll~eion dling, and must document 

that they have read and understan · an cedures in Section 1.0, General 

Instructions. ~~ 

3.0 DEFINITIONS ~ ~~ 

A. Drillin~st · : ~tq~pe that extends from the bit to the driving mechanism that 

serve ,~down the borehole and to rotate the bit. 

B~~ pier: A hollow, tubular sampling device driven by a weight below the drill 

. ~retrieve soil samples. 

C. Unsaturated hydraulic conductivity: A coefficient describing the rate at which a fluid can 

potentially move through a permeable, unsaturated medium (EPA 1986a). 

D. Vadose zone: The partially saturated zone between the surface and the water table. 

4.0 BACKGROUND AND/OR CAUTIONS 

Soil water samplers, or lysimeters, are used to sample water in the vadose zone. The lysimeter 

applies pressure to the vadose zone, which mobilizes pore water partially filling soil particle 

interstices. Once the water is mobilized it will move toward and will collect in the sampling 

vessel of the lysimeter. If present, contamination generally is mobilized along with the water 

and can be detected as constituents of the pore water. 

Three common types of lysimeters are available: vacuum, pressure-vacuum, and high-pressure

vacuum. Selection of the appropriate lysimeter is based on the target sampling depth. The 

vacuum lysimeter is designed to sample from 0 to 6 feet; the pressure-vacuum lysimeter is 



designed to sample to 50 feet; and the high-pressure-vacuum lysimeter is designed to sample 

greater depths. Soil water samples may be obtained from shallow depths with a hand pump 

and from greater depths with pressurization by an inert gas such as nitrogen. Lysimeters can be ""\ 

installed singly or in clusters of one or more at varying depths. The site-specific work plan will 

define the types of lysimeters and the sampling locations and depths. 

Lysimeters may be installed in a variety of subsurface environments and soil types. Lysimeters 

are most efficient in unconsolidated granular soils ranging in particle size from coarse sand to 

silt. Lysimeters may not perform efficiently in clay soils. Pore pressures in clay may be great 

enough to significantly reduce transport of soil water. This is a problem for two main reasons: 

(1) the volume of the sample may not be adequate for metals analysis, and (2) the time req~ 
to collect adequate volume for volatile organic analysis may exceed the holding ti~o 

limiting factor for lysimeters is that the sample vessel may become clogged by fin · s 

the waste type may cause bacteria or a chemical precipitate to form. 

However, drilling methods employing fluids should not be ~ egrity must be 

maintained, and the drilling method should be chosen i ~ 

mechanical equipment. Fencing aro t site y t:J ecessary. Do not cover the surface 

area directly above the sam~p· at 1 rferes with the normal percolation of soil 

moisture down to the depth of i r pier. 

Site workers pre ~r fi 'ons should read and understand the procedures outlined 

in LANL-ER , Health and Safety in the Field. In addition, site workers should 

refe~o t - · le Unit Health ea.1d Safety plans for the particular health and safety 

equ1 en t s . 

5.0 E ENT 

Refer to the equipment list in Attachment A. 

6.0 PROCEDURE 

A. Assemble the equipment and supplies. Ensure the proper operation of all sampling 

equipment. 

B. Coordinate all sampling efforts with the Sample Coordination Facility. 

C. Lysimeters are generally packaged in protective plastic by the .manufacturer; therefore, a 

distilled water rinse is sufficient. (These procedures may vary according to manufacturer's 

specifications.) Harsh chemicals may damage the equipment. 
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6.1 Assembly of Soil Water Sampler 

A. After the hole has been drilled, immerse the porous ceramic cups of the soil water 

samplers in distilled water until saturated (approximately 1 hour). Use distilled water to 

thoroughly flush the sampler cup before installation. The porous cup must be saturated 

when installed. 

B. Determine the length of access tubes (1/4-inch Teflon'I'W tubing). Two lengths of access 

tubes are required. 

1. Connect discharge and internal collection tubing. ~ 

2. The p~ure vacuum tube should protrude to approximately 112 ~~~ 
ceram1c plug. .-.~ 

C. Leave tubing sticking abOve the polyvinyl chloride (PVC)~~~ .-\e tubes by 

function. Wrap all threaded connections with Tefl~w~ 
6.2 Installation of Soil Moisture (Water) Sa 0 ~ 

Once the lysimeter has been asl~· I , · tall sampler into the drilled or bored hole. 

The porous ceramic cup must ti ntact with the soil during drilling so that soil · 

moisture can readily ~ 'I to the lysimeter. Select either of the following 

methods based~"'~et used: 

A. ~~drilling (SOP-04.02, Hollow-Stem Auger) 

(\ ~ ~~e lyslmeter through the hollow stem while the auger is in the ground. 

~ Terminate augering and use a split spoon (3-inch outside diameter [00]) to knock 

the plug out of the bottom of the auger to collect the final foot of material 

approximately 1 ft above the desired depth of instrument installation. 

3. After completion of the boring, add about a 1-inch layer of slurry silica flour (200-

mesh silica flour), using distilled water, to the bottom of the borehole. 

4. Install the lysimeter so that it rests directly on the silica flour. 

5. Add a 2- to 4-inch layer of slurry to the hole, enveloping the ceramic tip of the 

instrument. 

6. Add about 1 ft of moist, 50-mesh quartz sand. 

7. Retract the auger 3 to 4 ft and gently tamp the sand with a 1-inch-diameter rod or 

tremie pipe inserted through the hollow stem. Use the tamping rod to keep the 

instrument seated as the auger string is retracted. 



8. Add 50-mesh sand and tamp with the rod in intervals of 1 to 2 ft. until the sand 

covers the silica flour and the auger is completely withdrawn. 

B. Air rotary drilling (SOP-04.04, Rotary Drilling) 

A. 

B. 

c. 

1. Install the lysimeter in the open borehole after the drilling string is removed. 

2. Terminate drilling at the desired depth of instrument installation. 

3. 

e der of the borehole with a bentonite/sa'ld seal. Bentonite may be 

e it ative soil only at uncontaminated sites. 

soon as practical after installation, have the field technician use the presSure

vacuum pump to extract the slurry water that was introduced with the silica flour and 

silica sand (Attachment D). Continue purging until the same quantity of water that was 

used to prepare the slurry has been removed. Collect a soil moisture sample after the 

purging has been completed, as shown in Attachment E. 

F. Sink a steel protective casing into the bentonite soil plug, surrounding the soil water 

sampler vacuum tubes. 

G. A casing is a mild steel pipe with a 6-inch diameter. The casing should extend 

approximately 2 ft into the plug and rise above the land surface about 1 ft. The top of 

the pipe should be filled with a hinged cap. 

H. Protect the soil water sampler from possible damage by vehicular traffic or grazing 

livestock. Surround the protective casing with barrier posts to protect the location if 

appropriate. 



. -.g- - - .. -

6.4 Collecting Soil Water Samples 

A vacuum applied within the soil water sampler causes moisture to move from the soil 

through the porous ceramic cup into the sample bottles. Because the rate at which a 

sample is collected is a function of the unsaturated hydraulic conductivity of the soil and the 

amount of vacuum that is created, the time required to collect a sample may vary. 

Generally, a vacuum of 50 to 80 centibars is sufficient to collect a sample in a few hours. 

However, under conditions of low conductivity or low moisture content in the soil, several 

days or weeks may be required to collect a sample. Because it is usually impossible to 

collect enough sample for a complete analysis, the order in which the constituents are 

analyzed must be prioritized, as follows: 

1. Volatile organic compounds 

2. 

3. All others ~ 
The 

operable unit project leader may es · i o priorities for analysis. 

Samples collected may be h disposable surgical gloves when collecting 

samples. Avoid spl · · eyes or on clothes. Additional decontamination 

02.08, Pe n De ion. 

a pie, close the pinch clamp on the discharge access tu~ and connect 

e c port of the pressure-vacuum pump to the pressure-vacuum access tube. 

c m is applied until approximately 60 centibars is created with the sampler, as read 

ut on the gauge connected to the pump (Attachment D). 

B. Securely close the pinch clamp on the pressure-vacuum access tube to seal the 

sampler under vacuum. Allow the sampler to set for a period of time under vacuum. 

C. To recover a soil water sample, attach the pressure-vacuum access tube to the 

pressure port on the pump. Place the discharge access tube in a small, clean 

collection bottle and open both pinch clamps. Develop enough pressure within the 

sampler to force the collected water out of the sampler and into the collection bottle (as 

shown in Attachment F). 

NOTE: Whenever a sample is collected, a custody record must be initiated on the 

Sample Collection Log, Chain-of-Custody/Request for Analysis form, and a Sample 

Label affixed to the sample container (refer SOP-01.04). 



6.5 Sample Filtering/Preservation 

A. Filtering 

Before field measurements are taken, samples may need to be filtered. If more than 

500 ml is available, a large filtering system may be used; otherwise, a syringe/filter 

system must be used. When applicable, follow the SOP-10.02, Portable Gas 

Chromatography for Field Screening of Volatile Organic Compounds. Procedures 

specific to collecting soil water samples are described below: 

1. 

a. 

b. 

Do not allow dirt or dust to blow into 

Connect a new syringe filter to the base of the syringe and force sample 

through the filter into a clean sample bottle by depressing the syringe plunger. 

c. Repeat the above steps until all samples have been filtered. 

d. Discard the used syringe and filter. 

B. Preservation 

1. If sample volume is Jess than 250 ml, acidify the sample. Add nitric acid (HN0:3) in 

sufficient volume to lower the pH of the sample to approximately 2.0. The pH of 

some soil water samples may be less than 2.0 without being acidified. If sample 

volume is more than 250 ml, put the next 150 ml into a bottle unacidified. Consult 

SOP-01.02, Sample Containers and Preservation, for further instructions. 



2. Note the amount and type of preservative on data forms. Check the pH of the 

sample with pH paper to ensure that sufficient acid has been added. Once the 

appropriate acid has been added, seal sample bottles with electrical tape. 

6.6 Obtaining Field Measurements 

A. Record all field measurements and comments on the Soil Water Sampling Field Data 

form (Attachment B). Fill out the form as described in Attachment H. Additional 

comments should be noted in the Daily Activity Log form presented in SOP-01.04. 

B. Restore the site to presampling conditions. 

C. Make sure all soil water sampling locations are properly staked and the location ID is 

readily visible on the location stake. 

D. Prepare samples and transport. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be reviewed 

prior to sampling: 

LANL-ER-SOPs in Section 1.0, General Instructions. 

LANL-ER-SOPs in Section 2.0, Health and Safety in the Field 

LANL-ER-SOP-04.02, Hollow-Stem Auger. 

LANL-ER-SOP-04.04, Rotary Drilling. 



LANL-ER-SOP-06.02, Field Analytical Measurements of Groundwater Samples. 

LANL-ER-SOP-10.02, Portable Gas Chromatography for Field Screening of Volatile Organic 

Compounds. 

Allmaras, R. R. 1965. ·Methods of Soil Analysis: Agronomy Monoaraph No. 9, pt. 1: 24-42. 

Am. Soc. Agronomy, Madison, Wisconsin. 

EPA 1986a. RCRA Ground Water Monitoring Technical Enforcement Guidance Document. 

OSWER, Washington, D.C. 

D. Soil Water Sampler Installation Showing Pressure-Vacuum Assembly 

E. Purging of Slurry Water with Soil Sampler 

F. Collection of Soil Water Samples 

G. Soil Water Sampler Installation 

H. Data Form Completion 
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EQUIPMENT AND SUPPLIES CHECKLIST FOR 

SOIL WATER SAMPLES 

Complete lysimeter assembly, PVC Schedule 

40 or Schedule 80 

Porous ceramic cup(s) 

Ceramic plug(s) 

Body tube, PVC 

Teflon 'N tape 

Distilled water 

Bentonite pellets 

pH paper 

Sample containers and preservatives 

pH meter 

Alkalinity test kit 

Thermometer 

Filter assembly 

0.45-micron filters 

Nitric acid (H NOa) 

Soil Water Sampling Field Data Forms 
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EQUIPMENT AND 
SOIL WATER~~,:;~~ f~ECKLIST FOR ontlnued) 

Daily Activity L ogs 

Ch · aJn-of-Custody /R equest for An 1 • 

Sample Collecti a ysos forms 
on Logs 

Variance Logs 

Custody Seals 

Unique Sam 

Sample Labels 

procedures ' 9d ed 



Date: _____ _ 

SOIL WATER SAMPLING FIELD DATA 

LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL RESTORATION 
SOIL WATER SAMPUNG FIELD DATA 

LANL-ER-SOP-06.0::>, HU 
Page 12 of 19 

Sheet __ of 

Technical Area----

Site Work Plan:---------------

Operable Unit-------
r-~~····l 

S~Mw~
: ____________________ ___ 

FINAL FIELD VALUES: 

pH (S.U.) ------H-~----

Ec (umhoSicm) -----,"1--""----t+----

Eh (rnvons) ____ _...;::~-~~---

Terf1) ("C) --------tt--~~ 

Alkali~ Ca~ --------,~~,_ 
Dissolvecs-6~ mg/1) ------....,_+re.o~ 

NUMBER OF 

l STICKER HER£ l 
: ............ _ .... -... --········-.: 

VOLACIDlmll 

?~ 
COMMENTS: ___________________________ ~~&~~~----------------

%f?j(; 

C1 CHECK HERE IF CONTINUED ON BACK OF ~IS SHEET 
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NAfl¥1 IOI\ 

tiM10MI11 

NATI¥1 tOIL 
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.SOIL WATER SAMPLER INSTALLATION SHOWING PRESSURE-VACUUM 

ASSEMBLY 

tHt• LD. I Ul" W&U. MIOI•I• TUII TWO t•-....., 
(WlMIWW)&.&JieTMI 110"0 fOI IACM 

uw~aa 

.. . · . .. . . . 
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. .. · 
... · .. 
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- PURGING OF SLURRY WATER WITH SOIL SAMPLER 

itt tf1 

(

VACUUM POIT 

'INCM C&.AM' CLOUD r lDIIC:MAAOI AC:C:IU TUIU 

PIMCM CLAM' O'IM --~ 

~·Ill. YAC.ACC:III 

TUII) 

P•CM CUMP C&.OIII 

CPIUI. YAC. ACCI II TUII) 

<fb~ 

\~••c• cuM• C&.OIII 
\IDOICMUOI ACCIII fUIII 



COLLECTION OF SOIL WATER SAMPLES 
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Use an indelible dark ink pen. Make an entry in each blank. For entry blanks tor which no data 

are obtained, enter UNK tor Unknown, NA tor Not Applicable, or NO tor Not Done. To change 

an entry, draw a single line through it, add the correct information above it, and date and initial 

the change. For all forms, complete the following information: 

1. Technical Area (TA). Two-digit number indicating theTA in which the sampling is~ 

done or sample is being studied. ~~ _.~ 

2. Operable Unit. Four-digit number indicating the Operable Unit in whic~e s~l1 · 

being done or sample is being studied. \\ --. \;;;;:::? 
3. Sample Identification: o \ ~ 

• 

• 

stickers that match the sticker nu e s I d line through the box labeled 

·Attach Last Sample Number . 

matching sa · bOx marked •Firsr and put the last matching sample 

sticker in m e t. • 

I ifiers used are not sequential, be sure to affix the lowest sample sticker 

the lett box, record the remaining sample identifiers on the form and Daily 

ty Log, and line through the ·Lasr box. 

4. Log Date and Time. The date and time when the measurement was made, in the following 

formats: 00-MMM-YY (e.g., 01-JAN-91) and the 24-hour clock time (0837 tor 8:37a.m. 

and 1912 for 7:12p.m.). 

5. Sheet Number. Number all the sheets that are used tor this activity, by day or by some 

practical unit. 

6. Weather and other comments. Record all other conditions pertinent to the sample 

collection in this section on the Daily Activity Log presented in SOP-01.04. 

7. Volume Sample Collected (ml). The amount of sample collected recorded In milliliters. 

8. Vacuum Applied. Record the vacuum applied to the soil water sampler to collect a sample 

in centibars. 

9. pH. The pH of the water sample at the time of collection. 
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10. Ec (J.U'Tlhos/cm). The specific conductance of the water sample in micromhos/cm at the time 

of collection. 

11. Eh (Mvolts). The redox potential of the water sample in millivolts at the time of collection. 
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TENSIOMETER (SOIL SUCTION MONIJ'OR) INSTALLATION AND MEASUREMENT 

1.0 PURPOSE 

This procedure defines a method of placement, installation, and operation of soil suction 

monitors (tensiometers) for measurement of soil moisture potential for use in the Environmental 

Restoration (ER) program. 

2.0 SCOPE 

2.1 Applicability 

2.2 Training 

program and should document that they ad rstand this and the procedures 

in Section 1.0, General Instruction~ . 

procedure. The field team members sho~ld f 1 "t jectives of the sampling 

3.0 DEFINITIONS \~~ 

B. 

4.0 

The tensiometer (also known as capillary potentiometer, soil hygrometer, or soil moisture meter) 

is an instrument that provides a direct measurement of the negative pressure potential or 

suction in a soil. Tensiometers are used when it is necessary to measure the gradient in 

pressure potential to determine the direction and rate of water movement in a soil profile. 

The Site-Specific Work Plan contains specific details about the procedures and equipment for 

this SOP. Refer to the plan for the type of samples to be collected. Collection and 

measurement of samples and the documentation of data will be performed as described in the 

associated procedures. 

The tensiometer measures the matric potential (capillary potential) of a soil for suction values 

between 0.1 and 1 bar. The measured matric potential can be used with soil moisture content 

data to construct a soil moisture characteristic curve for vadose-zone characterization and 

modeling. 
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A specific discussion of tensiometer locations, installation depths, sampling methods, and other 
details concerning the deployment of tensiometers at installation sites is contained in the Site- ' 
Specific Work Plan. 

5.0 EQUIPMENT 

Equipment to implement this procedure is listed in Attachment A. Attachment B shows the 
components of a tensiometer. 

6.0 PROCEDURE ~ 

A. Assemble the equipment and supplies listed in Attachment A. Ensure the ~~ · 

of all sampling equipment. ~~ 

B. Pack tensiometers so that dial gauges and ceramic tips are ~ama ing shipment 
to the site. Wrap individual tensiometer pieces s~ nd package the 
tensiometers securely inside the shipping b~. r ven e c tips from contacting 
grease or similar material that would c~, ~ 

6.1 Assembly and Filling ~\ ~ 

The component parts~~ 1 are shown in Attachment B. To assemble the 
tensiometers, f ~el . 

A. the tensiometer, make sure all parts are clean and have not been 
(\ ~~ ·n ping. Do not use any damaged equipment. 

~rew the vacuum dial gauge into the threaded port in the side of the body tube until 
the backup washer on the stem body touches the body tube. Do not overtighten the 
dial gauge in the body tube; the 0-ring on the stem ensures a tight vacuum seal. 

C. Screw the ceramic tip into the body tube to the desired length. 

D. Before putting the tensiometer to use, vent the dial gauge by momentarily removing the 
vent screw in the center of the dial gauge cover. This will adjust the dial gauge to local 
conditions; the gauges are usually set at sea level atmospheric conditions. 

E. Use distilled water or a fluid prepared to inhibit algae growth that shows air bubble 
accumulation to fill the tensiometers. Allow the tensiometer body tube to remain in a 
vertical position until fluid completely saturates the ceramic tip and drips from the end 
of the tip for about 5 minutes. 

F. Once the tip is saturated, fill the tube completely with distilled water and pull a vacuum 
within the top of the tensiometer using the vacuum hand pump. After each pumping 
with the vacuum hand pump, refill the tensiometer completely to the top with water. 
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Repeat pumping four or five times or until no further air is seen bubbling from the stem 

of the dial guage. If the hand pump is not available, air can be adequately removed 

from the tensiometer by pushing the reservoir button down repeatedly after the 

tensiometer and reservoir have been filled. 

G. Screw the fill reservoir cap into the top of the tube body. 

H. Peel the neoprene reservoir cover back and fill the reservoir approximately 75% full. 

I. 

J. 

K. 

6.2 

Replace the neoprene cover back over the fill reservoir cap and push the reservoir 

button (Attachment B) down several times to remove air from the reservoir p 

cylinder and any accumulated air in the tensiometer. 

bubbles from the stem of the vacuum gauge. ~ 

Because commercial gauge-type tensiometers ge@ rrected for the 

length of the tensiometer, adjust the dial on u ~ e zero (Attachment C) 

when the tip of the tensiometer is imme 

immersed in distilled~ wit plastic bag to prevent evaporation. 

Installation ('? _... QJ 
~ush the shorter tensiometers directly into the ground. 

ils, core a hole in the soil to accept the tensiometer. The hole must be the 

size for a snug fit between the ceramic tip and the soil. An insertion tool or length 

of standard 1/2-inch water pipe may be driven into the soil to create the hole. 

C. If rocky soil is encountered, seek an adjacent location for more workable soil. If the soil 

is rocky, then use a 4-inch soil auger to produce a tensiometer hole. Pass the removed 

soil through a 114-inch screen to remove large pebbles and rocks. Replace the 

screened soil as close to its original position as possible. 

D. For deep installations or installations in rocky soils, produce a slurry of water and clean 

silica flour and pour it into the bottom of the hole. Push the ceramic tip into the slurry to 

ensure good contact in the soil. Pull up gently on the probe to check the strength of the 

suction. Repeat steps if probe releases easily. 

E. Tamp the soil around the tensiometer into place to guard against water channeling 

down the hole. The soil around the tensiometer should not be compacted tightly during 

installation. 
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F. After installation, several hours may be required before the tensiometer reads the 

correct soil suction value. Additional time may be required when a slurry is used. The 

correct value will be known when the water in the ceramic tip has come into equilibrium 

with the soil solution and the vacuum gauge reads a constant value. Correct readings 

will be reached more quickly in moist soils than in dry soils. 

G. Install surface casing and locking caps to protect the tensiometers. 

• There is evidence of physical damage to the gauge. 

Record all calibration information on the Daily Activity Log. 

6.5 Freezing Conditions 

Before the onset of freezing conditions, remove tensiometers from each site. Unscrew the 

jet-fill reservoir cap and vacuum dial gauge, clean, and store above freezing conditions. 

Leave the ceramic tip and body tube in place; they can be used during the next season. 

Place a plastic cover over the opening of the body tube; leave the PVC casing and cap in 

place. 

6.6 Postoperation Activities 

A. Ensure that all equipment is accounted for, decontaminated (SOP-02.07) and ready for 

shipment (SOP-01.03). 
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B. Make sure all sampling locations are properly staked and the location ID is readily 

visible on the location stake. 

C. Return the equipment to the equipment manager. Report any malfunction or damage. 

D. Deliver all forms to the field team leader. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should b~~ 
before field operations: :~~ 

LANL-ER-SOPs in Section 1.0, General Instructions. ~\\. -' 

LANL-ER-SOP-02.07, General Equipment Decontamination. .-. v:;::::> 
no y Monograph No.9, 

Soil and Water Physical Principles and Processes. Academic Press, New 

Kdohnke, G. 1968. Soil Physics. McGraw-Hill Book Company, New York, NY. 

Kirkham, D. and W. L. Powers. 1972. Advanced Soil Physics. Wiley-lnterscience, New York, 

NY. 

Krumbein, W. C. and F. A. Graybill. 1965. An Introduction to Statistical Models in Geology, 

171-81. McGraw-Hill Book Company, New York, NY. 

Morrison, Robert D. 1983. Groundwater Monitoring Technology, Procedures, Equipment and 

Applications, 1-7.,TIMCO MFG, Prairie Dosac, WI. 



8.0 RECORDS 

A. Completed Tensiometer Sampling Field Data Form 

B. Record all details including calibration on the Daily Activity Log 

9.0 ATTACHMENTS 

A. Tensiometer Equipment and Supplies Checklist 

B. Component Parts of a Tensiometer 

C. Adjusting the Vacuum Gauge Dial 
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D. Tensiometer Sampling Field Data Form \\. _' 

E. Data Fonn Completion 0 \ ~ 
F. 

G. Removing Alr from the Tensio~ 
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TENSIOMETER EQUIPMENT AND SUPPLIES CHECKLIST 

Tensiometer tubes: 

Length: 6 inches 
12inches 
18inches 
24inches 
30inches 
36inches 
42inches 
48inches 

Distilled water 

Quantity: __ 

Quantity: 

Tensiometer Sampling Field Data Forms 

Daily Activity Logs 

Chain-of-Custody/Request for Analysis Forms 

Sample Collection Logs 

Variance Logs 

Custody Seals 

Unique Sample Stickers 

Sample Labels 

Any additional supplies listed in associated procedures, as needed 
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COMPONENT PARTS OF A TENSIOMETER 

__,. ...... ~~------------RE SEA VOIR BUTTON 

RESEAVOrA COVER 

~PORT, MOLDED INTO 
~ SIDE WALL OF 

IODY TUBI 

HEAVY, CLEAR PLA~"iiC 
COVER PLATE 

VENT SC:tEW 

~VACUUM DIAL GAUGE 

-------BACKUP WASHER 

-------•o• RING STEM SEAL 

~---------PLASTIC BODY lUBE 

'-----------CERAMIC SENSING llP 
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ADJUSTING THE· VACUUM GAUGE DIAL 

ADJUSTING 
SCREW 

SCREWDRIVER 

E IF POINTER 

G 100 HIGH 

TURN COUNTERCLOCKWISE IF 
POINT EA IS READING T 00 LOW 
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TENSIOMETER SAMPUNG FIELD DATA FORM 

Date: ____ _ 
LOS ALAMOS NATIONAL LABORATORY 

ENVIRONMENTAL RESTORATION 
TENSIOMETER SAMPUNG FIELD DATA 

Sheet __ of __ 

Technical Area ___ _ Operable Unit----

Silt Work Plan:----------------
Signature: _____________ _ 

LOCATION 
IOOA 

DESCRIPTION 
SAMPLE 

10 

~~ \\ \\rv 
\\)) v 

DEPTH NTERVAL 
(Fl) 

PRESSURE POTENTIAL 
(CENTBARS) 

~ 'i\ \\ v 

:····-----······: 
r-~~~-1 
i STICIWI HERE j 
'oa•-•••-·-·-·--·-; 

AFFIX 

i~ 

COMUE~=---------------------------------

IJ CHECK HERE IF CONllNUED ON BACK OF THIS SHEET 
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Use an indelible dark ink pen. Make an entry in each blank. For entry blanks for which no data 

are obtained, enter UNK for Unknown, NA for Not Applicable, NO for Not Done, etc. To change 

an entry, draw a single line through it, add the correct information above it, and date and initial 

the change. For all forms, complete the following information: 

TENSIOMETER SAMPLING FIELD DATA FORM (ATTACHMENT D) 

4. Log Date and Time. The date and time when the measurement was made, in the following 

formats: 00-MMM-YY (e.g., 01-JAN-88), and the 24-hour clock time (e.g., 0837 for 8:37 

a.m. and 1912 for 7:12p.m.). 

5. Sheet Number. Number all the sheets that are used for this activity, by day or by some 

practical unit. 

6. Weather and Other Comments. Record all other conditions pertinent to the sample 

collection in this section on the Daily Activity Log. 

7. Depth Interval (ft). The depth from which the soil suction measurement was taken. The 

depth interval is measured in feet and tenths of feet from the land surface. 

8. Pressure Potential (Centibars). The expression of the pressure potential relative to 

atmospheric pressure. The value for this data field is read directly from the gauge. 
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SPADE AND SCOOP METHOD FOR COLLECTION OF SOIL SAMPLES 

1.0 PURPOSE 

This procedure describes the spade and scoop method. 

2.0 SCOPE 

2.1 Applicability 

This procedure is applicable for collection of shallow soil sample~(Q\ 
and scoop for the Environmental Restoration Program. ,~ 

2.2 Training 

procedure, and the procedures inS~, Ge r !ructions. 

4.0 BACKG ~ AUTIONS 

~~ . ade is recommended because it digs a flatter bottomed-hole than a 

~ade and scoop method will work in any soil type, including cobbles (which will stop 

a hand auger). If a spade will not work in a given area, an alternate tool must be used. 

This could be a concrete saw for concrete, a pick-axe for asphalt, a maddox for roots and 

rocks, or a back hoe or post hole digger for deep holes or hard soil. 

Holes deeper than 2 or 3 feet require much labor; a hand auger or back hoe may be more 

effective. 

Proper back care must be exercised when digging. Work gloves may be needed to 

prevent blisters. Sturdy work boots are needed for pushing the spade into the ground. 

Goggles are needed when using a maddox, pick-axe, or concrete saw. Personnel are not 

to enter excavations deeper than 4 feet unless the hole is shored or terraced. 

5.0 EQUIPMENT 

Equipment required to implement this procedure is listed in Attachment A. 
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6.0 PROCEDURE 

A. Coordinate the sampling effort with the Sample Coordination Facility (SCF). The SCF 

will give guidance regarding sample containers, preservation, and shipment to the 

SCF. 

B. Gather and decontaminate the needed supplies and equipment (SOP-02.07, General 

Equipment Decontamination). 

C. Using the most effective tool available, dig to the required depth. Using the sco~· 

down or to the side to undisturbed soil and collect the sample. ~ 

D. Label sample containers and complete documentation, (SOP-01~2, S~ \ 
Containers and Preservation, and SOP-01.04, Sample Control a Fie~~ 
Documentation). ~ 

E. Whenever a sample is collected for chemical analy , cord must be 

initiated on the Chain-of-Custody/Request F I . f a a Sample Label 

contains copies of the form and Ia ins 1 for completing them. 

F. Whenever a sample ii)ct le description of the sample using the · 

Borehole Log (Soil) for. of this form and instructions for completing the 

form are suppl~· · -0 . 2, oil and Rock Borehole Logging and Sampling 

Methods. en r epared samples to the SCF. 

G. D n t ipment per SOP-02.07. Pack samples and ship them to the 

b -01.03, Handling, Packaging, and Shipping of Samples). Return all 

p equipment to their proper storage location. 

H. Ma e sure all sampling locations are properly staked and the location ID is readily 

visible on the location stake. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be 

reviewed before field operations: 

LANL-ER-SOPs in Section 1.0, General Instructions. 

LANL-ER-SOP-02.07, General Equipment Decontamination. 

LANL-ER-SOP-06.12, Soil and Rock Borehole Logging and Sampling Methods. 
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8.0 RECORDS 

Records generated as a result of this procedure are the completed following: 

Completed Borehole Log (Soil) Form 
Completed Chain-of-Custody/Request for Analysis Form 

Completed Daily Activity Log, including any deviations or other pertinent information 

9.0 ATTACHMENTS 

Attachment A - Equipment and Supplies Checklist for the Spade and Scoop ~ 
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EQUIPMENT AND SUPPLIES CHECK LIST 

FOR THE SPADE AND SCOOP METHOD 

__ Stainless steel or disposable polystyrene (i.e., or other inert material) scoop or lab spoon (scoopulas) 

__ Stainless steel shovel or fat-pointed mason trowel 

__ Stainless steel spade 

Tape measure (tenths) 
~«)\ 

__ Sturdy work boots 
\\. -' ·_'&J 

__ Workgloves 
\\. --~ 

__ Alternate tool and eye protection (if needed) \ ~ 

__ Safety glasses 

p~ 
~s (long handle, scrub, and wire) 

__ Galvanized tub 

__ Trash bags . 

__ Buckets (galvanized, stainless steel, and plastic) 

__ Garden pressure sprayer 

__ Cleaning wipes 

__ Chern wipes 

__ Storage containers for waste decontaminated solutions 

__ Blue ice or equivalent 

__ Disposable laboratory gloves 

• 
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EQUIPMENT 
FOR THE SPADE AND SUP 

PLIES CH 
AND SCOOP ME ECK LIST THOD ( continued) 

Camera and film 

Sample containers and preservatives 

Borehole Log (Soil) Form 

Daily Activity Logs 

Ch · a•n-of-Custody/Req uest for Anal . 

Sample Collect" ysos Forms 
10n Logs 

Custody Seals 

' - --
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HAND AUGER AND THIN-WALL TUBE SAMPLER 

This procedure defines a method of collecting subsurface solid samples with a hand auger and 

thin-wall tube sampler for use in the Environmental Restoration (ER) program. 

B. Bucket Auger: A hand auger that can be used for digging or sample collection. Most bucket 

augers consist of the auger bucket, various length shafts, and a "T" grip handle. All the 

parts are threaded and screwed together. 

4.0 BACKGROUND AND/OR CAUTIONS 

Undisturbed soil samples cannot be collected with a bucket auger. Thin-wall tube samplers 

cannot be used to dig. A subsurface undisturbed soil sample is collected by digging to six 

inches above the required sample depth with a bucket auger, then collecting the sample with the 

tube sampler. A composite or disturbed sample can be collected with the bucket auger. 

To save time, a manual or powered post hole digger may be used to dig all but the last foot 

down to the sample depth. The post hole digger must be decontaminated per SOP-02.07. 

Gasoline must be handled extremely carefully during sampling events involving volatile organic 

compounds or fuels that are analytes. 
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Proper back care must be exercised when .pulling a stuck auger out of a hole and turning an 

auger for long periods of time. Work gloves may be needed to prevent blisters. 

5.0 EQUIPMENT 

Refer to Attachment A for equipment list. 

6.0 PROCEDURE 

A. Coordinate the sampling effort with the Sample Coordination Facility (SCF). The SCF.~ 
give guidance regarding sample containers, preservation, and shipment to the S~. 

B. Gather and decontaminate needed supplies and equipment (S~2.07~' a 

Equipment Decontamination). \\. __ \::;:::? 
C. To dig with the bucket auger: \ ~ 

1. 
threads to facilitate disassembly. 

2. Press down and turn o a · do 6 to 12 inches then lift the auger out of the 

hole and remove the r a r bucket. Experience will show how far one can 

unti~\ d d li · ched adding additional shaft sections. 

D. ~\~WI the bucket auger: 

o 6 inches above the required depth. With a clean auger, dig out enough soil. for 

e sample. Discard any soil you suspect fell down the hole and is not from the 

required sample depth. Put the sample material in the pan. Continue until the required 

sample volume is reached, then homogenize the sample and put it into the sample 

containers (SOP-01.02, Samples, Containers, and Preservation). 

2. When collecting a composite sample, keep the pan of soil out of the sun and covered 

with aluminum foil; collect all the aliquots as quickly as possible; do not decontaminate 

the auger between aliquots. 

3. Whenever a sample is collected for chemical analyses, a custody record must be 

initiated on the Chain-of-Custody/Request for Analysis form and a Sample Label affixed 

to the sample container (SOP-01.04, Sample Control and Field Documentation). 

4. Whenever a sample is collected, complete a description of the sample using the 

Borehole Log (Soil) Form. An example of this form and instructions for completing this 

form are supplied in SOP-06.12, Soil and Rock Borehole Logging and Sampling 

Methods. 
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E. To collect undisturbed samples: 

1. Dig to the required depth. Assemble the tube holder with the appropriate tube inside 

and attach the tube holder to the auger shaft. Use TeflonTM tape on the threads. Shove 

or pound the tube holder into the ground until it is full. When pounding, use a plastic 

hammer and use caution so as not to damage the equipment. If the sample is to be 

from the surface, remove any rocks, sticks or leaves, then drive the sampler into the 

ground. 

the ends of the sample tube with 2-inch-wide TeflonTM tape then put pi · ~~ 

the tape. Lable the bottom end of the tube with "open this end." \\ ~ 

2. Disassemble the tube holder being careful not to let any soil fall out of th~t .~ve 

F. Label sample containers and complete documentation (SOP-0 ) . .-.. ~ 

G. 
01.03). Return all supplies and equlpm~ ~ ~ e location. 

H. General Instructions ~~ ~ 

1. ~efill the. hole and~~~ling area according to instructions provided in the 

s1te-specJfi[i~ 

2. ~~\ piing locations are properly staked and the location ID is readily 

(\ ~~e cation stake. 

I. ~piing activities 

1. Ensure that all equipment is accounted for, decontaminated and ready for shipment. 

2. Prepare the samples for transport to the SCF per SOP-01.03. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be reviewed 

before field operations: 

LANL-ER-SOPs in Section 1.0, General Instructions. 

LANL-ER-SOP-02.07, General Equipment Decontamination. 

LANL-ER-SOP-06.12, Soil and Rock Borehole Logging and Sampling Methods. 

ASTM, 1990. "The 1990 Annual Book of ASTM Standards, Volume 04.08 Soil and rock; 

Dimension Stone; Geosynthetics, "American Society for Testing and Materials. 
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DeVera, E. R., B. P. Simmons, R. D. Stephens, and D. L. Storm. 1980. "Samplers and 

Sampling Procedures for Hazardous Waste Streams." U.S. Environmental Protection Agency 

report EPA 600/2-80-018, January 1980. U.S. Government Printing· Office, Washington, D.C. 

8.0 RECORDS 

A. Completed Chain-of-Custody/Request for Analysis Form 

B. Completed Borehole Log (Soil) Form 

C. Record all other pertinent information on the Daily Activity Log. 

A. 

B. 

C. Three Types of Augers ~ 

~~ 

• 
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EQUIPMENT AND SUPPLIES CHECKLIST 
FOR SAMPLING SOIL WITH HAND AUGERS 

T handle and rod attachments 

Auger 

Bucket type 

Continuous flight (R\ 
Posthole ~~ 
Sample container(s) ~ 

Sprayer 0 

Combustible gas indicator 

Portable photoionization detector (PID) or flame 
ionization detector (FlO) 

Blue ice or equivalent 

Plastic sheet 

Any additional supplies listed in associated 
procedures or health and safety plan, as 
needed. · 

Daily Activity Logs 

Borehole Log (Soil) Forms 

Chain-of-Custody/Request for Analysis Forms 
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EQUIPMENT AND SUPPLIES CHECKLIST 

FOR SAMPLING SOIL WITH HAND AUGERS (CONTINUED) 

Sample Collection Logs 

Variance Logs 

Custody Seals 

Unique Sample Stickers 

Sample Labels 
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ATTACHMENT B 
LANL-ER-SOP-06.1 0, RO 

Page 7 of 8 

FOR SOIL SAMPLING WITH THIN-WALL TUBE SAMPLERS. 

Paraffin wax 

Duct tape 

Stove and pan (to heat wax) 

Drill rods 

Combustible ~C ~ 
Thin- \sa~r 
~~ ot ctive equipment as specified in 
~ci ic Health & Safety Plan 

(\ \\ ~~ \ Daily Activity Logs 

~ ~~ Borehole Log (Soli) Fonns 

Chain-of-Custody/Request for Analysis Forms 

Sample Collection Logs 

Variance Logs 

Custody Seals 

Unique Sample Stickers 

Sample Labels 
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STAINLESS STEEL SURFACE SOIL SAMPLER 

1.0 PURPOSE 

This standard operating procedure describes the use of a surface soil ring sampler, for the 

Environmental Restoration (ER) program. 

2.0 SCOPE 

2.1 Applicability 

This standard operating procedure applies to all personnel who collect surface~@ 
for the ER program. ~~"&) 

2.2 Training ~ 
All field team members involved with this procedure m d t they have read 

3.0 DEFINITIONS ~ . 

A. Surface Soil Ring Sampl structed of machined stainless steel. It has thin 

pound drive a r. · are typically 3 to 4 inches in diameter and 2 to 8 inches 

long. 

4.0 ~~; NO/OR CAUTIONS 

The ~soil ring sampler is used for undisturbed soil samples or for when accurate or 

precise control of the collection depth or volume of a soil sample is required. 

5.0 EQUIPMENT 

· Equipment required to implement this procedure is listed in Attachment A. 

6.0 PROCEDURE 

A. Coordinate the sampling effort with the Sample Coordination Facility (SCF). The SCF will 

give guidance regarding sample containers, preservation and shipment to the SCF. 

B. Gather and decontaminate the necessary supplies and equipment (SOP-02.07, General 

Equipment Decontamination). 

C. Assemble the sampler. 



D. Remove any undesired surfical material from the sample location. Drive the sampler into 

the ground until the top touches the ground surface. Using the gardener's trowel, dig the 

soil from around the ring. Next, dig· a hole beside the ring that is large enough to 

accomodate the ring sampler trowel. Slide the ring sampler trowel under the ring sampler 

keeping it tight against the bottom of the ring sampler. With the trowel underneath, lift the 

ring sampler out of the ground. 

E. For the physical analysis of an undisturbed sample, transport the sample in the ring. For 

chemical analysis break up the sample with the spoon or scoop and containerize it. Consult 

the SCF and SOP-01.02, Sample Containers and Preservation, for guidance regarding the 

type of sample container, holding time, and preservation techniques to be used. ~ 

F. Label sample containers and complete documentation (SOP-01.04, Sample ~~ 
Field Documentation). ~·~ 

G. Whenever a sample is collected, describe the location and sa~e us~- location 

Information and Borehole Log (Soil) forms provided in SOP \ ~ 

H. 
the location stake. 

I. Decontaminate the equipment. ~~ and ship them to the SCF. Return all 

supplies and equipment to~~~e location. 

7.0 REFERENCE rr=:>JI#l ~ 
o11s~i~~directly related to this procedure and should be reviewed before 

Soiltest Environmental Division, 1986. "Test Instrumentation and Equipment." Soiltest 

Environmental Division report, Evanston, IL. 

8.0 RECORDS 

A. Completed Chain-of-Custody/Request for Analysis Form. 

B. Completed Borehole Log (Soil) Form. 

C. All pertinent information will be included on the Daily Activities Log found in SOP 01.04. 



9.0 ATIACHMENTS 

A Eq. . Ulpment and Su . pphes Checklist f or the Stainless Steel S rf u ace Soil Sampler 
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FOR THE STAINLESS STEEL SURFACE SOIL SAMPLER 

__ Stainless steel ring sampler 

__ Stainless steel trowel 

__ Stainless steel sampler top 

__ Drive hammer (31bs or 10 lbs) 

__ Gardener's trowel 

__ Plastic sheets or stainless steel sampling trays 

__ Decontamination solutions and distilled water 

__ Brushes (long-handled scrub or wire) 

__ Galvanized tub 

TM or stainless steel scoop or spoon 

__ Borehole Log (Soil) Forms 

__ Daily Activity Logs 

__ Chain-of-Custody/Request for Analysis Forms 

__ Sample Collection Logs 

__ Variance Logs 

__ Custody Seals 

__ Unique Sample Stickers 

__ Sample Labels 

__ Any additional supplies listed in associated procedures 
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This procedure describes methods of sampling surface water bodies and documenting all 

aspects of surface water sample collection. 

2.0 SCOPE 

4.0 BACKGROUND AND/OR CAUTIONS 

The preferred method for collecting surface water samples uses a peristaltic pump. The pump 

system allows the union of the filtration assembly with the pump and the sample container. In 

this method, surface samples are filtered if needed, and collected directly with minimal elapsed 

time. With a peristaltic pump, only inert materials contact the sample. The acceptable tubing is 

medical grade silicon, which is replaced after every sample. 

An alternate method for this sampling is to collect surface water as grab samples. This method 

involves dipping a breaker, dipper, or other transfer device into the surface water to retrieve 

samples. The water sample can also be collected directly by dipping the collection bottle into 

the water and filling, removing, and capping it. This method has several drawbacks, including 

problems associated with sampling shallow waters like seeps, springs, or shallow streams. The 

likelihood of extensive air contact during the filtering of a sample and the time lapse before 
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preservatives are added to samples are also. problems. The only advantage of the grab-sample 

method is the low cost. 

Grab samples can also be collected with a transfer device constructed of TeflonTM or stainless 

steel. The transfer device is used to transfer liquid and liquid wastes from surface waters to a 

sample bottle. This method prevents unnecessary contamination that would result if the outer 

surface of the sample bottle were directly immersed in the liquid. In general, field personnel 

must avoid using metal transfer devices for trace-metal analysis or plastic devices for sampling 

trace organics. 

The transfer device should not be used in sampling situations where aeration must~~ 
or significant material could be lost through adhesion to the transfer container. :~ 

5.0 EQUIPMENT \\ ~ 
Equipment to implement this procedure is listed on the E~ ~plies Checklist 

{Attachment A). ~ \8) 
6.0 PROCEDURE ~ 

A. 
give guidance regarding s ~ n e , preservation, and shipment to the SCF. 

B. Refer to~he ~J ate the sampling sites along the surface water body and 

~
e a r ~ation area. 

C. a sampling equipment before taking the first sample and between sampling 

1 accordance with SOP-02.07, General Equipment Decontamination. 

D. Sample flowing water in an upstream direction, if necessary. 

E. If sampling with a peristaltic pump, follow the steps below: 

1. Refer to general discussion of pumps in SOP-06.01, Purging of Wells for 

Representative Sampling of Groundwater. 

2. Follow steps A through H, in SOP-06.01. 

3. If the depth to the midpoint of the screened interval exceeds 25 feet or it is anticipated 

that the depth to water will consistently exceed 25 feet during pumping because of low 

yield, consider an alternate system. 

4. Follow step I in SOP-06.01. 



LANL-ER-SOP-06.13, RO 
Page 3 of 8 

5. Lower intake into the well a short distance below the water level and begin water 

removal. Lower suction intake to maintain submergence and allow for successive 

purging of the water column. 

6. Follow steps K through 0 in SOP-06.01. 

7. To collect a sample, use the procedure outlined below. 

8. Install new peristaltic pump tubing according to the manufacturer's instructions. 

9. Place intake end of the tubing into the water to be sampled and tum on pu ~ep 
the tubing away from the bottom to minimize the amount of sediment coli . i ~~ 

bottles agitating the water as little as possible. To collect filtered s pies, e 

appropriate filter to the outlet end of the pump tube. Before collecti filtere les, 

run a few hundred millilitres of water through the filter. \\ _' 

10. Label sample containers and complete docu ti~~ample Containers 

and Preservation, and SOP-01.04, ~· ~ ~Documentation). 

F. If sampling with a transfer device~l ~e~ce e outlined below. 

1. Review the Samplin~ 1 n for the appropriate number and size of sample 

containers a~~-

2. Us~ ice to fill the sample containers slowly. Make sure the sample 

e g tly down the sidewall. For sampling some distance offshore, an 

n i n evice might be required. If so, firmly attach the transfer device to the dipper 

tighten all bolts. . . 

3. Record the appropriate information on the Chain-of-Custody/Request for Analysis Form 

(SOP-01.04). 

4. Perform field chemistry on raw water, in accordance with SOP-06.02. 

5. Record the final, stable readings of pH, specific conductance, and temperature on the 

Water Quality Sampling Record (Attachment B, of SOP-06.02). 

6. If raw water is collected directly into the collection bottle, add preservatives after the 

sample is collected. Rinse the bottle thoroughly and shake it if a preservative (for 

example, HN03, HCI, or H2S04) has been added. 

7. Store the sample immediately according to SOP-01.02. 
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A. For each sample collected, record all field measurements and chemistry determinations on 

the Water Quality Sampling Record. Also, initiate a custody record on the Chain-of

Custody/Request For Analysis form, and affix a Sample Label to the sample container. 

6.2 Post Operation Activities 

EPA. 1979. "Methods of Chemical Analysis of Water and Wastes," U.S. Environmental 

Protection Agency report EPA-600/4-79-020. U.S. Government Printing Office, Washington, 

D.C. 

Korte, N., and P. Kearl. 1984. "Procedures for the Collection and Preservation of Ground-water 

and Surface Water Samples and for the Installation of Monitoring Wells," Bendix Field 

Engineering Corporation Report, Grand Junction, CO. 

8.0 RECORDS 

The following forms, completed, are the records generated during the use of this procedure: 

A. Water Quality Sampling Record 
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B. Cha· In-of-Custody/Request for Analys· 

C. Daily Activity l . IS Form 
og' If appropriate 

9.0 ATTACHMENTS 

A. Eq. Ulpment and Su . pphes Checkr 
B. W ISifor Surf 

ater Chemistry Ch . ace Water Samplin 
eckhst 9 



EQUIPMENT AND SUPPLIES CHECKLIST 
FOR SURFACE WATER SAMPLING 

Peristaltic pump 

Filtration unit 

TeflonTM bore and fittings 

Clean filters and prefilters 

Transfer device for grab samples 

~(Q) Wooden stakes 

Survey flagging 

Plastic or 

Any additional supplies listed in associated 
procedures, as needed 

pH and conductivity meter 

ATTACHMENT A 
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Disposable gloves if handling acidified sample 
containers 

Safety glasses/splash guard 

Water Quality Sampling Records 

Daily Activity Logs 

Chain-of-Custody/Request for Analysis Forms 

Sample Collection Logs 

Variance Logs 



ATTACHMENT A '"V.~ "'-· 

LANL-ER-SO ' L;Ontlnuea 
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EQUIPMENT 
FOR SURFACE ~~~E~u;APMLIES CHECKLIST 

PLING (C . ontmued) 

Custody Seals 

un· lque Sample Stickers 

Sample Labels 

Any additional . 
, as needed soc1ated procedures supplies listed in as . 

Page 7 of 8 



WATER CHEMISTRY CHECK LIST 

gOing to the field Complete all blanks before . 

Solution temp 

Conduct· · IVIty of solution 

Hand-held th ermometer 

Temperature in ice · water 

Temperature a r 
KCI solutions g ees with lab thermo 

Filters and tubing 

Flow-through bath 

' ,,. 

~~ lol·- ~ . . --· 
P~ge 8'of a 

meter 
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SEDIMENT MATERIAL COLLECTION 

1.0 PURPOSE 
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This procedure describes four basic methods of sediment sample collection. 

2.0 SCOPE 

4.0 BACKGROUND AND/OR CAUTIONS 

Sediments may be watery with no cohesion and low viscosity or they may be compacted semi

solids where water is a small part of the mass. The sediment to be sampled may be many feet 

down at the bottom of a lake or river or it rnay be exposed in a dry stream bed. Because of such 

differences, a variety of sampling methods and equipment may be required. 

Scoops and trowels provide simple, quick, and easy means of collecting a sample of a sludge or 

sediment. Hand corers (Attachment A} are applicable to the same situations and materials; and 

they have the further advantage of collecting an undisturbed sample that can profile any 

stratification in the sample caused by changes in the deposition. Some hand corers can be 

fitted with extension handles that will allow the collection of samples underlying a shallow layer 

of liquid. Most hand corers can also be adapted to hold liners made of brass or polycarbonate 

plastic. Care should be taken to choose a material that will not compromise the intended 

analytical procedures. 
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A gravity corer (Attachment B) is a metal tube with a replaceable tapered nosepiece on the 

bottom and a ball or other type of check valve on the top. The check valve allows water to pass 

through the corer on descent but prevents washout during recovery. The tapered nosepiece 

facilitates cutting and reduces core disturbance during penetration. Most corers are constructed 

of brass or steel, and many can accept plastic liners and additional weights. 

Corers are capable of collecting samples of most sludges and sediments. The corers collect 

essentially undisturbed samples that represent the profile of strata that may develop in 

sediments and sludges during variations in the deposition process. Depending on the density of 

the substrate and the weight of the cores, penetration to depths of 75 em (30 inches) ca~ 

attained. Care should be exercised when using gravity corers in vessels or lagoo~s h 

liners, because penetration depths could exceed depth of substrate and result in d t 

liner material. 

The Ponar grab (Attachment C) is a clamshell-type scoop activ b coun - er system. 

The shell is opened, latched in place, and slowly lowered . en tension is 

system closes the clamshell. ~ 

Sediments from large surface water b · ch tre sand lakes may be taken with Ponar 

grab samplers from a boat. pi are more applicable to a wide range of 

sediments and sludges beca e e deeper and seal better than spring activated 

Ponars ~ ing most types of sludges and sediments from silts to granular 

0 s n as a 232-square-centimeter sample area that is light enough to be 

a winch or crane. Penetration depths will usually not exceed several 

centi Grab samplers are not capable of collecting undisturbed samples. As a result, 

materia 1n the first centimeter of sludge cannot be separated from that at lower depths. The 

sampling action of these devices causes agitation currents that may temporarily resuspend 

some settled solids. This disturbance can be minimized by slowly lowering the sampler the last 

half-meter and by allowing a very slow contact with the bottom. It is advisable, however, to 

collect sludge or sediment samples only after all overlying water samples have been obtained. 

5.0 EOUIPMEMT 

Equipment required to implement this procedure is listed in Attachment D, Equipment and 

Supplies Checklist. 

6.0 PROCEDURE 

6.1 Sludge or sediment sampling using scoops or trowels 

A. Insert a decontaminated scoop or trowel into material and remove sample. In the case 

of sludges exposed to air, it may be desirable to remove the first 1 to 2 em of material 
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prior to collecting sample. Record any pertinent information, e.g., location, sample 

size, on the Daily Activity Log (SOP-01.01.01, Records). 

B. If compositing a series of grab samples, use a decontaminated glass or stainless steel 

mixing bowl or Teflon TN tray for mixing. 

C. Transfer sample into an appropriate sample container. 

6.2 Sludge or sediment sampling using a hand corer 

A. Push corer into material with smooth continuous motion, twist, then with~r · ~ 
smooth motion. Record any pertinent information in the Daily Activity L . ~-. '&J 

B. Remove sampl8 and place in an appropriate container. \\ ~ 
6.3 Sediment and sludge sampling using a gravity corfR\ ~ 

A. Attach a precleaned corer to the re · ,~e line. Solid braided 5 mm 

(3/16 inch) nylon line is su~icie t, nylon, however, is easier to grasp 

during hand hoisting. 

B. Measure and rna~ of sludge on sampler line to determine depth of 

sludge or~~ 

C A~~fall through liquid to bottom. 

~~~depth of sludge penetration. Depending on the hardness and depth of the 

diment and the weight and diameter of the corer, the corer may penetrate too far or 

not far enough. The amount of weight on the corer may need to be changed. Trial and 

error is required to find the correct weight for any given situation. 

E. Retrieve corer with a smooth, continuous lifting motion. Do not bump corer because 

this may result in some sample loss. 

F. Remove sample and place in an appropriate container. Record any pertinent 

information in the Daily Activity Log. 

6.4 Sediment and sludge sampling using a Ponar grab sampler 

A. Attach a decontaminated Ponar to the necessary length of sample line. 

B. Measure and mark the distance to top of sludge on the sample line. Record depth to 

top of sludge and depth of sludge penetration in the Daily Activity Log. 
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C. Open sampler jaws until latched. From this point on, support the sampler by its lift line, 

or the sampler will be tripped and the jaws will close. 

D. Begin lowering the sampler until the proximity mark is reached. 

E. Use a slow rate of descent through last meter until contact is felt. 

F. Allow sample line to slack several centimeters. In strong currents, more slack may be 

necessary to release mechanism. 

G. Slowly raise sampler clear of surface. 

H. 

6.5 Postoperation Activities @\\ ~ 
A. Label samples and complete sample docu · P- ~-~pie Control and 

Documentation). 

B. 
Samples). ~ 

C. Ensure that ~ · accounted for, decontaminated (SOP-02.07, General 

7

.

0 

('~{~~~in · , and ready tor shipment. 

The ~ procedures are directly associated with this procedure and should be reviewed 

before sediment sample collections: 

LANL-ER SOPs in Section 1.0, General Instructions. 

LAN L-EA SOP-02.07, General Equipment Decontamination. 

DeVera, E. R., B. P. Simmons, R. D. Stephens, and D. L. Storm. ·samplers and Sampling 

Procedures for Hazardous Waste Streams.· EPA 600/2-80-018. January 1980. 

Environmental Monitoring System Laboratory (EMSL), ORO, U.S. Environmental Protection 

Agency. Characterization of Hazardous Waste Sites--A Method Manual, Volume //--Available 

Sampling Methods. 1983. Las Vegas, NV. 

Und, Orent. Handbook of Common Methods of Limnology. C.V. Mosby Co., 1974. St. Louis, 

MO. 
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OWDC, U.S. Geological Survey, U.S. Department of the Interior. National Handbook of 

Recommended Methods for Water-Data Acquisition. Prepared cooperatively by agencies of the ' 

U.S. Government, Reston, VA. 1977. 

Smith, R., and G.V. James. The Sampling of Bulk Materials. London: The Royal Society of 

Chemistry. 1981. 

8.0 RECORDS 

A. Completed Daily Activity Log which will include all pertinent information, e.g., to~ 

sample size, and comments ~ \\) 

B. Completed Chain-of-Custody/Request for Analysis Form \\ ~~ 

9.0 ATTACHMENTS \\ ~'\:;:::> 

A. Diagram of Hand Corer \ ~ 

B. 

C. Diagram of Ponar Grab~~ 
D. Equipment and~~~ 

~~ 
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DIAGRAM OF H . ANDCORER 

No~epiece 
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DIAGRAM OF GRAVITY CORER 

Nosepiece 



DIAGRAM OF PONAR GRAB SAMPLER 

. ~ ... --. -- .. -- ~ 

LANL-ER-SOP-06.14, RO 
Page 8 of9 



EQUIPMENT AND SUPPLIES CHECKLIST 
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1.0 PURPOSE 
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COLIWASA SAMPLER FOR LIQUIDS AND SLURRIES 

This procedure describes the use of the Coliwasa sampler for obtaining samples of free-flowing 

liquids and slurries in tanks, drums, pits, and similar containers. 

2.0 SCOPE 

2.1 Applicability 

The main parts of the Coliwasa consist of the sampling tube, the stop-cock, and the closure 

system. (See Attachment A for example.) The sampling tube consists of a 5-foot (1.52-m) by 1 

5/8-inch (4.13-cm) 1.0. translucent plastic pipe; usually polyvinyl chloride (PVC), PTFE or 

borosilicate glass plumbing tube. 

Coliwasas are constructed of either plastic or glass. The plastic type consists of a translucent 

plastic sampling tube. The glass Coliwasa uses borosilicate glass plumbing pipe as the 

sampling tube. 



LANL-ER-SOP-06.15, RO 
Page 2 of 8 

The plastic Coliwasa is used to sample most containerized liquid wastes except wastes that 
contain ketones, nitrobenzene, dimethylforamide, mesityl oxide, and tetrahydrofuran. 

The glass Coliwasa is used to sample all other containerized liquid wastes that cannot be 
sampled with the plastic Coliwasa except strong alkali and hydrofluoric acid solutions. 

The Coliwasa sampler has the following limitations: 

• Not suitable for sampling in containers over 5 feet (1.5-m) deep ~ ~ 
• Cannot be used for sampling hydrofluoric acid and concentrated alkali so~ionsY5? '&J 
Site workers preparing for field operations should read and understa e pr · s outlined 
in LANL-ER-SOPs, Section 2.0, Health and Safety in the Fiel · orkers should 
refer to site-specific Operable Unit Health and Safe~tyf the health and safety 
equipment to be used. 0 
5.0 EQUIPMENT ~ ~ 
See Attachment B, Equipm~ ~Checklist, for a list of equipment required to 

A. ns~~ ssary equipment and appropriate protective clothing. 

B. ~ transport the equipment to the site. 

C. Decontaminate all equipment per the instructions in SOP-02.07, General Equipment 
Decontamination. 

D. For drum and containerized liquid sampling perform the following procedure. 

1. Open unknown drums using a remote drum opening device when possible. 

Note: A bulging container indicates pressure and should receive special handling. 

2. Draw the sample from the bung openings whenever possible. 

E. Insert the Coliwasa into the desired liquid phase to be sampled and obtain the sample. 

F. Transfer the sample from the Coliwasa to the sample container. 
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G. Decontaminate reusable samplers before reuse, or use a new sampler to ensure no 

contamination or cross-contamination. 

H. Repeat steps D through G until all samples have been collected. 

I. For drum and containerized materials, reclose the container. 

6.1 Documentation 

A. Complete Containerized Waste Sampling Forms (Attachment C). Use the Daily A · · 

Log from SOP-01.04, for additional comments if necessary. 

B. 

6.2 Post Sampling Activities 

A. 
properly, and ready for transport. <:::::( • 0 

B. Make sure all sampling lo · n \ ~~rl cumented. 

7.0 REFERENCES 

the Sample Coordination Facility (SCF) per SOP

(j Shipping of Samples. All sampling efforts must be 

The following procedures are directly associated with this procedure and should be reviewed 

before field operations: 

LANL-ER-SOPs in Section 1.0, General Instructions. 

LANL-ER-SOPs in Section 2.0, Health and Safety in the Field. 

EPA. November 1986, "Test Methods for Evaluating Solid Waste: Vol. II: Field Manual 

Physical/Chemical Methods, Officer of Solid Waste and Emergency Response, Washington 

D.C. 

8.0 RECORDS 

A. Completed Containerized Waste Sampling Form 



B. Completed Chain-of-Custody/Request for Analysis Form 
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C. Daily Activity Log containing deviations along with any other pertinent information 

9.0 ATTACHMENTS 

A. Example of one type of Coliwasa 

B. Equipment and Supplies Checklist 

C. Containerized Waste Sampling Form 

D. Data Form Completion 
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EXAMPLE OF ONE TYPE OF 

COMPOSITE LIQUID WASTE SAMPLER (Collwasa) 

T.l ......... ., 
II 
II 
II 
II 
II 
rt 
II 
II 
II 
II 
II 

IAM'LING POSITION 

T_...... .. _...., 

&..-illt_..,. ..... 

''•· 'VC. t 13 Cfl'l I, 1~··11. D. 
t.21 lfl' 11 7 ~"'I 0. D. 
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EQUIPMENT AND SUPPLIES CHECKLIST FOR USING A 
COLIWASA SAMPLER FOR LIQUIDS AND SLURRIES 

Coliwasa 

Protective clothing 

Remote drum opening device 

Sample containers 

Containerized Waste Sampling forms 

Sample collectio~' 0 

Varian~\) 

-!f!Pample Stickers 

Sample Labels 
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CONTAINERIZED WASTE SAMPLING RECORD 

Date:------

LOS ALAMOS NAT10NAL LABORATORY 

ENVIRONMENTAL RESTORATION 

CONTAINERIZED WASTE SAMPUNG RECORD 

Sheet __ of __ 

Technical Area------ Operable Unit-------

Site Work Plan:---------------

S~Mw
~: __________________ ___ 

Sampling Method: 

AFFIX . 
' FIRST SAMPLE ; 
: STICKER HER£ l 
"ooo•ooou .. oooooo••••••••••••••••; 

C'o"V~ 
TomiNumber~~m~e~ ---~~~~~~~~~--------------------
Type /<t 

Cooo~on ____________________________ ~~,~~~----------------

i?;:; 

Sample Matrix: 

_ Uquic:USiurry 

_Sludge 

011 

_ Other (Describe) 

Sand 

_ Packed Powder/Granules 

_ Dry Powder/Granules 

_ Moist Powder/Granules 

ot?t1?s 

COMMENTS: ___________________________________ _ 

Q CHECK HERE IF CONTINUED OH BACK OF THIS SHEET 
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ATIACHMENT D 
LANL-ER-SOP-06.15, RO 

Page 8 of 8 

Use an indelible dark ink pen. Make an entry in each blank. For entry blanks tor which no data 

are obtained, enter UNK tor Unknown, NA tor Not Applicable, or NO for Not Done. To change 

an entry, draw a single line through it, add the correct information above it, and date and initial 

the change. For all forms, complete the following information: 

CONTAINERIZED WASTE SAMPLING RECORD (ATIACHMENT B) ~ 

1. 
done or sample is being studied. 

2. Operable Unn. Four-digit number Indicating the operab~i-"~ sampling is 

being done or sample is being studied. @.__ ~·~ 
3. Sample Identification: ~~ 

• If the Daily Activity Log addr.o ample, attach a sticker from the batch of· 

stickers that match th~ r n e sample, and line through the box labeled 

"Attach Last 5 ~- " 

t · ker in the box marked •Firsr and put the last matching sample 

e 1 x marked •Last. • 

mple identifiers used are not sequential, affix the lowest sample sticker number in 

the left box, record the remaining sample identifiers on the form and Daily Activity Log, 

and line through the ·Last• box. 

4. Log Date and Time. The date and time when the measurement was made, in the following 

formats: 00-MMM-YY (e.g., 01-JAN-88), and the 24-hour clock time (e.g., 0837 tor 8:37 

a.m. and 1912 tor 7:12 p.m.). 

5. Sheet Number. Number all the sheets that are used tor this activity, by day or by some 

practical unit. 

6. Weather and other comments. Record all other conditions pertinent to the sample 

collection in this section on the Daily Activity Log in SOP-01.04. 
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THIEF SAMPLER FOR DRY POWDERS OR GRANULES 

1.0 PURPOSE 

This procedure describes the method for using the Thief sampler for dry powders or granules. 

2.0 SCOPE 

2.1 Applicability ~ 

This method is applicable to all site workers using the Thief sampler for ~~ 
granules for the Environmental Restoration program. \\. ~ 

2.2 Training \\. ~ '\::;:::> 
The site worker should be familiar with the sampr ~~t document that he 

has read and understands this procedure I~ e~~s in Section 1.0, General 

Instructions. 

3.0 DEFINITIONS 

N/A 

4.0 BACK R CAUTIONS 

Th~a e ar used for low volume sampling of dry solid waste materials in bags, fiber 

dru , , or similar containers. This sampler is most useful when the solids are no greater 

than ch (0.6 em) in diameter or no larger than one-third the width of the slots. A diagram of 

the Thief sampler is in Attachment A. 

The Thief sampler consists of two slotted concentric tubes, usually made of stainless steel or 

brass. The outer tube has a conical pointed tip that permits the sampler to penetrate the 

material being sampled. The inner tube is rotated to open and close the sampler. Thief 

samplers are usually 24 to 100 inches (60 to 100 em) long by 1/2 to 1 inch (1.27 to 2.54 em) in 

diameter. 

Site workers preparing for field operations should read and understand the procedures outlined 

in LANL-ER-SOPs, Section 2.0, Health and Safety in the Field. In addition, site workers should 

refer to site-specific Operable Unit Health and Safety plans for the particular health and safety 

equipment to be used. 

NOTE: The Thief sampler is not desirable for moist or sticky samples. 
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5.0 EQUIPMENT 

Equipment to implement this procedure is shown in Attachment B. 

6.0 PROCEDURE 

A. Coordinate sampling effort with Sample Coordination Facility. 

A. Ensure all equipment is accounted for, decontaminated, and ready for transport. 

B. Make sure all sampling locations are property documented. 

C. Package all samples for transport to the laboratory according to SOP-01.03, Handling, 

Packaging and Shipping of Samples. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be reviewed 

before field operations: 

LANL-ER-SOPs in Section 1.0, General Instructions. 

LANL-ER-SOPs in Section 2.0, Health and Safety i'1 the Field. 

LANL-ER-SOP-06.15, Coliwasa Sampler for Liquids and Slurries. 
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EPA. November 1986. "Test Methods for Evaluating Solid Waste•, Vol. II: Field Manual ,.....,, 

Physical/Chemical Methods, Office of Solid Waste and Emergency Response, Washington D.C. 

8.0 RECORDS 

A. Completed Containerized Waste Sampling Form 

B. Completed Chain-of-Custody and Request for Analysis Form 

C. Daily ActMty Log detailing any deviations and any other pertinent information~~ 

D. Sample Collection Log ~ .;.&::> ~ 
9.0 ATTACHMENT ~ .-.'\:;::::? 

A. Thief Sampler diagram © \;:? 
B. Equipment and Supplies Checklist tor ~ 

~~ 
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EQUIPMENT CHECKLIST FOR THIEF SAMPLING 

Thief Sampler 

sample container(s) 

decontamination equipment 

scrub brush 

Chain-of-Custody/Request for Analysis forms 

Sample Collection Logs 

Variance Logs-

Custody Seals 

Unique Sampling Stickers 

Sample Labels 
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TRIER SAMPLER FOR SLUDGES AND MOIST POWDERS OR GRANULES 

1.0 PURPOSE 

This procedure describes methods for using the Trier sampler for moist powders or granules. 

2.0 SCOPE 

2.1 Applicability ~ 

This procedure Is applicable to all site workers using the Trier sampler~~ 
sludges, moist powders, and granules for the Environmental Restoration prog~ 

2.2 Training ~ 
they have read and understand this procedur res in Section 1.0, General 

Instructions. a 
3.0 DEFINITIONS ~ '\) 

N/A ~~IONS 
Tri~~: i u for sampling moist or sticky solid waste materials in bags, drums, sacks, 

or s~nt ners. A diagram of the Trier Sampler is shown in Attachment A. 

A Trier consists of a long tube with a slot that extends almost its entire length. The tip and 

edges of the tube slot are sharpened to allow the trier to cut a core of material to be sampled 

when rotated after insertion into the material. A Trier sampler is most useful when the waste is 

moist or sticky solids with a particle diameter less than one-half the diameter of the Trier. 

Site workers preparing for field operations should read and understand the procedures outlined 

in LANL-ER-SOPs, Section 2.0, Health and Safety in the Field. In addition, site workers should 

refer to site-specific Operable Unit Health and Safety plans for the particular health and safety 

equipment to be used. 

5.0 EQUIPMENT 

Equipment to implement this procedure is shown in Attachment B. 



6.0 PROCEDURE 

A. Coordinate sampling efforts with the Sample Coordination Facility. 

B. Assemble the necessary equipment. 
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C. Decontaminate all equipment prior to and after each use per SOP-02.07, General 

Equipment Decontamination. 

D. After opening the waste container, insert the Trier sampler into the waste and cut a ~ 

the waste by rotating the sampler. ~~ _.~ 

E. Transfer the sample from the Trier sampler to the sample container (~01.0 le 

Containers and Preservation). A spoon or similar tool may be~ to~ ample 

out of the Trier, if necessary. ~ ~ 

F. For containerized materials, reclose the contain~ Q; 
6.1 Documentation 4 . "'\)"> 
A. ~a~ing Record (SOP-06.15). Any additional 

Daily Activity Log, SOP-01.04, Sample Control 

nsure all equipment is accounted for, decontaminated, and ready for transport. 

B. Make sure all sampling locations are properly documented. 

C. Package all samples for transport to the laboratory, per SOP-01.03, Handling, 

Packaging, and Shipping of Samples. 

7.0 REFERENCES 

The following procedures are directly related to this procedure and should be reviewed before 

field operations: 

LANL-ER-SOPs in Section 1.0, General Instructions. 

LANL-ER-SOPs in Section 2.0, Health and Safety in the Field. 

LANL-ER-SOP-06.15, Coliwasa Sampler for Liquids and Slurries. 
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EPA. November 1986. "Test Methods for Evaluating Solid Waste: Vol. II: Field Manual 

Physical/Chemical Methods, Officer of Solid Waste and Emergency Response, Washington 

D.C. 

8.0 RECORDS 

A. Completed Containerized Waste Sampling Form 

B. Completed Chain-of-Custody/Request for Analysis Form 

C. Completed Daily Activity Log, which will include any deviations and additiona~ 

9.0 ATIACHMENT ~ '&J 
A. Equipment and Supplies Checklist for Trier Sampler \\ ~ 
B. Trier Sampler diagram \ ~ 



ATIACHMENT A 
LANL-ER-SOP-06.17, RO 

Page 4 of 5 

EQUIPMENT AND SUPPLIES CHECKLIST FOR TRIER SAMPLES 

Trier 

Wide-Mouth Jar 

Funnel 

Spoon 

Pan 

Daily Activity Logs 

Sample Labels 

Cooler 

Tape 



TRIER SAMPLER DIAGRAM 

1.27-2.14 em 

LANL-E~~~~HMENT B -06.17, RO 
Page 5 of 5 



Los Alamos National Laboratory 

Environmental Restoration Program No: LANL-ER-SOP-06.18 Rev: 0 

Standard Operating Procedure 

Collection of Sand, Packed Powder, or Granule Samples 

QPPL 
Approval: 

PM 
Approval: 

Using the Hand Auger 

to-!J'3 41 
(Date) 

'JvtlA &r,Prc4 d~~ 1;/t_?@ 
=(P:-:-rint-:-:-:-Na-m~e):---+> ----~~. n-at-~ ....... 'r------- (D'ate) / 

lfM.n L tufff-tltn 
(Print Name) 

rfi:J-w~ 
(Signature) 

?- '1-- 9 
(Date) 

Effective Date: __:3~-__,:,.,;\ L.:::L....;..-c;_,__l...,~.--



LANL-ER-SOP-06.18, RO 
Page 1 of 6 

COLLECTION OF SAND, PACKED POWDER, OR GRANULE SAMPLES USING THE 

HAND AUGER 

1.0 PURPOSE 

This procedure describes the use of the hand auger for the collection of samples in sand, 

packed powders, or granules. 

2.0 SCOPE 

All site workers involved with 

understand this and the DF&eed~,.~ 

3.0 DEFINITIONS© 0 
:~~AND/OR CAUTIONS 

Hand auger borings provide a simple method of waste investigation and sampling. They may 

be used for obtaining disturbed samples of sand or packed powders and granules. An 

illustration of a typical hand auger is shown in Attachment A. 

The hand auger is particularly useful in collecting samples at depths greater than 3 inches (8 

em). This sampler destroys the structure of cohesive waste and does not distinguish between 

material collected near the surface or toward the bottom. Therefore, it cannot be used to collect 

an undisturbed soil sample. Proper back care must be exercised when pulling a stuck auger out 

of a hole and turning the auger for long periods of time. Work gloves may be needed to prevent 

blisters. 

Site workers preparing for field operations should read and understand the procedures outlined 

in LANL-ER-SOPs, Section 2.0, Health and Safety in the Field. In addition, site workers should 

refer to site-specific Operable Unit Health and Safety plans for the particular health and safety 

equipment to be used. 
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5.0 EQUIPMENT 

Refer to Attachment B, Equipment and Supplies Checklist, for a list of equipment used in this 

procedure. 

6.0 PROCEDURE 

A. Coordinate sampling efforts with the Sample Coordination Facility. 

B. Ass~mble the equipment and supplies. Ensure the proper operation of all s ~ 
equ1pment. ~ --~ 

c. 
intervals (SOP-02.07, General Equipment Decontamination). 

D. 
facilitate disassembly. ~. 0 

E. Remove any undesired surfical mate· \"~s le ocation. 

F. Begin augering, perlodi erial that collects around the bore hole, then lift 

G. 

sample mate· I· nue until the desired depth or required sample volume is 

reached e s pie 1nto the sample containers. 

tainers and complete documentation (SOP-01.04, Sample Control and 

ntation). 

H. Decontaminate equipment (SOP-02.07). Pack samples and ship them to the laboratory per 

SOP-01.03, Handling, Packaging, and Shipping of Samples. Return all supplies and 

equipment to their proper storage location, and notify the equipment manager of any 

malfunction or damage. 

I. Whenever a sample is collected for chemical analyses, a custody record must be initiated 

on the Chain-of-Custody/Request for Analysis form, and a Soil Sample Identification Label 

affixed to the sample container, (SOP-01.04). 

J. Whenever a sample is collected, complete a description of the sample using the Borehole 

Log (Soil) form. An example of this form and instructions for completing this form are 

supplied in SOP-06.12, Soil and Rock Borehole Logging and Sampling Methods. Additional 

field comments should be noted in the Daily Activity Log (SOP-01.04). 

K. If requjred, be sure a Teflon"nol liner is present in the cap. Secure the cap tightly onto the 

sample container. Preserve the sample container with ice or in a refrigerator. Freezing 
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may be required. Consult SOP-01.03, Handling, Packaging, and Shipping of Samples, and 

SOP-01.02, Sample Containers and Preservation. 

7.0 REFERENCES 

The following procedures directly are associated with this procedure and should be reviewed 

before field operations: 

A. Hand Auger 

B. Equipment and Supplies Checklist for Hand Augering 
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Plastic sheet 

Daily Activity L ogs 

Chain-of-Custody/A equest for A . 
Sample Coli . nalysls form 

action Log 

Variance Logs ~~ 
Custody Seals ~ ~_"&) 
un· lque Sample Stickers t(S\\\ ~ 
Sam~e Labels~~~~ 
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WEIGHTED BOTTLE SAMPLER FOR LIQUIDS AND SLURRIES IN TANKS 

1.0 PURPOSE 

This procedure describes the use of the weighted bottle sampler for liquids and slurries in tanks. 

2.0 SCOPE 

The sampler consists of a glass or Teflon1111 bottle, a weight, a bottle stopper, and a line that is 

used to lower and raise the sampler and open the bottle during sampling. There are a few 

variations of this sampler, as illustrated In the ASTM Methods D 270 and E 300. The ASTM 

sampler, which uses a metallic bottle basket and also serves as weight, is preferred. The 

weighted bottle sampler can either be fabricated or purchased. 

The weighted bottle sampler has the following limitations: 

A. The exterior of the weighted bottle sampler is exposed to hazardous materials and must be 

handled carefully to avoid unnecessary contamination of the immediate area. 

B. The weighted bottle sampler cannot be used to collect liquids that are incompatible with the 

bottle, weight, or line. 

C. It is difficult to use with very viscous liquids. 
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Site workers preparing for field operations should read and understand the procedures outlined 

in LANL-ER-SOPs, Section 2.0, Health and Safety in the Field. In addition, site workers should 

refer to site-specific Operable Unit Health and Safety plans for the particular health and safety 

equipment to be used. 

5.0 EQUIPMENT 

Weighted Bottle Sampler 
~~ 

Funnel 
Disposable Wipes 
Daily Adivity Logs 

Chain-of-Custody/Request-for-Analysis forms 

Sample Colledion Logs 

Variance Logs 
Custody Seals 
Unique Sample Stickers 

Sample Labels 

A. Assemble the ~j ent and appropriate protedive clothing (SOP-02.01, 

Persona~~~m . 

B. ~~~i equipment before and after each use (SOP-02.07, General Equipment 

~ lion). 

C. Open the waste container. 

D. Lower the closed weighted bottle sampler into the waste liquid to the desired depth. Record 

the pertinent information on the Containerized Waste Sampling Forms (SOP-06.15, 

Coliwasa Sampler for Uquids and Slurries). Additional field comments should be recorded 

on the Daily Adivity Log (SOP-01.04). 

E. Open the bottle stopper and coiled the sample. 

F. Raise the sampler out of the waste. Place the sample into a sample container (SOP-01.02, 

Containers, Sampling, and Preservation). 

G. Repeat steps D through F until all samples have been collected. 

H. Close the waste container. 



LANL-ER-SOP-06.19, RO 
Page 3 of 3 

I. Package all samples for transport to the Sample Coordination Facility (SCF), (SOP-01.03, 

Handling, Packaging, and Shipping of Samples). All sampling efforts must be coordinated 

with the SCF. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be reviewed 

before field operations: ~ 

LANL-ER-SOPs in Section 1.0, General Instructions. ~8 
LANL-ER-SOPs in Section 2.0, Health and Safety in the Field. 

LANL-ER-SOP-06.15, Coliwasa Sampler for Uquids and Slurries. 

Physical/Chemical Methods, Officer of Solid Waste e c ponse, Washington 

D.C. 0 

Second Edition, Volume 2, ·chara e · o ardous Waste Sites- A Methods Manual.· 

·U.S. Environmental Protecti© ent EPA/600/4·841076. U.S. Government Printing •.•. 

A.~o~: ainerized Waste Sampling Form 

B. ~ted Daily Activity Log which will include any deviations and additional comments. 

9.0 ATTACHMENT 

N/A 
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This procedure describes the collection of principal organic hazardous constituents (volatile 

principal organic hazardous constituents [POHCs]) with a boiling point below 1 oo·c, from 

exhaust stacks or ambient air using the volatile organic sampling train (VOST), SW-846 Method 

0030. 

2.o :.~o::ucabnny 'fb ~ 
from stack exhaust and ambient air samples in suppo ~ · ental Restoration 

(ER) program using the VOST. ~\V 

2.2 Training 4 . \)""\> 
The following procedure§· ~ f~se by field team members who are familiar 

with the objectives of t sa ~~ram, this SOP, and Method 0030. Field team 

members musts i e operating the VOST. Anyone other than a trained 

samplin~ n o be closely supervised by qualified personnel when 

imP. n i dure. The field team leader is responsible for monitoring the 

· p e this procedure. In addition, all field team members should document that 

y e d this procedure and the procedures in Section 1.0, General Instructions. . 

3.0 DEFINITIONS 

A. Field blanks: A set of Tenax® and Tenax®/charcoal cartridges that are taken to the 

sampling site and the end caps removed during sample tube installation to simulate the 

exposure to potential ambient fugitive contamination interferences. The end caps are then 

replaced and these samples are sent to· the laboratory with all other associated samples for 

analysis. This pair of traps is analyzed to monitor the potential ambient contamination 

conditions that might exist during cartridge change out. 

B. Trip blanks: A set of Tenax® and Tenax®fcharcoal cartridges that are taken to the sampling 

site and treated like all other sample cartridges except that the end caps are not removed 

during the storage at the site. These samples are intended to demonstrate that no 

contamination of samples has occurred during storage and shipment of samples. 

C. Laboratory blanks: A set of Tenax® and Tenax®/charcoal cartridges are analyzed in the 

laboratory after being prepared. These traps are analyzed to identify any sources of 

contamination present during the preparation of the sample cartridges at the laboratory. 
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The traps are also analyzed to assist in evaluating the field and trip blanks if high levels of 

contamination are indicated. These samples may also be used to evaluate the recoveries 

of the analytes of interest. This is done by spiking these target compounds onto the lab 

blank tubes at the levels expected to be on the associated field samples. 

Analysis o the sorbent traps is carried out by thermal desorption purge-and-trap by gas 

chromatography/mass spectometry. The sorbent traps may be analyzed separately or 

combined into one trap to improve the detection limit when levels of detectable volatile POHCs 

are low. 

Special attention should be given during · the installation of the VOST cartridges into the 

sampling train. The sorbent traps should be handled carefully to minimize the exposure to 

ambient contamination that might be present. The sorbent traps must be properly oriented in 

the train so the gas stream flows into the trap through a designated inlet. The inlet end of the 

trap is generally indicated by the laboratory prior to being sent to the field. This inlet 

identification may be in the form of an etched sample number or frosted diamond at one end of 

the trap. If the trap inlet is not identified, the sample technician is responsible for selecting the 

inlet end (flow direction) and clearly identifying it so the laboratory personnel will purge the trap 

properly during analysis. The inlet end of the used sorbent trap should be identified and marked 

by the sampling technician regardless of other markings. 



LANL-ER-SOP-06.21, RO 
Page 3 of 9 

The VOST procedures require that a known volume of effluent gas (maximum 20 liters} 

containing volatile POHCs be collected from a gaseous effluent source. The conditions under 

which the VOST is operating during this collection is of great importance. Three types of 

operating conditions (FAST-VOST, SLO-VOST, and ULTRA SLO-VOST) for sample collection 

are currently accepted and are presented in the referenced methods. When the FAST-VOST 

conditions are used, a gas sample is drawn into a sample probe from the gaseous effluent 

source, passed through a water-cooled condenser, and then is pulled through the cartridges at a 

flow rate of 1 liter/minute for 20 minutes. Using SLO-VOST conditions, a sample is drawn 

through the same VOST apparatus previously mentioned at a reduced flow rate of 0.5 

liter/minute for 40 minutes. Using the ULTRA SLO-VOST, the sample flow rate is reduce~ 

further to 0.25 liter/minute. In all three cases, the VOST is operated at the desire~fl a nta 

a desired sample volume can be collected and passed through the sorbent ca 1 • 

are several advantages to using SLO-VOST and ULTRA SLQ-VOST sam · con 'f u · g 

sample collection. The sample gas stream containing the POHCs a lo r re · time in 

This is especially true for volatile POHCs that are highly vol ~~·h ts below 35.C) and 

difficult to trap in the sorbent cartridges. For this r~~ nd ULTRA SLQ-VAST 

sampling procedures are highly recommenrrd t piing time required to collect 

a specific volume is increased. 

To achieve analytical resul§tsal · t P breakthrough, the Tenax® sorbent trap and 

the Tenax8/charcoal rbe t r desorbed and analyzed separately. The samples 

are considered vali e r h) 1 the back trap (Tenax8/charcoal trap) contains no more 

than 30% of lh u~le on the front Tenax4!' trap. This characteristic does not apply 

w~en · ~ is less that 75 ~ on the back trap. Unlike the traps used for the 

a p , · i recommended that both the cartridges that compose each ac sample set 

(fie n t ·p nks) be desorbed and analyzed together. 

The sensitivity of this method depends on the level of interferences in the sample and the 

presence of detectable levels of volatile POHCs in the QC blanks. The upper end of the range 

of applicability of this method is limited by the breakthrough of the volatile POHCs on the 

sorbent traps that are used to collect the sample. Laboratory development data have 

demonstrated a range of 1.0 to 1 00 ~g/m3 for selected volatile POHCs collected on a pair of 

traps using a total sample volume of 20 'liters or less. The most commonly encountered 

interferences are structural isomers. Contamination of the Tenax8 cartridges with compounds 

that are of interest is another common problem that is encountered when applying this method. 

This problem can be prevented by being extremely careful in the preparation, storage, and 

handling of the cartridges throughout the entire sampling analytical process. 

When storing and shipping the sorbent cartridges, the use of dry ice for the purpose of storing 

VOST tubes is widely accepted as •good sampling and analyses practice: Not only does the 

colder temperature reduce the mobility of highly volatile analytes with boiling point at or below 

zero (such as vinyl chloride or chloromethane), but the continuous sublimation of the solid C~ 

fills the storage cooler and prevents the encroachment of fugitive contaminants into the resin 

tubes. No bias is introduced through the implementation of this procedure. Any bias would 
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manifest itself during the method performance audit because resin tube storage and handling is 

identical to that used for the sample. A successful audit validates the procedures and the 

overall handling effectiveness of the protocols used. 

5.0 EQUIPMENT 

The equipment required for the collection of stack exhaust or ambient air sampled using the 

VOST method is shown in Attachments A and B. 

If sampling stack gas, assemble the VOST according to the schematic diagram in 

Attachment A. For ambient air sampling, replace the heated probe with an inverted funnel 

and omit the two condensers and the condensate trap impinger. Care must be exercised to 

ensure that the gas flows through the sorbent cartridges in the proper direction. 

For ambient air sampling, replace the heated probe and condenser by an inverted tunnel 

and omit the two condensers and the condensate trap impingers. As mentioned before, 

care must be exercised to ensure that the sampled gas stream flow through the sorbent 

cartridges is properly indicated on the sample tubes. 

B. VOST Assembly. A schematic diagram of the principal components of the VOST for 

sampling stack gas is shown in Attachment A, and a diagram of one version of the VOST is 

shown in Attachment B. The VOST consists of a glass-lined probe followed by an isolation 

valve, a water-cooled glass condenser, a sorbent cartridge containing Ten~ (1.6 g), an 

empty impinger for condensate removal, a second water-cooled glass condenser, a second 

sorbent cartridge containing Tenax® and petroleum-based charcoal (3 to 1 by volume; 
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approximately 1 g of each), a silica gel drying tube, a callibrated rotameter, a sampling 

pump, and a dry gas meter. The gas pressure during sampling and for leak-checking is 

monitored by pressure gauges that are in line and downstream of the silica gel drying tube. 

C. Leak Checking Procedure. The train is leak-checked by closing the valve at the inlet to the 

first condenser and pulling a vacuum of 250 mm (10 inches Hg) above the normal operating 

pressure. The traps and condensers are isolated from the pump, and the leak rate is noted. 

The leak rate should be less than 2.5 mm Hg after 1 minute. 

After a successful leak check, the train is then returned to atmospheric pressu~ 

attaching a charcoal-filled tube to the train inlet and admitting ambient air f~'lter h h 

the charcoal. This procedure will minimize contamination of the VOST c 

excessive exposure _to the fugitive emissions at hazardous waste incin~r sit~. 

D. Sample Collection Procedure. After leak-checking, suamo~·o~.!_~Piished by 

opening the valve at the inlet to the first condenser, tu , and sampling at 

one of the three sampling rate conditions (F - 0 , S - T, or ULTRA SLO-

VOST). 0 

highest pressure drop e t 'ng run to minimize the chance of vacuum 

desorption of organics ~~ . The train is returned to atmospheric pressure 

using a charco ~~ sorbent cartridges are removed. The end caps are 

an I · . considered invalid if the leak test does not meet specification. 

g completion of a set of VOST traps, a new pair of cartridges is placed in the 

he VOST leak-checked, and the sample collection process repeated as described 

above. Sample collection continues until four pairs of traps (three sample pairs and one 

back-up pair) have been used. 

All sample cartridges should be kept on cold packs until they are ready for analysis. 

E. QC Samples. Take blank Tenax® arid Tenax®/charcoal cartridges to the sampling site and 

remove the end caps to exchange two pairs of traps on the VOST. This task typically takes 

10 minutes. The end caps are replaced on the blank Tenaxe and Tenaxetcharcoal tubes 

and then returned to the cold packs and analyzed with the sample traps. At least one pair 

of field blanks (one Tenax®, one Tenax®/charcoal) should be included with each of the four 

pairs of sample cartridges collected (or for each field trial using VOST to collect volatile 

POHCs). 

Also include at least one pair of blank cartridges (one Tenaxe, one Tenax®/charcoal) with 

shipment of sorbent cartridges to the site. Treat these trip blanks like any other cartridges 

except do not remove the end caps during storage at the site. These samples remain in the 
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same cold storage cooler with all other ·associated samples. Analyze this pair of traps to 

monitor potential contamination that may occur during storage and shipment. 

One pair of blank cartridges (one Tenax®, one Tenax®Jcharcoal) remains in the laboratory 

using the same method of storage that is used for field samples. If the field and trip blanks 

contain high concentrations of contaminants (e.g., greater than 2 ng of a particular POHC), 

the laboratory blank should be analyzed to identify the source of contamination. 

6.2 Postoperation Activities 

A. If decontamination of sample containers or equipment is necessary, dispose of 

cleaning/decontamination materials properly (SOP-02.07, General Equipment 

Decontamination, and SOP-01.06, Management of RFI-Generated Waste). 

B. Properly store samples until they can be shipped to the laboratory (SOP-01.03). 
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The following procedures are directly associated with this procedure and should be reviewed 

before sampling: 

LANL-ER-SOPs in Section 1.0, General Instructions. 
LANL-ER-SOP-02.07, General Equipment Decontamination. 

EPA. September 1986. Test Methods for Evaluating Solid Waste, Volume 2: •Laboratory 

Manual Physical/Chemical Methods. • Method 0030. SW 846. Washington, D.C. ((=\\ 
EPA. May1988. CornpendiumMethodTQ..2. ~ ~ 

8.0 RECORDS ~ ~ 
A. Completed Chain-of-Custody/Request for Analysis Fo ~ 
B. 

9.0 ATTACHMENTS ~~ 

A. Schematic of Volatile ~~~rain (VOST) 
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SCHEMATIC OF VOLAnLE ORGANIC SAMPLING TRAIN (YOST) 
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VOLATILE ORGANIC SAMPUNG TRAIN (VOST) 

Case 

Teflon Plug Valve w/Socket Joint 

I 
Silica Gel Holder 

I 

Ice Water Bath 
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CANISTER SAMPLING FOR·ORGANIC5-EPA METHOD T0-14 

1.0 PURPOSE 

This procedure describes the sampling for volatile organic compounds (VOCs) in ambient air 

using SUMMA~ passivated canisters for the Environmental Restoration (ER) program. 

2.0 SCOPE 

C. Cryogen: A refrigerant used to obtain very low temperatures in the cryogenic trap of the 

analytical system. A typical cryogen is liquid oxygen (bp -183.0.C) or liquid argon (bp 

-185.7.C). 

D. Dynamic calibration: Calibration of· an analytical system using calibration gas standard 

concentrations in a form identical or very similar to the samples to be analyzed and by 

introducing such standards into the inlet of the sampling or analytical system in a manner 

very similar to the normal sampling or analytical process. 

E. Gauge pressure: Pressure measured greater than ambient atmospheric pressure (as 

opposed to absolute pressure). Zero gauge pressure is equal to ambient atmospheric 

(barometric) pressure. Gauge pressure is usually expressed as kPa, mm Hg, or psig. 

F. MS-SCAN: The gas chromatograph (GC) is coupled to a mass spectrometer (MS) 

programmed in the SCAN mode to repeatedly scan all ions during the GC run. As used in 
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the current context, this procedure serves as a qualitative identification and characterization 

of the sample. 

G. MS-SIM: The GC is coupled to a MS programmed to acquire data for only specified ions 

and to disregard all others. This is performed using selecting ion monitoring (SIM) mode 

coupled to retention time discriminators. The GC-SIM analysis provides quantitative results 

for s~eleded constituents of the sample gas as programmed by the user. 

H. Pressurized sampling: Collection of an air sample in a canister using a sample pump with a 

(fina.l) canister pressure greater than atmospheric pressure. ((=\\. 

I. Qualitative accuracy: The ability of an analytical system to correctly identify ~ 

J. Quantitative accuracy: The ability of an analytical syste~o co 

com~entration of an identified compound. ~ 

4.0 BACKGROUND AND/OR CAUTIONS ~ Q; 
4.1 Background Information 4 '\)"'> 
Botl1 subatmospheric p§~~d sampling modes use an initially evacuated 

canister and a~u v llat ~e during sample collection. Pressurized sampling 

requires an ad · p rovide positive pressure to the sample canister. A sample 

of am ie · · w rough a sampling train. The sampling train comprises 

t te the rate and duration of sampling into a pre-evacuated SUMMA8 

a ter. After the air sample is colleded, the canister valve is closed, an 

, · · tag is attached to the canister, and the canister is transported to a laboratory 

lysis. 

Thi:s method is generally used for the colledion of non-polar, insoluble (or slightly soluble} 

compounds. The method is severely limited in determining highly soluble compounds (i.e. 

alet:>hols, ketones, acetonitriles} due to the sample analysis procedure. For these highly 

walter soluble compounds, Tenaxnl resin media tubes and a ·volatile Organic Sampling 

Train,• details this procedure. · · 

Collection of ambient air samples in canisters provides (1) convenient integration of ambient 

samples over a specific time period, (e.g., 24 hours); (2) remote sampling and central 

analysis; (3} ease of storing and shipping samples; (4) unattended sample collection; (5) 

analysis of samples from multiple sites with one analytical system; and (6) collection of 

su1ficient sample volume to allow assessment of measurement precision and/or analysis of 

samples by several analytical systems. Care, however, must be exercised in selecting, 

cleaning, and handling sample canisters and sampling apparatus to avoid losses or 

co11tamination of the samples. Contamination is a critical issue with canister-based 

sampling because the canister is the last element in the sampling train. Interior surfaces of 

thet canisters are treated by the SUMMA8 passivation process, in which a pure chrome-
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nickel oxide is formed on the surface. -This type of vessel has been used in the past for 

sample collection and has demonstrated sample storage stability of many specific organic 

compounds. All other sampling equipment (e.g., pump and flow controllers) should be 

thoroughly cleaned to ensure that the filling apparatus will not contaminate samples. 

In preparation for subatmospheric sample collection in a canister, the canister is evacuated 

to 0.05 mm Hg. When opened to the atmosphere containing the VOCs to be sampled, the 

differential pressure causes the sample to flow into the canister. This technique may be 

used to collect grab samples (duration of 10 to 30 seconds) or time-integrated samples 

(duration of 12 to 24 hours) taken through a flow-restrictive inlet (e.g., mass flow contr~ 

critical orifice). With a critical orifice flow restrictor, there will be a decrease in t~h 

as the pressure approaches atmospheric. With a mass flow controller, ho th 

subatmospheric sampling system can maintain a constant flow rate fr~ull ~ o 

within about 7 kPa (1.0 psi) or less below ambient pressure. ~~ '\::? 
Pressurized sampling is used when longer-term integr~ higher volume 

samples are required. A metal bellows-type pu s · i nt ·r from the sampling 

manifold to fill and pressurize the sample t . s is collected in a canister 

using a pump and flow control arrange a ical103-206 kPa (15 to 30 psig) 

final canister pressure. For ex I 6- "t e cuated canister can be filled at 1 0 . 

cm3fmin for 24 hours to a~· ur of about 144 kPa (21 psig). 

4.2 Precautions~ 
Wh'l ~{~. and especially during sampling operations, personnel safety 

observed to prevent exposure to chemical and physical hazards. These 

s ·n encompass standard safety practices as well as those established by the 

officer and those found in the Site Health and Safety Plan. . 

This SOP requires the use of the following equipment: compressed gas cylinders and 

canisters, cryogenic fluids (with temperatures typically less than -1so· C), chemical 

reagents and gases, and a field GC or GC/MS unit. All of the previously mentioned 

equipment must be handled and used in a manner that ensures safety. Carefully read all 

manufacturer's warning labels associated with equipment. Contact the site safety officer to 

review Material Safety Data Sheets (MSDSs) for any reagents and gases before 

implementing this procedure, and review the Site Health and Safety Plan. If any reagents 

are purchased for the execution of this SOP, make sure that the site safety officer receives 

copies of the MSDS. At a minimum, safety glasses, safety shoes and hard hats will be 

required in designated areas of hazardous activities. Insulated gloves and containment 

equipment will be used when handling cryogenic fluids. Other personal protective 

equipment may be required as specified by the site safety officer. 
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Equipment required to implement this procedure is specified in detail in the EPA Compendium 

Method 1"0-14, May 1988. Attachments A, B, C, D. and E diagram the sampling and analytical 

systems required. 

6.0 PROCEDURE 

D. Afte1r •screening analysis,• the sampling system is located. Temperatures of ambient air 

and sampler box interior are recorded on a Canister Sampling Field Data Sheet, see 

Attachment H. For general instructions on filling out forms, refer to SOP-01.01.01, Records. 

E. To verity correct sample flow, a •practice• (evacuated) canister is used in the sampling 

system. (Note: For a subatmospheric sampler, the flowmeter and practice canister are 

needed. For the pump-driven system, the practice canister is not needed, as the flow can 

be measured at the ouUet of the system). A certified mass flowmeter is attached to the inlet 

line of the manifold, immediately in front of the filter. The canister is opened. The sampler 

is turned on and the reading of the certified mass flowmeter is compared to the sampler 

mass flow controller. The values should agree within ±1 0%. If not, the sampler mass 

flowmeter needs to be recalibrated or there is a leak in the system. This should be 

inv~estigated and corrected. (Note: Mass flowmeter readings may drift. Check the zero 

reading carefully. To compensate for any zero drift, add or subtract the zero reading when 

reading or adjusting the sampler flow rate). After 2 minutes, the desired canister flow rate is 

adjusted to the proper value (as indicated by the certified mass flowmeter) by the sampler 
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flow control unit controller (e.g., 3.5 cm3/min for 24 hr, 7.0 cm3/min for 12 hr). Record final 

flow on Canister Sampling Field Data Sheet, Attachment H. 

F. The sampler is turned off and the elapsed time meter is reset to 000.0. (Note: Any time the 

sampler is turned off, wait at least 30 seconds to turn the sampler back on.) The •practice• 

canister and certified mass flowmeter are disconnected and a clean certified (refer to 

Attachment F) canister is attached to the system. 

G. The canister valve and vacuum/pressure gauge valve are opened. Pressure/vacuum in the 

canister is recorded on the canister sampling field data sheet (Attachment H) as indi,.!2llf~-"' 

by the sampler vacuum/pressure gauge. 

H. 

I. 

J. After the desired sampling period, the mi · u , current interior temperature and 

current ambient temperature are on s piing field data sheet The current 

reading from the flow co 1 • At the end of the sampling period, the 

vacuum/pressure e ve sampler is briefly opened and closed and the 

pressure/vacuum · canister sampling field data sheet Pressure should be 

· e when the field final pressure check is performed, the sampling 

a pect. This information should be noted on the canister sampling field 

t). •me of day and elapsed time meter readings are also recorded. 

K. The canister valve is closed. The sampling line is disconnected from the canister and the 

canister is removed from the system. For a subatmospheric system, a certified mass 

flowmeter is again connected to the inlet manifold in front of the in-line filter and a •practice• 

canister is attached to the Magnelatch valve of the sampling system. The final flow rate is 

recorded on the canister sampling field data sheet. (Note: For a pressurized system, the 

final flow may be measured directly:) .· ·The sampler is turned off. An identification tag is 

attached to the canister. Canister serial number, sample number, location, and date are 

recorded on the tag. 

L. When the sample canister is used to sample high concentration~ 1,000 ppm) gas streams, 

special precautions are required for sample handling at the analytical laboratory and in the 

field. First, a warning statement to the laboratory is included on the Chain-of

Custody/Request for Analysis forms and sample data sheets sent along with the sample 

canister. Secondly, a special warning label must be attached to the canister, in addition to 

the sample 10 tag, prior to shipment. These two steps are performed so that the analyst 

can adjust the GC unifs sensitivity before analysis to avoid instrument contamination. Also, 

the laboratory personnel responsible for the cleaning of the canisters will know to use a 
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methanol rinse cleaning procedure to remove any residual, high-contaminant gas 

condensate in the canisters. 

In addition to these laboratory preparation steps, high-concentration canister sampling 

requi.res a more thorough decontamination of all used sampling equipment. The usual 

decontamination procedures (Attachment G) should be repeated for all affected sampling 

equipment. Decontamination procedures should always be followed by a field sampling 

systEtm blank check (Section 6.1 ). 

M. Decontaminate specified sampling equipment using the protocol found in Attachm~ 

For other equipment used, follow SOP-02.07, General Equipment Decontami~\ \) 

6.1 Quality Assurance/Quality Control Procedures, Frequencies, and ~pt~ 

To Emsure that the samples collected are representative of~ true' matrix the 

following field QAIOC procedures will be performed: \ ~ 

I:WOC 
PR<>CEDURE 

Aowm1Et18r' 
Verific:lation 

Field Sampling 
System Cleaning 
and C.itt'tific:ation 

Field Sampling 
System Ct!trtification 
using 1Calibration 
Gas Standards 

Sampl1ing SysiBm Audit 

METHOD 
T0-14 

SECTION 

11.1.2 

11.2 

11.2.3 

12.2 

Before canister is prepared 
for collecting a 
sample 

Attar each canister cleaning 

Before the sampling sysiBm 
sysl8m is used tor collecting 
a sample 

Before the sampling system 
is. used for collecting a 
sample 

Once for each field sampling 
sysiBm used; sample each 
cylinder in triplicate 

ACCEPTANCE CRITERIA 

± 1 0% of C811ified 

Less than <0.2 ppbv of target 
VOCs found: verify first 10 
canisters, if all are < 0.2 
ppbv,then verify 1/10 

Pressurize ID 30 psig for 
24 hours,< 2 psig 
maximum change 

Less than < 0. 2 ppbv of 
target VOCs found 

90-110% Recovery 

90-110% Recovery 
±25%RSD 

Uset the referenced sections of Method TQ-14 to find the specific methodology. In addition, 

Attctchment F of this SOP summarizes the canister cleaning procedure and Attachment G 

addresses the field sampling system cleaning and certification procedures. 
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The analytical QA/QC procedures will. be in accordance with Method T0-14. These 

procedures depend on the type of analytical system employed (i.e., GC/MS or 

GC/Multidetector). Method T0-14 Section 12.5.2 specifies the OA/OC procedures and 

acceptance criteria for the GC/MS system. Section 12.5.3 specifies the GC/Multi-detector 

system OA/OC procedures and acceptance criteria. In addition to Method T0-14 

procedures, the following analytical protocols will be employed: 

1. Accuracy determinations 

Surrogate spikes: Known concentrations of surrogate compounds (in a gas) wil~ 

added to the sample gas stream as the stream is purged from the caniste~rf 

the stream enters the analytical system. The recovery of these compound · 

a determination of analytical accuracy. 

concentration of the analytes of interest in nitrogen . 'II be allowed to 

equilibrate in the canister and then analyze sa odologies used in 

analyzing actual canister samples. Th t · ed compounds indicates 

the accuracy of the canister sampl an t nalytical system. 

2. Precision determinatio 

~ li ots of sample gas will be purged from the sample 

· · 1dually. Analytical precision is determined by relative 

A. Complete all data collection forms and calibration forms. Use the Daily Activity Log in 

SOP-01.01.01 to record general comments and other information not included 

elsewhere. 

B. Complete sample control forms (SOP-01.04). 

C. Fill out all required shipping forms for the samples per in SOP-01.03, Handling, 

Packaging, and Shipping of Samples, and ship the samples to the preapproved 

analytical laboratory. 
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A. Contact the analytical lab to ensure that samples arrived safely and instructions for 

!:iample analysis are clearly understood. 

B. Disassemble and clean all equipment and prepare them for storage. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be re~ 

before canister sampling: , _'&-J 
LANL-ER-SOPs in Section 1.0, General Instructions. 

LANL-EB-SOP-06.21, Volatile Organic Sampling Train. ~ 

EPA. May 1988. Compendium Method T0-1 O:i ati n of Volalile Organic 

Compounds (VOCs) in Ambient Air Using ·v anister Sampling and Gas 

Chromatographic Analysis." ~~ 

8.0 RECORDS ~ ~~ 

A. Completed Can" ~ld Data Sheet 

C. ~~ t alibratlon records 

D. Completed Daily Activity Log induding any deviations and other pertinent information 

9.0 ATTACHMENTS 

A. Canister Cleaning System 

B. Sampler Configuration for Subatmospheric Pressure or Pressurized Canister Sampling 

C. Alternative Sampler Configuration for Pressurized Canister Sampling 

D. SchEtmatic of Calibration System and Manifold for: (a) Analytical System Calibration, (b) 

Testiing Canister Sampling System, and (c) Preparing Canister Transfer Standards 

E. Canister Analysis Utilizing GC-MS-SCAN-SIM Analytical System with Optional Flame 

Ionization Detector with the S-Port Chromatographic Valve in the Sample Desorption Mode 

F. Canister Cleaning and Certification Procedures 



G. Sampling System Cleaning and Certification Procedures 

H. Canister Sampling Field Data Sheet 

I. Data Form Completion 
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J. Example of Humid Zero Air Test Results for (a) a Clean Sampler and (b) a Contaminated 

Sampler 
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CANISTER CLEANING SYSTEM 

Ycun 
Gauge 

StUoti. 
vaav. 

···~ • • 
: Optional 
.-lloUwlnll 
' Oven • • • 
' • 

~-------------------~ 

r. .sur 
/;...;;:.~1& 



Inlet 

-
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SAMPLER CONFIGURATION FOR SUBATMOSPHERIC 

PRESSURE OR PRESSURIZED CANISTER SAMPLING 

ToAC 

. 0 (i) 

ToAC 



-1.1 
Meters 
(-1ft) 

A I I A\,MM t:.N I \, 

LANL-ER-SOP-06.22, RO 

ALTERNATIVE SAMPLER CONFIGURATION FOR 

PRESSURIZED CANISTER SAMPLING 
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·-·-·······-················---------------------··-. 
HatiCI !ndoSJN 

, vent 

II. 
II 

tnfti! Manttolel 

········-·········-············· ············-·--· 
ToAC 
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SCHEMATIC OF CALIBRATION SYSTEM AND MANIFOLD FOR: 
(a) ANALYTICAL SYSTEM CALIBRATION, (b) TESTING 
CANISTER SAMPLING SYSTEM AND, (c) PREPARING 

CANISTER TRANSFER STANDARDS 
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CAI~ISTER ANALYSIS UTILIZING GC-M5-SCAN·SIM ANALYTICAL SYSTEM 

'NITH OPTIONAL FLAME IONIZATION DETECTOR WITH THE 6-PORT 

CHROMATOGRAPHIC VALVE IN THE SAMPLE DESORPTION MODE 

,..... 
'Gc: . - • • L.Dw O..Voii.IM 
~· ~ , .................. , i 
~ • ~ T•(CptJonal) 

. . . . . .. ~~.._.]I-;;;;;' ;;;;;;;--, L......J"' ,... ........ 

rO·· a.cw cPIDt 
• • • 

.... ?g.: 
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CANISTER CLEANING AND CERTIFICATION PROCEDURES 

A. All canisters must be clean and free of any contaminants before sample collection. 

B. All canisters are leak tested by pressurizing them to approximately 206 kPa (30 psig) with 

zero air. (Note: The canister cleaning system in Attachment A can be used for this task.) 

The initial pressure is measured, the canister valve is closed, and the final pressure is 

checked after 24 hours. If leak tight, the pressure should not vary more than ±13.8 ~ 

(±2 psig) over the 24 hour period. ~~~ 

C. A canister cleaning system may be assembled as illustrated in Attachm A. C 

added to both the vacuum pump and zero air supply traps. The ister( re ed 

to the manifold. The vent shut-off valve and the canister valv a ne t 

D. 

E. 

F. At the end of the evacuation/pressuration cycle, the canister is pressurized to 206 kPa (30 

psig) with humid zero air. The canister is then analyzed by a GC-MS or GC-FID-ECD 

analytical system. Any canister that has not tested clean (compared to direct analysis of 

humidified zero air of less than 0.2 ppbv of targeted VOCs) should not be used. As a 

"blank" check of the canister(s) and cleanup procedure, the final humid zero air fill of 100% 

of the canisters is analyzed until the cleanup system and canisters are proven reliable (less 

than 0.2 ppbv of targets VOCs). The check can then be reduced to a lower percentage of 

canisters. 

G. The canister is reattached to the cleaning manifold and is then reevacuated to <0.05 mm 

Hg and remains in this condition until used. The canister valve is closed. The canister is 

removed from the cleaning system and the canister connection is capped with a stainless 

steel fitting. The canister is now ready for collection of an air sample. An identification tag 

is attached to the neck of each canister for field notes and chain-of-custody purposes. 



ATIACHMENTG 
LANL-ER-SOP-06.22, RO 

Page 17 of 21 

SJ~MPLING SYSTEM CLEANING AND CERTIFICATION PROCEDURES 

Cleaning Sampling System Components 

A. Sample components are disassembled and cleaned before the sampler is assembled. 

Nonmetallic parts are rinsed with HPLC grade deionized water and dried in a vacuum oven 

at 5o·c. Typically, stainless steel parts and fittings are cleaned by placing them in a beaker 

of mt~thanol in an ultrasonic bath for 15 minutes. This procedure is repeated with h~x 

as the solvent 8 
B. The stainless steel par1S are then rinsed with HPLC grade deionized ater ~ 

vacuum oven at 1oo·c for 12 to 24 hours. :\9 
C. Oncn the sampler is assembled, the entire system is~ 

hours. ~~ 

Humid Zero Air Certification. (see Section ~ 

humid zEtro air and humid · · that pass through all active components of the 

sampling system.§ T is rtl · • if no significant additions or deletions [less than 0.2 

ppbv of targete ound ccurred when challenged with the test gas stream.) 

A. Th(~e · o sampling system is determined by testing the sampler with humid 

~r~ · o n evacuated gas cylinder, as follows. 

B. },; libration system and manifold are assembled, as illustrated in Attachment G. The 

sampler (without an evacuated gas cylinder) is connected to the manifold and the zero air 

cylinder activated to generate a humid gas stream (2 Vmin) to the calibration manifold (see 

Atta1::hment G [b]). 

C. The humid zero gas stream passes through the calibration manifold, through the sampling 

syst~am (without an evacuated canister) to a GC-FID-ECD analytical system at 75 cm3/min 

so tlhat 40 cm3/min is pulled through the six-port valve and routed through the cryogenic 

trap (see EPA reference Compendium Method T0-14, Section 1 0.2.2.1) at the appropriate 

time while the extra sample is vented. (Note: The exit of the sampling system [without the 

canister) replaces the canister in Attachment H.) After the sample (400 ml) is 

prec:oncentrated on the trap, the trap is heated and the VOCs are thermally desorbed onto 

the lhead of the capillary column. Since the column is at -5o· c. the VOCs are cryofocussed 

on the column. Then, the oven temperature (programmed) increases and the VOCs begin 

to elute and are detected by a GC-MS (see EPA reference Section 1 0.2) or the GC-FID

ECD. The analytical system should not detect greater than 0.2 ppbv of targeted VOCs in 
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order tor the sampling system to pass the humid zero air certification test. Chromatograms 

of a certified sampler and contaminated sampler are illustrated in Attachment J (a) and (b), 

respectively. If the sampler passes the humid zero air test, it is then tested with humid 

calibration gas standards containing selected VOCs at concentration levels expected in field 

sampling (e.g., 0.5 to 2 ppbv) as follows: 

Sampler System Certification with Humid Calibration Gas Standards - (see Section 6.1) 

A. Assemble the dynamic calibration system and manifold as illustrated in Attachment G. (f\\ 

B. Verify that the calibration system is clean (less than 0.2 ppbv of targeted com~~t;._~ 
sampling a humidified gas stream, without gas calibration standards, ~a ~' 1 

certified clean-canister (see EPA reference Section 12.1). \\ __ '\:;;:? 
C. The assembled dynamic calibration system is certified~~~ 0.2 ppbv of 

targeted compounds are found. ~·~ 

D. For generating the humidified calibration ~· ration gas cylinder(s) (see EPA 

reference Section 8.2) containing i n trat1 s of 10 ppmv in nitrogen of selected. 

VOCs, are attached to the ib · te , as ouUined in EPA reference Section 

1 0.2.3.1. The gas cylinde ;~ the gas mixtures are passed through 0 to 10 

cm3/min certified ~~-~ generate ppb levels of calibration standards. 

E. After the · · rium period, attach the sampling system (containing a certified 

to e manifold, as illustrated in Attachment G (a). 

F. e ynamic calibration gas stream with the sampling system according to E.PA 

rete Section 9.2.1. (Note: To conserve generated calibration gas, bypass the canister 

sampling system manifold and attach the sampling system to the calibration gas stream at 

the inlet of the in-line filter of the sampling system so the flow will be less than 500 

cm3/min.) 

G. Concurrent with the sampling system operation, real-time monitoring of the calibration gas 

stream is accomplished by the on-line GC-MS or GC-multidetector analytical system 

(Attachment G (b]) to provide reference concentrations of generated VOCs. 

H. At the end of the sampling period (normally same time period used for anticipated 

sampling), the sampling system canister is analyzed and compared to the reference GC-MS 

or GC-multidetector analytical system to determine if the concentration of the targeted 

VOCs was increased or decreased by the sampling system. 

1. A recovery of between 90% and 11 0% is expected for all targeted VOCs. 

• 
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CANISTER SAMPLING FIELD DATA SHEET 

LOSALAUOSNAnONALLABORATORY 

Date:------ ENVIRONMENTAL RESTORAnON Sheet of 

CANISTER SAMPUNG FIELD DATA SHEET 
Expected Sample Concentration 

Technical Area----- Operable Unit o HIGH ~ 1000 ppm 0 LOW (s 1000 ppm) 

Site Work Plan: _______________ _ 

SignaltUre: -----------------

SAMPLING INFORMATION 

i AFFIX i 
i FIRST lAMPI.! i 
) IT1CKER MERE l , _________ , 

, ...... -AFFIX--

1 USTSAIIU : 
[ ITICKERIERE j 
:.----····-·······. 

Canister Leak Check Date: --~-----~~~-we;. 

MPERATURE 

START 

QUARTERLY RECERTIFICATION DATE: ----------:UF:i"-=-----------

LABORATORY INFORMATION: 

DATI: RECEIVED:----------

RECEIVED BY: __________ _ 

INITIAL PRESSURE:--------

FIN.t,L PRESSURE:---------

OILI.;ITION FACTOR:----------

GC-FID-ECD DATE:--------

GC-MSO-SCAN DATE:---------

GC-MSD-SIM DATE: ________ _ 

RESULTS=-------------------------
-----

GC-1=10-ECO: _______________________________ _ 

GC·MSD-SCAN: ___________________________ _ 

GC-MSO-SIM:_____________________________ I 
0 C~IECK HERE IF CONllNUEO ON BACK OF THIS SHEET 

ER-SOP.ca.22. AD WI 
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Use an indelible dark ink pen. Make an entry in each entry blank. For entry blanks for which no 

data are obtained, enter UNK for Unknown, NA for Not Applicable, NO for Not Done, etc. To 

change an entry, draw a single line through it, add the correct information above it, and date and 

initial the change. For all forms, complete the following information: 

1. Technical Area {TA). Two-digit number indicating in which area the sampling is being done 

2. Operable Unit {OU). Four-digit number indicating the operable unit in which the sampling is 

being done 
(f\\ 

3. Expected Sample Concentration. Value detennined by field measurements. T~ ~ 
critical for the Laboratory. Make every effort to make a determination. \\. ~ 

4. Site Work Plan. The name of the plan and ifs date of appli · ..-~ 

5. 

6. Canister Serial Number. The number · ta the connector. This is not the 

sample number. 

7. 

8. Pres re. The starting pressure for subatmospheric/pressure will be negative. The ending 

pressure for subatmospheric should be negative and positive for pressure sampling 

9. Sampling Times. ·Record the start and stop times and the elapsed time from the meter 

1 0. Flow rates 

Manifold Flow Rate. Flow rate for inlet flow manifold 

Canister Flow Rate. Flow rate downstream of the mass flowmeter 

Flow Controller readout. The value read directly from the Mass Flow Control Unit 

Zero reading. This is taken time mass flowmeter {Refer to Section 6.0E) 

11. Sampling System Certification Date. The date when the system was initially certified 

12. Quarterly Recertification Date. Sample equipment must be calibrated on a quarterly basis 

13. Laboratory Information. Data filled out by the Laboratory 
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EX~'MPLE OF HUMID ZERO AIR TEST RESULTS FOR (a) A CLEAN SAMPLER 

AND (b) A CONTAMINATED SAMPLER 

• 
Tllll_. 

(a). Certified Sampler 

(lD). Contaminated Sampler 



. -~- . -. -

USGS Report No. 13. The Single-Stage Sampler For Susp~nded Sediment, 

1961. 

8.0 RECORDS 

It is the responsibility of the Operable Unit Project Leader to assure that all 

records associated with data collection using this procedure will be transferred 

to the Environmental Restoration {ER) Records Processing Facility in 

accordance with the Procedure for Los Alamos National Laboratory {LANL) 

Records Management {LANL-ER-AP-02.1 ). 

9.0 ATTACHMENTS 

Attachment A - Example of Single-Stage Sampler 



~ngle-Stage s ampler Example of as· 
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Measurement of Gamma-Ray Fields Using A Sodium Iodide 
Detector 

1.0 PURPOSE 

This procedure provides instructions for making count-rate measurements of 

gamma-ray fields with a sodium iodide (Nal) detector. 

2.0 SCOPE 
~ 

This procedure includes activities required to conduct a radiation survey t~8 
quantitatively measure low-level gamma emitters. 

2.1 Applicability ~ 
This procedure applies to site workers who will · tie field 

radiation survey. ~ \ 

2.2 Training a . ~ 
Site workers cond~· ~~ti~urvey will be trained health 

physi~ists or heal ~ · "cians (or have equivalent education or 

expenenc~ \..) 

~highly penetrating forms of radiation. As they penetrate the 

bo , rna rays can damage living cells, and are therefore, considered an 

exte al hazard. 

B. Radioactivity: the physical property, or capability, of certain elements to 

release particles or waves of energy. As radioactive elements disintegrate, they 

exhibit radioactivity by emitting gamma rays and other particles and radiation. 

4. 0 BACKGROUND AND/OR CAUTIONS 

This radiation survey is used to quantitatively measure gamma rays from 

radionuclides in the area. It may be used to indicate contamination by gamma 

emitters after the entire area is surveyed and mapped to define radioactive hot 

spots or plumes. The Nal detector is used primarily to measure increases in 

background radiation and to locate and measure sources of radiation that 

cause the background readings to change. Note that elevated count-rate data 

must be carefully interpreted because uncontaminated areas can demonstrate 

high readings if they are next to an area contaminated with gamma emitters. 
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Portable ratemeter/scaler and sodium iodide detector (1 inch by 1 inch) 

D-cell batteries 

Gamma check source 

6.0 PROCEDURE 

PB!QR TQ M~ASUR~M~NTS 8 
Nal detector. 

B. Inspect the equipment and connector cable (whe~~,_ .. -.l' obvious 

damage or a frayed or broken cable. ~ \~ 
C. Check the battery condition and if~1 1 t ow battery power, 

replace the batteries. \ ~ 

D. Check the calibratio e sure that the instrument has been 

Ludlum 12S N ct 

~~ eck and note the response of the detector. 

~L OPERATING PROCEOURE 

A. To survey radiation levels in an area, walk slowly, listen for increases in 

audible response, and look for needle deflection indicating an increase in 

radiation levels. In general, the instrument should be held approximately 3 feet 

above the ground (waist level). To determine the maximum radiation levels, 

vary the height and direction of the detector. When an increase is noted, hold 

the instrument at that point for at least 15 seconds (or as long as indicated in the 

operations manual for specific models) to obtain an accurate count rate. 

B. To obtain a contact reading of an object or surface, place the instrument 

directly on the object or surface and hold for at least 15 seconds (or as long as 

indicated in the operations manual for specific models) to obtain an accurate 

count rate. If the object or surface is known or suspected to have loose 

contamination, exercise good radioactive contamination safety practices, and 

do not allow the instrument to come in contact with the surface. 
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C. When scanning an object with the instrument , scan at 1-2 inches per 

second (or as quickly as indicated in the operations manual for specific 

models). 

D. Give particular attention to drain lines, piping, ductwork, pits, sumps, or any 

other likely places where radioactivity may be present. 

E. Record all field survey point readings and other relevant data. 

7.0 REFERENCES 

su 

9.0 ATTACHMENTS 

N/A 
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SAMPLE COLLECTION FROM SPLIT-SPOON SAMPLERS AND 
SHELBY TUBE SAMPLERS 

1.0 PURPOSE 

This standard operating procedure (SOP) provides instructions that are to be 

followed in collecting soil and sediment samples from split-spoon samplers or 

Shelby Tube samplers. 

2.0 SCOPE ~~ 
2.1 Applicability .-.~ 

from split-spoon samplers or Shelby Tube sampl mental 

Restoration Program. ~ \ 

2.2 Training a ''\.)"> 
Field team member~~~ t~hey have read and understand 
this procedure, and · Section 1.0 (General Instructions) of 

the Laborato~~· nm t estoration Standard Operating 

Procedur s ~ 

3.~ s 
A. S ube: A single-piece metal tube of thin gauge which is forcefully 

driven 1 o the soil or sediment at the bottom of a bore hole in order to collect an 

undisturbed subsurface soil or sediment sample. 

B. Split-spoon Sampler: A multiple piece sampler which is threaded on to the 

end of a drill rod or hand auger and is forcefully driven into the soil or sediment at 

the bottom of a bore hole in order to collect an undisturbed subsurface soil or 

sediment sample. 

4.0 BACKGROUND AND/OR CAUTIONS 

4.1 Introduction 

A split-spoon sampler is used to take subsurface soil or sediment samples by 

being forcefully driven into the soil or sediment at the bottom of a bore hole. 

Samples may be retrieved along the entire length of the bore hole to obtain an 

unbroken record of the subsurface layers, or samples may be retrieved at 

selected intervals. Continuous samples may also be taken from the surface down 

to a specified level or from a subsurface point downward. 
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The split-spoon is threaded on to the end of the drill rod in place of the drill bit. 

The sampler is lowered on the drill rod to the bottom of the boring by heavy steel 

cable connected to the drilling mast. The sampler is forced into the soil by a drive 

weight which is dropped repeatedly onto the drive head located at the top of the 

drill rod. Weights up to 350 pounds are available, but the most commonly used 

weight for a 2-inch diameter sampler is a 140-pound weight. The weight is 

typically allowed to fall a distance of 30 inches. The sampler is driven into the 

sediment to a depth about 6 inches shorter than the length of the sampler itself. 

Split-spoon samplers are manufactured in 18- and 24-inch lengths with 2- to 3-

inch outside diameters. 

4. 2 Cautions 

This procedure is limited to the activities of collecting soil and sediment samples for 

field monitoring and laboratory analysis for concentrations of hazardous and 

radioactive constituents or for soil/sediment physical characteristics. This SOP does 

not address the drilling activities, removal of time sensitive geologic analytical 

samples, core documentation, lithologic description, packaging of core material or 

temporary storage of borehole materials at a drill site Sample Management Trailer. 
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Equipment needed for sample collection using split-spoon and Shelby Tube samplers 

is as follows: 

6.0 PROCEDURE 

A. Coordinate the sampling effort with the Health and Environmental 

Chemistry Group (EM-9) and Sample Coordination Facility (SCF). They will give 

guidance regarding sample containers and preservation. 

B. Label all bottles and complete documentation (SOP-01.02, Sample 

Containers and Preservation, and SOP-01.04, Sample Control and Field 

Documentation). Fill out all information except sampler's name/initials and the 

actual date and time. 

C. Assemble the sampler and ensure that all sampling equipment has been 

properly decontaminated. If decontamination cannot be guaranteed, 

decontaminate the sampler following guidance in step M of this procedure. 

D. Note exact location of the hole where the sample has been collected in the 

field notebook. If not tied in to a surveyed grid system or some other well 

documented system, measure the distances and direction from stationary 
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landmarks. If possible, photograph the location. As appropriate, ,;;pray paint or 

wooden stakes may also be used to mark the location. 

E. Collect the split-spoon sampler or Shelby Tube sampler from the driller and 

place it on a secure bench or rack. If a Shelby Tube sampler is used, submit the 

entire tube to the laboratory. 

F. Separate the split-spoon sampler tube (a flat-blade screwdriver is useful), 

exposing either the sample or, if used, brass liners. Run a knife between the 

liners to separate the tube. 

G. If volatile organic compound (VOC) analysis is required, immediately seal ~ 
the cut ends of the split-spoon sampler with Teflon film. The field team me~ 

will log the borehole material in the field notebook at this time. The field te 

member will also record in the field notebook the borehole identifica~u r 

run number, depth interval, and percent recovery (as appropri~. 

H. If no liner is used, the sample may be collected fr~ ·t- peon 

sampler using a decontaminated stainless steel n r ot r ropriate 

sampling tool). The sample may be coll~ct " of several discrete 

points within the sampler or as a "gra " le discrete point within the 

sampler. The sample collection t a ati le must be discussed and 

documented in the field~ nt o da1 ogs. 

I. If the sample§; a y for VOCs, collect the VOC fraction first. 

VOC sample t i ers H e tightly packed, using a decontaminated 

stainless I o ther appropriate sampling tool), leaving no airspace in 

the sa I e. 

J. site samples (where VOCs are not an analytical parameter) 

colle all amounts of soil or sediment from several discrete points within the 

split-spoon sampler using a decontaminated stainless steel spoon (or other 

appropriate sampling tool), and place the soil or sediment in a decontaminated 

stainless steel or plastic bucket or a plastic ziplock bag. Mix the soil or sediment 

several times until the material is well mixed and homogeneous. Sampling 

points for the composite sample may be selected randomly, at regular intervals, 

or based on visual inspection. Alternatively, place the entire core into a 

decontaminated stainless steel or plastic bucket and mix until the sample is 

homogenized. The sample collection strategy and rationale must be discussed 

and documented in the field notebook and/or daily logs. 

K. Decontaminate the outside of the sample containers, bag the samples in a 

ziplock bag, and place the samples in a cooler at the sampling site. The cooler 

should contain ice as specified by the site-specific sample plan. 

L. Field duplicates may be collected either by compositing the soil in a 

decontaminated stainless steel or plastic bucket (a composited field duplicate) or 

sampling from a close adjacent location (a collocated field duplicate). Collocated 

field duplicates are to be collected from adjacent liners. Follow the site-specific 
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sample plan and document the duplicate collection process in the field notebook 

and/or daily logs. 

M. Following each sampling event, wash the split-spoon sampler with high 

purity laboratory detergent and double rinse the components with deionized 

water, methanol, 0.1 N nitric acid, and/or other rinse solution as appropriate or as 

specified in the site-specific sampling plan. Brass liners and Shelby Tube 

samplers should be cleaned in the laboratory prior to use and rinsed in the field 

with deionized water prior to use. 
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Total Suspended Particulate Air Sampling 

1.0 PURPOSE 

This procedure describes the methods for the determination of suspended 

particulate matter in the atmosphere using a high-volume air sampler. 

2.0 SCOPE 

2.1 APPLICABILITY 

sampler. 
~ This procedure is applicable for air sampling using a high-volume air ~ 

2.2 TRAINING 

that they have read and do understand this proce t pe · 

manual for the high-volume sampler, and the pr ion 1.0, 

General Instructions, of the Los Alamos I bo o s 

SOPs}. 

3.0 DEFINITIONS ~ 
N/A ,~~ 
4.0 

T 
n iculate matter (TSP) in ambient air for determining compliance 

wit imary and secondary national ambient air quality standards for 

particu ate matter. The measurement process is nondestructive, and the size of 

the sample collected is usually adequate for subsequent chemical analysis. 

An air sampler properly located at the measurement site draws a measured 

quantity of ambient air into a covered housing and through a filter during a 24 

hour or other appropriate sampling period. The sampler flow rate and the 

geometry of the shelter favor the collection of particles up to 25-50 microns (J.Lm) 

(aerodynamic diameter), depending on wind speed and direction. The filters 

used are specified to have a minimum collection efficiency of 99 percent as 

measured by the American Society for Testing and Materials (ASTM}-2986 

method for particles of 0.3 J.Lm diameter. 

The filter is weighed {after moisture equilibration) before and after use to 

determine the net weight (mass) gain. The total volume of air sampled, 

corrected to the Environmental Protection Agency (EPA) standard conditions 

[25"C, 760 millimeters mercury (mm Hg}], is determined from the measured flow 

rate and the sampling time. The concentration of TSP matter in the ambient air 
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is computed as the mass of collected particles divided by the volume of air 

sampled, corrected to standard conditions, and is expressed in micrograms per 

standard cubic meter (llg/std m3). For samples collected at temperatures and 

pressures significantly different than standard conditions, these corrected 

concentrations may differ substantially from actual concentrations (micrograms 

per actual cubic meter), particularly at high elevations. The actual particulate 

matter concentration should be calculated using the actual temperature and 

pressure during the sampling period. 

The approximate concentration range of the method is 2 to 750 llg/std m3. The 

upper limit is determined by the point at which the sampler can no longer 

maintain the specified flow rate due to the increased pressure drop of the 

loaded particle size distribution, moisture content of the collected particles, an© 

variability from filter to filter, among other things. The lower limit is deteS$\V 

by the sensitivity of the balance and by inherent sources of error. 

At wind speeds between 1.3 and 4.5 meters per second ( d 1 ~ile~~ 
hour), the high-volume air sampler has been found t e art_&~o 25 

to 50 11m, depending on wind speed and direction. i eet EPA 

lower limit on the particle size collect~ 

5.0 EQUIPMENT ~~'~ 

The equipment neede~~~re is listed below. 

High-volu a@_gJ~ 
Filters b';;;;;;;!) 

. 
0
rement devices 

lo indicator (e.g., orifice, rotameter) 
ressure indicator (e.g., manometer) 

Thermometer 
Barometer 
Timing/control device 
Flow rate transfer standard 
Manila and glassine envelopes 
Electrical generator, if necessary 
Unleaded gasoline for generator, if necessary 
Extension cords 

6.0 PROCEDURE 

1. Ensure that the high-volume air sampler has been calibrated within the past 

six months. If it has not been calibrated within the past six months, then 

calibrate the instrument according to the operations manual. 
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2. Number each filter with an unique identification number and ensure that the 
fiiters have been weighed (after moisture equilibration) at the _laboratory which 

will analyze the filters. 

3. Backlight each filter and inspect for pinholes, particles, and other 
imperfections; a filter with visible imperfections must not be used. 

4. Read the operator's manual for the specific high-volume air sampler to be 
used. 

5. Place sampler motor/blower unit and filter holder in the servicing position by 

raising both of them up until the filter holder is above the top level of the shelter. ~ 

Then rotate the unit one-quarter turn, clockwise or counterclockwise (depe~di (\ 
on placement), so that the filter holder hangs in the rectangular hole in the \V 
sampler support pan. 

6. Remove faceplate part of the filter holder by loosening the ~wi~u+.,...' 
allowing the swing bolts to swing down out of the way.~ ~~~ 

7. Carefully center a numbered 8" x 10" filter, ~i e u o e 
supporting screen of the filter holder. Pro e · n the screen so 

that when the faceplate is in position, =~ an airtight seal on the 

outer edges of the filter. ~ ~ 

8. Secure the filter with g , ten the four swing bolts with sufficient 

pressure to avoidfa e, e e filter holder and sampler blower/motor 
unit to its nor I r 1n · n, and close the shelter. 

9. PI t · air sampler into an outlet or a gasoline operated 
g erator is used, ensure that it is placed downwind of the high-
vo pier. 

1 0. un motor/blower unit for 5 minutes to allow it to warm up. 

11. Record the flow rate for the sampler using the rotometer. 

12. Set the timer to start and stop the sampler for the specified time period. 
Record the start and stop times. 

13. After the sampling period, record the flow rate, again using the rotameter. 

14. Carefully remove the exposed filter from the supporting screen by holding it 

gently at the ends (not at the corners). Fold the filter lengthwise so that sample 
touches sample. 

15. Place filter in a glassine or similar folder. 
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16. Record all pertinent field information on the Daily Activity Log. For example, 

all weather conditions (e.g., barometric pressure and temperature) and 

instrument readings should be noted. 

7.0 REFERENCES 
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Core Barrel Sampling ·for Subsurface Earth Materials 

1.0 PURPOSE 

The following procedure outlines the steps to be followed when extracting subsurface 

earth material samples using the method of core barrel sampling. 

Decontamination of the core barrel parts and associated apparatus is not included as 

part of this standard operating procedure (SOP). (f\\ 
2.0 SCOPE ~~ 

2.1 Applicability ~ 

subsurface solid samples by using a drill rig an r efer to LANL-

ER-SOP-04.01, Drilling Methods and D~ a e , for further 
information on drilling at environ~ l ·o sites. 

2.2 Training \ ~ 

The field team lea members shall be familiar with the 

read an d n er is procedure. 

N 

AND/OR CAUTIONS 

When sampling soil or underlying sediments or other solid material, it is important to 
collect the required solid sample in a manner that least disturbs the material one is 

trying to extract. That is, one attempts to bring the subsurface sample to the surface in 

a way that the physical and chemical integrity of the sample is not compromised. In 

this manner, the sampler can determine, for instance, the relative density of the 
material, observe whether there is an obvious interface between horizons, or ascertain 

the actual color and other physical characteristics of the subsurface solids after they 
have been brought to the surface. 

This SOP is not meant to be all encompassing in terms of including all the details of 

sampling with a core barrel for every type of constituent. Specialized sampling may 
require modifying these procedures and these modifications are outside of the purview 

of this operating procedure. This procedure will cover sampling of subsurface 
sediments for radionuclides (including tritium), metals, polychlorinated biphenyls, total 

petroleum hydrocarbons, and volatile and semivolatile organic compounds. Sampling 
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for other constituents may be included under this SOP (or modifications thereof) at the 

discretion of the field team leader and operable unit project leader (OUPL). '"'-

5.0 EQUIPMENT 

Core barrels are generally 5 feet in length and made of mild alloy steel. They consist 

of a machined heavy-duty hollow steel tube split vertically into two equal sections. The 

ends of the two sections are threaded in a way that they are held together by screw 

fittings attached at each end. The core barrel is locked into place with the lead cutting 

auger by attachment to the drill rod or alternately through a wireline latch syst~em. In 

the drill rod method one end of the core barrel is connected to the drill rig's d · 

mechanism through a hexagonal slide couple while the other end is fitt ·t 

beveled hollow cutting edge that is screwed onto the core barrel. The di r 

stem augers and advance at the same rate as the auger fl~· hts. the · is 

advanced, the shoe of the core barrel (a piece of bev d el) s recedes the 

advancing drill bit. A bearing in the drive head pre rei assembly from 

rotating with the outer hollow stem auger. I · f io n · urbed subsurface 

sediments are pushed up into the hollo r re not pulverized by the drill 

bit. Modifications of a core barrel i a · f s ainless steel, brass or Teflon 

from the bore hole according a minimize loss of constituents such as , 

volatile organic comp 

Drilling with c r ers may be restricted by the material to be drilled 

t an the drill bit, it may be impossible to use the core barrel 

ling when drilling into harder rock material, cobbles or the like. 

ROCEDURE 

Before going in the field, the core barrels are disassembled and decontaminated. A 

standard decontamination procedure would be to scrub the core barrel with liquinox 

(liquid soap) solution followed by rinsing with distilled water. Steam cleaning can also 

be utilized in decontaminating core barrels. This latter service is provided by EM-7 at 

TA-50. 

Care should be taken to prevent contamination of the core barrels during storage or 

transportation. After decontamination, the core barrels are enclosed in disposable 

polyethylene bags. 

When ready to use, the two pieces of the core barrel are forced together by screwing 

on the two fittings at the top and the bottom of the core barrel. 

The core barrel is attached to either a drill rod or wireline system and lowered through 

the hollow stem to the bottom of the hole. When finally deployed, the beveled or 

cutting edge of the core barrel protrudes just past the drill bit. 
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The auger is connected to the drill drive head, and drilling commences over the length 

of the auger flight. 

Groups HS-1 and HS-5 support personnel use portable field instruments to monitor 

the cuttings around the drill stem for radioactivity and volatile organic compounds. 

They will signal whether it is safe to remove the core barrel from the drill rig. 

The core barrel is subsequently pulled out of the auger and out of the hole. 

The core barrel is carried to the sample preparation area. By using clamps 

on a table or other acceptable mechanism, the screw fittings at the ends 

barrel are taken off and the core barrel split open. 

Groups HS-1 and HS-5 personnel will take readings at each d of 

The core extracted from the borehole is then ~0 
The sections of core can be handle i~· e f s, depending on the specific 

application or analysis to be pe r w1 he lid sediments. One format is to 

segregate the five foot cor n t 1 0 ividual 6 inch sections. 

Ordinarily, the se~.n 
composite s rnl"'~t::il 

homog · e . 

ed for analysis (or several segments, if a 

-~·zed) is placed in a stainless steel bowl and 

~~ ~ mogenized sample are then placed in the relevant sample container. 

~~ation of the above procedure occurs when stainless steel, brass, Teflon. or 

lexan sleeves are inserted into the core barrel. The sleeves can be cut to length and 

typically have an outside diameter of 2.5 inches. The decontaminated and labeled 

sleeves are loaded into the core barrel prior to the core barrel being connected to the 

rig and the auger flight. Polyethylene gloves will be worn by all personnel handling 

sleeves. 

Instead of the core barrel itself being filled with earth materials, the sleeve inserts are 

filled. 

When the core barrels are opened after an auger flight advancement of 5 feet, the 

sleeves are revealed. 

The sleeves (if solid sleeves are used) are removed from the core barrel and fitted at 

each end with a plastic cap. If volatile organic compounds are an analyte of interest, a 

Teflon disc followed by a sheet of Teflon tape is placed over the end of the sleeve 

before the cap is attached. 
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Sleeves for volatile organic compounds are placed in a 12- x 12-inch zip lock bag and 

immediately cooled over ice. ' 

If the soil sample is to be used for the analysis of semivolatile organic compounds, it 

would also be stored in an ice chest. 

7.0 REFERENCES 

rnrouln:ll'records will be transferred to the ER Records Processing Facility in accordance 

the Procedure for LANL ER Records Management (LANL-ER-AP-02.1 ). 

9.0 ATTACHMENTS 

None 
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SUBSURFACE VAPOR SAMPLING USING SOIL GAS PROBES 
AND SINGLE DOWNHOLE PACKERS 

1.0 PURPOSE 

The purpose of this standard operating procedure (SOP) is to provide instructions for 
the collection of subsurface gas/vapor samples using soil gas probes and single 
downhole packers. 

2.0 SCOPE ~ 
2.1 Applicability ~ _'&J 
This procedure is applicable for the collection of subsurfac s/v~ -' es 
using soil gas probes and single downhole packers ~1..: AI ~ional 
Laboratory (Laboratory) Environmental Restoration ( ~l ·e t. se 
methods are used at sites with volatile and~ st~ r us and 
radioactive contaminants. a ' 
2.2 Training ~\ \\ 
Field team members, ig Team Manager, Field Team Leader, 
Site Safety Off~ic an a r performing subsurface gas/vapor sampling 
must documen read and understand this SOP and all 
procedure ctio ~. enerallnstructions) of the Laboratory's ER SOPs. 

3.0~ 
A. S "I a r e: A device driven into the subsurface for the purpose of extracting 

su e gas/vapor for chemical analysis. The probe consists of sections of 
pipe equipped with a driving point, a sampling screen, and a Teflon sampling 
tube. The driving point is located at the base of the probe; the sampling screen is 
located between the driving point and probe pipe; and the sampling tube leads 
from the screen, up the inside of the pipe to the surface for the collection of 
gas/vapor from the subsurface. The tube is connected to the sampling screen 
which is sealed off from the upper sections of pipe. 

B. Downhole Packer: An inflatable bladder that is placed in the annulus of the auger 
flights in a borehole or in an open section of a borehole to seal off a specific 
interval of the borehole for the purpose of sampling the pore gas/vapor in that 
interval. A compressed gas, such as nitrogen or zero air, is used to inflate the 
packer. The packer is equipped with a Teflon sampling tube leading from below 
the packer within the sampling interval to the ground surface for the collection of 
subsurface gas/vapor. 

C. Zero Air: Compressed dry air containing less than 1 ppm total hydrocarbons. 
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D. SUMMA® Canister: An evacuated stainless steel sampling device with a 
passivated inner surface that resists both surface adsorption and chemical 
reaction. Evacuated canisters are used to draw in the gas/vapor sample and 
retain it for remote laboratory analysis. 

E. Tedlar Bag: A dedicated gas/vapor sampling bag made of Tedlar film, a chemically 
inert fluorocarbon polymer with characteristically low permeability. The bag is 
received from the supplier in an evacuated and sealed condition. 

F. Lung Box: A sealed rigid box used for collecting a gas/vapor sample in a Tedla~ 
sample bag. An evacuated sample bag is placed into the lung box; then~he i f<\. 
the box is evacuated using a pump. A sample is collected in the bag by \ V 
opening the valve on the sample bag. 

G. Sorbent Tube: A glass, metal, or plastic tube containing so . mat~ sru:.~ . ally 

designed to adsorb analytes of interest. When gas/~v·s led ~Wthe 
tube, airborne chemicals are trapped by the adsorbe i . me cases, 

tubes are equipped with a second layer of a~ ate · I t serves as a 
backup layer and also indicator of sampl ~ u . 

H. Sample Vial: An evacuated glass a w1 Butyl rubber septum, which 

by the rubber septum g moved from the needle. 

I. Equipment Bias zero or ambient air collected through a 
decontami e oil s e or downhole packer. Equipment blanks are 

II c c the adequacy of decontamination procedures. 

J. nk: A sample of ambient air taken, possibly in tandem with the 
n blank, to monitor for the presence of compounds found in the ambient 

e field site. The ambient air blank is equivalent to a field blank. 

K. Pore GasNapor: Gaseous or vapor phrase compounds contained within the 
interstitial spaces of soil. Gas refers to a compound that is normally in the gaseous 
state at room temperature, while vapor refers to compounds that are normally 
liquids at room temperature but possess significant vapor pressures. 

L. Volatile Compounds: Compounds having vapor pressures at 2s·c greater than 

10-1 mm Hg (EPA, 1988). 

M. Semi volatile Compounds: Compounds having vapor pressures at 2s·c between 

1 o-1 and 1 o-7 mm Hg (EPA, 1988). 

N. Holding Time: Time between sampling and analysis that should not be exceeded 
in order to prevent sample deterioration. 

0. Lag Time: Time between sample collection and analysis determined by 
availability and proximity of analytical equipment. Lag time differs from holding 
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time in that holding times are controlled by the analytes and lag times are 
controlled by the availability and proximity of analytical equipment. 

4.0 BACKGROUND AND CAUTIONS 

4.1 Background 

The use of soil gas probes and downhole packers to collect subsurface pore 
gas/vapor samples is applicable to sites with volatile, semivolatile, hazardous, 
and radioactive contamination. The method of subsurface vapor sampling used~ 

depends on the site characteristics and the scope of the sampling plan. ~\V 

• Soil gas probes are good for shallow(< 15ft below ground s~ce) , 
sediment, and soft rock. 

• Downhole packers are appropriate for use in b~r ~t u good 
for sampling greater depths in a wider variety a aterials. 

However, use of a downhole packer d~o the v cement of a 

borehole with a drill rig. ~ 

For the purpose of this SOP, n p ers are used during the 
advancement of a boreh · a ow-stem auger rig. The theory 

behind the technig ttings along the auger flights create a 
seal, an~dh fo a ta ive sample can be collected from the 
base oft h · h t e augers in place, a packer is placed at a 
kno n ase of a borehole, where it is inflated to seal off a 

erval below the inflated packer. The packer is equipped 
ts tubing which run from the packer to the surface. One set of 

t:> is sed to inflate the packer with an inert gas such as zero air or 
ro en. The other tubing is Teflon and is used for the sample collection; it 
ns from the sampling interval below the inflated packer to the surface. 

The type of container used depends on the target analytes and lag time 
before analysis. The allowable holding times for the target analytes should 
be determined before sampling begins so that appropriate arrangements 
can be made with laboratories and shippers. 

• SUMMA canisters are appropriate for collecting volatile and semivolatile 
compounds (See EPA, 1988 for a complete list) that are going to be 
shipped to a laboratory for analysis. Each canister is equipped with a 
pressure gauge and a tag that are used to monitor for canister volume loss. 
Samples are not valid if a loss of> 2 psi ( 7%) is determined. If the 
concentrations of gas in a canister are high or the potential for radioactive 
gases/vapors exists, there may be shipping and/or laboratory restrictions. 
The allowable holding times for target analytes should be determined prior 
to sampling so that arrangements can be made with the laboratory. 
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T edlar bags and sample vials are appropriate for collecting volatile and 
semivolatile gas/vapor samples that will not be subjected to a significant 
lag time before analysis. The use of T edlar bags or sample vials is 
appropriate when field analysis equipment or a nearby laboratory are 
available. Sample vials are particularly useful for sampling in conjunction 
with soil-vapor extraction pilot tests. 

The holding times for these containers may vary, depending on the analyte 

loss over time, so analysis should be completed within 8 hours after ("\. 

collection. \ V 

of interest, and should be determined in coordination with the analytical 

laboratory prior to sample collection. However, the samples are subject~to 

• Sorbent tubes are useful when the specific analytes of int t are 
The type of sorbent material used is controlled by th peci · n 
interest: 

hydrocarbons) having boil~·ng i ~t e f aooc to 200°C can 
be collected in Tenax™ re · . 
Aliphatic amines and t~· ul c ected using silica gel tubes. 
Aldehydes and ket oul e c lected with XAD-2 tubes. 

Holding time d en g analytic and should be determined in 
coordin h a ical laboratory prior to sampling. Sorbent 

~ K~: ~:lns:mpl:e::::::::::t of direm sunlight and at ambient 
temperatures (unless otherwise stated) before and after sample collection. 

B. Make sure all fittings are tight, for they will tend to loosen during the driving 
process. Wrap all fitting threads with nonadhesive Teflon tape. 

C. Make shipping and laboratory personnel aware of all container-specific 
holding time restrictions as well as holding time requirements. The site
specific sampling and analysis plan should identify and coordinate all 
these issues. 

D. Use direct-reading instruments (with soil gas probes and downhole 
packers to assess contaminant concentrations on a real-time basis. The 
use of direct-reading instruments is essential for field health and safety 
monitoring of hazardous and radioactive constituents. The analytical 
laboratory will use the direct reading instrument data to ensure their own 
health and safety and to assist in selecting an appropriate calibration 
range for their instruments. 
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E. If a generator is used to power a driver, place the generator exhaust 
downwind of the probe in order to not contaminate the samples. 

5.0 EQUIPMENT 

Equipment and materials necessary for performing subsurface gas/vapor sampling 
using soil gas probes and downhole packers include, but are not limited to, the 
following: 

• 

• 
• 
• 
• 

6.0 PROCEDURE 

6.1 Soil Gas Probe Preparation and Installation/Use 

6.1.1 Preparation 

A. Prepare a decontaminated probe by first attaching the Teflon 
sampling tubing to the screen near the driving point of the first probe 
section. Make sure enough tubing has been attached to reach the 
deepest desired sampling depth. Thread the sample tubing through 
the probe and attach a blunt driving head to the top of the first probe 
section; the sample tubing should· extend out a slot in the driving 
head to protect it during installation. 
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B. Place a decontaminated, removable (or disposable} stainless steel 

(or appropriate material} drive point on the end of the first section of 

probe. 

6.1.2 Installation and Operation 

A. Drive the probe to the desired depth with a manual or power pipe 

driver, adding sections as necessary. Sections of probe are added 

by removing the driving head, threading the sample tubing through 

a new section, attaching the driving head to the new section as in 

Section 6.1.1, Step A. While driving in the probe, take care not to<(=\\ 

enlarge the hole unnecessarily by lateral probe movement~~ '&J 
B. When the screen is at the appropriate sample depth ach 

lift jack to the probe and lift up the probe out of he a s h 

exposes the screen and provides a p ce pore 

gas/vapor to enter the sample tu · . 

C. Remove the blunt drive~ o6 nd attach a luer-tipped, 

three-way valv~an ors th eflon tubing. Seal the top of 

the annular sp ee t e p be and the surface soil/formation 

with an ~i t rm ble material (e.g., bentonite, soil, 

molding y, ). 

fane ropriate monitoring instrument to one port on the 

y valve. On the remaining valve port, connect the vacuum 

u and rotameter or calibrated sampling pump. Open the three

ay valve to the pump and purge a minimum of one sample tube 

volume, not exceeding the volume at which concentrations of the 

subsurface gas/vapor begin to drop off. 

NOTE: During the purging process, it is necessary to monitor 

the breathing zone to ensure that personnel are not exposed 

to subsurface gas/vapor. 

E. Monitor the concentration of the subsurface gas/vapor at set (e.g., 1-

min} intervals by switching the three-way valve from the pump 

connection to the monitoring instrument. 

F. Record in a field book all installation and purging details, including 

tube volume, pumping rate, start and finish time of purging, volume 

purged, and gas/vapor concentrations in the subsurface obtained 

from the monitoring equipment. 

G. When purging is complete, seal off the three-way valve to the 

subsurface awaiting sample collection. If the valve does not have 

an OFF position, then switch the valve to the monitoring instrument. 
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H. Remove the vacuum pump with rotameter or calibrated sampling 
pump from the three-way valve port in preparation for sample 
collection. The monitoring instrument should remain attached. If the 
probe is going to be advanced to greater depths for additional 
samples refer back to A. 

I. If the probe will be advanced for further sample collection, refer back 
to step A above. Otherwise, remove the probe one section at a time 
using the jack. Remove the probe carefully; the probe tip and ~ 

screen can be easily damaged. ~\V 

6.2 Downhole Packer Installation and Use \\. ~ 

6.2.1 Installation \\. __ '\:;:::? 
A. Using a hollow-stem auger, advance th~~d sample 

barrel to the desired sampling d~~~ 

B. Remove the sample bar~t string. The driller should 
take care not to c~ean ri gas sampling to ensure that 
the auger flights e · wit ttings, effectively sealing off the 

bottomofg 

C. In~ · to the auger string and seat it against the sample 
I Ia i · g (located inside the auger bit). 

t e packer with compressed zero air or nitrogen, taking care 
n to over inflate and burst the packer. 

E. Attach a three-way, luer-tipped valve to the surface end of the Teflon 
sample tubing. 

F. Connect an appropriate monitoring instrument to one port on the 
three-way valve. On the remaining port, connect the vacuum pump 
and rotameter or calibrated sampling pump. 

6.2.2 Use 

A. Open the three-way valve to the pump and purge subsurface 
gas/vapor. The gas/vapor purged should equal, at a minimum, one 
sample tube in volume not exceeding the volume at which 
concentrations of the subsurface gas/vapor begin to drop off. 

NOTE: During the purging process, it is necessary to 
monitor the breathing zone to ensure that personnel are 
not exposed to subsurface gas/vapor. 
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B. Monitor the concentration of the subsurface gas/vapor at set (e.g., 1-
min ) intervals by switching the three-way valve from the pump 
connection to the monitoring instrument. 

C. Record in a field logbook all installation and purging details, 
including tube volume, pumping rate, start and finish time of 
purging, volume purged, and gas/vapor concentrations in the 
subsurface obtained from the monitoring equipment. 

B. Insert an evacuated Tedlar bag into the lung box and close and seal 
the lung box. 

C. Attach the Tedlar bag in the lung box to the available port on the 
three-way valve. 

D. Evacuate the lung box using a hand pump (or equivalent). 

E. Switch the three-way valve to the port attached to the Tedlar bag. 
Slowly open the valve on the sample bag; the vacuum in the lung 
box will fill the Tedlar bag with subsurface gas/vapor. Do not overfill 
the T edlar bag, for it may burst; a window on the lung box allows for 
visual observation of the Tedlar bag. 
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F. After the sample is collected, shut the valve on the Tedlar bag, and 
switch the three-way valve so that the subsurface is sealed from the 
atmosphere. Remove the Tedlar bag from the lung box and transfer 
it to a sample cooler (kept at ambient temperatures) to wait analysis. 

G. Record in a field logbook all details of the sampling, including 
• sampling date, 
• time, 
• ambient air temperature, and 
• sub~urface vapor/gas concentrations from the monitoring ~ 

equ1pment. ~ \ V 
6.3.2 Sorbent Tube .~ 

A. While preparing to sample, prepare to take rea · s fro 

intervals until the sample is collected. 

B. Place the sorbent tube speci · t of interest in line 
between a vacuum pum t ro r calibrated sampling 

and three-way va th propriate compression fittings 
make sure~ · o avoid leakage, which should be 

st~a·nl I o e . 

th r ay valve to the port attached to the sorbent tube 
Turn on the pump and allow subsurface pore gas/vapor 

n rough the sorbent tube until the required volume has 
sed through the tube. The required sample volume is 

determined by the detection limit of the analytical method and 
should be outlined in the site-specific sampling and analysis plan. 

D. After sample collection, tum off the pump, switch the three-way valve 
so that the subsurface is sealed off from the atmosphere. Remove 
the sorbent tube, cap the ends of the fittings, and transfer to a 
sample cooler to await analysis. 

E. Record in a field logbook all details of the sampling including, 
• sampling date, 
• time, 
• sample volume extracted (calculated from rotameter and 

sampling time), 
• ambient air temperature, and 
• subsurface gas/vapor concentrations from the monitoring 

equipment. 
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A. While preparing to sample, prepare to take readings from the 
monitoring instrument attached to the three-way valve at preset time 
intervals until the sample is collected. 

B. Prepare the SUMMA® canister following instructions in LANL-ER
SOP-06.22, Canister Sampling for Organics, EPA Method T0-14. 

C. Detach the purging pump and attach a SUMMA® canister to the ~ 
available port on the three-way valve. Record in a field boo~t <\ 
starting vacuum in the canister from the canister pressure \ V 

D. Open the three-way valve to the port attached to the~P\ 
canister. Slowly open the valve on the canist~self w the 
vacuum in the canister to draw in sub~ Y r. ample 
collection is complete when the pr s r in · er equilibrates 
with the subsurface condition , canister pressure 

gauge reading stabiliz~e 

E. After sample co~i ·s c le , close the valve on the canister 
and switi!c - va so that the subsurface is sealed off 
from the . ord in a field book the ending canister 
pr: e f m ister pressure gauge. The canister can now 

prep hipping to the laboratory for analysis. 

e 1n a field logbook all details of the sampling, including 
sampling date, 
time, 

• ambient air temperature, 
• starting and ending canister pressures, and 
• subsurface gas/vapor concentrations from monitoring 

equipment. 

G. The starting and ending canisters pressures should be recorded on 
the chain-of-custody form that accompanies the canister to the 
laboratory. 

6.3.4 Sample Vial 

A. While preparing to sample, prepare to take readings from the 
monitoring instrument at preset time intervals until the sample is 
collected. 

B. Attach an additional luer-tipped, three-way valve to the available 
port on the original three-way valve [valve (a) on Attachment A] 
[valve (b) on Attachment A]. 
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C. Connect a disposable syringe to one port on valve (b). 

D. Connect a clean, stainless steel, 20-22 gauge needle to the 
remaining port on valve (b). 

E. Attach an evacuated sampling vial to valve (b) by pushing the vial 
onto the needle attached in step D; valve (b) should be closed off to 
valve (a). Switch valve (a) from the monitoring instrument to valve 
(b) [Attachment A, position 1 ]. 

F. Open valve (b) to the sampling vial to allow subsurface gas/v~o~ 
enter [Attachment A, position 2]. ~ __ '&J 

G. Open valve (b) to the syringe and draw in 60 mL of ga~por 1) 
the syringe. [Attachment A, position 3]. ~~W 

H. Switch valve {b) so that the sample vial~· p inge port. 
Pressurize the sample vial with s/v or rom the syringe. 
[Attachment A, position 4]. s vial and place into a 
cooler (at ambient condi · to 1 lysis. 

I. Switch the three-~ (a that the subsurface is sealed off 
from the arR\~ conclusion of sampling. 

J. R~~gbook all details of the sampling, including 

~ air temperature, and 
ub~urface gas/vapor concentrations from the monitoring 

equ1pment. 

6.4 Equipment Decontamination 

6.4.1 Soil Gas Probe 

This process applies to all reusable parts of the soil gas probe and must 
be performed between sampling locations. 

A. Screen the equipment for radioactive contamination. If radioactivity 
is detected, implement the dry decontamination outlined in LANL
ER-SOP-01 .08, Field Decontamination of Drilling and Sampling 
Equipment. 

B. Once the equipment is determined to be free of any radioactive 
contamination, use the following chemical decontamination 
process: 
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1. Wash the equipment with a Liquinox® or Alconox® and water 

solution. A 5-ft-long barrel cleaning brush is helpful for 

cleaning the inside the probe pipe. 

2. Rinse the equipment using potable water and air dry. 

3. Provide a final rinse with deionized water and allow to air dry 

before resuse. 

Once the equipment is determined to be free of any radioactive 

contamination, use the following chemical decontamination 

process: 

1. Wash the outside of the equipment with a Liquinox® or 

Alconox® and water solution. 

2. Rinse the equipment using deionized water. 

3. Allow the equipment to air dry. 

C. While decontaminating the outside of the equipment, take care not 

to allow any decontamination solution or water to enter the Teflon 

sample tubing. 

D. Segregate, contain, and dispose of all solutions produced during 

the decontamination process using approved waste management 

procedures. 
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E. The method for decontaminating the Teflon tubing is found in 
Section 6.4.3 below. 

6.4.3{etlon Tubing 

All used Teflon sample tubing should be decontaminated in the following 
manner: 

A. After removal from the sample location, run nitrogen or zero air (or ~ 
ambient air if the relative humidity is low) through the tubing ~o 
evacuate any residual subsurface gas/vapor. Because Teflo 
nonabsorbent material, liquid decontamination of the i~ior 
surface before reuse is not necessary. 

B. Use a PID, FID, or appropriate monitorin~· ~to that 
the tubing is contaminant-free. If possibl , ny visible 
material on the outside of the tu~i i se f an replace any 
tubing that is visibly damage · r that equipment 
blanks show to be conta · d. 

c. 
Teflon. If t on, treat them in the same manner as 
the t · ; f he ain ess steel, decontaminate them in the 
sa h can be decontaminated using the four-step 

place them with equivalent parts. 

(\.~ "t ssurance/Quality Control Sampling 

~owing types of field quality assurance/quality control (QA/QC) samples 
are required. Establish analytical standards with the participating laboratory 
prior to sampling to ensure accuracy. 

Duplicate Samples: Duplicate samples are used to check the precision of the 
analysis. They should be taken in the same manner as the regular samples, 
with a frequency of one duplicate per 20 samples or, at least, one duplicate per 
field sampling event. 

Equipment Blank: An equipment blank, consisting of an appropriate sample 
container filled with zero air from a decontaminated soil gas probe or downhole 
packer before its use or reuse, should be collected at a frequency of one per 
day to check the decontamination process. 

Ambient Air Blank: An ambient air blank, consisting of an appropriate sample 
container filled with ambient surface air, should be collected in tandem with the 
equipment blank at a frequency of one per day. These samples, equivalent to a 
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field blank, assess the ambient surface air conditions and their potential 

interference's. 

Trip Blank: A trip blank, consisting of an appropriate sample container filled 

directly with zero air, should be collected at a frequency of one per day. It 

should be stored and transported under the same conditions and in the same 

container (e.g., a cooler) as the rest of the samples for that day. Trip blanks are 

used to assess any potential contaminants introduced during sample transport. 

9.0 ATTACHMENT 

Attachment A - Three-Way Valve Positions For Sampling System 
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Los Alamos National Laboratory Environmental Restoration Project 
THREE-WAY VALVE POSITIONS FOR SAMPLING SYSTEM 

Additional 3-
way valve (b) 

Original 3-wa 
valve (a) 

Valve (a) closed to 
monitoring 
instrument; valve 

(a) open to valve Position 1 
(b). Subsurface 
gas/vapor can 
enter valve (b). 

Position 3 Position 4 

Syringe port closed; 
sample vial port open to 

valve (a). Subsurface 
gas/vapor can enter 

sample vial. 

Valve (b) closed to 
valve (a). Syringe port 
open to sample vial 
port. Sample vial can 
be pressurized with 
yringe. 

• 

The three-way valve pictured is generic. Individual valves may operate differently, and operators of the 

equipment should be familiar with the proper positioning of the valve to direct the gas/vapor in the 

necessary directions. 

LANL-ER·SOP·06.27, RO 
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CHIP SAMPLING OF POROUS SURFACES 

1.0 PURPOSE 

This procedure describes a methodology for collecting chip samples representative of 

porous surfaces, and the selection of equipment and materials to be used in the process. 

2.0 SCOPE 

2.1 Applicability 

porous surfaces for the Environmental Restoration (ER) Prog~P 

sampling techniques are used for any porous object conside too I 

collection as a discreet sample, or for cases where susal co t . . on rather 

than contamination of the bulk material is of int~ Q · ude intact 

structures such as a roadbed or wall, c~un of br for transport, 

boulders or bedrock surfaces, and surf f · · g structures. 

2.2 Training ~~' 
The field team lea ~ t~ members shall be familiar with the 

objectives of chipl~ p us surfaces and shall document that they have 

read and ~~~pr edure. 

3.0 D ~ 

e. n this context, a surface capable of allowing the passage of liquid 

t or s or small crevices. Examples of porous materials applicable to the ER 

P nclude asphalt, concrete, wood, brick, unglazed clay pipe, and tuff. 

4.0 BACKGROUND AND/OR CAUTIONS 

The chipping process may create flying particles that could cause physical harm, 

particularly to the eyes. 

5.0 EQUIPMENT 

The equipment required to implement this procedure is listed in Attachment A. 
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6.0 PROCEDURE 

A Identify the types of analyses to be conducted on the samples. Coordinate the 

sampling effort with the Sample Coordination Facility (SCF). The SCF will give 

guidance regarding sample containers, preservation, and shipment to the SCF. 

B. Gather and decontaminate the necessary supplies and equipment in accordance 

with LANL-ER-SOP 01.08, Field Decontamination of Drilling and Sampling 

Equipment. 

G. Clearly mark the sampled surfaces with paint or other indelible medium. The mark 

should include the site identification number. Document the site with photographs, 

if appropriate. 

H. Decontaminate the equipment, if intended for immediate reuse, prior to collecting 

the next sample. Pack the samples for shipping to the SCF. Handle sampling 

wastes, excess sample materials, disposable items, and decontamination fluids 

following LANL-ER-AP-05.3, Management of Resource Conservation and Recovery 

Act facility investigations (RFI)-Generated Waste. 

I. Upon completing sampling, pack equipment for cleaning and return equipment and 

supplies to their proper storage locations. 



7.0 REFERENCES · 

LANL-ER-SOP-01.01, General Instructions for Field Investigations. 

LANL-ER-SOP-01.02, Sample Containers and Preservation 
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LANL-ER-SOP-01.04, Sample Control and Field Documentation 

LANL-ER-SOP-01.08, Field Decontamination of Drilling and Sampling Equipment. 

LANL-ER-AP-05.3, Management of RFI-Generated Waste . 
... , ~ . "' --· 

... ~· . 

8.0 RECORDS 

Completed Sample Collection Log ~ 

Completed Location Information Form · ~(\· 
Completed Master Collection Log · \. V 
Completed Chain of Custody/Request for Analysis Form ~ 

Completed Daily Activity Log, including any deviations .~r oth~r p.erti .. · t info · . 

The person performing chip sampling is responsible fo§~ ... • 2 ogs and forms 

in accordance with LANL-ER-SOP-1.04, Sample t an ~~cL,Jmentation. The 

person performing chip sampling is also resR o rring the records generated 

under this pro~edures to the Environm~e o ng Facili~yJRPF) in 

accordance w1th LANL-ER-AP-02.1, e f ER Re~ords 'Management. 

9.0 ATTACHMENTS@ .. 

. ·, . ~ 

·~ •' r 

_1 .. • •• 
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EQUIPMENT AND SUPPLIES CHECKLIST 

FOR CHIP SAMPLING OF POROUS SURFACES 

Protective equipment 
_Safety glasses 
_Sturdy work boots 
_Work gloves 

Paperwork 
_Borehole log (soil) form 
_Chain-of-Custody/Request-for-Analysis Form 

_Custody seals 
_Daily activity logs 
_Sample collection log 
_Sample labels 
_Unique sample identification number stickers 

Note: Not all equipment is expected to be needed at every site. 

Page 5 of 5 
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SINGLE-STAGE SAMPLING FOR SURFACE WATER RUN-OFF 

1.0 PURPOSE 

This procedure details the methodology adopted to collect discrete samples of 

surface water run-off from hillsides. or epheme.ral.watercourses. Analysis of-·' .· 

water and sediments in surface water run-off yields information on contaminants 

of concern (COCs) thatmay be. moving,.out of solid waste management units. ::: 

2.0 SCOPE 

3.0 

5.0 EQUIPMENT 

Equipment to be used in the construction of SSS include: 

• glass or plastic bottles, 

• tubing of different material dependent on constituents to be 
analyzed, and 

• other parts as needed contingent on the design of SSS adopted by 

the user. 
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6.0 PROCEDURE 

6.1 Design 

(,... . ~~. 

6.4 · Sample ,Pre~·aration 
. ::-· . ;._ ... :;:--; i' ·, ' .. ~ ~., c-:·. ,i. ·~.,.. . ._.,. ': ' . • • - " • 

-.:-:-; ~ ·· .. ...:$$P1pte pr~. (fiftratidp;~atidificatfcm):: wiU d&.J),a(ld on the 

informatiOn ~fed.byttretr user. The user should reffrto LANL-ER-SOP-

1.02,-Sample ~net and Preservation. At a minimum specific 

conductan~'aMf·pH shoUfd be determtn.a by the uear as soon as 

possible. · ... 

7.0 ·REfERENCES ·· ... .t 

LANL-ER.,S0P'"01.02, Sample CQn1ail)ers and Preservation 
' .... ~· . .. ,_ . . . .· . . 

LANL~ER-SOP;.01 !04.SampJ~· .. Contral anc1 Field Oocumentation 

· tANL-ER~AP..()2:1~rJ=»rocedure forLANt.. ER Records Management , 
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STANDARD OPERATING PROCEDURES 

GENERAL INSTRUCTIONS 

1. Please read and familiarize yourself with the Purpose and Scope of each section 

and the Field Activity Flow Chart (Attachment A), located in LANL-ER-SOP-1.01,RO. 

2. Ensure that the personnel you supervise have access to your manual or ensure 

that they are issued "controlled working copies" of appropriate procedures. 

3. Follow the directions in the administrative procedure LANL-ER-AP-01.4, RO, 

Distribution of Controlled Documents Prepared for the Environmental Restoration 

Program, to request controlled working copies of procedures for your employees. 

4. Follow the guidelines in the administrative procedure LANL-ER-AP-01.5,RO, 

Revision or Interim Change of Environmental Program Controlled Documents, to 

initiate interim changes or revisions to procedures. 

5. Request unmarked copies of the Chain of Custody/Request for Analysis form 

located in LANL-ER-SOP-01.4, R1 by contacting John Miglio at CST-9, MS K484, 

665-8742. 

6. Request unmarked copies of all other SOP forms by contacting the Controlled 

Document Coordinator (Yvonne Gibson) at EMlER, MS M707, 665-6498. 

7. PLEASE return your manual to the Document Control Coordinator for EM/ER, if 

you leave or are no longer conducting work for the ER Program. 

8. Contact the Controlled Document Coordinator before you transfer your controlled 

manual to another person. 
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Documentation 
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'"''_.( 
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LANL-ER-SOP-12.02,Rl Transportation, June 27, 1996 LANL-ER-SOP-12.02,R2 

Receipt, 
and Admittance of Transportation, Receipt, and 

Borehole Samples for Admittance of Borehole Sample for 

The Sample The Sample Management Facility 

Management Facility 
05/25/94 

. LANL-ER-SOP-1.06,RO Management of RFI- September 6, 1994 LANL-ER-AP-05.3,RO 

Generated Waste Management of 

03/16/92 Environmental Restoration 
Program Waste 
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''brtNL-ER-SOP-0 1.04,R2 Sample Control and March 10, 1995 LANL-ER-SOP-01.04,R3 
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LANL-ER-SOP-0 1.06,RO Management of RFI- March J 6, 1992 LANL-ER-SOP-1.06,Rl 

Generated Waste Management of Environmental 
Project Waste 



Procedure Number 

LANL-ER-SOP-01- VOL I 

Standard Operating Procedures (SOPs) 
for 

Environmental Restoration 

Table of Contents 

Volume I and II 

Qocument IH!e 

LANL-ER-SOP-01.01, RO,ICN11 GenerallnS1ructions 1or F~~ 
LANL-ER-SOP-01.02, RO Sample~~~ 

JL-ER-SOP-01.03, R 1 ~;.~ng and Shipping of Samples 

Table of Contents 
NOV2895 
Page 1 

09/01/95 

04/24/95 

03/16/92 

05/05/94 

03/03/95 LANL-ER-S0(\1~ $ ~ Con1rol and Field Documen1ation 

LANL-ER-SOP~ LANL-ER-SOP-01.04,R3 Sample Control and Field Documentation 11/1.5/95 

LANL-ER-SOP-01.05, RO Field Quality Control Samples 03/16/92 

LANL-ER-SOP-01.07, RO Operational Guidelines For Taking Soil And Water Samples In Explosive 03/21/95 

Areas 

LANL-ER-SOP-01.08, RO Field Decontamination Of Drilling And Sampling Equipment 03/31/95 

LANL-ER-SOP-01.09, RO,ICN13 Management Of Environmental Restoration Radioactive Material 

Management Areas 

LANL-ER-SOP-03- VOL I ••• RECONNAISSANCE I FIELD SURVEYS ... 

· NL-ER-SOP-03.01, R1 ,ICN6 Land Surveying Procedures 

11/10/95 

09/01/95 

01/31/95 



Standard Operating Procedures (SOPs) 
for 

Environmental Restoration 

Table of Contents 

Volume I and II 

Table of Contents 
NOV2895 
Page2 

~~ 
LANL-ER-SOP-03.02. R1 General Surtace Geophysics ~ © 
Procedure Number Document Tij!e 

LANL-ER-SOP-Q3.04, RO Petrography ~ ~ 

LANL-ER-SOP-03.06~ \ e Characterization 

LANL -ER-S~~~"-> Characterization ol Ltthologic Variations W~hin the Rock OUtcrops of a 

J~ Volcanic Field 

LANL-ER-SOP-03.08, RO Geomorphic Characterization 

LANL-ER-SOP-03.09, RO 

LANL-ER-SOP-03.1 0, RO 

LANL-ER-SOP-03.11, RO 

LANL-ER-SOP-03.12, RO 

LANL-ER-SOP-04- VOL I 

Geologic Mapping of Bedrock Units 

Trenching and Logging 

Coordinating and Evaluating Geodetic Surveys 

Field and Laboratory Notebook Documentation for Environmental 

Restoration Earth Science Studies 
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Thief Sampler for Dry Powders or Granules 03/16/92 

Trier Sampler for Sludges and Moist Powders or Granules 03/16/92 

Collection of Sand, Packed Powder, or Granule Samples Using the Hand 03/16/92 

Auger 

Weighted Bottle Sampler for Liquids and Slurries in Tanks 03/16/92 

Volatile Organic Sampling Train 03/16/92 



procedure Number 

Standard Operating Procedures (SOPs) 
for 

Environmental Restoration 

Table of Contents 

Volume I and II 

Document Tttle 

Table of Contents 

NOV2895 
PageS 

~~ 
lANl-ER-SOP-o6.22, RO Canister Sampling for Organics -~© 03/16/92 

lANl-ER-SOP-06.23, RO Measuremen1 of ~s ~ium Iodide Detector 05119/93 

05/19/93 

LANL-ER-SOP-06.25~ \ spended Particulate Air Sampling 06/25/93 

lANl-ER-5~~~ Core Barrel Sampling for Subsurlace Earth Materials 05/19/93 
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LANL-ER-SOP-06.29, RO Single-Stage Sampling for Surface Water Run-Off 09/17/93 
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Permeability of Granular Soils 03/16/92 
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PRESSURE TRANSDUCERS 

1.0 PURPOSE 
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The purpose of this procedure is to describe the methods for conducting office and field checks 

of pressure transducers for use in the Environmental Restoration (ER) program. 

2.0 SCOPE 

2. 1 Applicability 

ER Program. \\ ~ . 

2.2 Training t()\ ~ 
The field team leader should ensure · .~rs understand the use of 

pressure transducers and the s · a lo rs h which they are to be used. The 

3
.
0 
:::;:;p~(Q)" , en Instructions. · 

A. H~ ~~~~~~fl The pressure exerted by a column of fluid. 

~O~~~D AND/OR CAUTIONS 

~ure transducer measures pressures over a specific range of submergence. Outside ·this 

range, measurements will not be accurate. If the transducer is over-pressured, permanent 

damage can occur; therefore, the transducer probe must never be submerged beyond its rated 

depth. Pressure transducers are designed to be used with automatic data logging instruments 

and send a current to the data logger. The current is proportional to the pressure and can be 

converted to meaningful units by the data logger. The pressure measured is the total pressure, 

which includes the hydrostatic pressure of the fluid column above the transducer and the 

atmospheric pressure at the fluid surface. 

Most pressure transducers are self-compensating for changes in atmospheric pressure via a 

vent to the atmosphere. The vent port is normally located where the cable attaches to the data 

logger, thus, where extension cables are being used, the operator should ensure that the 

connecter is not submerged. Also, there should be .!!Q. sharp bends in the transducer cable. 

There are a number of pressure transducers on the market and the operator must consult the 

manufacturer's specifications concerning maintainence and chemical compatibility with 

contaminants which are expected to be present in the medium to be monitored (usually water). 



LANL-ER-SOP-07.01, RO 
Page 2 of 5 

Under normal conditions it should not be necessary to disassemble the pressure transducer. 

However, if it does become necessary, follow the manufacturer's instructions carefully and 

check the accuracy of the reassembled probe as discussed in Section 6.0. 

NOTE: Many data loggers contain lithium batteries, which are classified by the Department of 

Transportation (DOT) as hazardous material. Contact the DOT and all other authorities (i.e., 

Federal Express, Airport, ~tc.) involved with equipment shipment for instructions. © 
Site workers preparing for field operations should read and understand the procedu~es 0 
in LANL-ER-SOPs, Section 2.0, Health and Safety in the Field. In addition, site wo ld\ V 
refer to site-specific Operable Unit Health and Safety plans for the particular ~th ~ 

equipment to be used. ~ -~ 

5.0 EQUIPMENT \ w 

6.0 PROCEDURE ~ 

Be sure to record the inform~t cturer's data log sheet. Begin by identifying the 

01.04). 
serial number and~ mu er t strument. Use the Daily Activity Log (refer to SOP-

A. ~~ t and supplies listed in Attachment A. Consult manufacturers 

~~ure the proper operation of all equipment. 

B. the proper operation of the electronic data logger and pressure transducer. Review 

g ines in the operator's manual for the electronic data logger. Consult the 

manufacturer's instructions as to the setting of transducer depth, the reference elevation, 

scale factor, and test number. Be sure that the data logger or its battery pack is fully 

charged. Using a 3- to 4-ft column of water (for example, capped PVC casing), test the 

response of the electronic data logger and pressure transducer. 

C. Conduct a test for the proper depth response and a test for the drift of readings in this 

column, as discussed below. These tests constitute a calibration check for the data logging 

instrumentation. Perform this check daily where possible. 

Depth Response Test 

1. Mark the length of the transducer cable at measured intervals appropriate for the 

column of water. Using a 4-ft column of water, for example, mark the cable with tape at 

1-ft intervals (for a 3-ft length), measuring from the transducer end. 
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2. Connect the cable to the data logger and put the data logger into display mode so that 

changes in hydrostatic pressure can be monitored. 

3. Fill a capped PVC well screen with water and lower the transducer probe into the filled 

casing to the first mark and obtain a reading. Repeat until the last mark has been 

reached. Start the logging sequence. 

4. Wait one minute and raise the transducer a measured length. Wait one more minute. 

5. Continue raising the transducer cable by the measured increments and~·~ 
results for one minute until all segments have been measured. ._'&J 

6. Check the depth recorded on the data logger against e a de f the 

manufacturer for calibration. 0 
Drift Test a~\ 
1. \r '\)m~ to the edge of the column. 

2. t electronic data logger and begin a 15-min logging 

sequen(p_\ 

3. &..~ ~ for noticeable drift of the depth measurement. 

('\ ~ ~~ manufacturer H an unacceptable noticeable d~ft is occurring. 

~te the monitoring wells where the pressure transducer will be calibrated. 

E. Decontaminate the transducer and cable as specified in SOP-02.07, General Equipment 

Decontamination. 

F. Take an initial water level measurement from the well to be monitored using a tape or water 

level sounder according to SOP-07 .02, Fluid Level Measurement. Record all pertinent 

information on the Groundwater Elevation form found in SOP-07 .02. 

G. Before beginning the monitoring, set up the data logger as outlined in the manufacturer's 

manual. The type of information may vary, depending on the model used. When using 

different models, consult the operator's manual for the proper data entry sequence to be 

used. Be sure that the field operator understands what computations must be made and 

how to save the data to prevent accidental data loss. 

H. Cover sharp edges of the well casing with duct tape to protect the transducer cables. 

Lower the pressure transducer into place, monitoring the hydrostatic pressure during 

installation. Duct tape transducer into place prior to commencement of test 
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I. Check the depth of the transducer using the display mode of the data logger and test 

transducer response by raising it about a foot. 

J. Commence the water level measuring task to be performed (for example, slug test or 

pumping test). 

•Owner's Manual: Hydrologic Analysis System, Model SE200, • April 1984. 

8.0 RECORDS 

A. Completed Groundwater Elevation form. 

B. Completed Daily Activity Log which will indude calibration data, any calculations, 

decontamination procedures, any deviations, data from the electronic data logger, and 

additional comments. 

9.0 ATTACHMENTS 

A. Equipment and supplies checklist 



EQUIPMENT AND SUPPLIES CHECKLIST 
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ATTACHMENT A 
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Electronic data logger and printer or level head 

Pressure transducer and cable 

Water level sounder 

Tape measure graduated in 0.01 ft 

Capped PVC casing 

Duct tape 

Groundwater Elevation forms 

Daily Activity Logs 
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FLUID LEVEL MEASUREMENT 
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1.0 PURPOSE 

The purpose of this procedure is to describe the method for determining the depth-to-fluid and 

groundwater elevations in an open borehole, cased borehole, monitor well, or piezometer for the 

Environmental Restoration (ER) program. 

2.0 SCOPE 

3.0 

This procedure is applicable to all field team members who '{\ope~}, ter level 

instruments for the ER program. t()'\ ~ 
2.2 Training ~\~ 

~~It g e proper implementation of this 

~;d\;am1 iar with the objectives and be trained in 

ITJ'ec~reJllllent and must certify that they have read and 

cedure in Section 1.0, General Instructions. 

well used to measure the potentiometric surface of 

4.0 B CKGROUND AND/OR CAUTIONS 

Water level measurements are generally used to construct potentiometric surface maps. The 

documentation of water level measurements, air quality for the health and safety of field 

personnel, and equipment calibration will be performed as described in the associated SOPs. 

Refer to the site-specific work plan for more information on the scope of work activities, 

equipment, and frequency of measurements for this SOP. 

Since water level measurements from boreholes, piezometers, or monitor wells are used to 

construct potentiometric surface maps, ideally, water level measurements should be collected 

within a 24-hr period. Under the following conditions, all measurements must be taken within a 

shorter interval: 

• A range of observed changes between wells that is too large to be indicative of natural 

groundwater gradient 

• Drastic atmospheric pressure changes 

. . .,. 



• Aquifers affected by river stage, impoundments, or unlined ditches 

• Aquifers stressed by intermittent pumping of production wells 

• Aquifers being actively recharged because of precipitation event. 
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The device used to measure water levels should be adequate to attain an accuracy of 0.01 ~ft. 

Generally acceptable devices are listed below: ~ 

• Steel tape ~ \ 
• An electric sounder ~ 
• A petroleum product probe 

• A transducer. ~ \ 
Additionally, the following devices can be cc~about 1.0 ft . 

• 

• 

Site w ers preparing for field operations should read and understand the procedures outlined 

in LANL-ER-SOPs, Section 2.0, Health and Safety in the Field. In addition, site workers should 

refer to site-specific Operable Unit Health and Safety plans for the particular health and safety 

equipment to be used. 

5.0 EQUIPMENT 

Equipment to implement this procedure are listed in Attachment A. 

6.0 PROCEDURE 

A. Locate monitor wells to be measured and the appropriate decontamination area. Check 

decontamination zones and barricades to public access. 

B. Decontaminate all sampling equipment before taking the first measurement and between 

measurement intervals (SOP-02.07, General Equipment Decontamination). 
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C. When taking a number of water level measurements, it is preferable to start at those wells 

that are the least contaminated and proceed to those wells that are the most contaminated. 

D. Whenever a water level is measured, enter a description of the sampling location and 

record of the measured value onto the Groundwater Elevation form (Attachment B). Fill out 

the forms as described in Attachment C, Data Form Completion. If appropriate, record 

information regarding the elevation and thickness of the Non Aqueous Phase Liquid (NAPL) 

to determine the actual groundwater elevation, but this condition is not anticipated in 

groundwater monitoring of the Los Alamos National Laboratory or its environs. ((=\\ 
E. Place equipment on a TeflonN or plastic sheet, or In a stainless steel bucket ~ ~ 

F. Remove locking well and well casing cap. Note the location, time of d~\md~he 
appropriate data form. \\. --~ 

G. If required by site-specific conditions, monito e ead ~~the well with a 

organic compounds and record the me e ropnate forms. 

H. Place a survey mark in the ~· re nee measuring point. The mark should be 

permanent; a groove~ mmended. Mark another measuring reference on 

the grout ap~o ua i his provides consistency in future water level 

measuremen . e 1ng point is missing, record the water level relative to the 

gro~s , ut rk e casing at the point the measurement was made. Record the · '" 

· t mark to the ground surface on the data form and describe the new 

· tin the comments column of the data form. Document the measuring point 

form. 

I. Lower an electric water level measuring device or equivalent (for instance, permanently 

installed transducers, airline, or popper) into the well until the liquid surface is encountered. 

A popper is a metal cylinder with a concave undersurface that is attached to the end of a 

steel tape. The popper makes an audible •pop• when it hits the water allowing the distance 

to the water surface to be determined on the tape. 

J. Measure the distance from the liquid surface to the reference measuring point on the well 

casing and record this distance on the data form in the comments column. If the well 

casing is damaged, measure from some other permanently fixed structure or the ground 

surface and note this modification on the data form. 

K. Measure depth-to-liquid at least twice or until results are reproduced and record each 

measurement in the comments column of the data form. Measure the distance to the water 

level if it is different from the initial liquid level. Record the reproduced measurement in the 

depth-to-liquid column on the field form. 

L Remove all downhole equipment; replace the well casing cap and locking steel caps. 
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M. Rinse all downhole equipment and store for transport to the decontamination area. 

N. Note any physical changes (like erosion or cracks) in the protective concrete pad or 

variation in the total depth of the well on the data form. 

0. If using pressure transducers to measure water levels, refer to SOP-07.01, Pressure 

Transducers. 

6.1 Preliminary Determinations ~ ~ 
A. Complete all data collection forms and sign all pages. ~ 

B. 
stake or protective casing. o 

6.2 Postoperation Activities 0 

7.0 REFERENCES ~, 

y fii?aJ:~is procedure that should be reviewed prior to measuring 

water leve · :~ 

ction 1.0, General Instructions. 

in Section 2.0, Health and Safety in the Field. 

P-07.01, Pressure Transducers. 

EPA. 1986. "RCRA Groundwater Monitoring Technical Enforcement Guidance Document." 

U.S. Environmental Protection Agency unnumbered document. U.S. Government Printing 

Office, Washington, D.C. 

8.0 RECORDS 

A. Completed Groundwater Elevation Form 

B. Daily Activity Log that may contain any additional information including deviations 



9.0 ATTACHMENTS 

A. Equl'p ment and Su . pphes Checklist 

B. Groundwater El . evat•on Form 

C. Data Form C ompletion 
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ATIACHMENTA 
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EQUIPMENT AND SUPPLIES CHECKLIST FOR 

FLUID LEVEL MEASUREMENTS 

Site map showing well locations 

Steel tape and blue surveyor's chalk 

Electric sounder 

Reflection sounder 

Daily Activity Logs 

Groundwater Elevation Form 
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DATA FORM COMPLETION 

ATTACHMENT C 
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GROUNDWATER ELEVATION FORM 

Use an indelible dark ink pen. Make an entry in each blank. Where there is no data entry, enter 

UNK for Unknown, NA for Not Applicable, or NO for Not Done, etc. To change an entry, draw a 

single line through it, add the correct information above it, and date and initial the change. Fo~r 

all forms, complete the following Information: 
8 

1. Technical Area {TA). Two-digit number indicating theTA in which the sampling~\ 
done or sample is being studied. ·~ 

being done or sample is being studied. 

3. Log Date and Time. The date and time w~en ~ s made, in the following 

formats: 00-MMM-YY {e.g., 01-Jan-91) e o lock time {e.g., 0837 for 8:37 

a.m. and 1912 for 7:12p.m.). 

4. 
practical unit. ~ 

5. Weathe~n t en s. Record all other conditions pertinent to the sample 

col ti · n the Daily Activity Log in SOP-01.01.01. 

6. v · . ecord the elevation of the well to the ground level datum top of the casing 

hichever is appropriate using survey or other information. . 

7. Depth-to-Water. The water level measurement in feet, tenths of feet, or hundredths of feet. 

if a NAPL is in evidence, record the depth to the NAPL thickness. Use the Daily Activity 

Log to record additional NAPL information. 

8. Measurement Method and Type of Probe. Record the method of measurement and the 

probe manufacturer's name and the serial number of the probe. 
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WELL SLUG TEST 

1.0 PURPOSE 
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This procedure defines field methods for the collection of data for determining saturated 

hydraulic conductivity under in situ conditions by the slug test withdrawal method of analysis for 

the Environmental Restoration (ER) program. 

2.0 SCOPE 

2.1 Applicability 

withdrawal method for the ER program. t(5\ 
2.2 Training 0 \::::::}) 
The field team leader is respo · mo · rin the proper implementation of this 

and should docume~ e bot read and understand this procedure and the 

. I conductivity: The flow rate of water in gallons per day through a cross 

s ·on of one square foot under a unit hydraulic gradient, at the prevailing temperature 

(gpdlft2). 

B. Storage coefficient(s): The volume of water an aquifer releases from or takes into 

storage per unit surface area of the aquifer per unit change in head. 

4.0 BACKGROUND AND/OR CAUTIONS 

The slug test measures the rate at which groundwater stabilizes in a well over time due to the 

injection or withdrawal of a mass (slug) beneath the groundwater surface. From this water level 

fluctuation versus time data, the hydraulic conductivity of the immediate area can be 

determined. Refer to the site-specific work plan for more information on the scope of work 

activities for which slug testing is required and the locations of the wells that are to be tested. 

With the slug test the hydraulic conductivity or transmissibility of an aquifer is determined from 

the rate of rise of the water level in a well or borehole after a certain volume or •slug• of water is 

suddenly removed from the well. The slug is inserted and the water level is allowed to reach 

equilibrium. Then the slug is suddenly removed and the rise in water level is measured with 

time. 
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The primary advantages of using slug tests to estimate conductivities are: (a) estimates can be 

made in situ and errors incurred in the laboratory testing of disturbed samples can be avoided; 

(b) tests can be performed quickly at relatively low costs because a pumping well and 

observation wells are not required; and (c) the hydraulic conductivity of small, discrete portions 

of an aquifer can be estimated (for example, sand layers in a clay). 

Umitations of slug testing include: (a) only the hydraulic conductivity of the area immediate~ly 

surrounding the well is estimated, which may not be representative of the average hydrau ~· 

conductivity of the local area; (b) certain assumptions made in the analysis proce~\V 
assumptions are inappropriate for the geologic conditions at the site, the slug test e 

invalid; (c) the storage coefficient, S, usually cannot be determined; and (d) ~uffi · 

analysis may not be collected if the hydraulic conductivity is relatively hi~ 

The time required for a slug test is a function of the vol~ e hydraulic 

conductivity of the formation, and the type of well com!fi sl o e should be large 

enough that a sufficient number of water lev~l ~ made before the water 

level returns to equilibrium conditions. The le th a.~ range from less than a minute 

to several hours. 

If the well is to be used as a · e precautions so that the contamination does 

obtain it from an un n ce and transport it in a clean container. Clean bailers or 

measuring~evi re te SOP-02.07, General Equipment Decontamination). If tests 

are pe r ne monitoring well, avoid cross-contamination of the wells. 

g ts on relatively undisturbed wells. If a test is conducted on a well that has 

III.UJ~aen pumped for water-sampling purposes, the measured water level must be withi~ 

e water level before sampling. At least one week should elapse between the drilling 

of a well and the performance of a slug test. 

NOTE: The exact dimensions of the monitoring well, borehole, casing, and sand pack must be 

recorded to analyze the slug test data correctly. 

Site workers preparing for field operations should read and understand the procedures outlined 

in LANL-ER-SOPs, Section 2.0, Health and Safety in the Field. In addition, site workers should 

refer to site-specific Operable Unit Health and Safety plans for the particular health and safety 

equipment to be used. 

5.0 EQUIPMENT 

Equipment to implement this procedure is listed in Attachment A. 
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The following general procedures should be used to collect and report slug test data. The 

procedures required for a particular slug test may vary slightly from those described, depending 

on site-specific conditions. Modifications to the test procedures will be contained in the site

specific work plan. 

Procedures for conducting the slug test with a pressure transducer and data logger, as wel~as 

water level probe, are described below. Be sure to complete all data collection forms. ~ 

6.1 Slug Test with Pressure Transducer and Data Logger ~ \ 
ee~ni~er. 
iff~~~ls, consult 

ee SOP-07.01 for 

C. After connecting the transducer cable to the electronic data logger, enter the initial 

water level and transducer design range into the recording device according to the 

manufacturer's instructions. The transducer design range will be stamped on the side 

of the transducer. Record the initial water level on the recording device. 

D. Smoothly lower the slug or bailer into the well. Where the slug contacts the water can 

be detected by observing the transducer readout. 

E. Allow the water level to restabilize (within 0.1 ft) and remove the cylinder or bailer. 

Remove the volumes as quickly and smoothly as possible, because the analysis 

assumes that an instantaneous change in volume is created in the well. 
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F. Continue measuring and recording depth-time measurements until the water level re

turns to equilibrium conditions or a sufficient number of readings have been made to 

clearly show a trend on a plot recovery versus the logarithm of time. 

G. Lower the slug and repeat the data collection portions of step F. 

6.2 Slug Test with Water Level Probe 

If the slug test data are collected and recorded manually, record observations on the Sl© 

Test Data form (Attachment B). Fill out the form as described in Attachment~hi \V 
method should only be used if an electronic data recorder cannot be obtained. Th d 

cannot be used for aquifers with a high hydraulic conductivity becau tabili 

groundwater will occur rapidly. 

for several minutes and taking the ave rag~ din s ( -07 .02). Record 

results on the Groundwater Elevation~o O 
NOTE: When measuring water I s, 1 i important to take the measurements 

rapidly for accurate results. 

B. 
can be esti · he depth-to-water found in part A onto the slug line. 

C ~ the depth-to-water and the time at each reading. The moment 

lume or removed is Time Zero. Depths should be measured to the 

. 0. ft. The number of depth-time measurements necessary to complete the 

vanes. 

D. Continue measuring and recording depth-time measurements until the water level 

returns to equilibrium conditions or a sufficient number of readings have been made to 

clearly show a trend on a plot recovery versus the logarithm of time. 

E. Lower the slug and repeat the data collection portions of steps C and D. 

F. Decontaminate the downhole equipment according to SOP-02.07, General Equipment 

Decontamination. Cut off contaminated portions of rope and dispose of them in 

accordance with SOP-01.06, Management of RFI-Generated Waste. 

G. If using an electronic data logger, follow the steps listed below. 

1. Stop the logging sequence. 

2. Print the data or send to the computer by telephone. 
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3. Save memory and disconnect the battery at the end of the day's activities. 

H. Check all data collection forms for completeness. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be reviewed 

before slug testing: 

LANL-ER-SOPs in Section 1.0, General Instructions. 

LANL-ER-SOPs in Section 2.0, Health and Safety in the Field. 

Houston, Texas: Society of 

Ferris, J. G. and D. B. Knowles. 1954. "The Slug Test for Estimating Transmissivity; U.S. 

Geological Survey Groundwater Note 26. 

Freeze, A. Allen, and John A. Cherry. 1979. ·Groundwater; Prentice-Hall, Inc., Englewood 

Cliffs, NJ. 

Hvorslev. 1951. "Time Lag and Soil Permeability in Ground-Water Observations; 50. U.S. 

Army Corps of Engineers, Bulletin No. 36. Washington, D.C. 

Johnson Division, UOP, Inc. 1966. •Groundwater and Wells; Johnson Division, UOP, Inc. 

Publication. 

Lohman, S.W. 1972. ·Ground-Water Hydraulics; 70. U.S. Geological Survey Paoer 708. U.S. 

Government Printing Office, Washington, D.C. 
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Neuman, S.P. 1972. "Theory of Flow in Unconfined Aquifers Considering Delayed Response of 

the Water Table,· Water Resources Research 8. No. 4: 1 031. 

Papadopulos, S. S., J. D. Bredehoett, and H. H. Cooper, Jr. 1973. ·on the Analysis of Slug 

Test Data,· Water Resources Research 9. No.4. 

Todd, David K. 1980. •Groundwater Hydrology,• 2nd ed., John Wiley & Sons, New York, NY~ 

Walton, William C. 1970. Groundwater Resource Evaluation. McGraw-Hill Book~8 
New York, NY. 

8.0 RECORDS 

A. 

B. A Completed Groundwater Elevation Form. 0 
c. 

9.0 ATTACHMENTS ~ 

_ .. """" ....... n ..... dfo~· 
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EQUIPMENT AND SUPPLIES CHECKLIST FOR 

WELL SLUG TESTS 

Water pressure transducers, if appropriate 

Electric water level indicator or electronic data logger (if 

transducer method is used) 

Weighted tapes wilh plopper ~ 

surveyor's chalk 

Stainless steel slug of a known vo~ ~ 
Teflon'DI or stainless bail~~e 

Watch or slo ~ ~ 
~bd~ into tens of feet) 

Nonwater-soluble black ink pens 

Daily Activity Logs 

Groundwater Elevation forms 

Slug Test Data forms 
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Date: ENVIRONMENTAL RESTORAnON 
SLUGTESTDATA 
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Sheet_of __ 

Technical Area Operable Unit WeiiNurmer 

<0~ §) Site Worx Plan: 

Signature: 

Test MethOd: _Slug Injection or __ Slug Withdrawal Exact Slug DimensiOns: (\ \. '-'? 

WeH co""'"""Gn ...... (~i:f!:'"m): 
("\. \\~ V'" 

Method of water level measur : ... ~\\ ~ \/'" 
Comments: II .....-? ((\\ \~ 

~r ~"' \\_)} -
('I""\ lJ # rJ,;;? \ ~' '-"' 

~'lit..., ~ ~ \\ " 
EUU'SED rialo.? DEPTH-TO-W~~ rED TIME DEPTH-TO-WATER ' 

(Min) t:~t<:' ~ ~ ~) (Ft) 

...... ~ f>"'"' ' ' \) v LZ )) 
(I ~ '\.~ ~ 

{/ II 
~ \\\\ n - '"'1-1.? II ~ 

~ \.~\.' ~ 
~ ~ ~.., 

~,.('~ 

~ 
\\\\~ C'~ (~ 

~ } } y ,.('(" 
'"' 

~ ~r AA 
'4Sri'. 

''r ..1:'-
u~ 

~/\)' 

Cl CHECK HERE IF CONllNUED ON BACK OF THIS SHEET EA-801'47.111. AD WI 



DATA FORM COMPLETION 

ATTACHMENT C 
LANL-ER-SOP-07.03, RO 

Page 9 of 9 

SLUG TEST DATA FORM (ATIACHMENT B) 

Use an indelible dark ink pen. Make an entry in each blank. For entry blanks for which no data 

are obtained, enter UNK for Unknown, NA for Not Applicable, or NO for Not Done. To change 

an entry, draw a single line through it, add the correct information above it, and date and initial 

the change. For all forms, complete the following information: 

1. Technical Area (TA). Two-digit number indicating theTA in which the sam~·s@ 
done or sample is being studied. :_""'&J 

2. Operable Unit. Four-digit number indicating the Operable u~·t in ~ the.' ing is 

being done or sample is being studied. ~ ~ 

3. Log Date and Time. The date and time whe~~ made, in the following 

formats: DD-MMM-YY (e.g., 01-JAN-88 ~ ~ck time (e.g., 0837 for 8:37 

a.m. and 1912 for 7:12p.m.). 

4. 
practical unit. ~ 

5. a@9J.. ~nts. Record all other conditions pertinent to the sample 

\~on on the Daily Activity Log in SOP-01.04. 

Cumulative time readings from the beginning of the test to the end of 

8. Depth-to-Water (Ft). Depth of water recorded in hundredths of feet. 

9. Method of Water Level Measurement. Record the type of instrument used to measure 

water level. 

1 0. Exact Slug Dimensions. The slug and/or bailer dimensions must be known in order to 

perform calculations properly. 

11. Well Construction Details. The well screen length, sand pack length, cased intervals, and 

borehole dimensions must be known, at a minimum, to perform calculations. 
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AQUIFER PUMPING TEST 

1.0 PURPOSE 
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This procedure states the methods for conducting pumping tests for the determination of the 

hydraulic properties of water-bearing soils and rocks for the Environmental Restoration (ER) 

program. 

2.0 SCOPE ~ 
2.1 Applicability ·_'&J 

program. t(5\ 
2.2 Training 0 ~ 
The field team leader is respon · I mo 't ·n he proper implementation of this 

and must document ~h nd aerstands this and the procedures in Sedion 

1.0, Generallnstructi o 
3.0 DEFININ N 

u r ydraulic gradient (gpd/ft). 

B. cific yield: The ratio of the volume of water that a given mass of saturated rock or soil 

will yield by gravity to the volume of the mass expressed as a percentage (dimensionless). 

C. Hydraulic conductivity: A coefficient of proportionality that describes the rate at which a 

fluid can move through a permeable medium. It is a function of both the media and of the 

fluid flowing through it (gpdm2). 

D. Storage coefficient: The volume of water an aquifer releases from or takes into storage per 

unit surface area of the aquifer per unit change in head (dimensionless). 

4.0 BACKGROUND AND/OR CAUTIONS 

An aquifer pumping test is a controlled field experiment to determine the hydraulic properties of 

water-bearing soils and rocks. Aquifer characteristics that may be obtained from pumping tests 

include hydraulic conductivity (K), transmissivity (T), specific yield (Sy) for unconfined aquifers, 

and storage coefficient (S) for confined aquifers and the vertical hydraulic conductivity of 

confining layers. Also, the occurrence and position of recharge or impermeable boundaries can 
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be identified. These parameters can be determined by graphical solutions and computerized 

programs. 

Pumping tests are generally carried out by monitoring the water level over time in the pumping 

well and each observation well while the pumping well is discharged at a constant rate. These 

tests provide results that are more representative of aquifer characteristics than those predicted 

by other methods. They can also be used to determine the hydraulics of secondary aquifer flow. 

However, pump tests require a greater degree of activity and expense than other methods ~ 

therefore may not always be justHied for all levels of invesUgation. ~ 

Refer to the site-specific work plan for the duration of the pumping test, the lo~~ 
observation well, and the data to be collected. Collection of measurements ~do~~ 
of data will be performed as described in the associated procedures. .-.. W 
Site workers preparing for field operations should read and u rs edures outlined 

refer to site-specific Operable Unit Health an~ o rticular health and safet1 

equipment to be used. 

5.0 EQUIPMENT . 

6.0 PROC~ 
E e ission to discharge is obtained (an NPDES Permit may be required) or that 

· nt system is available for collecting water that will be pumped during the test. 

· especially important for wells that may produce contaminated water. Consult SOP-

0 .06, Management of AFt-Generated Waste in the event that the site-specific work plan 

requires containerization of waste. 

B. Obtain the information regarding equipment, and equipment modifications necessary to 

conduct a pumping test, and check the equipment for proper functioning. Obtain 

assurances from the site drilling crew concerning the completion of the well installation, and 

the development and the availability of the necessary equipment to conduct the pumping 

test. The drilling crew is responsible for completing the following tasks and supplying the 

equipment listed below before field personnel arrive: 

1. Drilling, installing, completing, and developing pumping wells and at least one 

observation well to the proper specifications identified in the site-specific work plan. 

2. Installing a submersible or turbine pump. All wells should be properly developed before 

testing. 
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3. Installing a flow meter in the discharge line of the pumping well to accurately measure 

and monitor the volume of discharge. 

4. Installing sufficient pipe to transport the discharge from the pumping well away from the 

area to prevent infiltration into the pumped zone. 

5. 

E. The duration of the test is determined by the needs of the project and the aquifer properties. 

In general, longer tests produce more definitive results. A duration of one to several days, 

followed by a similar period of monitoring the recovery of the water level, is desirable. 

There is no need to continue the test if the water level becomes constant with time. This 

normally indicates that a hydrogeologic source or leaky aquifer condition has been 

intercepted and that additional useful information will not be collected by continued 

pumping. One simple test tor determining the adequacy of data is to plot the log time 

compared to drawdown for the most distant observation well. When the plot becomes a 

straight line on the semilog graph paper, enough data has been collected. {Ideally the 

straight line should continue over one log cycle.) 

F. When the pumping test is performed using an electronic data logger and pressure trans

ducer, store all data internally or on computer diskettes or tape. Directly transfer the 

information to the main computer and analyze it. Maintain a computer printout of the data in 

the files for documentation. Take manually determined measurements periodically to verity 

data recorded by the data logger. 
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G. If an electronic data logger and pressure transducer are not used, record all data on the 

Pumping/Recovery Test Data form (Attachment B). Data collected manually during a 

logger-transducer pumping test will also be recorded on the form. Fill out the form as 

described in Attachment C. 

H. 

I. 

J. 

e data or send it to the computer by telephone. 

3. Save memory and disconnect the battery at the end of the day's activities. 

K. Decontaminate the transducer(s) and cable(s) as specified in SOP-02.07, General 

Equipment Decontamination. 

L. Make sure all wells are properly labeled and the location ID is readily visible on the guard 

pipe. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be reviewed 

before operations: 

LANL-ER-SOPs in Section 1.0, General Instructions. 

LANL-ER-SOPs in Section 2.0, Health and Safety in the Field. 

LANL-ER-SOP-07 .01, Pressure Transducers. 

LANL-ER-SOP-07 .02, Fluid Level Measurement. 
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Boulton, N. S. 1954. "The Drawdown of the Water-Table Under Non-Steady Conditions Near a 

Pumped Well in an Unconfined Formation." Proceedings of the Institution of Civil Engineers 3, 

Paper 5979:564. 

Boulton, N. S. 1954. "Analysis of Data from Non-Equilibrium Pumping Tests Allowing for 

Delayed Yield from Storage." Proceedings of the Institution of Civil Engineers 26, Paper 6693: 

469-82. 

Bouwer, H. 1978. "Groundwater Hydrology." McGraw-Hill Book Company, New York. 

Bredehoeft, J.D. and S. S. Papadopulos. 1980. "A Method for Determining ~d~ 
Properties of Tight Formations." Water Resources Research 16, No. 1 : 233-38. :~'&J 

Cooper, Jr., H. H., J. D. Bredehoeft, and S. S. Papadopulos. 19 . "A ns inite-

Diameter Well to an Instantaneous Charge of Water." Water A ou Res , No.1. 

i ethod for Evaluating 

erican Geo h sical Union 

1979 .. "Groundwater." Prentice-Hall, Inc., Englewood 

and N. A. De Ridder, 1976. Analysis and Evaluation of Pumping Test Data, 

temational Institute for Land Reclamation and Improvement, Wageningen, The 

8.0 RECORDS 

A. A completed Pumping/Recovery Test Data Form 

B. A completed Groundwater Elevation form 

C. Completed Daily Activity Log containing deviations, calibration data, and all other pertinent 

information 
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9.0 ATTACHMENTS 

A. Equipment and Su . pphes Checkl. 

8 P 

·~ 
· ump· .ng/Recovery T est Data Form 

C. Data Form C ompletion 
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EQUIPMENT AND SUPPLIES CHECKLIST FOR 

AQUIFER PUMPING TESTS 

Water pressure transducer 

Electric water level indicator 

Daily Activity Logs 

Pumping/Recovery Test Data forms 

Groundwater Elevation forms 
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PUMPING/RECOVERY TEST DATA FORM 

LOS ALAMOS NATIONAL LABORATORY 

Date: ENVIRONMENTAL RESTORATION Sheet __ of __ 

PUMPING/RECOVERY TEST DATA 

Technical Area Operable Unit PufT1) Well No. 

~.~ §) Site Wort( Plan: Ob&ervation WeH No. 

Signature: \~~ -
TEST START: TEST END: "" "V'" ~ 

Date: ~ Date: t'\ \\~V'" 

Time: 
A'V Time: ~\\ _\/'" 

StatiC Water Level (Ft) ~ II., ~,~,}·~/ 
Average PufT1)1ng Rate (GauMin) ~r 
Measu~ MethodS u d U~\~~ '--"" 
Comments:~)'-. ~ ~\~\__\ v 

""'C'r ~\~ \? I~ 
Methodofwaterlevei .. IL ~ \ ~ \ (/, ~ r-... 

~" ..4~ " \ \. \. ,_. 1/ II '\\ 
ff' 'r1 ~.~ .... l.J. V" ~ .J!ECOVERY TEST 
r - ~~S7 

ELAP~ \~~0- !ftt1.;, PUMPING RATE ELAP~TlME A ~EPTH-TO-WATER 
~ · ~ (Ft) ()-""(Gal/Min) (Ft) 

4''\ \\ \ \__~ "'!("\"" (( Cl 

~\ \' \) .... /:',..... "" 

\.. "-" ./ 
_,r 

r'-<l(',.. 
-~fr:> 

"0~ 
'''1~ 

EA-IOI'o07.011. All H• 
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PUMPING/RECOVERY TEST DATA FORM (ATTACHMENT B) 

Use an indelible dark ink pen. Make an entry in each blank. For entry blanks for which no data 

are obtained, enter UNK for Unknown, NA for Not Applicable, or NO for Not Done. To change 

an entry, draw a single line through it, add the correct information above it, and date and initial 

the change. For all forms, complete the following information: ~ 

1. Technical Area (TA). Two-digit number Indicating theTA In which the sam · · ~ 
done or sample is being studied. 

2. 
being done or sample is being studied. 

3. Log Date and Time. The date and time whe ~ w made, in the following 

formats: DD-MMM-YY (e.g., 01-JAN~ ck time (e.g., 0837 for 8:37 

am. and 1912 for 7:12p.m.).~ 

4. Sheet Number. NumCQ2 th are used for this activity, by day or by some 

practical unll () 

5. We~th ~e:da ~ nts. Record all other conditions pertinent to the sample 

I · i ~n on the Daily Activity Log in SOP-01.04. 

F m Pumped Well (ft). Distance the observation well is from the pumping well in 

and tenths of feet 

7. Static Water Level (ft). Depth-to-water in feet and hundredths of feet in the observation well 

at the beginning of the pumping test. 

8. Test End Date. The date when pumping ceased. 

9. Test End Time. The time when pumping ceased. 

1 0. Static Water Level (ft). Depth-to-water in feet and hundredths of feet in the observation well 

at the end of the pumping test. 

11. Average Pumping Rate (gal/min). Total volume pumped (from totalizer meter) divided by 

the total elapsed time. 

12. Measurement Methods. Type of instrument used to measure depth-to-water (may include 

steel tape, electric sounding probes, Stevens recorders, level heads, or pressure 

transducers). 
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DRAWDOWN TEST: 

a. Elapsed Time (min). Time of measurement recorded continuously from time 0.00 (start 

of test) in minutes. 

b. Depth-to-Water (ft). Depth-to-water in feet and hundredths of feet in the pump or 

observation well at the time of the water level measurement. ~ 

c. Pumping Rate (gal/min). Flow rate in gallons per minute of pumping me~o D 
the in-line flow meter. This column should be completed only for the form us he 

pumped well. \\ -' 

RECOVERY TEST: --. w 
a. 

b. Depth-to-Water (II). Refer to the at~~ DOWN TEST (b). 

~~ 
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1.0 PURPOSE 

The purpose of this procedure is to document the process for the preparation of thin sections 

from rock samples. Thin sections are used for geological analysis on the microprobe, various 

microscopes, and for other geological analysis. 

2.0 SCOPE 

2.1 Applicability 

This procedure covers any geologic thin sections prepared in Eart 

Sciences (EES) Division for the Environmental Restoration pr~, a 

all personnel who prepare these sections. ~ 

2.2 Training O ~ 
enough to produce thin secti h t re p for the intended use. 

3.0 DEFINITIONS () 

A. 
ions, as well as grain mounts and fluid inclusion slides. 

0 AND/OR CAUTIONS 

ation of thin sections requires a fine level of skill which cannot be completely described. 

Also, even a competent preparer may not always produce useable results. Therefore, the final 

determination of the quality of a thin section must be made by the requestor who decides if the 

thin section is suitable for the end use. 

Of critical importance to this procedure is the accurate transference of sample identification to 

the thin sections. Samples are to be locked up during non-working hours. Also, all samples 

must be in locked storage when they are not being used. After thin sections are produced, the 

thin sections and all remaining sample material are to be returned to the requestor. 

Be sure to refer to the appropriate Material Safety Data Sheet (MSOS) when working with the 

chemicals listed in Section 5.0, Equipment. 

5.0 EQUIPMENT 

See Attachment A, Equipment and Supplies Checklist, for a list of equipment required for this 

procedure. 
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6.0 PROCEDURE 

A. The requestor submits samples for thin section preparation by completing the thin section 
request form (Attachment B). The request is entered into the thin-section laboratory log 
book. 

B. Set samples (pre-numbered in ink) on the table in rows. Mark the sample number in an 
aluminum dish and on a bag. Use extreme care to mark the sample ID correctly. Set~ 
bag under the rock and place the aluminum dish upside down on top of the rock. is 
every rock sitting on the table. 

c. 
This is a subjective decision made by the technician. If no~, on . 

1. If the sample needs to be stabilized by impr~eg· , e n of a cookie sheet 
covered with aluminum foil. 0 

2. Paint the surface of the rock compl po •ethylene triamine. Make sure the 
sample ID is still clearly legibl e ID in lead pencil on a piece of paper and 
attach the paper to the 

the oven) 

~ 
a s ing saw to cut a slab 3/8 to 1/2 in. thick. Set the slab on top of the 

co p in aluminum dish and put the excess material in the bag that has been pre-
u re . At this point, refer to the worksheet to determine whether to core each sample 
· the diamond core or cut them to chip size with the diamond saw. Use a round or 

rectangular slide to find the best area on the sample for the thin section. Trace around the 
pattern with a marking pen. Thin-sections. are prepared in accordance with commonly 
accepted practices, such as those described in the reference. 

7.0 REFERENCES 

Logitech Machine System's Technology Manual for Thin Rock Section Production, 20 pp. 

8.0 RECORDS 

The records produced by this procedure are completed :Thin Section Request Forms and entries 
into the Thin Section Laboratory Logbook. 
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9.0 ATTACHMENTS 

A. Equipment and S . upphes Checklist for P 

B. Thin Section A reparation of Th" S . 
equest Form. •n actions 
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EQUIPMENT AND . PREPARATI~~~~L~~ CHECKLIST FOR 
N SECTIONS 

Small supplies: 
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Aluminum dishes 

Sample bags 

Cookie sheet 

Aluminum foil ~~ 
Roundorr ~ \V 

ectangular slides 

Indelible marki ng pen 

I er 

Clean wipes 

Tongs 

Dial-caliper 

Probe or pick 

Razor blade 

Large tweezers 

·soo· Glass plate 

Staining dish 

• 
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EQUIPMENT AND SUPPLIES CHECKLIST FOR 

THIN SECTION PREPARATION (Continued) 

Rubber suction cup bent at 90 degree angle 

Back drop mounting plate 

Microscope cover glass (or cover slips) 

1-inch round ring mold. 

Large Equipment: 

· - and low-speed lap with 1 00 mesh plate 

and 1, 3, 6, 30, 40, and 45 micron plates 

Hotplate 

Logitech (LP 30) with 1/4-inch rubber and 1-

inch thick piece of foam 

Dial-o-gram balance with disposo weigh boat 

Ultrasonic cleaner 

Air blower 

Electric engraver 

Ingram thin-section cutoff saw 

Ingram grinder 

Petrographic microscope 

Dust chaser. 
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EQUIPMENT AND SUPPLIES CHECKLIST FOR 

THIN SECTION PREPARATION (Concluded) 

Chemicals: 

Epon 815-diethylene triamine 

Shell epoxy 

Buehler epoxy 

Aluminum oxide (1200 grit) 

Silicone carbi~r~t 

lsopror:;i~/~cohol 

~~~tinmfte~ 
lso~:-opanol 

Hydrofluoric acid 

Tap water 

Barium chloride 

Methanol (MeOH) 

Amaranth powder 

Diamond paste (1, 3, and 6 micron) 

6 micron diamond spray 

Diamond Polishing Extender (mixture of 

propolenegycol and isopropanol) 

Duro Super Glue. 
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Sheet __ of __ 

Sle Work Plan-----------
Technical Area __________ _ Inclusive Sample Identifiers: 

~~UnH-------------- ----------~-----------,~. 
S~Mru~:---------------------

II. 

V. SAMPLE NUMBER 

SAMPLE LOG SHEET 

Samples received in Sample Prep Lab--------::--
Signaan 

Samples distributed to-----------~-
Signaln 

:J CHECK HERE IF INFOR~TlON IS RECORDED ON BACK OF FOAM 

Priority (check one): 
1 Day 
30 

_ Epoxy Casting 

Probe Standard 

_30j.l 

E~.ca.o,. AD. dl 
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1.0 PURPOSE 
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This procedure provides instructions for the operation of the Cameca MBX Electron 
Microprobe and Tracer Northern (TN) Series II X-ray Analyzer. 

2.0 

D. EMP: Electron Microprobe 

E. EMP System: Combined Cameca MBX Electron Microprobe & Series II X-ray 
Analyzer System. 

F. SANDIA TASKS: A Subroutined Electron Microprobe Automation System. 

G. BA: An empirical matrix correction program used specifically for oxide minerals. Refer 
to B85: A Bence-Albee Oxide Analysis Program with Mineral Code Capabilities. 

H. PRZ: A quantitative matrix correction technique based on the depth distribution of X
ray production. Refer to PBZ85: A Subroutjned Ouantjtatjye Analysis Correction 
Procedure Using the Bastin g(rz) Technjgue 
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of the EMP System should be readily detectable by operators during analysis 

dards. If the operator is uncertain, he/she may consult with the machine custodian. 

I e EMP vacuum system is not sufficient to allow operation, consult with the machine 

custodian. 

Normal interior ·building temperature and humidity are acceptable for the operation of the 

EMP System. Cooling water for the EMP diffusion vacuum pump is supplied by a chilled 

water system maintained in the range of 40° to 70°F. Ambient air temperature for the EMP 

System should range between 60° and 80°F. Operators should take extra precaution to 

ensure the instrument maintains calibration by checking standards more frequently when 

environmental conditions are out of range. 

5.0 EQUIPMENT 

• The Electron Microprobe is a Cameca Model MBX (purchase date 1976). Refer to the 

Cameca Operating Manuals for description of this system. 

• The X-Ray Analyzer is a Tracor Northern Series II X-Ray Analyzer (purchase date 

August 1988). Refer to the Tracor Northern Operator's Manual for this system. 
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• EMP System software is commercially acquired software that includes Sandia Task 8 

and the TN Series II X-ray Analyzer Software. Both software packages operate under 

the "FLEX" operating system, manufactured by Noran Instruments (formerly Tracer 

Northern Instruments). Software upgrades are received as releases directly from the 

software manufacturers. 

6.0 PROCEDURE 

Certified standards should be used for calibration of quantitative x-ray ana~lsi ~~ 
Operators may use other standards for specific applications but must docu e 1ft~ 
for usage of these standards on the Daily Activity Log. 

Data consist of elemental information which is printed followi~ac~l .. ~ aper 

hard copy contains the sample identifier cross referen~e t pe~~ sample 
number in their ownER notebook. Elemental informa · on magnetic 

media for retrieval at a later date. ~ 

6.1 Sample Preparation 0 
Samples to be examine~~ ~e must be in a form or size that can be 
attached to an E ~~~inserted into the EMP sample chamber. 

Before being plagt e ystem, all non-conductive samples must be given 

an electri~ cti c on coating. Conductive samples may not require 
coat' . e o II determine if a conductive coating is appropriate. Carbon 

ti s are obtained in the Instruction Manual, Ladd Vacuum 

(\~a le identification and control are described in SOP-1.04, Sample Control and 

~ocumentation. If it is not practical to place entire ER sample identification number 

on the sample mount, an abbreviated number may be placed on the mount, but the 

abbreviated number must be keyed to the full number in the operator's ER 
notebook. 

6.2 Microprobe Start-up 

6.2.1. The microprobe is in Stand-by condition after shut down at the end of the 
previous work day. 

6.2.2. Fill the liquid nitrogen cold trap. Refill it in approximately 30 minutes; then 
every four hours. 

6.2.3. If it is not already on, turn on the TN Series II monitor power switch located 

on far lower right side of the monitor console, next to the contrast dial. Turn 
contrast up to acceptable level. 
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6.2.4. Turn on the TV camera adaptor located below the TV monitor. Turn on the 

TV monitor. 

6.2.5. Turn on the Light Microscope Illuminator by pushing in the Illuminator button. 

Switch the toggle below it to High. 

6.2.6. Position the white toggle switch located on the column above the stage 

indicators to reflected light. \Up is reflected light, middle is off, and down is 

transmitted light.) 

6.2.7. Activate the Vacuum System by switching the toggle on the~e ~ 
vacuum chassis to OPERATE. ._'&J 

6.2.8. Verify that the vacuum system has achieved suitable~um an 5 x 

1 o-5 torr) as read from the secondary gau e ~ion cuum gauge 

and the Secondary Vacuum light is no s ry vacuum light 

does not come on consult with~h a me t . 

6.2.9. Verify that the program · · ooking for the "TASKS": prompt 

at the bottom of the s II m . If the prompt is correct proceed to 

step 6.4. If the r~ , type X 'TASK' (CR). If the prompt is now 

correct pr t is still not correct continue in sequence and 

boot the 

6. B t c 

~I:W'fhe Reset switch located just below the Power switch on the TN Series 

following sequence of inputs. 

• (prompt on the printer) "28" 
(prompt on the printer, sometimes absent)"START" 

• If the "28" prompt does not appear turn the computer power switch 

(above the Reset) Off; wait 5 minutes then turn it back on and start section 

6.3.1 again. If it still does not boot correctly, consult with the machine 

custodian. 
• (type) DL (CR) 
• Wait for all the Program section softkeys to light up and then turn off. The 

TN logo will appear on the monitor screen. 

• Press the PROGRAM soft key (Program section of the soft-key board). 

• Select the LOAD FLEXTRAN option (option 0 will be highlighted when o 

is typed) and (CR). 
• (prompt) "SETUP COMPLETE", type (CR). 

• Press the RUN soft key 
• When the asterisk(*) prompt appears, (type) X 'STARr (CR) 

• (prompt) "SKIP RAM DISK INITIALIZATION (Y/N)?" 

• (type) N (CR). 
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6.3.2. The system will take about two minutes to initialize the RAM and load 

libraries, system files, and general subroutines. It will then display these 

messages: 

Do so. 

6.3.5. After listing spectrometer 4, the computer will again type out all values and 

ask if "OK(Y/N)?". If the positions are now correct type a (CR) and continue 

to 6A. If the positions are not correct type N (CR) and repeat the above step 

until they are correct. 

6.3.6. The computer will now auto-load standard and element tables, look for the 

next free data file (on the operator's personal diskette) and then display the 

TASKS: prompt. 

6.4 Saturating the Filament 

6.4.1. Verify that the Secondary Vacuum LED is now on. If it is not, verify that the 

vacuum reading on the secondary gauge is less than 5 x 1 o-5 torr and press 

the silver reset button. The Secondary Vacuum LED should then come on. 

If the Secondary Vacuum LED does not come on, consult with machine 

custodian. 
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6.4.2. Type GET STA THO (CR). This will move the stage to the thorium standard 

and allow the Investigator to see the beam when it is turned on. Use the Z 

axis on the joystick to focus on the thorium standard. 

6.4.3. TypeD B-1 (CR). This will release computer control of the filament circuit. 

6.4.11. Use the Z axis on the joystick control to recheck the focus. 

6.4.12. Center the beam raster on the TV Monitor crosshairs by turning the two 

Optical Microscope Adjuster Knobs. The adjuster knobs are located at the 

base of the column in the 'vee' created by the column and spectrometers 1 

and 4. 

6.4.13. Press the large square of the Raster Size Control. 

6.4.14. Type BL (CR). This will blank the beam 

6.5 Quantitative Standard Analysis 

6.5.1. Insert the Certified Operator's personal disk into drive 5 (if not already there). 
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6.5.2. If a catalogue of the disk is desired, type CAT (CR). When prompted "Device 

#", enter the number of the disk drive (5) (CR), and (CR) again to list all of the 

disk contents. Note the last data file used and the next unused file on a 

piece of scratch paper. 

correction program must be used. Type LOAD ELEMENT 112 (CR) to load 

an element table containing PRZ correction factors. Then type a PAZ (CR). 

Refer to "SANDIA T ASK8C" for information on how to set up a PAZ definition 

file and then, by following the prompts, create a definition file appropriate to 

analyze the desired elements. Continue in this sequence. 

6.5.8. The file settings will be printed and the computer will ask if "OK(Y/N)?". 

Check to determine that the settings are appropriate. If the file is correct type 

a Y (CR). If the file does not meet the analysis requirements type a N (CR) 

and follow the prompts to correct the file. When prompted again "OK(Y/N?" 

type a Y (CR) or repeat this step to further correct the file. 

6.5.9. When prompted for the Setup file number, enter 1 (CR). The file settings for 

Page 1 of the Set-up file will be printed. Check that the printed settings meet 

the analysis requirements and then press the Cancel key. If they do not 

meet the analysis requirements, highlight the parameter to be changed and 
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type in the correct value. When correct, press the Cancel key. Follow the 

same procedure for Page 2 of the Set-up file and then when asked, 

"OK(Y/N)?" type Y (CR). 

6.5.1 0. When prompted "SET -UP FILE #1 OK(Y /N)?" type Y (CR). 

6.5.11. When prompted "BEAM SIZE, ~M?" type the beam size selected: spot = 

{approximately) 1 ~m (diameter), small square = (approximately) 5 ~m 

(diameter), large square = (approximately) 17 ~m (diameter). 

6.5.12. When prompted "PRINTER LABEL" type the ER sample nu n 

identifier for the sample or group of samples to be analyz e 

sample numbers in his/her ER notebook. 

6.5.13. When prompted "ANALYST", the Ce~~t- .. ~ pe his or her 

complete last name and a (CR}. ~W 

6.5.14. When prompted "RE~~ R 48 PTS (NEW# OR CR)?" 

type the estimate of~ desired from this sample and (CR). 

6.5.15. At the~ A EQUIRED. START AT #?(NEW OR CR)?" 

type t :~· e · number as noted in step 6.5.2. and (CR). (The ? 

~ u sed file number as stored from Section 6.5.2. 

rompt "DISK LABEL" check that the correct sample identifier is 

(as entered in section 6.5.12): if correct type a (CR); if incorrect type 

N (CR) and, when prompted, type the correct sample identifier. 

6.5.17. The computer will now open the file on the Certified Operator's disk, and 

print the available mineral codes if accessing a mineral code routine. 

When the system is ready to perform an analysis it will prompt; "<WHITE>= 

WDS, <RED>= EDS, B=BLANK, U=UNBLANK, <CNTRL-G> = END" 

Pressing the white button will start a WDS analysis; pressing the red button 

will start an EDS acquisition, and typing a controi-G will close the QUANT 

routine and return to the main TASK program. 

6.5.18. Check that the standard you wish to analyze is in focus optically on the TV 

monitor and then press the white joystick button. 

6.5.19. If using BA Definition file 110, the computer will ask "ENTER THE 

MINERAL CODE:". Type the three letter mineral code of your choice (see 

6.5.17) and (CR). 

6.5.20. If a Bence-Albee routine is being used, when the analysis is complete the 

computer will prompt "SAVE THIS ANALYSIS (Y/N)?". The Certified 

Operator will verify that the results are within acceptable limits of the listr 
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values for the standard analyzed. It is the Certified Operator's 

responsibility to define his or her acceptance criteria, however, if the 

calculated value is within ±two sigma (the error printed to the right of the 

calculated weight percent is one sigma) of the listed values then the 

analysis is generally considered acceptable. If the above prompt is 

answered with a Y (CR), then the computer will prompt for a "TAG" for this 

point. The Operator may enter an identifying tag composed of a maximum 

of 23 characters. Caution: use no spaces or commas. (If the PRZ routine 

is used there will be no save/reject or tag option-all points will go to~. 

6.5.21. If, in the Certified Operator's judgement, one or more eleme~ 
calibration, then type a period(.) to return to the TASK rom 

calibrate. Individual elements are calibrated by typin t the . 

prompt) "CAL XXX" (where XXX stands for the feren I , e.g.,. 

6.5.22. 

Si1) and (CR). The stage will drive to~ t stan ordinates 

and prompt the operator "HIT JOYSTIC Y". Select a spot 

for calibration, focus optically, a e e on on the joystick 

box. . 

to assess the n · atio . If t e Certified Operator deems the EMP 

system tao . th he/she should type, (at the TASKS: 

prompt), :1 ) or the number of the element table currently 

T i save the current calibration to disk. Answer the 

· n prompts. 

ULTIREF BA (DATE LAST SAVED) OK?" The question is asking if 

ou intend to write over the old file. 
f your answer is yes, type (CR). This will update the calibration on disk. 

• When prompted by the program, "ENTER LABEL," type 110 MUL TIREF 

BA, (or the number of the element table being used), the current date, 

and then a (CR). 
• If you intend to store the current calibration under a new file number type 

N (CR) and, when prompted, type the new file number. The computer will 

check to determine if the new number is used. If not, a title will be 

requested. The title is limited to 23 characters. Use your last name, 

some identifier mnemonic, and the date. If the new number is already 

used consult with machine custodian for an unused file number. 

6.5.23. When tt)e Certified Operator deems the system to be calibrated then 

analysis results from the appropriate standards must be stored on disk and 

analysis of ER samples may proceed. 

6.5.24. The Certified Operator may type a period(.) with no (CR) and return to the 

TASK prompt for execution of any one TASK command. At the completion 

of the TASK command there will be no prompt and the system will wait for 

a joystick button to be pressed (i.e. initiate a quantitative or qualitative 
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analysis} or for another period(.} to be typed. Refer to "SANDIA TASKSC"c~'~ 

for more information regarding TASK commands. 

6.6 Quantitative Unknown Analysis 

6.6.1. Once appropriate standards have been run and the EMP System is deemed 

calibrated then an unknown sample may be analyzed. The following 

commands may be issues from 'within' a Quant routine by typing the period 

(.}for execution of one TASK command, or the Quant file may be cto out 

(control-G) and another fill opened for the unknown sample. 

6.6.2. To insert a sample into the EMP for analysis, first ascertai t~rn.~ 

sample currently resident in the EMP. Look at the ition am''""' 

shuttle handle: if it is in the 3:00 o'clock positi n the ·s pro 
in the chamber. If there appears to be a sam in the er to 6.7. If 

the shuttle handle is in the 12:00 o'cto~tl i with this 
sequence. 

6.6.3. Type CH (CR) (or if "wit · · , type period (.), wait for the 

change coordi ef pr eding compare the mechanical stage 

indicato6"ti he mpte change positions posted on the EMP. If 

the me i · are not correct, use the joystick to drive to the 
ord1 t . Load the sample in the sample holder and screw the 

airlock with the handle in the 12 o'clock position. 

\h.~~ e Pump-Down button and watt for the Valve Driving LED to come on. 

\~~If it does not come on consult with machine custodian.} 

6.6.5. Once the Valve Driving LED is on, open the airlock lever counter-clockwise. 

While keeping the shuttle handle in the 12:00 o'clock position, push the 

shuttle handle all the way in, and then turn the shuttle handle to the right 90 

degrees to the 3 o'clock position. Pull the shuttle handle out, still in the 3 

o'clock position. 

6.6.6. Close the airlock valve by rotating the airlock lever clockwise. 

6.6.7. Press the Air Inlet button and wait about 3 seconds. Press the Off button. 

6.6.8. Type a period(.) and wait for the TASKS: prompt. Then type GET POINT 46 

(CR}. This will move the stage to the approximate center of the thin section 

holder. 

6.6.9. Analyze the unknown sample following sections 6.5.5-6.5.24 if opening a 

new file, or section 6.5.18-6.5.24 if using an existing file. 
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6.6.1 0. Standards should be run several times throughout an analysis session or 

whenever the Certified Operator questions the validity of an analysis. 

6.7 Changing Samples 

6.7.1. Type a period(.) and wait for the TASKS: prompt. Then type CH (CR). The 

stage will move to the sample change coordinates. 

6.7.2. Verify that the mechanical indicators match the sample change coord~1 

listed in the microprobe logbook. If they do not, use the joystic~r o 

drive to the change coordinates. 

6. 7.3. Press the Airlock Pump Down button. \\ -' 

6.7.4. Wait until the valve driving LED is on. -..W 

6.7.6. Insert shuttle handle with n ;g 3 o clock position and when in 

completely, rotate the unt cl ckwise to the 12 o'clock position. 

6.7.7. Pull the sa~" . 

6.7.8. Cl~~v y rotating the ai~ock lever clockwise. 

~~ir Inlet button and wait 3 seconds. 

('\~~~the Off button. 

~.11. Unscrew the sample holder from the Airlock. 

6. 7 .12. Change sample holders. 

6.7.13. Screw the sample holder back into the Airlock 

6.7.14. Repeat steps 6.7.3 to 6.7.S. 

6.8 Shut Down of Microprobe 

6.S.1. Remove the thin section from probe following steps in section 6.7. 

6.8.2. If still in a QUANT routine, terminate it by typing CONTROL-G. 

6.S.3. Put the probe in an idle mode. 

6.S.3.1. Type LOA SCHED 1 0 (CR). This will load schedule 1 0 and return 

the TASKS: prompt. 

• 



LANL-ER-SOP-09.02, RO 
Page 13 of 15 

6.8.3.2. Type RUN BYBY (CR). This schedule will drive each spectrometer · ·" 

to a safe position (.50), and park it there, position the stage to the 

STANDARD FOCUS, and release the beam to an unregulated 

mode. 

6.9.1 EDS Gain and Resolution 

The gain on the EMP System EDS will be checked annually by following the 

energy calibration instructions in the Series II X-Ray Analyzer Operator's 

Manuals using copper energy lines. Tolerance is± 20 eV. If the grain is out 

of tolerance, it will be the machine custodian's responsibility to calibrate it by 

running the gain calibration program as described in the Tracor Northern 

Manual. The resolution of the Series II EDS will be checked annually by 

measuring the full width at half maximum of the K alpha line from 

manganese. This is a check only for degradation of the detector; no 

calibration or adjustment is made. 
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The machine custodian will check the accuracy of the Faraday Cup annually 

with a 1.34 volt Mercury battery current source (1.34 volts is a physical 

constant for a Mercury battery). Acceptable values are 9.95 x 1 o-9 amperes, 

± 1 x 1 o-9 amperes. If the accuracy of the Faraday Cup is out of tolerance, it 

will be the machine custodian's responsibility to affix a tag stating "DO NOT 

USE" to the instrument and to repair the instrument so that it will be within 

the required tolerance (refer to Section 6.6 and 6.7 of lWS-QAS-QP-~ 

6.10 Acceptance/Rejection Criteria ~~~~ 

Quantitative X-ray analytical data must have acceptance limits by o . 

Some potential sources of uncertainty will be revealed the i ·u ieve 

an acceptable calibration as evidenced by runni~c "fied s rds as 

unknowns and comparing the calculated values ard values. 

Operators will accept or reject all quantit · a bas o nalyses of certified 

standards. ~ 0 
Special research needs may J'i vi · s rom this procedure. The operator 

must document any devi · his E logbook. . . 

Followingr;m le~n o n ytical investigation, samples will either be 

maintaine ~ of e Investigator or returned or to the permanent 

~~ ge o e the Chain-of-Custody/Request for Analysis form in 

fill ~~CES ument custody and sample traceabil~y. 

~nts referenced in this procedure are: 

LANL-ER-SOP Section 1.0, General Instructions 

LANL-ER-SOP-'09-09, Certification of StandaJ'ids for Electron Microanalysis 

Cameca Model MBX Electron Probe/SEM Description, Use, Maintenance Manual, 

Cameca Instruments, Inc. Stanford, Connecticut 

Series II X-Ray Analyzer Operator's Manuals, Noran Instruments, Inc. (formerly Tracor 

Northern, Inc.), Middleton, Wisconsin 

Instruction Manual, Ladd Vacuum Evaporator, cat. no. 30000, 27 pgs. Ladd Research 

Industries, Inc., Burlington, Vermont 

BASS: A Bence-Albee Oxide Analysis Routine with Mineral Code Capabilities, Sandia 

Report SAND90-1702 
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PRZS5: A Subroutined Quantitative Analysis Correction Procedure using the Bastin q(rz) 

Technique. RFP 3215 

SANDIA TASKS: A Subroutined Electron Microprobe Automation system, Sandia Report 

2037, 19S5 

CONFIGS A Configuration File Generator for SANDIA TASKS, Sandia Report 2035,19S5 

The following procedure is from the Los Alamos National Laboratory Yucca Mou~tai 

Project Quality Assurance Manual in effect April, 1990. ~· 

TWS-ESS-DP-122, Preparation of Electron Microprobe Standard Moun~\ V 

8.0 RECORDS --~ 

sample number (cross-referenced to the s I de i e a during analysis 

sessions), date, relevant instrument w , any data files generated, 

records of standards used to cali I ses, acceptance criteria, 

deviations, and additional inf · ap p to interpreting results and to 

reproducing analyses. ifie pe r will retain all printed output form 

analytical session~· t Sy . 

stor f r nal i and will be kept in the EMP System room. It will be the S.2. The flopp~ /or s es assigned to the Certified Operator are temporary 

i r s responsibility to edit, archive, and/or delete these files as 

edia. 
. 

S.4. The results of gain calibration, and Faraday cup and resolution checks, date, and 

name of the person performing the calibration and checks will be recorded in the ER 

EMP System logbook. A sticker will be placed on the Series II X-ray Analyzer 

console. 

S.5. LANL notebooks, logbooks, EMP System data output, and other records are 

controlled in accordance with the procedures in Section 1.0, General Instructions. 

9.0 ATTACHMENTS 

N/A 
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OPERATION OF SIEMENS X-RAY DIFFRACTOMETER 

The purpose of this procedure is to describe the methods, procedures, and documentation used 

to obtain X-ray powder diffraction data from the Siemens D- 500 X-ray powder diffractometers. 

2.0 SCOPE 

4.0 BACKGROUND AND/OR CAUTIONS 

4.1 Principle X-ray diffraction is a method by which investigators can identity the minerals 

present in a rock and obtain quantitative information on their abundances and physical 

properties. 

4.2 Malfunctions of the equipment are readily apparent. For the diffractometers, one either 

obtains counts or no counts. Failure of the TTK and ITC4 units during controlled 

temperature runs is readily apparent by monitoring the sample temperature displayed on 

the ITC4 controller. 
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4.3 The diffractometers produce ionizing radiation using high voltage sources. However, 

the diffractometers are interlocked such that if the panels are all in place, risk to the 

operator is almost non-existent. 

4.4 Only two possibilities (rare) for data corruption exist: 1) loss of X-ray flux; 2) 

occurrence of noise spike. The first problem can be identified by the lack of any diffracted 

intensity, i.e., counts= 0. Such data should be discarded. The occurrence of the second 

possibility can be noted by •peaks• only one 29 step wide. Such data are generally usab~ 

and only need to be discarded when a noise spike overlaps on an important peak~\ V 

4.5 During a variable-temperature X-ray run, data shall be rejected ~fter · 

completed and the TTK attachment is opened, the sample is found to ha allen 

(due to vacuum) out of the sample holder. \\. ~ 

4.6 The dated entry on the Daily Activity Log (see so@~~\f~ X-ray run shall 

constitute evidence that the procedure h~~ teet and satisfactorily 

accomplished for the X-ray run. <:::? · 
5.0 EQUIPMENT ~\ ~ 
• Siemens D500 X-Ray P~ o rs 
• DIFFRAC5000 - om rc X-Ray Data Package 

• Anton P :rr em ttachment. (This attachment is capable of controlling the 

sam een liquid nitrogen (- 195.8"C) and -300"C under a vacuum) 

·~I n Temperature Controller 
• R i m Pump 

OCEDURE 

The machine custodian is responsible for both alignment and calibration of the 

diffractometers and the training of any potential users of the diffractometers. The principal 

investigator (PI) has the responsibility to assure correct implementation of this procedure for 

ER work. The PI may delegate performance of the procedure to any properly trained and 

certified individual. 

6.1 Calibration 

For Alignment and calibration, see Calibration and Alignment of the Siemens 

Diffractometers, SOP-09.04. Temperature calibration of the TTK attachment shall be 

performed at several temperatures, preferably at liquid nitrogen temperature and in boiling 

water, as outlined in reference D. Calibration of the sample temperature may be performed 

using an independent temperature measuring device such as the thermocouple probe 

operated in accordance with TWS-EES-DP-1 05, Thermal Calibration Procedure or using 

known melting point(s) of a crystalline phase. 
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6.2.1 Samples will be tracked, stored, shipped, and handled in accordance with the 

procedure for Sample Identification and Control for Mineralogy-Petrology Studies, (see 

reference H2), SOP-01.03, Handling, Packaging, and Shipping Samples, and SOP-

01.04, Sample Control and Field Documentation. Great care shall be exercised to label 

all X-ray runs with correct sample name, checking sample output against names on the 

sample bottles. 

6.3 Diffractometer Operation 

6.3.2 Insert sample and tum on X-rays either by prtgj£\hutt~ button or by 

placing shutter in automatic mode. o \ ~ . 
6.3.3 The instrument is operat~~~ nducted using the Siemens 

software package, DIFFRAC5 er t~RAC5000 users manual (Ref B). 

6.3.4 If the sam~l - ye t variable temperatures using the Anton Paar 

TTK attachment e c ent is operated and maintained as outlined in the 

TTK inst~ ual ef , and the Oxford ITC4 temperature controller is operated 

~~I perators Manual (Ref D) 

~ diffra:~: is shut -<town In accordance with the instruction manual (Ref A). 

6.5 Data Analysis 

6.5.1 The data are regressed and displayed using the Siemens DIFFRAC5000 

software package. 

6.5.2 Crystalline phases are identified by comparing their patterns with patterns of pure 

standards, patterns from the JCPDS files (Ref E, F, G), or with calculated patterns. 

6.5.3 Quantitative X-ray diffraction analysis is conducted in accordance with SOP-

09.03 and TWS-EES-DP-116 (Ref H3). 

6.6 Procedural Deviations 

Deviations from this procedure shall be fully documented in the Daily Activity Log in SOP-

01.04, explaining the deviation and the effects it may have on the resulting work. 
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A. Siemens D500/501 Operating Instructions, C72000-B3463-A42, Siemens Corporation, 

Cherry Hill, New Jersey. 

B. Siemens DIFFRAC5000 User's Manual, Siemens Corporation, Cherry Hill, New Jersey. 

C. Anton Paar Instruction Manual for TTK-Temperature Attachment for Low and Medium 

Temperature, Anton Paar KG., Karntnerstrasse 322, A-8054 Graz/Austria. ~ 

D. Oxford Instruments Operating Manual for Model ITC4 Temperature Controlle~)tV 
Issue 3, Oxford Instruments Umited, Osney Mead, Oxford OX2 ODX, En~. ~~ 

E. Powder Diffraction File, Search manual, Fink Method, Inorganic, ~li.c:at~ . 26 (Joint 

Committee on Powder Diffraction Standards, Swarthmor~J~ , pp. 1017. 

F. Mineral Powder Diffraction File, Data Bo k~~ on Powder Diffraction 

Standards, Swarthmore, Pennsylvania, ~ 

G. VAX-PDF2/CDIF JCPDS So~ra nd database on CD-ROM for VAX-VMS . 

systems. Joint Commi~~~ra ton Standards, Swarthmore, Pennsylvania. 

H. The followin~~~ om the Los Alamos National Laboratory Yucca Mountain 

Proj~~ nual in effect February, 1989. 

(\ ~ ~DP-105, Thennal calibration Procedures. 

~S-EES-DP-1 01, Sample Identification and Control for Minerology Petrology Studi~s. 

H3. TWS-EES-DP-116: Quantitative X-Ray Diffraction Data Reduction Procedure. 

I. LANL-ER-SOPs in Section 1.0, General Instructions. 

8.0 RECORDS 

8.1 AJI X-ray runs shall be recorded on the Daily Log, records of which shall include date of 

run, sample identification, analyst's signature, diffractometer used, and any unusual run 

conditions. 

8.2 A catalog of all computer-automated X-ray runs shall be maintained and periodically 

updated and stored on magnetic or optical media. 

8.3 All raw X-ray data stored on magnetic or optical media shall periodically be backed up 

onto magnetic tape and stored in a fireproof safe. 
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8.4 Record peak s that are r d" search data shee:a lly regenerated fro 
9.0 An AC may be placed In ,m:;:,.::;e raw data such as HMENTS three-ring binders hard copy plols and 

NM . 
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CALIBRATION AND ALIGNMENT OF THE SIEMENS DIFFRACTOMETERS 

1.0 PURPOSE 

The purpose of this procedure is to describe the methods, procedures, and documentation 

required to align and calibrate the Siemens 0500 X-ray powder diffractometers. 

B. Shorting Plug or Key: The plug (a-2a machine) or key (a-a machine) used to bypass the 

safety circuits to allow alignment. To be used only by the machine custodian. 

C. TTK heating stage: The Anton-Paar heating stage that can be mounted on either the a-a or 

the a-2 diffractometer. 

D. NIST: National Institute of Science and Technology. 

4.0 BACKGROUND AND/OR CAUTIONS 

Calibration and, if necessary, alignment of the Siemens X-ray diffraction equipment must be 

performed on a periodic basis in order to assure that all data collected on the instruments yield 

accurate d-spacings. The calibration described here involves only d-spacings. Calibration may 

use any well-characterized d-spacing standard that is traceable to NIST, such as their standard 

reference materials. It is not necessary that the diffractometer have no error in 2a. Calibration 

is performed to determine the magnitude and direction of any error in 2a so that appropriate 



LANL-ER-SOP-09.04, RO 
Page 2 of 9 

calibration curves may be used when obtaining d-spacings. Alignment is performed only when 

calibration data reveal a significant error in alignment, usually after modification of the 

instrument (e.g., installation of new X-ray tube, installation of alternate sample holders, 

installation of the TTK). 

Certain aspects of the alignment procedure require that one bypass the interlocks to work on the 

instrument with the X-ray beam on. The use of extreme caution and safety equipment such as 

lead-lined gloves is mandatory. 

Highly accurate d-spacing measurements are not crucial to qualitative phase identif~· @ 
quantitative phase analysis. However, it is useful and good laboratory practice to ha ~'W 
aligned diffractometer. In general, errors less than 0.02" 20 are desirable, but rs up 

20 are acceptable in many cases. The Siemens DIFFRAC5000 so e pac e · pt 

recommended that any calibration yielding errors of greater 0 followed by 

alignment to reduce the errors below 0.02· 20. If ca~ib i ot p or , calibration data 

should be documented with an explanatio~n~ i was not necessary or 

practical. 

There are few sources for error that o be ily detected. A potential situation where 

minor error could occur is w~i rption coefficient or transparency of a sample 

being run is not simiGa f th ta rd used to calibrate the instrument. In this case, if 

accurate d-spacings d 1 , e instrument should be calibrated with a standard of 

appropriate~ne a rpti co 1cient or an . analytical correction should be performed to 

correct . 

Th t 1 Daily Activity Log (see SOP-01.04) and the calibration sticker placed on the 

instr hall constitute evidence that the procedure has been implemented and satisfactorily 

accomp •shed. 

5.0 EQUIPMENT 

• NIST SAM 640a or 640b Si Powder d-spacing Standard. 

• Granite surface plate or precision flat plate. 

• Height Gauge. 
• Dial Indicator Gauge. 
• Precision Right-Angle Block. 
• Assorted Slits. 
• Strip Chart Recorder. 
• Assorted Screw Drivers and Wrenches. 
• Shorting Plug or Key. 
• Siemens DIFFRAC5000 software package. 
• LCLSQ, lattice parameter refinement program. 
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Note: Only NIST traceable standards such as NIST SRM 640b shall be used to calibrate or 

check the calibration of the Siemens X-ray powder diffractometers. 

Deviations from this procedure shall be fully documented on Daily Logs explaining the deviation 

and the effects it may have on the resulting work. 

6.1 Calibration of Diffractometers 

As required, either by time elapsed since last calibration check or by a c ·n ~ 
standard reference material (SRM), such as NIST SRM 640a or (Si , or 

against a secondary reference standard traceable to an NIST st~rd. _' 

6.1.1 The calibration standard may be m~u ~ ~r as a thin film to 

minimize specimen transparency ~ffe 0 :~ 
6.1.2 The calibration standa exa on the instrument over a 29 range 

practical for the instrume t an . A recommended procedure is to examine 

NIST SRM 640a~ 29 to -1500 29 using 0.01-0.0~-29 steps and 

counting I e 

1
~! step. 

IFFRAC5000 software package, typically using the split-Pearson VII 

e results of the profile refinement may be compared with the certified values 

ndard to assess the magnitude of the 29 error. 

6.1 .4 Input observed and theoretical peak positions into the Siemens calibration file 

using the DIFFRAC5000 software. Detailed instructions are in the Siemens 

DIFFRAC5000 manual (Ref A). 

6.2 Alignment of the Diffractometer 

If a calibration check reveals significant errors in alignment (29 errors generally greater than 

0.020 29), an alignment of the diffractometer should be performed. If only some aspects of 

the instrument have been modified, only an abbreviated alignment will be required. For 

example, if a new X-ray tube has been installed, only the tube height will require alignment. 

When the TTK stage is installed, both sample height (6.2.3) and 9 zero point (6.2.5) must 

be checked and adjusted if necessary. 

6.2.1 Specimen holder pin height. This step is performed only if the specimen stop

screws have been modified. Thus, in practice it is seldom if ever performed. 6.2.1 is 

not applicable to the TTK stage. 

• 
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6.2.1.1 Check the three specimen stop-screws on the specimen holder for the 

same height. The two outer pins should be coplanar with the inner reference pin. 

(Item 46, Fig. 7, in reference 2.2). 

Tools Needed 

1) Granite surface plate or precision flat plate 

2) Height gauge 
3) Dial indicator gauge 
4) Precision right-angle block. 

6.2.1.3 Set the dial indicator height using the bar or~·n ~ _' 

6.2.1.4 Before adjusting s1op-screws, the ·n ~~be loosened. 

There is one for each stop-screw. 0 

screws. 

6.2.2 lnstall~h c~h I e the specimen carrier using the push rod which is 

built into e . at surface of the rod and try to make the holder parallel 

to t r . 1 st s pe ormed only if the specimen holder has been removed from 

· . This step is not applicable to the TTK stage. 

ck the specimen surface (this can be done without shorting plug or key in). 

axis of rotation of the goniometer is on the specimen surface when the maximum 

Intensities appear at 8 =a· (front side) and 180" (back side). Note that the maximum 

intensities are approximately the same. This step is done only with the 8-28 

diffractometer and only if the specimen height has been modified. In practice, this is 

seldom if ever performed. 

6.2.3.1 
Slit positions: 
Slit: 

I II 
1" 1" 

Ill IV 
.018" 

(These are final slits - can start with wider slits, particularly #IV.) 

6.2.3.2 Install glass alignment slit. 

6.2.3.3 Insert an absorber plate into the direct beam to limit counts to below 

-40,000 counts/sec. Set tube power to minimum ( -7kV and -3mA). 

6.2.3.4 Find the maximum intensities by adjusting 8 and 28 independently and 

alternately on front (8 = 0"). Record 28 and full scale counts. 
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6.2.3.5 Find the maximum intensities as above on back side (9 at 1800). This 

maximum intensity should be about the same value as the front side (9 = 00). If 

intensity is different, move holder up and down - if you can't get it, the three pins 

are not in the same plane and 6.2.1 should be performed. 

6.2.3.6 It is not important at this time that the 9 and 29 counting mechanisms read 

zero, but note only the 29 values. 

6.2.3.7 Ignore the 9 value all together. The 29 values only need to be~·'"" 

same, for 9 front and back. 

6.2.3.8 Compare the 29 numbers found on front and ck si~ Th~\ 1 nee 

should be no greater than 0.02·. Do a 9-29 scan on b fron~ ~ to insure 

that you are aligning on the main peak. ~ 

6.2.3.9 If the difference is greater t h en holder has to be moved 

closer or farther away from t e ont 29 value is larger than the 

back 29 value, the holder t ove w i'ds the pin, i.e;, down. 

then r:;t 2. . sh u rec ecked. 

e ci surface height is set roughly on the TTK stage with the TTK 

· . However, the slit is too coarse to allow fine tuning of the specimen 

For the TTK and the 9-9 diffractometer (for which the sample stage cannot 

ated), fine adjustment of the specimen height is done performing multiple 

data collection runs and lattice parameter refinements using the program LCLSO. 

LCLSQ allows refinement of a specimen displacement correction. Iterative data 

measurement, lattice parameter refinement, and specimen height adjustment will 

allow the specimen height to be adjusted precisely. Major adjustment should only 

be required after disassembly of the TTK stage. Adjustment of the specimen 

surface height on the 9-9 diffractometer should not be performed unless the 

specimen carrier has been disassembled. 

6.2.4 Adjust tube height for maximum intensities when 29 is reading zero. Use only the 

0.018 slit in position IV and the glass slit in the sample position. Use no other slits. 

6.2.4.1 Loosen the nut at top of tube slightly with small wrench in the 0500 

accessory kit. Loosen the allen screw at the lower back of the tube (Item 206 in 

Fig. 22d, reference B). 

6.2.4.2 Move 9 to front side. 

6.2.4.3 Adjust 29 off of maximum intensities, slightly toward zero. 

• 
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6.2.4.4 Adjust tube height to get back toward maximum intensity (Item 215 of Fig. 

22e in reference B). 

6.2.4.5 Adjust 9 so maximum intensity is restored. 

6.2.4.6 Repeat above steps until you get zero 29 with maximum intensity. 

6.2.6 Adjust slit holder for slit positions I and II. Put in the smallest slits. If there is no 

intensity change, the slits are properly aligned. Do the same for slit positions Ill and IV. 

6.2.6.1 Insert the following slits into the slit holder: 

Slit position: I II Ill IV 

Slit: 0.1· 3· -- 0.018. 

6.2.6.2 Remove the sheet metal shield of the slit holder and, if necessary, the 

Soller slits. 

6.2.6.3 Loosen the locking screws (Item 232 in Fig. 25 of reference B). 

6.2.6.4 Reposition the sheet metal shield (radiation protection). 

• 
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6.2.6.5 Displace the slit holder by means of the two adjusting screws (Item 231 in 

Fig. 25 of reference B) until the ratemeter or chart recorder indicates maximum 

intensity. In order to turn one adjusting screw in, it is necessary to loosen the 

opposite screw because these are pressure screws. 

6.2.6.6 Insert smallest (0.1") slit in position II, and you should get the same 

intensity or you must readjust. 

6.2.6.7 Loosen two bottom screws for slit Ill and IV holder (allen screws are~ 

behind slit Ill in white painted metal). Adjust slit holder for Ill and~·t t e 

smallest slits in positions Ill and IV. 

6.2.7 Run a scan on the glass slit through zero (see Fig. ~5 rete~ C):..' step 

does not apply to the TTK stage. .-. ~ 

6.2.7.1 Setupforscan: ~t()\ 
Slit position: I II Ill IV 0 ~ 
Slit: 1" 1" 1 • ei!f . 
6.2.7.2 Set generat ~i~~power (-7kV/3mA for FK60-04 Cu tube), 

ratemeter to - full scale, time constant = -0.2, absorber in direct 

beam6· t step at 1/5"/min upscale, the chart recorder set to feed 

at 2 , h 1:1 2a coupled. 

~~ can at -999.500" 2a (scan range is dependent on tube type). 

\ ~~ This scan must be run automatically on the a-a machine, using the same 

conditions, starting 2a position, and a 0.01" 2a step size. 

6.2.7.5 A good alignment will fulfill the following conditions: 

1) The maximum of the primary beam must be within 0.006" of o·. 
2) The amplitudes of the two side maxima should not differ from one another by 

more than -30%. 
3) The amplitude of the main maximum should be about three times as high as 

those of the side maximum. 

6.2.8 Optimization of 2a calibration. This is done using a certified d-spacing standard 

such as the NIST SRM 640 Si series and compensates for systematic errors such as 

sample transparency and 2a offset. 

6.2.8.1 Mount the calibration standard as in 6.1.1. 

6.2.8.2 With a and 28 synchronized, drive to high angles (typically over 1000 28) 

and locate a peak of appreciable intensity (one that can be easily detected). Set 

the X-ray tube kV and rnA to typical operational values (45 kV, 35 rnA). 
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6.2.8.3 Perform a quick automatic scan over the range of the peak and determine 

the observed peak position using the DIFFRACSOOO FIT program. 

6.2.8.4 If the position of maximum intensity is not at the certified value, adjust the 

peak position by adjusting the tube height as in 6.2.4. When this step is complete, 

the position of maximum intensity should be at the certified value. 

6.2.8.5 Reline the adjustments made In 6.2.5 and 6.2.6. ~ 

6.2.8.6 For a quick check of the quality of alignment, one or two h~~'&J 
reflections may be measured as in 6.1. After determining ~alig~ 

sufficient, perform complete calibration as in 6.1. \\. .-.. '\:;:::::> 
6.3 Optimization and calibration of the solid-state Si detect . \ W 

A. Siemens DIFFRACSOOO User's Manual, Siemens Corporation, Cherry Hill, NJ. 

B. Siemens DS00/501 Diffractometer Operating Instructions, #C72000-B3476- C42-6, Sieme 

ns Corporation, Cherry Hill, NJ. 

C. Siemens Application Note #52, The New Siemens Diffractometer, Model DSOO. 

D. Kevex 4911 Single Channel Spectrum Analyzer User's Manual, #7257-4911. 

E. LANL-ER-SOPs in Section 1.0, General Instructions. 

8.0 RECORDS 

All calibration and alignment performed on Siemens diffractometers used for ER shall be 

documented on Daily Logs. Calibration records shall include date of calibration, standard used, 
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signature of the person performing calibration, the peak positions observed for the standard and 

the necessary corrections to 20. Alignment records shall include the date of alignment, the 

procedures performed, and the signature of the machine custodian performing the alignment. A 

new calibration sticker shall be placed on the front of the diffractometer following each 

calibration identifying when the instrument was calibrated, when the next calibration is due, and 

the name of the person who did the calibration. 

9.0 ATI ACHMENTS 
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CLAY MINERAL SEPARATION FOR X-RAY DIFFRACTION ANALYSIS 

1.0 PURPOSE 

The purpose of this procedure is to describe separation of clay minerals from bulk rock samples 

and preparation of oriented sample mounts of clay minerals for analysis by X-ray diffraction. 

2.0 SCOPE 

2.1 Applicability 

The procedure applies to separation and X-ray diffraction investigation 

This procedure is based on Stokes Law settling of particles in a solution. 

The Ultrasonic probe is placed in a sound-dampening box to help protect the hearing of the 

operator. 

The use of de-ionized or distilled water to wash and disaggregate the samples is necessary 

to ensure that no chemical alteration of the clays occurs due to cation exchange. 

Thoroughly clean all sample preparation equipment and work areas before use. 

Adherence to this procedure results in an acceptable sample for X-ray diffraction analysis. 

The purity of the individual samples and their size fractions are determined by X-ray 

.diffraction. It is up to the certified person conducting the separation to determine if the clay 

fractions are of adequate purity for their work and shall be documented on the Daily Activity 

Log (see SOP-01.04). There are no real potential sources of error since this is a qualitative 

procedure. 
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5.0 EQUIPMENT 

• Shatterbox (or large ball mill)-- most all acceptable. 

• Ultrasonic probe capable of ... 200 W. 

• Centrifuge capable of 8000 RPM with a Sorvall GSA head. 

<fb<© • Sorvall GSA centrifuge head . 

• Sorvall SS-34 centrifuge head (optional) . 

• Spray Drier (optional) . 

• No software is used . 

6.0 PROCEDURE 

Not applicable. S~ i for purity using X-ray powder diffraction in 

accordance~~ 

6.2S I ~ 

saJ'ftrAe~..wJII be tracked, handled, shipped, and stored in accordance with the 

mr111e~W:111re for Sample Identification and Control for Mineralogy-Petrology Studies (Ref 

Great care shall be exercised not to mix or contaminate samples. All subsequent 

analyses rely on this procedure. Carefully label containers into which the sample 

separates will be placed. Label side and top of each container so that tops cannot be 

switched. 

6.3 Procedural Deviations 

Deviations from this procedure shall be fully documented on the Daily Log by the 

person conducting the work and shall explain the deviation and the effects it may have 

on the resulting work. 

6.4 Separation Procedure 

6.4.1 Obtain approximately a one-to-two-inch slice of drill-core or an equivalent amount 

of drill cuttings or bulk-rock. If necessary, smaller amounts of sample can also be 

processed using this procedure. 
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6.4.2 Rid the sample of surface contamination using one of the following: 

• Brisk strokes of a clean, dry bristled brush. 

• Rinse with de-ionized or distilled water and dry thoroughly -- preferably at room 

temperature. 

6.4.3 Break the bulk sample down into smaller pieces (less than 0.25 inch in diameter 

using: 

• A mortar and pestle or, 

6.4.4 Powder sample using either a shatterbox or~~~ 
6.4.5 Combine the entire powdered sa i hly to ensure homogeneity. 

Place in a bottle properly labeled · i en 1 1cation. 

6.4.6 Take approximate! r of t e powdered sample and suspend it in 

approximately 50 e nized or distilled water contained in a large plastic 

W u 'ng ra · be. Longer times may be used if samples are difficult to 

· a e e. al mounts of sample may be readily separated using this procedure 

't · propriately scaled glassware. 

. Remove the beaker containing the suspended sample from the ultrasonic probe 

nclosure and cover the beaker. Place the beaker on a vibrationally stable surface and 

allow the sample to settle gravitationally without interruption ideally for a time equal to 

47 minutes per em depth of water. This will allow sedimentation of all particles greater 

than 2J.I11l diameter. For a typical 14 em water depth, total settling time should be about 

10.9 hours. Overnight settling using a water depth of 14 em will result in sedimentation 

of slightly smaller particles, e.g., 15 hours settling will sediment particles >1.75 J.l11l and 

20 hours settling will sediment particles > 1.5 ~m. 

6.4.8 Decant or syphon the supernatant from the beaker into large centrifuge tubes, 

taking care not to disturb the sediment at the bottom of the beaker. The sediment in 

the beaker may be discarded. 

6.4.9 Place the centrifuge tubes in the centrifuge and separate the -2.0-0.35 ~m size 

fraction from suspension at a centrifugation speed of -5000 revolutions per minutf -5 minutes 

Superspeed Angle Rotors: GSA and SS-34; Ref B). 
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6.4.1 0 Remove the centrifuge tubes from the centrifuge and decant the supernatant 

into large receiving centrifuge tubes, taking care not to disturb the sediment (>0.35 J.Lm 

in diameter) at the base of the tube. Save this sediment fraction if needed. 

6.4.11 Place the centrifuge tubes containing the cloudy supernatant in the centrifuge 

and separate the fine clay fraction ( -0.35-0.1 0 J.L111 in diameter) at a centrifugation 

speed of -8000 revolutions per minute for a spin time of 40 to 60 minutes. 

6.5 Preparation. of Oriented Mounts for XRD Analysis 

6.5.1 Suspend a clay mineral fraction in a small amount (approximately 1 0 to 20 ml) of 

deionized water contained in a small beaker. 

6.5.2 Thoroughly clean and dry a glass or quartz slide appropriately sized for the 

diffractometer sample holder being used, and place it on a level, stable, warm surface. 

The sample number is written with indelible ink on the back of the slide. 

6.5.3 Drop the suspended clay sample, using an eye dropper or pipette, onto the slide 

using only enough sample to cover the slide. Do not overfill the slide and do not add 

additional suspension after the suspension on the slide has begun to dry to ensure the 

best orientation of clay particles possible. 

6.5.4 Allow the sample to dry undisturbed on the slide. 
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6.5.5 The sample is now ready for X-ray diffraction analysis {Ref F). 

6.6 Clay fractions shall be placed in appropriately labeled sample bottles. 

7.0 REFERENCES 
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ZEOLITE PURIFICATION AND SEPARATION 

1.0 PURPOSE 

The purpose of this procedure is to describe the methods, procedures, and documentation used 

to purify/separate zeolites from zeolite-rich samples by sedimentation. 

2.0 SCOPE 

2.1 Applicability 

Restoration (ER) Program. 

22 Training ~ 
Only those persons certified for this r rform ER-related zeolite 

Section 1.0, Generallnstructio~~ · ute 'ni to this procedure .. 

3.0 DEFINITIONS ~ ~ 

h mples can be purified or extracted from a sample by means of sedimentation in 

his method relies on the difference in particle sizes and densities of the mineral 

components in the sample. This method is preferred over other methods due to the low 

magnetic susceptibilities of the zeolite (magnetic separations) or where one is concerned with 

potentially altering the chemical composition of the zeolite (heavy-liquid density separations). 

Purity of the zeolite fractions may be confirmed by X-ray diffraction analyses. It is up to the 

certified personnel conducting the separation to decide whether the zeolite has been 

purified/separated sufficiently for the work to be conducted. This decision shall be documented 

in the Daily Activity Log, (see SOP-01.01.01, Records), by the certified personnel before 

conducting further research with the sample. 

Known Umitations: 

• This technique requires that the initial sample be fairly rich in zeolite. 

• Minerals intergrown with the zeolites (such as opai-CT in clinoptilolite) can not be 

separated. 

August 5. 1991 
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• Two similar species of zeolites such as mordenite in clinoptilolite do not separate very well. 

5.0 EQUIPMENT 

• Shatterbox (or large ball mill}-- most all acceptable. 

• Ultrasonic probe capable of -200 W. 

The Ultrasonic probe is placed in a sound-dampening box to help protect the hearing of ~ 
operator. The use of de-ionized or distilled water is necessary to ensure that no~a \V 
alteration of the zeolites occurs due to cation exchange. Thoroughly clean a 

preparation equipment and work areas before use. \'\. -' 

6.0 PROCEDURES _,'\:;::? 

diffraction in accordance with SOP-09.04. <::::( . 0 
6.1 Samples \ . ~ 

6.1.1 Samples will b , e , shipped, and stored in accordance with the 

A, SOP-01. · ckaging and Shipping of Samples, and SOP-01.04, 

Sam le n an oc entation}. 

Label 

top of each container so that tops cannot be switched. 

6. eparation Procedure 

6.2.1 The zeolite-rich sample is first shatterboxed or ball-milled (-1 to 2 minutes) to 

break the sample down to a particle size that is closer to the grain size of its constituent 

phases. 

6.2.2 -30 to 60 grams of the zeolite sample are placed in a 1 OOOml plastic beaker filled 

with - 700-BOOml of deionized water. (Glassware, beakers, and settling times are to be 

scaled appropriately when working with amounts of sample smaller than 30-60 grams). 

6.2.3 Disaggregate the sample for approximately 10 to 15 minutes at -200 W using an 

ultrasonic probe. Longer times may be used if samples are difficult to disaggregate. 

6.2.4 Place the sample on a vibrationally stable surface without cooling it (the ultrasonic 

probe generates heat in the suspension) and allow it to settle for 30 to 60 seconds. 

The sediment is composed of the coarse fraction (>-20mm) which should include much 

August 5, 1991 



LANL-ER-SOP-09.06, RO 
Page 3 of 4 

of the quartz, feldspars, and other mineral impurities, and also any larger clumps of 

zeolites that were not disaggregated. This fraction may be discarded. 

6.2.5 Decant or syphon the supernatant into a second beaker and allow it to rest on a 

vibrationally stable surface for -1 hour to settle out the 20-30mm size fraction. This is 

generally a fairly pure zeolite fraction. 

7.0 REFERENCES 

Los Alamos National Laboratory Yucca Mountain Project Quality Assurance Manual in effect 

1/89, Sample Identification and Control for Mineralogy- Petrology Studies. 

LANL-ER-SOPs in Section 1.0, General Instructions 

LANL-ER-SOP-09.03, Operation of Siemens X-Ray Diffraction. 

LANL-ER-SOP-09.05, Clay Mineral Separation. 

8.0 RECORDS 

All zeolite-rich samples purified/separated using this procedure shall be documented on Daily 

Logs including complete sample name or number, date that each sample was processed, and 

the signature of the person conducting the separation. 

August 5, 1991 
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All documentation requirements imposed by other procedures, both Environmental Restoration 

and Yucca Mountain Project, used during this procedure shall be completed in accordance with 

the procedure. 

Separated/purified zeolite fractions shall be placed in appropriately labeled sample bottles. 

The notebook entry for a sample shall constitute evidence that the procedure has been 

implemented and satisfactorily accomplished for that sample. 

9.0 ATIACHMENTS 

N/A 

August 5, 1991 
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Operating Instructions for International Scientific Instruments Model DS-130 
Scanning Electron Microscope and Tracor Northern Series II X-Ray 

Analyzer 

1.0 PURPOSE ~ 

This procedure provides instructions for the operation of the International Sci~8 
Instruments (lSI) Model DS-130 scanning electron microscope (SEM) and Tr 

Northern (TN) Series II x-ray analyzer. \\ -' 

2.0 SCOPE \\ --.'\::::? 
2.1 Applicability t()\ ~ 
This procedure applies to electro~· ~~f geologic specimens 
and other materials documente iro n Restoration (ER) program 
samples using the lSI DS- nni le n microscope and TN Series II x-ray 
ana~ze~ · 

2.2 Train~t()\ 
Trai in er ~sts of reading and applying this procedure, and the 
· · rator manuals for the lSI Model DS-130 SEM and TN Series II 

i n under the supervision of the machine custodian. Training will be 
mented in the lSI System logbook and the operator's personnel file. In . 

aition the operator must document that he has read and understands the 
procedures in Section 1.0, General Instructions. 

3.0 DEFINITIONS AND/OR ACRONYMS 

A. lSI: International Scientific Instruments, Inc. 

B. TN: Tracor Northern (now Noran Instruments, Inc.). 

C. SEM: Scanning Electron Microscope. 

D. EDS: Energy Dispersive Spectrometer. 

E. lSI System: Combined lSI SEM and TN Series II X-Ray Analyzer System. 

• 
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The lSI System is used to obtain high-magnification images, determine the identities and 

distributions of elements in samples, provide quantitative elemental analyses, perform 

complex image analyses, and characterize particulate samples. 

The machine custodian is responsible for performing routine maintenance· 

system software and electronically-stored system back-ups; calibration 

and Energy Dispersive Spectrometer (EDS) gain; EDS resolution eck; 

operators in the use of the system; and certification of operators fo is pro . The 

machine custodian may delegate responsibilities for the IS~te 1 • 

maintenance, calibration, resolution check, and inst~ ec· i raters; 

delegation will be documented in the lSI System lo o 

The operator determines the acceptab· · ~o by implementation of this 

procedure and is responsible for t er a nd disposition of hard-copy and 

magnetic media data records T r i sponsible for final disposition and/or 

storage of samples and te · e are responsible for the calibration of 

semiquantitative and t ical routines used in their particular data 

acquisitions. 

I sed air in the range of 50 to 80 pounds per square inch (psi) is 

s li building utilities. Cooling water for the lSI System vacuum pump is 

u y a chilled water system maintained in the range of 40° to 70°F. Ambient air 

V-'-"n.arature for the lSI System should range between 60° and 80°F. When operating the 

I System in a quantitative mode, operators should take extra precaution to ensure that 

the instrument maintains calibration when environmental conditions are out of range. 

Malfunctions of the lSI System is readily detectable by operators during operation of the 

instrument. 

5.0 EQUIPMENT 

5.1 SEM 

The lSI DS-130 SEM (purchase date September 1980) is fully described in the 

Instruction Manual for lSI's Model DS-130 SEM. The electron source was modified 

(installed March 1987) to be a dual source tungsten or lanthanum hexaboride 

(LaB6) and is described in the Operation Manual for SEM with LaB6 Filament. 
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The x-ray analyzer and image analysis system is a TN Series II X-Ray Analyzer 

(purchase date August 1987). This equipment is described in the Series II X-Ray 

Analyzer Operator's Manuals. 

5.3 Software ((=\\ 
The TN Series II software (listed in Section 7.0) is commercially acq~~!l~ 
provided with the system or purchased directly from Tracor N~~~r~~ 

upgraded directly by Noran Instruments, Inc. (formerly ~r ~-

6.0 PROCEDURE f(S\\ ~ . 
6.1 Sample Control and Prepar~~ 

~t~ u e in a form or size that can be 

inserted into, or attache ~I ~13 age mount. 

Before being plas I a sample may be given an electrically 

conductivg us y rbon or gold). Conductive samples may not require 

coati . n on · samples may not require coating if examined at low 

e t1 vo es. The operator will determine what type of conductive coating, 

i ate. Carbon-coating procedures are outlined in the Instruction 

·~-·~.-dd Vacuum Evaporator. Gold-coating procedures are outlined in the 

u er II Operation and Maintenance Manual. 

on-etching may be used to enhance surface features for examination in the lSI 

SEM. !on-etching procedures are outlined in the Instruction Manual. Gatan 600 

Series Dual lon Mill. 

Standards under SOP 09.09 (Certification of Standards for Microanalysis) may be 

used for calibration of quantitative elemental X-ray analysis routines. Operators 

may use other standards for specific applications but must document the basis for 

usage of these standards in their ER notebooks. 

6.2 Sample Identification 

SEM sample stubs or thin sections are marked with an ER control number. If it is 

not practical to place the entire ER control number on the sample mount, an 

abbreviated number may be placed on the mount. The abbreviated number, 

accompanied by the complete ER control number, is recorded in the operator's ER 

notebook as part of the work description. 
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The lSI System is set up and operated according to the instructions contained in 

the Instructions Manual for lSI's Model DS-130 and TN Series II X-ray Analyzer 

Operator's Manuals. The manuals are stored in the laboratory near the 

instruments. 

6.5 Logbook 

An operator using the SEM enters the date of use and identification of samples 

studied in the lSI logbook. Additional information, as appropriate, may include the 

identification of data files generated. At the operator's discretion, descriptions of 

work performed or observations are recorded on the Daily Activity Log (SOP-

01.04), along with the date and identification of samples. 

6.6 Instrument Calibration 

The computer-generated micrometer marker on the lSI SEM will be checked 

annually against National Institute of Science and Technology (NIST) Reference 

Material 484 and adjusted if appropriate. Tolerance ± 10%. If out of tolerance it 
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will be the machine custodian's responsibility obtain repair for the instrument so 

that it will be within the required tolerance. Results are documented in the lSI 

logbook. The results, date, and name of the person performing the check are 

recorded in the lSI logbook. 

The gain on the TN Series II EDS will be checked annually by following the5 

calibration instructions in the Series II X-Ray Analyzer Operator's M~nual ~, 

copper energy lines. Tolerance is± 20 eV. If out of tolerance it will m W 
custodian's responsibility to calibrate the gain by running the Gain n 

Program as described in the Tracer Northern Manual. ~ 

The resolution of the TN Series II EDS will be checked~all asuring the 

full width at half maximum of the K alpha line fro~ . IS is a check 

only for degradation of the detector; no ad· m t is . 

6. 7 Documentation of Proc I 

documents any d~· · re ons that they were necessary in the SEM 

logbook and Dail · . 

6.8 c~~~ ctlon Criteria 

~EM produces high magnification images. Proper operation of the 

~ll:'lo•rtt is evident in the quality of the image produced. Improper operation of 

e I S-130 SEM, or a sample that is charging, can produce a poor image. 

erators should consult with the machine custodian if enhanced image quality is 

required. 

Semiquantitative X-ray analytical data can be checked by analyzing standards. 

Operators must determine the appropriate tolerance. 

Quantitative X-ray analytical data must have acceptance limits set by operators. 

Operators will accept or reject all quantitative data based on analyses of 

standards. 

7.0 REFERENCES 

LANL-ER-SOPs in Section 1.0, General Instructions. 

Hummer II Operation and Maintenance Manual. Technics. 12 pgs. 

Instruction Manual, Gatan 600 Series Dual lon Mill, 33 pages. 

Instruction Manual for lSI Model DS-130 SEM, 132 pgs. 

Instruction Manual, "Rembrandt" Model 3500F Computer Graphic Film Recorder, 54 pgs. 
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Instruction Manual, SEM provided with a LaBS Filament, 22 pgs. 

Ladd Vacuum Evaporator, Instruction Manual for Ladd Vacuum Evaporator, Cat. No. 

3000, 1988, 27 pgs. 
Series II X-Ray Analyzer Operator's Manual, Tracer Northern. 

Software programs 

8.0 RECORDS ~ 
Operators will record the following information in the lSI Logbooks ron t lbl~y 
Log: the ER sample number, date, relevant instrument working pa ete . V, 

records of standards used to calibrate elemental an a i I information 

appropriate to interpreting results and to reproducin n e . 

person performing the calibration ec I ecorded in the ER SEM System 

logbook and stickers will be R e n t 51 M and TN Series II X-Ray Analyzer . 

consoles. 

in Section .0 e er ions. Sample identification for SEM materials is describe~. . 

in Se · n . 

v om this SOP are to be recorded on the Daily Activity Log and become part 

p anent record. 

ATTACHMENTS 

N/A 
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Certification of Standards for Electron Microanalysis 

1.0 PURPOSE 

3.0 DEFINITIONS 

A. EMP: Electron Microprobe 

B. EDS: Energy Dispersive Spectrometer 

C. WDS: Wavelength Dispersive Spectrometer 

D. Bence-Albee: An empirical matrix correction program used specifically for oxide 
minerals. Refer to BASS: A Bence-Albee Oxide Analysis Program with Mineral Code 
Capabilities. 
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E. PRZ: A quantitative matrix correction technique based on the distribution of x-rays as e 

function of depth. Refer to PRZ85: A Subroutined Quantitative Analysis Correction 

Procedure Using the Bastin j(pZ) Technique. 

4.0 BACKGROUND AND/OR CAUTIONS 

Quantitative X-ray microanalysis is based on measuring the X-ray intensity of an unknown 

and comparing it to that of a known reference material, a standard. The most reliable 

results for unknown samples are obtained when the reference materials are as simi r as 

possible to the unknown sample (e.g., use silicate reference materials when an · 

silicate unknowns, sulfide reference materials when analyzing sulfide un~s 

requirements for standard reference materials are proper preparation, st · v , 

careful analysis by independent methods, and homogeneity at th~·cro t I . 

Potential hold-points, calibrations, and environmental cond~1ar sed in SOP-

09.02, Operating the Microprobe. ~ 

Standards must be prepared in accordance 0 , perating the Microprobe, 

and all standards must be given an el u · carbon coating, as described in 

the Instruction Manual, Ladd~ac o t r. mple identification, control, and 

management must be in ace n wit _ e Ps in Section 1.0, General Instructions. 

Standards are identifi!J ur-character mnemonic on the top and bottom 

rims of the br[f1 n Because the mounts are repolished periodically, the 

label on t t ·m visible at all times. Standards are stored either in the 

SEM r i desiccator box. Unmounted standard materials will be stored in the 

t d . 

n ntal conditions acceptable for the operation of the EMP System are described 

-09.02. 

5.0 EQUIPMENT 

All hardware and software used in this procedure are described in detail in SOP-09.02, 

Operating the Microprobe. 

6.0 PROCEDURE 

6.1 Purchase or Acquisition of Certified Standards 

Standards purchased from the National Institute of Standards and Technology 

(NIST, formerly NBS) or standards acquired from other analysts, for which the 

composition and homogeneity have been documented in published technical 

journals, and the standards have been widely distributed, are Certified Standards. 

6.2 Certification of Other Materials 
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Potential standard materials received from other analysts and not meeting the 
acceptance criteria will be certified by checking for qualitative chemical 
composition and then for quantitative chemical composition and homogeneity. 

6.2.1 Composition 

6.2.1.1 EDS 

Any potential sources of uncertainty will be revealed by the inability of 
the operator to achieve an acceptable calibration. Calibration will be 
checked by analyzing a standard as an unknown. 

Setup parameters for the Electron Microprobe will meet (or better) the 
following requirements for precision: 

-Standard Standard Deviation (SSD) = 0.5%, 
- Unknown Standard Deviation (USD) = 0.5%. 

Raw data output will be enabled. Setup parameters will be noted in 
the Standard Certification Notebook if different than listed here and 
the reason(s) for deviation from the prescribed parameters will be 
given. 
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Any potential sources of uncertainty will be revealed by the inability of' 

the operator to achieve an acceptable calibration. Calibration will be 

checked by analyzing a standard as an unknown. The operator will 

determine whether the results are acceptable. 

A reference measurement using the same settings will be made on a 

Certified Standard before and after each set of quantitative analyses. 

Instrument drift for each element to be used for calibration will be 

3.0% or less of the greater value of the reference measurem~nt 

6.2.1.3 Homogeneity ~~ 
Major elements will be checked for homogen · usin t t 

described by Boyd et al. (1967), and late use Jaro · et al. 

(1981, 1983, 1987). This method calcu s a neity Index, 

based on the ratio of the observ n to the standard 

deviation predicted from co tin ample is considered 

to be inhomogeneous if ter than three (3). Because 

the Index looses~· 1 • • k-to-background ratios, only 

major elemen er t . % oxide) will be measured for 

homoge · . 

T ·"" ndard will meet the requirements for homogeneity 

· In s not exceed three (3). The Homogeneity Index for 

tebook. 

(\ \\.' 6.2.1.4 Quantitative composition 

~ The range, mean, and standard deviation for each element present in 

a potential standard will be calculated from the quantitative analyses. 

Each element will be judged independently and the information will 

be listed in the Standard Certification Notebook. 

6.3 Acceptance/Rejection Criteria 

Quantitative X-Ray analytical data must have acceptance limits set by operators. 

Refer to SOP-09.02, Operating the Microprobe, for general criteria for acceptance. 

Some potential sources of uncertainty will be revealed by the inability to achieve 

an acceptable calibration as evidenced by analyzing a certified standard as an 

unknown and comparing the calculated values to the listed standards values. 

Operators will accept or reject all quantitative data based on analyses of certified 

standards. 

The sample will be accepted as a Certified Standard if the following criteria are 

met: 
• The Homogeneity Index is not greater than three (3), 
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• The range of values for each element is within ±0.75% (relative), 

• The standard deviation is within ±0.5% (relative) of the mean 

concentration, 
• The mean concentration is within ±0.5% (relative) of the non-certified 

value. 

6.4 Data Acquisition 

The data collected is elemental information which is printed for 

s in Section 1.0, General Instructions 
-SOP-9.02, Electron Microprobe Operating Procedure 

- R-SOP-9.09, Scanning Electron Microscope Operating Procedure 

Boyd, F. R., L. W. Finger, and F. Chayes. 1967. Computer Reduction of Electron Probe 

Data, Carnegie Institution Yearbook. 

Cameca Technical Manual. Option A-21 

Chambers, W. F., J. Doyle. 1990. SANDIA TASKS. Version C: A Subroutined Electron 

Microprobe Automation System, SAND 90-1702. 

Chambers, W. F., BASS: A Bence-Albee Oxide Analysis Program with Mineral Code 

Capabilities. SAND SS-2034. 

Doyle, J. H., W. F. Chambers. PRZS5: A Subroutined Quantitative Analysis Correction 

Procedure Using the Bastin f Technique. Rockwell Rocky Flats Report RFP-3215. 

• 
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Doyle, J. H. ZAF8: An Improved Quantitative Analysis for the Flextran-Language 

Systems. Rockwell Rocky Flats Report RFP-3215. 

Jarosewich, E., R. Gooley, J. Husler. October 1987. Chromium Augite-A New 
Microprobe Reference Sample, Geostandards Newsletter, Vol. 11, No. 2. 

Jarosewich, E. and I. G. Macintyre. 1983. Carbonate Reference Samples for Electron 
Microscope and Scanning Electron Microscope Analyses, Journal of Sedimentary 

Petrology, Vol. 53. 

Jarosewich, E., J. A. Nelen, and J. A. Norberg. April 1980. Geostandards~~ 
4, No. 1. Reference Samples for Electron Microprobe Analysis. .~'&J' 

Ladd Vacuum Evaporator. Instruction Manual. Cat. No. 300~. 27 ~es. ~ 
Los Alamos National Laboratory Yucca Mountain Pr~ 1 186~ Manual in 
effect July 1989. TWS-ESS-DP-122: Preparati of ect 1 robe Standard 

Mounts 0 

SAND 85-2035. 1985~ o . uration File Generator for SANDIA TASKS. 

8.0 RECOR~\Q; 
Oper~ e rded the following information in the Standard Certification 
n H y Activity Log: 

• tandard identification number or label, date, relevant instrument working 

parameters, 
• The Homogeneity Index for each element to be used for calibration purposes, 

and the range, mean, and standard deviation for each element, 

• Data files generated, 
• Records of standards used to calibrate quantitative analysis routines, 

• Acceptance criteria, 
• Deviations from this procedure, and 
• Any information appropriate to interpreting results and to reproducing analyses. 

All printed output from standard certification sessions with the EMF system will be retained 

by the machine custodian. 

The floppy disks and/or diskettes assigned to the operator are temporary storage for 

analytical data and will be kept in the EMP room. It will be the operator's responsibility to 

edit, archive, and/or delete these files as needed. 

All ER EMP system microanalysis data will be archived in a database on magnetic mediet 

·"""·· 
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All other record . 
SOPs in Seer s, such as the D .I IOn 1.0, General I al y Activity Log . 
9.0 ATTACH nstructions. 'will be controlled. MENTS '"accordance with th 

A. Listing 1 
e 

or Certified s tandards 
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LISTING FOR CURRENTLY AVAILABLE CERTIFIED STANDARDS 

NIST Certified Standards: 

SAM 470 
containing 

SAM 1873 
containing 

SAM 1871 
containing 

K-411, 
K-412, 

K-458, 
K-489, 

"GL-39" 
"GL-40" 
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Screening of PCBs in Soil 

1.0 PURPOSE 

B. L2000n.t kit: A PCB analyzer that provides accurate analysis of PCB concentration in 

oil by testing for the total amount of chlorine that is present in the sample. The 

L2000n.t reads out directly in parts per million PCB and utilizes three different settings 

to increase precision for different types of PCBs. 

4.0 BACKGROUND AND/OR CAUTIONS 

PCB oils were used in air and gas compressor systems as hydraulic, lubricating, 
mechanical seal oils, and in electrical equipment, such as capacitors. Through several 
mechanisms, including blow-by, PCBs entered pipeline systems and are distributed in 

pipelines with hydrocarbon condensate. These PCB-contaminated condensates are 
known to have contaminated numerous matrices, including: 



Drip pits and storage areas 
Crankcases and oil reserves 
Septic systems and leach fields 
Storm and room drains 
Oil reclaim systems (on-site and off-site) 

Burn and disposal pits 
Pipe and interconnects 
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Air handling and air receivers 
Building Sumps 
Floor drains 
Oil skimmers 
Open drainage ways and tile fields 
Roadways (from oiling) 

This contamination has sometimes resulted in rather random, but frequ~ntl ~ct 
distribution of PCBs across a site. Frequently the more widely distribut s \V 
levels that do not exceed cleanup standards. This must be confir~d b · i alid 

sampling and analysis. 

Analysis for PCBs is sometimes costly and time coii· ~th re ypically being 

returned in 2 to 4 weeks from the time of submissi o . PCB field screening 

kits are excellent alternatives because the · ·mP. ( be run by nontechnical 

field personnel), economical and quic ) in the field. The kits are 

generally PCB specific, however t chi I, 2,2',5,5'-Tetrabromobiphenyl, 

kits are most effective when e t nly contaminant. 

The hazard ~·at~it s a CB screening kit is the possibility of coming in 

contact with c · solvents and mercuric nitrate. These compounds are i 

cont ·ne ss p . When crushing the ampules, press firmly in the center of thif"' 

. Do not recrush glass tube. In case of breakage or spillage onto 

1 1 g, wash immediately with large amounts of water. None of the solutions in 

th it u not be taken internally. Do not expose broken sodium ampule to moisture, 

m will form hydrogen and sodium oxide when moisture is present. 

5.0 EQUIPMENT 

PCB Screening Kit 
Personal Protective equipment (rubber gloves and safety glasses) 

Sample Collection Log 
Daily Activity Log 

6.0 PROCEDURE 

A. Gather all necessary materials as specified by the PCB screening kit. Decontaminate 

soil sampling equipment as necessary per SOP-02.07, General Equipment 

Decontamination. 

' 
B. The following instructions outline the simplified test procedure for the Clor-n-soil PCB 

screening kits. However, when conducting a field test, carefully follow the procedures 

for soil screening for PCBs that are provided with each kit used. 



LANL-ER-SOP-1 0.01, RO 
Page 4 of 5 

1. Make sure that all soil lumps are completely crushed to assure full extraction of 

PCB. 

2. Weigh out 10 grams of soil sample. When weighing out the soil sample, 

suspend the scale freely by holding on to the metal ring at the top of the scale. 

F. Decontaminate equipment per SOP-2.07. Kits contain organic solvents and should be 

disposed of along with all other generated waste per SOP-1.06, Management of RFI

Generated Waste. 

7.0 REFERENCES 

LANL-ER-SOPs in Section 1.0, General Instructions. 

LANL-ER-SOP-2.07, General Equipment Decontamination. 

8.0 RECORDS 

Completed Sample Collection Log. 

Completed Daily Activity Log. 

0 



9.0 ATT ACHMENTS 

N/A 

LANL-ER S .. 
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FIDLER INSTRUMENT SYSTEM 

1.0 PURPOSE 

The following procedures outline the methods involved in the use of two instruments. One 

is the Environmental Protection Groups (ESH-S's) Multichannel Analyzer (MCA)-465/Field 

Instrument for Detecting Low Energy Radiations (FIDLER) instrument system (TSA 

Systems, 1992 a, b). The second is the use of the Ludlum Model2221 single chan~el 

analyzer (Ludlum Measurements, 1989). Both instruments use the BICRON FIDLE 

Nal crystal detector. ~ 

Specific procedures are given for: 1) Calibration of an Energy Spectr.~nd 1 

Regions of Interest; 2) Quality Control Checks; and 3) Field Us\\ ' 

2.0 SCOPE ~\ ~ 
Adequate controls shall be established to ens~Dr ct and acceptable field 

measurements will be collected with the~ nvironmental Management 

operations performed for the Depart ne 

2.1 Applicability 

National Li)j boratory). The Waste Site Studies (WSS) team of 

ESH- 1 es p to the Environmental Surveillance Program, to the 

E v toration (ER) Program investigations of potential release sites, 

e ecommissioning and decontamination actions at the Laboratory. 

ca se the Laboratory routinely characterizes, handles, and disposes of soils 

ntaminated with alpha- and beta-emitting radionuclides (accompanied by gamma 

and x-ray emissions) there is a need for a detector that can field-monitor soils and 

areas potentially contaminated with x-ray or low-energy gamma emitters. 

The FIDLER detector is a scintillation detector that, when associated with a MCA or 

Single Channel Analyzer, has the ability to measure low-energy gamma and x-ray 

energies that may accompany alpha and/or beta decay. 

2.2 Features 

2.2.1 Features of the TSA MCA-465: 

• 256 channel MCA 
• 4 energy spectrum Regions of Interest (ROI) are available 

• 14 memory locations for storing collected spectra are available 

• RS-232 connector and associated software package to allow for 

memory transfer to Personal Computer (PC) and PC Set-Up 
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• Internal 1• x 2• Nal detector for measuring external penetrating 

background radiation 

2.2.2 Features of the Ludlum 2221 

• Gross count mode or single channel analysis 

• Ratemeter and scaler count modes 

• Four linear analog count rate scales and a log count rate scale 

• Choice of time constants 
Selectable audio rate divider 

AND DEFINITIONS 

BICRON FIDLER - a thin Nal crystal detector assembly that is sensitive to the low 

energy gamma and x-rays emitted by various radionuclides . 

.MQA - a system that collects amplified output signals from a detector and sorts them 

into the appropriate channels based on the energy of the incident radiation. 

Nal (Sodium Iodide)- a hygroscopic, inorganic crystal which emits UV photons 

(scintillates) as a result of a gamma or x-ray depositing energy in the crystal. 

.B.Ql- this is the region around a Total Absorption Peak (TAP) of interest. 

Single Channel Analyzer - a system that collects output signals from a detector and 

accepts only signals corresponding to a certain energy range. 

3.2 Instrumentation 
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For operating the MCA electronics package as outlined in Section 6.0, the 

nomenclature used is described below: 

2. Changes in temperature cause gain shifts with the PMT, thus PMTs are temperature 

sensitive and rapid temperature changes can damage the Nal crystal. Always allow 

the FIDLER to warm up or cool down at a rate not exceeding 1 ooc (18°F) per hour. 

Sufficient warm-up time is needed before use. Ten minutes should be an adequate 

warm up time for this instrument. 

3. Care must be taken to preclude any damage to the exposed beryllium window of the 

detector. 

5.0 EQUIPMENT 

5.1 MCA-465/FIDLER 

1. BICRON FIDLER Detector 
2. TSA Multichannel Analyzer 
3. Power Cord 
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4. Connector Cables 
5. Tripod 
6. Instrument Stand 
7. Check Sources and/or Standards 
8. Data Recording Sheet, Tape Recorder, or Personal Computer for the recording 

of data 

5.2 2221 FIDLER: 

1. 
2. 
3. 
4. 
5. 

BICRON FIDLER Detector 
LMI 2221 ratemeter-scaler 
High Voltage Cable 
Check Sources and/or Standards 
Data Recording Sheet 

6.0 PROCEDURES 

5. Place the source in the source holder. The source element and 

reference number, activity, and traceability must be recorded and filled 

with quality assurance records for the FIDLER. These records will 

accompany data turned into the Records Processing Facility. 

6. Place the tripod stand on the source holder. 

7. Place the detector unit so that it fits all the way inside the tripod stand. 

The height of the stand should be adjusted so that the window of the 

detector is 30 em (1 foot) from the surface of the source. The serial 

number for the detector must be recorded. 

8. To calibrate the MCA so that the 100 keV energy corresponds to 

channel number 255, first determine the number of keV per channel 

using the following: 



100 Ike V 
# of channels 

-- 100 keV 
255 
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-- 0.392 keV 
channel 

With this information, the correct channel number for the energy of a 
check source can now be calculated. All reference information for the 
check source must be recorded. For example, using 241-Am as a check 
source, and measuring the 59.4 keV x-ray emitted, the channel number 

for this energy is calculated as follows: 

59.4 ke V * channel # = channel # 152 

9. For this particular TAP, move the cursor on the MCA rea 
positioned at channel number 152. 

10. 

11. 

12. 

13~h A menu, toggle the Tjme Mode option so that ·uve• 

~\ . s he necessary parameters have been set, hit the <ENTER> key to 

\ ~~ s ore them in the unit. Exit the PARAMETERS menu. 

15. From the SET-UP menu select the CALIBRATE option. The MCA will 

automatically begin to count the source. 

16. Use the arrow keys to move the 59.4 keV peak until it is centered over or 

under the cursor. 

17. Once the peak is centered, hit the <ENTER> key to store the calibration 

factor in the unit. 

18. While still in the SET-UP menu, move the cursor to select the ROI set-up 

option. 

19. The Lo energy and Hi energy ends of the BOis are set to the Full Width 

Half Maximum (FWHM) on either side of the peak of interest by using 

the arrow keys, and hitting <ENTER>. The mode key allows you to set 
other BOis once one has been established. 

20. Select •Lo 1• to be the channel number on the left {lower energy) end of 

the first peak which contains one-half the maximum number of counts in 
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that channel for that total absorption peak of interest. Likewise, select 

•Hi 1• to be the channel number on the right (upper energy) end at the 

FWHM for that total absorption peak. Record the number of the •1o• and 

•hi• channels. 

Note: If no one channel is exactly at the FWHM, use the channel with 

the closest number of counts to, but lower than, the FWHM as a 

bracketing channel. 

21. For the second total absorption peak and ROI select •Lo W and~· • 

using the same criterion that was used to select •Lo 1• a~d • · I. ~ d 

the numbers of the •Lo• and •Hi• channels. \ V ..... 

22. Be sure to hit <ENTER> before exiting the ROI s~ m:) 

23. The MCA and FIDLER probe are~o e~ ca~~ 
6.1.2 Ludlum 2221 Calibr~ an ~ W 
1. Be certain the LMI~_t 0 be ore connecting the 

communication ~~~ ~g be between the MCA and the detector. 

2. Con~ age cable to the FIDLER. 

3~~ ot er end of the cable to LMI 2221. 

~~~ on the LMI 2221. Check the battery charge level; replace batteries 

\ ~~ necessary. 

5. Place the FIDLER on the source holder. The source element and 

reference must be recorded and filed with quality assurance records for 

the FIDLER. These records will accompany the radiological survey 

data. 

6. Set the threshold to 110 and the window to 20. 

7. Starting with a voltage of about 100 volts, adjust the high voltage to 

maximize the count rate for the 241-Am check source. 

8. Set the Window and Threshold as follows: 

a. Leave the high voltage as set by step 7. 

b. Adjust the window to 40. 

c. Adjust the threshold to 100. 
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Caution: This sets the window to the energy range of 50 to 70 keV, which 

has been determined to be optimal for Am-241. It is not necessarily 

appropriate for other low energy gamma emitters. 

9. The response of the LMI 2221 with FIDLER is now optimized for 

detecting Americium-241. Record the voltage, window and threshold 

values for future reference. 

1 0. This procedure will be repeated whenever the quality control cha~ta 

indicates the instrument is out of control, and when the FIDLER, 

2221 , or high voltage cable is replaced. 

6.2 Daily Source Checks ~ 

A quality control source check is to be done each day t ·nstru u ed in the 

field. The data are recorded on the Gamma Sc~in te erational 

Check Data Sheet or the ESH-8 FIDLER Surve h achments A and B. 

All reference information on the check ~s e o ed along with the count 

data on the form. ~ 

An Instrument Control Ch ac nt r similar) is also to be prepared using 

the data being accu Ia e · Operational Check Data Sheet. The chart 

tracks detector re t n source as a function of calendar days. The 

determin t · the data collected. If the chart in Attachment C is used, 

thf f . pr 1s used (if a different chart is used, its procedure is 

ft en Clays' data are accumulated on the Operational Check Data Sheet, the 

C -465 ROI Totals or the LMI 2221 Total Counts are written into the left-hand 

olumn in numerical order and spaced equally from top to bottom, on the Instrument 

Control Chart (see Attachment B). The date of each determination is written across 

the top of the grid portion of the chart. A dot or ·x· is then placed in the square at 

the point where the date and its count intersect. The mean of the ten counts is 

calculated and a line drawn across the chart at this value. As data is accumulated 

the mean may change in value and the line then relocated as necessary. 

A plot of date vs count is thus generated. Lines representing one, two, and three 

standard deviations from the mean are also drawn in to help establish proper 

operating limits for the instruments. This process continues for each subsequent 

daily check as long as the instrument is in use. 

6.2.1 Materials for Source Checks and Chart Preparation 

1. TSA MCA-465 or LMI2221 FIDLER System 

2. Am-241 Source 
3. Operational Check Data Sheet 
4. Instrument Control Chart 
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Place the detector in the tripod stand and place the tripod over the source 

holder. Place the source in Position 1 of the holder and begin a 200 second 

count. At the end of the counting period, record the total number of counts in 

the regions of interest on the Operational Check Data Sheet. After enough 

data has been accumulated, prepare an Instrument Control Chart and 

transfer the data to the chart. Draw in the mean, and the first, second, and 

third standard deviation lines. Continue the process as each daily~o ·s 

made. If a daily total count falls outside the third standard d~eiati ~~ 

contact the Waste Site Studies instrument owner. \V 

6.2.3 Procedure for Ludlum 2221 SCA ~ 

1. Verify that the batteries are charge i~ly an he high 

voltage, window and threshold ar ~ ermined by step 

6.1.2 of this procedure. ~,V 

Caution: A shift in an~s 0 · s w1 I affect the response check result 

significantly. ~ 

2. PI§ ec source in the source holder. Place the source 

e tor t so rce holder and take a one-minute count on each of 

e · les of the counter. Record the results on the Gamma 

t n Detector Operational Check Data Sheet. 

dd the results and enter in the •rotal Counts• column of the 

Operational Check Data Sheet. 

After enough daily data has been accumulated, prepare an Instrument 

Control Chart and transfer the data to the chart. Draw in the mean, and 

1, 2, and 3 standard deviation lines. Continue the process as each daily 

count is made. If a daily total count falls outside the third standard 

deviation line, stop using the instrument until it has been repaired and 

re-calibrated. 

6.3 Determination of Background Level 

6.3.1 TSA MCA-465 

Background Counting - Prior to use in the field a radiation-soil background 

check is performed for the detector. At the background location, ten 200 

second readings are taken and recorded. A mean background count and the 

standard deviation from the mean are calculated and recorded. 
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Note: Background measurements should be performed in a known clean 

area adjacent to the location of interest in terrain similar to that of the target 

area. 

6.3.2 LMI 2221 

Background Counting - Prior to use in the field a radiation-soil background 

check is performed for the detector. At the background location, five 60 

second readings are taken and recorded. The mean background cou~ni 

calculated and recorded. ~<""\ 

Field Use \V 

6.4.1 TSA MCA-465 \\. ~ 
1. Be sure the instrument has been cah~~----~arged 

batteries before going into the fi . ec ~~es using the 
electrometer internal self-ch~.--,. 

2. At the measureme ~ i t e · , set up the tripod and place the 

detector in the · . the ectrometer as far away from the tripod 

as possib ng of the soil sample to be measured. 

3. o e t eter; after the self check, which verifies that the 

r s an external probe is present, the instrument will be 

ad r ord the field measurements. The instrument will be in the 
de after it is turned on. Begin the count by pressing the 

< ART/STOP> key. The count time should be preset to 200 seconds, 

live time. If not, set to 200 seconds according to the procedure in 

Section 6.1. 1 steps 11 and 12. 

4. At the end of the measurement, the total number of counts in the regions 

of interest will be displayed on the Area Survey Sheet. See Attachment 

D.. Record the count values for the ROis and the unique sample 

location. Repeat procedure at the next sample location, recording data 

at each stop. 

5. If pertinent, store the field spectral measurement for a particular location 

in one of the 14 memory locations available in the electrometer. While 

in the ROI mode, hit STORE and select the Store Data option in the 

STORE menu. The measurement will be stored in the first available 

memory space. Record the memory area number in the logbook and 

associate it to a sampling location. When making a hard copy of data, 

the memory area number must be associated to the actual sampling 

location identifier. 
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6. The stored spectral data can be downloaded for further analysis from 

the MCA 465 using an RS-232 cable connected to a serial input port of 

a PC. 

6.4.2 Ludlum 2221 

1. 

2. 

3. 

4. 

5. 

Ludlum Measurements, Inc. •operating and Technical Manual- LMI 2221,• Sweet Water, 

Texas, 1989. 

TSA Systems Ltd. •operating and Service Manual - MCA 465,• TSA, 1820 Delaware 

Place, Longmont, CO, 80501, 1992, a. 

TSA Systems Ltd. •operating and Service Manual- External Probe Adaptor,• TSA, 1820 

Delaware Place, Longmont, CO, 80501, 1992, b. 

8.0 RECORDS 

8.1 TSA MCA-465 

The data collected by the instrument can be recorded manually or stored in the 

memory locations of the electronics package. Information included with the data 

collection record includes name of personnel performing survey, date of sample 

reading, detector serial number, source check reference number, and date of last 
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calibration. Stored information can be downloaded to a PC via the available 

software. Hardcopies of all pertinent information are transferred to the Records 

Processing Facility by the Operable Unit Project Leader. 

8.2 Ludlum 2221 
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Field Analysis Of Total Hydrocarbons Using The Hanby Method 

1.0 PURPOSE 

This procedure describes the field analysis of water and soil samples for aromatics 

and total petroleum hydrocarbons (TP H) using the Hanby Method, which is provided in 

a patented kit. 

The Hanby Method is an extraction/colorimetric method for measuring concentrations 

of specific petroleum hydrocarbons and aromatics. This method has been 

demonstrated to be highly accurate with typical minimum detection limits of 1 ppm for 

most constituents in soils and 0.1 ppm in water. The amount of color development and 

shade of color vary depending on the class of compounds analyzed (i.e., aromatics, 

such as benzene, toluene, and xylene; petroleum products, such as regular and 

unleaded gasoline, diesel, and kerosene; or polychlorinated biphenyls [PCBs], such 

as mixtures of Aroclors, a PCB tradename). 

The Hanby Method is quantitative only when the class of compounds at the site is 

known and the results obtained are compared with a color photograph of standards 

consisting of the same compounds. Even when these conditions are satisfied, care 

should be exercised when the test results are in the range of 50 to 150 ppm. In this 
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range, some color witt develop in the test sample, but the difference in color between 

50 ppm and 150 ppm is slight. TPH concentrations determined by the Hanby Method 

should not be used, independently, as the basis for final remediation decisions. All 

results obtained by this method must be verified by a laboratory analysis of other 

samples. 

Refer to the site work plan to locate the sampling sites designated for analysis and the 

approximate boundaries of the potential release site. 

6. 2 Decontamination 

Decontaminate all reusable sampling equipment before taking the first sample and 

between sampling intervals in accordance with appropriate SOPs. Gloves and 

Tyvek™ suits are not to be reused. Beakers containing residues soil samples, and 

extraction solvent must either be discarded as hazardous solid waste or 

decontaminated. If the beakers are decontaminated, the decontamination liquid must 

be disposed of as hazardous waste in accordance with Laboratory AR 1 0-3 and site

specific Waste Management Plans. 

6. 3 Soil Samples 

Chemical-resistant gloves and safety glasses must be worn while working with the 

extraction solvent. Work is usually performed outdoors, but it may be performed 
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indoors in a properly functioning fume hood. Beakers containing extraction solvent 

should be kept well below the breathing zone, (i.e. at waist level) to reduce exposure 

to fumes. Minimize exposure time by having all equipment ready before the test is 

started. The beakers should be partially covered with aluminum foil during extractions 

to further reduce exposure. 

For soil samples, follow the steps below (synopsized from the Hanby instructions): 

B. Ensure that all reusable equipment is inventoried, decontaminated, and 

properly stored. Inform the equipment manager of test kit supply needs. 

6.4 Water Samples 

The same safety precautions listed above for soil samples also apply to the analysis of 

water samples. Contact with the extraction solvent and vapors is to be avoided. 

For water samples, follow the steps below (synopsized from the Hanby instructions): 

1. Place a 500 ml water sample in a clean separatory funnel and set the 

funnel in a ringstand. 

2. Add a 5 ml ampule of extraction reagent to the water sample and shake 

the funnel vigorously for 2 minutes. Periodically release the pressure 

build-up in the funnel by inverting it and opening the stopcock to vent the 



LANL-ER-SOP-1 0.05, RO 
Page 5 of 7 

funnel. Take care to avoid spilling liquid from the funnel or breathing 

vapors expelled during venting. 

3. Set the funnel aside for 5 minutes, allowing the extraction phase to 

separate to the bottom of the funnel. 

4. 

5. 

6. 

7. 

8. 

After phase separation, drain the lower extraction level into a screw-top 

test tube to the 4.2 ml mark, leaving a small amount of extraction solvent 

in the funnel. Water interferes with color development of the catalyst 

matrix and must be kept out of the extraction solvent placed in the test ~ 

tube. ~\V 
Add one vial of color development catalyst to the test tube ~sh 
vigorously for 2 minutes or until a uniform color develops. 

Compare the hue and intensity of color deve~~colo) 
photographs of standards in water to determ· ~~ant type and 

concentration. ~ 

Record analysis results inclu~e atalyst matrix in the field 
notebook in ink. Note lac , · , a depth at which sample was 

gathered. 

Transfer wate~am I r aining extraction phase into liquid waste 
contai ~~I s azardous waste. The test tube containing the 

c ly t at · imilarly be disposed of as hazardous waste. 

stored. Inform the equipment manager of test kit supply needs. 

7.0 ERENCES 

EPA (US Environmental Protection Agency), September 1990. "Field 

Measurements: Dependable Data When You Need It," EPA 530/UST-90/003, 

Washington, DC. 

HNu-Hanby, "Soil Extraction Method", Instructions included in kit covered by 

U.S. Patent# 4,992,339, HNu Systems, Inc., Newton, MA 

LANL ES&H Manual AR 9-4, "Accidental Oil, Chemical, and Airborne Releases" 

LANL ES&H Manual AR 10-3, "Hazardous and Mixed Waste" 

LANL-ER-SOP-01.01, RO, "General Instructions for Field Investigations" 

8.0 RECORDS 

Hanby Method field analysis results will be recorded in the field notebook and/or on 

appropriate log sheets in accordance with LANL-ER-SOP-01.01. Data to be recorded 

• 
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should include the date and time of day, sample location (position and depth at site), 

type of sample, test results, and name of sample collector. Additional information 

should include comments about the sampling event and conclusions (e.g., need for 

further evaluation). Identification of any collocated samples, such as those submitted 

to a laboratory for verification, should also be included. The field team leader is 

responsible for the generation of all records required within this SOP. 

9.0 ATTACHMENTS 

Attachment A 

~~ 

Equipment and Supplies Checklist for the Hanby Method Field~ 

Analysis Test KH ·-~ 
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ATTACHMENT A 

Equipment and Supplies Checklist for the Hanby Method 
Field Analysis Test Kit 

. 8 
Aluminum foil to cover beakers ~ 

Labeled containers for liquid and solid h~ as s 

Safety glasses 

Chemical-resistant gloves 0 
kit) 

Color dev~J (one for every analysis, 30 supplies in 
kit) 

C~~ s of standards (supplied with kit) 

~uated cylinder 

-ml beakers (one for each soil sample) 

500-ml separatory funnel (for water samples) 

Tripod ringstand 
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HIGH EXPLOSIVES SPOT TEST 

1.0 PURPOSE 

This procedure describes a high explosive spot test that can be performed in the field. 
The field method has been designed and provided by Explosives Technology Group, 
DX-2. The Spot Test and its results .vere reviewed and approved for use by the Los 
Alamos National Laboratory's Explosives Review Committee. 

2.0 SCOPE 

2.1 Applicability 

This procedure applies to all personnel who will be testing for the presence of high 
explosives (HE) in homogenized soil that will be used for sample material. 

2.2 Training 

The field team leader and the sample team members who use this method must have 
been trained by a DX-2 representative. The DX-2 training must be documented, and 
trainees must document that they have read and understood this procedure in 
accordance with LANL-ER-AP-05.2, Determination, Completion and Documentation of 
Environmental Restoration Worker Training. 

3.0 DEFINITIONS 

N/A 

4.0 BACKGROUND AND CAUTIONS 

All documentation must be recorded in the field notebook or daily log per 
LANL-ER-SOP-01.04, Sample Control and Field Documentation. Deviations from the 
procedure must be recorded per LANL-ER-SOP-01.04. 

HE sites are restricted. Follow LANL-ER-SOP-01.07, Taking Soil and Water Samples 
in Explosive Areas, for information regarding preparation of a facility work request per 

· LIR230.03-01.1, Facility Management Work Control. 

Once on site, follow the site-specific health and safety plan to ensure the protection of 
personnel performing this test. The HE Spot Test is used to screen for HE at sample 
locations as part of the safety protection for the field team members. However, a 
negative test result does not totally ensure that the location is free of HE; it only 
indicates that no HE is present in the small amount of soil used for the Spot Test. HE 
could still be present in the immediate area or even in the sampled material. Every 
precaution, including the use of the HE Spot Test, should be taken to keep all team 
members as safe as possible. 
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Please note that in the Chart for Use with the Modified Griess Reagent Spot Test for 
Explosives (Attachments A and 8) an explosive is listed for which a color change 
would not be noted. The Spot Test usually frees the nitrogen from the explosive, thus 
indicating the presence of the high explosive 

The reagents for the spot test include: 

• Reagent 1: 0.1 molar sodium methoxide in DMSO 
• Reagent 2: 10 mg/ml sulfanilimide in 0.2 molar hydrochloric acid 
• Reagent 3t: 0.2 mg/ml N-1-naphthylethylenediamide dihydrochloride 

t Reagent 3 is light-sensitive. Keep this reagent in the closed box when not in use. 

All chemicals must be handled in a professional manner, using care to prevent 
splashing or spilling. Eye protection must be used when performing the test. 
Chemical-resistant gloves must be used. DMSO will penetrate the skin and carry 
chemicals into the bloodstream. Material Safety Data Sheets for the chemicals used 
in the kit should be on site and accompany the kit when transporting it on public roads 
to comply with Department of Transportation (DOT) regulations. 

The Spot Test is not designed to give quantitative results. The concentration of HE in 
the sample is not the object of this test, and results of this method are not used as the 
basis for final remediation decisions. All samples that give a positive test result must 
be considered HE-contaminated regardless of the intensity of the color generated by 
the test. 

5.0 EQUIPMENT 

Modified Griess Reagent Spot Test for Explosives, as provided by DX-2 

Small laboratory-type spatula, about 5 mm in width 

Safety glasses or goggles 

Chemical-resistant gloves 

6.0 PROCEDURE 

This test is to be performed on homogenized soil that is collected and is to be 
distributed to the sample containers. 

A Note any color change during the test. Use the Chart in the kit to determine the 
presence of specific HE. (The Chart is duplicated here in Attachment A) If 
there is a color change, note the color and which reagent had been applied. 
Document the results in the field notebook and/or the sample collection logs. 
Negative results must also be documented in the field notebook and/or the 
sample collection logs. 
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B. Decontaminate the spatula if it is not new or there is a question about its 
previous decontamination. 

C. Remove the filter paper from the kit. DX-2 provides a 5.5 em diameter filter 
paper for this test, but other sizes could be used. 

D. Scoop a small soil sample from the test location on to the filter paper using the 
spatula. 

E. Apply a few drops of Reagent 1 to the sample. Note any color change. Check 
the Chart to identify the resultant color change indicated in the Reagent 1 
column and the corresponding type of HE. Document positive results. 

F. Apply a few drops of Reagent 2 to the same area of the sample. 

G. Apply a few drops of Reagent 3 to the same area of the sample. Note any color 
change. Check the Chart to identify the resultant color change indicated in the 
Reagent 3 column and the corresponding type of HE. Document results in field 
notebook and/or sample collection logs. 

H. Return the kit materials to the holding box. Be sure to put the bottles back into 
the plastic zip-lock bags containing kimwipes in order to comply with DOT 
regulations when transporting the kit. 

I. Decontaminate the spatula. 

J. Place the filter paper that contains the soil test material and discarded gloves 
and goggles in the appropriate waste container, following the site-specific 
Waste Management Plan. 

7.0 REFERENCES 

LANL-ER-AP-05.2, Determination, Completion and Documentation of Environmental 
Restoration Worker Training 
LANL-ER-SOP-01.04, Sample Control and Field Documentation 
LANL-ER-SOP-01.07, Taking Soil and Water Samples in Explosive Areas 
Laboratory Implementation Requirement (LIR) 230-03.01.1, Facility Management Wort<. 
Control 
LANL-ES&H-AR-6-6, Explosives 
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Screening results can be recorded either in the Daily Activity Log or field notebook. 

The field team leader is responsible for transmittal of all records that result from the 
use of this procedure to the ER Records Processing Facility. 

9.0 ATTACHMENTS 

Attachment A Chart For Use with the Modified Griess Reagent Spot Test for 
Explosives 

Attachment B Commonly Used Abbreviations with Corresponding Chemical Names 
of HE 
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CHART FOR USE WITH THE MODIFIED GRIESS REAGENT 
SPOT TEST FOR EXPLOSIVES 

To use this chart, follow the instructions in the Procedure Section of this SOP. 

HE Reagent 1 Reagent 3 
Resultant Color Resultant Color 

Change Change 
NC None Purple 
NG None Purple 

PETN None Purple 
RDX None Purple 
TATS Yell ow Orange None 
Tetryl Black-Red None 
TNT Black-Purple None 
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COMMONLY USED ABBREVIATIONS WITH 
CORRESPONDING CHEMICAL NAMES OF HE 

HE Abbreviation Chemical Names 
NC Nitrocellulose 
NG Nitroglycerine 
PETN Pentaerythrol tetranitrate 
RDX Hexogen. C yclo-1, 3, 5-tri m eth_ylene-2, 4,6-trn itram i ne 
TATB Triam inotrin itrobenzene 
Tetryl Trinitro-2,4,6-phenylemethylnitramine 
TNT Trinitrotoluene 
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This procedure describes a high explosive spot test that can be performed in the field. 

The field method has been designed and provided by Explosives Technology Group, 

DX-16. The Spot Test and its results were reviewed and approved for use by the LANL 

Explosives Review Committee. 

2.0 SCOPE 

2.1 Applicability ~ 

explosives (HE) in homogenized soil that will be used for sampl\\.aten'. 

2.2 Training ~ ~ 

~is method must have 
t be documented, and 

rstood this procedure. 

N/A 

Waste must be managed in accordance with the site-specific waste management plan, 

which addresses the waste issues in AR 1 0-3, Hazardous and Mixed Waste, and AR 

10-8, Waste Minimization. 

All documentation must be recorded in the field notebook or daily log per LANL-ER

SOP-01.04, Sample Control and Field Documentation. Deviations from the procedure 

must be recorded per LANL-ER-SOP-01.04. 

The HE Spot Test is used to help ensure that HE are not present at sample locations, 

thus helping to ensure the safety of the field team members. However, a negative test 

result does not totally ensure that the location is free of HE; it only indicates that no HE 

is present in the small amount of soil used for the Spot Test. HE could still be present in 

the immediate area or even in the sampled material. Every precaution, including the 
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use of the HE Spot Test, should be take~ to keep all team members as safe as 

possible. 

When using this test method, apply a small amount of the acetone to the sample before 

applying Reagent 1 for all tests. This simple measure screens for PETN in all tests. 

5.0 EQUIPMENT 

• Modified Griess Reagent Spot Test for Explosives, as provided by DX-16 

• Small laboratory-type spatula, about 5 mm in width 

• Safety glasses or goggles 

• Chemical-resistant gloves 

·See Attachment B for chemical names of the explosives mentioned in this procedure. 
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6.0 PROCEDURE 

This test is to be performed on homogenized soil that is collected and is to be 

distributed to the sample containers. 

A. Note any color change during the test. Use the Chart in the kit to determine the 

presence of specific HE. (The Chart is duplicated here in Attachment A.) If 

there is a color change, note the color and which reagent had been applied. 

Document the results in the field notebook and/or the sample collection logs. 

Negative results must also be documented in the field notebook and/or the 

sample collection logs. ~ 

B. Decontaminate the spatula if it is not new or there is a question about~i~\) 
decontamination. \\. .-.~ 

C. Remove the filter paper from the kit. DX-16 provides a ~m ~~filter 
paper for this test, but other sizes could be used. ~ ~ 

D. 
small spatula. 

E. Apply a few dropsiG),· f et~ ac ne should not be allowed to evaporate 

before adding Re \ ~~ 

F. Apply fe~op ent 1. Note any color change. Check the Chart to 

id · t e t color change indicated in the Reagent 1 column and the 

(\ ~~I i e of HE. Document any positive results. 

~ few drops of Reagent 2. 

H. Apply a few drops of Reagent 3. Note any color change. Check the Chart to 

identify the resultant color change indicated in the Reagent 3 column and the 

corresponding type of HE. Document any positive results. 

I. Return the kit materials to the holding box. Be sure to put the bottles back into 

the plastic zip-lock bags containing kimwipes in order to comply with DOT 

regulations when transporting the kit. 

J. Decontaminate the spatula. 

K. Place the filter paper that contains the soil test material and discarded gloves and 

goggles in the appropriate waste container, following the site-specific Waste 

Management Plan. 
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LANL-ER-SOP-01.04, R2, Sample Control and Field Documentation 

LANL-ES&H-AR 1-3, Standard Operating Procedures and Special Work Permits 

LANL-ES&H-AR 6-6, Explosives 

LANL-ES&H-AR 10-3, Hazardous and Mixed Waste 

LANL-ES&H-AR 1 0-8, Waste Minimization 

8.0 RECORDS 

Attachment 8: 
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Attachment A 

CHART FOR USE WITH THE MODIFIED GRIESS REAGENT 
SPOT TEST FOR EXPLOSIVES 

To use this chart, follow the instructions in the Procedure Section of this SOP. 

HE 

AN 
HMX 
NQ 
NC 
NG 

PETN 
RDX 

TATB 
Tetr I 
TNT 

Reagent1 
Resultant Color Change 

None 
None 
None 
None 

Reagent3 
Resultant Color Change 

None 



HE Abbreviation 
AN 
HMX 
NQ 
NC 
NG 
PETN 
RDX 
TATS 
Tetr I 
TNT 
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Attachment B 

COMMONLY USED ABBREVIATIONS WITH 
CORRESPONDING CHEMICAL NAMES OF HE 

Chemical Names 
Ammonium nitrate 
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FIELD MONITORING FOR SURFACE AND VOLUME 
RADIOACTIVITY LEVELS 

1.0 PURPOSE 

2.0 SCOPE 

2.2 Training 

The Field Team Manager (FTM) or equivalent is responsible for ensuring proper 

implementation of this SOP. The FTM also must ensure that he or she and all 

RCTs document that they read and understand this SOP, the other applicable 

SOPs in Section 1.0, General Instructions, of the Los Alamos National 

Laboratory's (the Laboratory's) ER SOP, the associated Laboratory 

Administrative Requirements,. and the Laboratory's Standards and Procedures. 

The RCTs must meet the qualification requirements specified in the 

Laboratory's Radiological Control (RadCon) Manual, Chapter 6, Part 4, 

Paragraph 641 through 645. Group ESH-1 RCTs and subcontractors with 

ESH-1 approval are considered to meet the RadCon Manual requirements. 

The RCTs must [eceive on-the-job training provided by ESH-1 for making the 

radioactivity determinations and using the survey instruments/detectors. 
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Training documentation includes: 1) a list of RCTs authorized by ESH-1 to 

make the radioactivity determinations; 2) date of completed training; 3) 
signature sheet indicating each RCTs review of this SOP; and 4) signature 

sheet certifying completion of the on-the-job training and use of the 

instruments/detectors. 

3.0 DEFINITIONS AND ACRONYMS 

1. Background: Radiation from radioactive material other than that resulting from 

Department of Energy (DOE) operations at the Laboratory. This includes ~ 

radiation from cosmic rays and from naturally occuring radioactive mat~erials i <"\' 
the earth and building materials including radon (except-as a decay pr \V 
source or special nuclear material); and global fallout as it exists in the · 

environment from the testing of nuclear explosive devices. Bac~und 

determined using statistically sound methods of samplin~d sa le · g 

(see Section 6.1 ). 

2. Decision Amount (pA): The decision amo~· th@: I above which the 

waste material is considered .. radioacti ~ ~e confidence level. 

3. MDA: Minimum detectable acti . ati · I chnique developed to establish 

radioactivity detection cap · · 

4.0 BACKGROUND ~ 
4.1 t&LR~ation Value 

· ~waste or other material is contaminated with radioactivity 

q · s t radiation detection instruments be used to determine the 

ck ound count in the vicinity of the waste or other material; this count must 

en be compared with the count of a sample of the material in question. The 

sample count must have a certain value above the background count in order to 

be called .. radioactive .. with an agreed-upon degree of certainty or confidence . 

that the result is correct. Likewise, if the sample count is less than this certain 

value, it is called .. non-radioactive .. (or 11at background .. ) with the same degree of 

confidence. 

This certain value is called the minimum detectable activity (MDA). For 

radioactive waste determinations, the MDA value must be within a factor of 2 to 

3 of the DA to satisfy current DOE/AL Waste Moratorium requirements that 

waste for off-site disposal contain .. no radioactivity (other than naturally 
occuring) ... 

Currently used field-counting techniques do not have an MDA value that is low 

enough to make this determination; it must be made in the laboratory where 

background count rates are low, counting times are long, and the MDA of the 

method is likewise low. In the field, the only decision that can be made currently 

(other than by knowledge of process) is that the waste is either radioactive or it 

is .. potentially•• radioactive. This decision amount (DA) is the activity level above 
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which the waste is considered to be radioactive. The DA means that a sample 

count greater than the DA can be called "radioactive" with the agreed-upon 

level of confidence, but that counts less than the DA can only be called 

"potentially radioactive," rather than "non- radioactive." TheDA value is 

typically two or three times less than the MDA. 

DOE defines waste as non-radioactive if it contains no measurable increase in 

radioactivity (at a statistically defined confidence interval) above background in 

volume or bulk resulting from DOE operations at the Laboratory and contains no 

surface radioactivity above the limits specified in DOE Order 5400.5, 11.5.c.(1) ~ 
and (DOE Draft Order 5820.28). Therefore, bulk- or volume-contaminat~e 

wastes will be classified as radioactive if the wastes are above the Labo 

background levels in the vicinity. Surface contaminated wastes w~e 

classified as radioactive if the wastes are above the surface radioa t ity li · 

in DOE Order 5400.5, 11.5.c.(1 ). \\. ~ 

4.1.1 Surface Contamination . ~ W . 
DOE allows the release of m~~!~ unrestricted use if 
the items have surface conta on ecific levels listed in the 

DOE Order 5400.5, Fig. IV s ifi y the U.S. Atomic Energy 

Commission Regulato 1. or Transuranic Radionuclides (see 

table in Attac§h · roach will be applied to potentially 

surfac~-c ta i ate OJect wastes. The wastes will be classified 

as radi · i t tes are above the DOE criteria. The wastes will 

b ied ntaminated" and can be considered as non-

. · e wastes are below the DOE criteria. 

ision of whether a smear sample or a direct measurement of a 

s ace is contaminated is based on the relative counts obtained on the 

instrument compared with background and blank sample count rates. 

The level of radioactivity at which this decision is made has to be below 

the contamination guidelines shown in Attachment A so that material may 

be released for unrestricted use with a high degree of confidence that it is 

not contaminated and, likewise, that if it is contaminated it will not be 

judged as non-contaminated with the same degree of confidence. This 

decision level is defined in this procedure as the- MDA of each instrument 

used to measure the type of radiation emitted by the isotopes in question.-

To determine if surface contaminated wastes are radioactive, the MDA 

must be calculated and the counting times adjusted to ensure that the 

instrument is capable of detecting radioactivity at levels less than the 

amounts in Attachment A with a high degree of confidence. This 

determination is based upon measurement with a field instrument having 

a standard MDA at the 95% confidence interval below the levels required 

by DOE Order 5400.5. 
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To determine if the waste bulk or volume is contaminated with 
radioactivity, the following information is required: 

• The background must be determined either from an uncontaminated 
location at the measurement site or in the laboratory using an 
uncontaminated soil or other waste sample taken from the waste site. 
(See Section 6.1.) 

Types of instruments that may be used for this procedure are listed in Attachment B. 

6.0 PROCEDURE 

6.1 Determination of Background Radioactivity 

A. Collect several representative samples of known uncontaminated waste 
material or soil from the site vicinity and either have them analyzed in the 
lab or count them in the field, for background samples. The number of 
samples required depends upon the volume of waste or soil to be 
measured for radioactivity. This process is used for potentially 
contaminated bulk waste that can be readily sampled, such as soil. 

B. For lab measurements, the samples are appropriately prepared and then 
counted in radiation counters several times a day for several days until 
an acceptable confidence level has been attained. This result, the 
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background count, is used by the laboratory for an MDA determination 

from which the .. radioactive or not .. decision on the actual sample is 

made. 

C. Where field methods with adequate MDAs are available, the background· 

samples are counted in the field, and an acceptable MDA is attained, this 

result is the background count, .. B .. , that is used in the MDA equation. If 

only screening is to be done, then the background count .. B .. is used in 

the DA equation. 

6.2 Calculation of Minimum Detectable Activity 0 
A. 

calculation from Brodsky 1991: 

MDA = 2.71+4.!5~ t()\~ 
~E(10o) ~~ 

B = Bac ou a 1vity sample) Count Rate in cpm 

k ~I C c~ncJime in minut~s - · 

~tor Active Area in cm2 

the count rate of a blank (zero-activity) smear or an 

1nated object similar to the one to be surveyed. 

Calculate the MDA for each instrument/detector combination using the 

form in Attachment C. 

D. If the instrument MDA is determined to be above the Attachment A value for 

the activity being measured, then increase the counting time or the 

detector active area until the MDA is less than the values in Attachment A. 

6.3 Calculation of Decision Amount 

A. Determine the DA using the following calculation from Brodsky 1991: 



B. 

6.4 

A. 

B. 

where: 

DA = 
B = 
t = 
E = 
A = 

The decision amount in dpm/1 00cm2 
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Background (zero activity sample) count rate in cpm 
Sample counting time in minutes 
Detector efficiency 
Detector active area in cm2 

f removable contamination levels are less than the Attachment A 
amounts, determine the direct contamination levels by following Section 

7.1 of the Laboratory Procedure ESH-1-02-02. If the direct contamination 

levels are greater than the "average" levels in Attachment A, classify the 

items as radioactive;. if the levels are less than the average levels, the 

item is non-radioactive. 

6.5 Determination of Bulk or Volume Radioactive Contamination 

A. Once the background has been calculated, calculate the DA (Section 

6.3) for each survey instrument. 

B. Survey th~ waste to determine the bulk radioactive contamination levels. 

If the radioactive levels are above the DA of the instrument, classify the 

waste as radioactive. If the radioactivity levels are below the DA, classify 

the waste as potential radioactive until laboratory or equivalent methods 

or more sensitive field techniques can determine the radioactivity status 

of the waste. 
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C. If a technique with an adequate MDA is in place in the field, calculate the 

MDA (Section 6.2) using the calculated background and proceed to 

measure the samples for which the radioactive decision is to be made. 

7.0 REFERENCES 

A. Brodsky, R.G. Gallaghar, "Statistical Considerations in Practical Contamination 

Monitoring," Radiation Protection Management, Vol. 8, No.4, 1991. 

Los Alamos National Laboratory, ''Surveying for Alpha and/or Beta/Gamma ~ 
Contamination," Envirol')ment, Safety and Health Procedure ESH-1-02-02, Marc~, 

1994. 

LANL, "Radiological Control Manual," Chapter 6, Part 4, Paragraph 641 t~gh ~ 
March 1994. \\ ~~ 

LANL, "Final RMMA Program Plan,' May 20, 1994. 1(5\w 
U.S. Atomic Energy Commission, "Termina&:io ~~es for Nuclear 

Reactors," Regulatory Guide 1 .86, June 19 ~ 

U.S. Department of Energy/Aibu u R ' rfo nee Objective for the Waste 

Moratorium," 1993. 

Order 5400.5, 1 . . . -

U.S~e~ ne y, "Waste Management," Draft Order 5820.2B, 1994. 

S.O~R 

During implementation of this SOP, the form for the Determination of DA and MDA 

(Attachment C) will be completed. This form is found in Attachment C. Copies of the 

completed form must be sent to the Record Processing Facility, MS M707. 

9.0 ATTACHMENTS 

Attachment A - Surface Contamination Levels 
Attachment B - Typical Field Instruments and Detectors 

Attachment C- Determination of DA and MDA 
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Los Alamos ~ational Laboratory Environmental Restoration Project 

SURFACE CONTAMINATION LEVELS 

D/M/100cm2 
Nuclide Remove1 Avera e2 Max. 

U-nat, 23Su, 23Bu, & assoc. decay 1,000<X 5,000 15,000 

products 
TAU, 226 and 228Ra, 230 and 2fi3 1oo3 3()03 

228Th, 231 Pa, 227 Ac, 125 and 129t 

Th-nat, 232-fh, 9Dsr, 223Ra, 200a 1,000 3,000 

224Ra, 232u, 126, 131 and 1331 
Tritium; Beta-gamma emitters 
exce t 9Dsr, others above 

1,000~ 5,000 
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Los Alamos National Laboratory Environmental Restoration Project 

TYPICAL FIELD INSTRUMENTS AND DETECTORS 

Instrument 

Ludlum Model 2221 Scaler/Ratemeter, used with Ludlum 

Model 44-9 Pancake G-M for 13-'Y detection 

Ludlum Model 2221 Scaler/Ratemeter, used with 

Ludlum Model 43-5 Alpha Scintillation Detector 

Ludlum Model 1000 Scaler, used with 
Ludlum Model43-10 AI ha Tra Counter 

Typical 
Bac round 

50-75 cpm 5 
22 

Typical% 
Efficienc 
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Los Alamos National Laboratory Environmental Restoration 

DETERMINATION OF DA AND MDA 

D~e·~· -------------------
Technical Area. ___________ _ 

0 rable Unit 

Calibration procedures must be approved by ESH-4. Calibration results must be 

w1thin acceptable parameters prior to using a specific instrument to document 

unrestricted release of materials and equipment. Declaration of waste as "non

radioactive" must be documented with appropriate laboratory or enhanced field 

analyses. 

Instrument Type. _______ _ 

Model Number ______________ _ 

Serial Number _________ _ 

______ .cpm {B) 

_______ min. (t} 
________ .(E) 

_______ ,cm2 (A) 

Calculate minimum detectable Activity (MDA} 

MDA _ 2.71 +4.65...fit 

- t·E{1~o} 
= _____ dpm/100 cm2 

Calculate Decision Amount (DA) 

DA _ 2.33.JBt 

-t·E{1~o) 
= ____ dpm/100 cm2 

Group 

Date 

Calculations Checked by:~:-:--=-:--~------~-~
 

(Print Name) Group 

(Signature) Date 

LANL·EA-SOP-10.07, AO 
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OPERATION OF THE SPECTRACE 9000 FIELD-PORTABLE X-RAY FLUORESCENCE INSTRUMENT 

1.0 PURPOSE 

A. X-ray fluorescence spectroscopy: A nondestructive qualitative and quantitative analytical technique used to determine the elemental composition of solid, liquid, thin film and powder samples. 

4.0 BACKGROUND AND CAUTIONS 

4.1 Background 

The Spectrace 9000 energy-dispersive field-portable XRF includes three compact sealed radioactive sources: iron (55Fe), cadmium (109Cd), and americium (241Am). The instrument is equipped with a high-resolution Hgl2 detector, which is connected to a sealed electronic module. 

The electronic unit provides internal nonvolatile memory for storage of 120 spectra and 300 multielement analysis results, which can be shown on the instrument's display panel. An RS-232C serial port allows users to download data and spectra to a peripheral device, such as a printer or IBM-compatible personal computer. 
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The Spectrace 9000 can be powered from a 115-/220-V wall outlet or from its 4-

hour rechargeable battery. The device can be operated in temperatures 

ranging from 32 F to 120 F. Furthermore, the probe and electronic unit may be 

exposed to a light rain; additional protection is provided when the system 

(electronic unit and probe) is contained in the optional water-repellent carrying 

case. 

4.2 

A. 

B. 

Cautions 

Probes. The probe battery should be replaced once every six m . 8 
should remain closed and covered with the safety cover, I atory 

cover, or laboratory safety shield when not in use. 

Probe use. The probes should always be in · surface of the 

probe opening (aperture) when t r sed. The probe 

laboratory safety shield ass when the probe is inverted 

for measuring samples c n · c . o not remove a sample or 

move the probe whil ssa Source On is displayed on the screen 

or the base o~ hin . During operation, the probe must be 

kept at I st fro u r monitors and any other source of radio 

frequ · w· ff ct measurement results. 

en the sources are exposed, under no circumstances should 

1:5 e pointed at the operator or surrounding personnel. Do not 

a ny part of the operators' or co-workers' bodies in line of exposure 

en the sources are exposed or partially covered. 

NOTE: For safety precautions, personnel should keep a distance from the 

probe while the sources are exposed and active. If personnel are exposed 

to radiation from the probe while the sources are active, immediately shut 

off the sources by pushing the CONT button on the instrument. 

D. Instrument integrity. Spectrace Instruments must be notified immediately of 

any condition or concern relative to the probe's structural integrity, source 

shielding, source switching condition, or operability. The appropriate state 

agency or the US Nuclear Regulatory Commission office must be notified 

immediately of any damage to the radioactive source or any loss or theft of 

the device. 

E. Labels and certifications. Labels or instructions on the probe(s) must not 

be altered or removed. The source(s) in the probe must be leak-tested 

every 6 months, and the leak-test certificates must accompany the 

instrument at all times. 

F. Handling. The Spectrace 9000 should not be dropped or exposed to 

conditions of excessive shock or vibration. The probe cable must never be 

pulled while unplugging the probe. The probe plug should be grasped at 

the ribbed metal connector and squeezed and pulled gently while the 
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connector is unplugged. The connector must never be forcibly plugged in. 
The handle of the electronic unit must not be rotated unless the release 
buttons on the side of the handle are depressed. The Spectrace 9000 
should not be stored at an ambient temperature below -4F or above 11 OF. 

G. Transport. The Spectrace 9000 must be properly packaged during 
transport. The suitcase that accompanies the unit is acceptable. 

DOT requires that the following statement accompany the unit during ~ 
transportation: This package conforms to the conditions and limitati~o 
specified in 49 CFR 173.422 for acceptable radioactive material, 
instruments, and articles, UN 2910. 

the power, or the detector may be damaged. :..~ H. Electronic unit. The probe cable must be connected b~s$\i-~ 
5.0 EQUIPMENT 0 

• Analyzer unit for data acquisiti ess an display 
• 

sources (55Fe, 109Cd, ~.' ety cover 
• Probe laborato~~i h fety shield 
• lnterconne ·n able 
• RS-23 s r I i ace cable and connector 
• 81 -element check samples 
• p a application software. This software, which is device-specific and 

c geable, is identified by the serial number of the unit. 
• ..,..~ample cups 
• film 

6.0 PROCEDURE 

Personnel should follow the procedures discussed in the manufacturers operating 
manual, training manuals, and updates (including the Standard Operating Check, 
Aug. 15, 1994). All data results must be recorded either in an instrument logbook or 
daily activity log according to instructions in LANL-ER-SOP-01.04, Sample Control 
and Field Documentation. 

6.1 Initial Operation 

A. Connect the battery. 
B. Turn the unit on. 
C. Set the time and date. 
D. Allow the Spectrace 9000 to warm up for approximately 30 minutes. 
E. Set desired application (soil, thin filter, lead in paint). 
F. Set measuring times for radioactive sources. 

NOTE: Measuring times depend on the elements of interest as well as the 
desired detection limits. Minimum measuring time for each source should 
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be 20 seconds. Refer to Attachment A for manufacturers guidances on 

elements excited by radioactive sources and detection limits. 

G. Set time as real or live. 
H. Disable the display threshold. 
I. Set instrument to automatically store results and spectra (optional) 

6.2 Preoperational Checks 

Refer to the Spectrace 9000 training manual and Standard Operating C~e , ~ 
Aug 15, 1994 for detailed procedures on preoperational checks. ._'&J 
A. Perform element x-ray response and spectrum resolution ~us1 

Fe blank at least once a day. Record results in the F.~· ld or I ru 

Logbook. ~ 

• If intensities are outside the specifi n re to Standard 

Operating Check. An energy ~ erformed. 

out of range, refe tan d erating Check. An energy 

calibratio~ d. 

B. Perfo~ · I b kg und check with the teflon blank at least once a 
d cor e n the Field or Instrument Logbook. 

e ment concentrations are greater than 5 times the standard 
iation, refer to the Standard Operating Check. Acquire Background 

procedure may be performed. 

C. At least once a day the operator should analyze two Standard reference 

materials (e.g. NIST SRM 2710 or 2711) or performance evaluation 
samples whose metal concentrations bracket the known or suspected 

metal concentrations of the samples to be measured. Record results in the 

Field or Instrument Logbook to note significant trends in the analytical 

measurement. 

D. Determine the precision for approximately 1 per every 20 samples by 

making repeat measurements (~5) of a sample at or near the action level 

of the elements of concern. Conduct this measurement under the same 

conditions as those used for sample measurements. Record results in the 

Field or Instrument Logbook. The precision objective should be 20% 
relative standard deviation. 

6.3 Sample Handling and Presentation 

The following are recommended procedures for handling and preparing the 

samples. 



6.3.1 Soil Samples Application 
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Soil samples may be analyzed either in situ or in bench-top mode. 

6.3.1.1 In situ Measurement 

A 

B. 

C. 
D. 
E. 

F. 

A. Dry the soil. 
B. Grind the 1 des homogeneity is obtained. 
C. Put ·1 s mple cup and seal with x-ray film. 

s o initiate the measurement. 

· Filter) Samples Application 

unt the filter and place on probe. (Filters should be presented 
loaded side down and wrinkle-free.) 

B. Use the probe safety cover when measuring thin samples. 
C. Filters and wipes should be visually prescreened for defects before 

use to establish background and contamination levels. 

6.3.3 Lead in Paint Application 

A The area selected for analysis should be smooth, representative, 
and free of surface dirt. 

B. Hold the Spectrace 9000 probe firmly on the surface. 
C. When used for specimen applications (e.g., on paint chips or 

nonbacked films), use the probe safety cover. 

6.4 Recording and Documenting Results 

A. ER decision data must be transferred to FIMAD following peer review. This 
is done using the 4D or ACCESS system. Results for a blank and a check 
standard should also be reported. 

B. Results (and Spectra) may be automatically stored. Refer to the 
manufacturers operating manual. 

C. It is recommended that results be downloaded to a personal computer at 
the end of each day. Refer to the Spectrace 9000 Training and 
Applications Manual. 



D. Results may be transferred to a spreadsheet. 
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E. If data is qualitative, i.e. used only for general surveys or to bias sampling, 
data may be handled informally and recorded in the field or instrument log 
book or perhaps not recorded at all. 

7.0 REFERENCES 

EPA (U.S. Environmental Protection Agency), November 1991. "Representative 

Sampling Guidance, Volume 1 -Soil," (OSWER Directive 9360.4-10), EPA ~ 
Environmental Response Team, Washington, DC. 8 
EPA (U.S. Environmental Protection Agency), December 21, 1992. Spectrac~ 
Field Portable X-ray Fluorescence Operating Procedure (SOP 1713), ~·ron 
Response Team Response Engineering and Analytical Contrac~and 0 · g 

Procedures, Washington, DC. ~ 

.LANL-ER-SOP-01 .01 , General Instructions for Fie e ~ . 

LANL-ER-SOP-01.04, Sample Control a~d n Jon. 

NIST (National Institute of Stand~ch ogy, October 30, 1992. Standard 
Reference Material 2710, ~ ·ghl leva ted Trace Elements 
Concentrations, Certificati ~ a is, ationallnstitute of Standards & Technology, 

Gaithersberg, Ma~ ~V 

NIST (N · a I s ·t Standards & Technology), October 30, 1992. Standard 
Refer i I , Montana Soil, Moderately Elevated Trace Elements 

ce t s, rtification of Analysis, National Institute of Standards & Technology, 
G ·t er aryland. 

TN Spectrace, 2555 N. IH 35, P.O. Box 800, Round Rock Texas, 78680-0800, (BOO) 
736-0801. 

TN Technologies, Inc, Spectrace 9000 Portable XRF Analyzer Manufacturers Operator 
Manual, Part No. 717715, Rev.ll, August 1994. 

TN Technologies, Spectrace 9000 Standard Operating Check, August 15, 1994. 

TN Technologies, Spectrace 9000 Training and Applications Manual, 1994. 

8.0 RECORDS 

Completed Daily Activity Log or Instrument Logbook, should include the following 

information: 

• Record that the leak test has been performed 
• Element X-ray response check 
• Analytical background check 
• Standards check 
• Precision results 
• Energy calibration 



• Performance evaluation 
• Sample preparation 
• Measurement time for each radioactive source 
• Sample results 
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The Field T earn Leader is responsible for transferring the records generated under this 
procedure to the Environmental Restoration Records Processing Facility. 

9.0 ATTACHMENTS <(=\\ 
Attachment A - Elements excited by radioactive sources and lower limits of det~ ~ 

for these elements. ~ ~ 

~~ 
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Los Alamos National Laboratory Environmental Restoration Project 
ELEMENTS EXCITED BY RADIOACTIVE SOURCES 

AND LOWER LIMITS OF DETECTION FOR THESE ELEMENTS 

For Soil Samples application using a source measuring times of 60 sec. and 200 sec., the following are 

typical element minimum detection levels (MDL): 

60 sec. 200 sec. 

Element MDL (mg/kg) MDL 

Source (mg/kg) 

Potassium (K) 325 140 

55 Fe Calcium (Ca) 150 75 ~ 

Titanium (Ti) 110 65 \ 

~ Chromium (Crlo) 180 ft7 

Chromium (CrHi) 525 ~~~. 
1o9cd Manganese (Mn) 410 ( r' \3~V" ........ 

Iron (Fe ~\ \ )J5Y 
Cobalt (Co) .-\l'05JL "-""" /1 3 8 

Nickel (Ni) ./ r \14i"""\ \. 95 

Coooer(Cuj .-"\.V'" u ~\- 55 

Zinc (Zn) ~\\ \\ 7(J" 50 

Mereu~ \ "-..~ \ """' 60 50 

Arser/~ \ \\ ~ 50 35 

~1ilkn (Sti) l V 35 25 

~Q 
L~ad '""-u~ '/ 30 20 

RuflcJium\Rb) 10 10 

~.of'ltium{Sr). 10 5 

(\~ Zirconium (Zr) 10 3 

Molybdenum (Mo) 10 4 

241~- Cadmium (Cd) 180 90 

Tin (Sn) 100 50 

Antimony (Sb) 65 35 

Barium Bcli 20 10 

Uranium (U) 100 60 

Thorium (Th) 100 60 

Silver (Ag) 100 60 
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Los Alamos National Laboratory Environmental Restoration Project 
ELEMENTS EXCITED BY RADIOACTIVE SOURCES 

AND LOWER LIMITS OF DETECTION FOR THESE ELEMENTS 
(Continued) 

109Cd 

2.5 
241Am 2.5 

1.5 
0.70 
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RADIATION SCOPING AND BACKGROUND SURVEYS 

1.0 PURPOSE 

This procedure describes the conduct of radiation seeping surveys as defined in the 
Nuclear Regulatory Commission's Manual for Conducting Radiological Surveys in 
Support of License Termination. These surveys are direct measurements of radiation 

exposure rates and surface activity levels to determine the extent of ground and soi~ 

contamination. ~~ 

2.0 SCOPE 

2.1 Applicability 

3.0 DEFINITIONS AND ACRONYMS 

A. Characterization Survey: Facility or site sampling, monitoring, and analysis activities 
to determine the extent and nature of contamination. Characterization provides the 
basis for acquiring the necessary technical information to develop, analyze, and 
select appropriate cleanup techniques. 

B. Seeping Survey: A survey conducted to identify which radionuclides are present as 
contaminants, the relative ratios in which they occur, and the general levels and 
extent of the contaminants. 



4.0 BACKGROUND AND/OR CAUTIONS 

4.1 Scoping Surveys 
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Site investigations require a standard method for instrumentation use and 
background determination in the conduct of radiation scoping surveys in the field. 

Background Surveys 

Background measurements must be made according to a strict process that takes 
into account the random variability in radiation levels from natural radioactivity at 
different locations and times in the Laboratory area. 

Radiation background measurements are also made at the surface and at 1 m 
above the ground surface with the same instruments used for the survey point 
measurements. However, these measurements are made in locations adjacent to 
the survey area locations that are unaffected by the suspected contaminant or 
radiation source. The object of the survey is to compare a background with several 
survey grid points to see if there is a net activity or exposure value that indicates 
contamination from the previous DOE activity. 

The background area used should be located as close as possible to a group of 
survey points and yet be far enough away so that the background is not influenced 
by possible contamination. This means that the background measuring points will 
retain their validity by moving with the survey points as the survey progresses 
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through its target area. This will also ensure that daily and location-dependent 
background variations will be considered. 

5.0 EQUIPMENT 

5.1 Survey Equipment for Soil Suspected of Plutonium or Americium 
Contamination 

• Perform a general radiation survey around the perimeter of the area 
suspected of being contaminated to determine how close background 
measuring locations can be to the survey area without being affected by 
the suspected contamination. Establish several background measuring 
locations to be used as the selected survey points are measured. 

• Take the first background measurement in the vicinity of the radiation 
survey starting point, using the same instrument (or both instruments) that 
will be used to measure the survey points. Hold the 44-1 0 at waist level 
(approximately 1 m above the ground). When the FIDLER is used, hold the 
detector probe face approximately 2 em above the ground surface. 

• If part of the survey area is covered with asphalt or some other artificial 
surface, make sure that the corresponding backgrounds are measured 
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over a similarly covered area. This will ensure that radiation from 

background activity in the area is similarly shielded in both areas. 

B. As you progress through the survey area taking point measurements, take one 

background measurement approximately every hour by coming out of the 

survey area, going to the preselected background measuring location nearby, 

and taking a background measurement. This may require many exits from 

and reentrances to the survey area as the points are measured. 

• Record each background measurement value on a data sheet, a~l· 

the group of survey point values to which it corresponds. ~he ~ 
values will each be subtracted from its corresponding seri ~V 

point values when the data are analyzed. 

• Subtract only one value from the correspond· surv o· es if the 

background measurements are within+ 0 o ach his means 

exists among the measuremen · t , se ropriate background 

value for each group of su ~ . 

6.3 Survey Point R~d· · eas ents . 

A. Measure~~ e point using the same technique as in step A 

above R ~~ a sheet the count rate from the 44-10 detector (and 

th~]i el~ :ve~ hour, move to the nearby background location and take 

~~rement using the same technique as the survey point 

surement. Record the value on the data sheet. 

6.4 Quality Assurance 

A. Check each field instrument with a standard check source, independent of the 

calibration source, before use. The value found for this check source must 

agree with the calibration source by ± 1 0%. 

Enter all values measured for this check source (even those outside the 10% 

criteria) on the checksheets per LANL-ER-SOP-10.07 and the appropriate ER 

and ESH Division standard operating procedures (SOPs). 

7.0 RECORDS 

The technician conducting the survey completes the documentation and submits it to the 

Field Team Leader. The checksheets in LANL-ER-SOP-10.07 must be completed and 

managed in accordance with the procedure. The checksheets in the appropriate 

instrument operational check SOP must be completed in accordance with procedure 

requirements and copies sent to the ER Records Processing Facility. 
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SOIL SAMPLE FIELD SCREENING TO MEET 
RADIOACTIVE SAMPLE SHIPPING REQUIREMENTS 

1.0 PURPOSE 

This procedure describes screening of soil samples to provide radioactivity data 
to meet Los Alamos National Laboratory (the Laboratory), US Department of 
Transportation (DOT), and International Air Transport Association 
(IATA)IIntemational Civil Aviation Organization (ICAO) requirements for shipment 
to an offsite analytical laboratory. The purpose of this procedure is to qualitatively 
determine whether soil samples collected for the Laboratory's Environmental 
Restoration (ER) Project are considered radioactive for shipping purposes (that 
is, have gross radiation levels greater than 2000 pCi/g [7 4 Bq/g]). These data 
may also be supplied to contract laboratories as part of the information required 
to meet their license activity limits. 

2.0 SCOPE 

2.1 Applicability 

This procedure applies to the use of field radiation detectors (described in 
Section 5.1) for determining gross levels of radioactivity in soil samples at 
the Laboratory's ER Project sites. (Other types of samples are not included 
in this procedure.) Radiation measurements are made to estimate total 
alpha, beta, and gamma radiation levels in the samples. 

2.2 Training 

Radiation surveys for determining compliance with shipping regulations are 
to be conducted only by qualified radiological screening personnel (RSPs), 
health protection technicians (HPTs), or radiation control technicians 
(RCTs). Qualification is documented by an ESH-1 radiological surveillance 
authorization agreement, as discussed in the ER Project Health and Safety 
Plan (HASP) and ESH-1 procedure ESH-1-01-03, Radiological 
Surveillance Authorization Agreement. Training requirements include 
reading LANL-ER-SOP-1.03, Handling, Packaging, and Shipping of 
Samples; reading this procedure; and completing a 1-hr, hands-on, 
procedure-specific traintng provided by an RSP, HPT, or RCT experienced 
in using this procedure. Fulfillment of these training requirements is 
documented on a training documentation form, in accordance with 
LANL-ER-AP-05.2, Determination, Completion, and Documentation of 
Environmental Restoration Worker Training. 
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A. DOT (US Department of Transportation): The organization that regulates the 
transportation of radioactive materials by carriers and shippers subject to 49 
CFR 173 and Subpart I. 

B. lATA (International Air Transport Association)IICAO (International Civil 
Aviation Organization): Organizations that regulate the air transport of 
radioactive materials. 

C. Curie (Ci): The quantity of radioactive material in which 3.7 x 1010 atoms 
disintegrate (are transformed) per second. It is the traditional unit for 
measuring radioactivity. A smaller unit, the picocurie (pCi), is 1 x 1 o-12 Ci or 
2.22 disintegrations per minute (dpm). 

D. Becquerel (Bq): The quantity of radioactive material in which one atom 
disintegrates (is transformed) per second. It is the International System (SI) 
unit for measuring radioactivity. 1 Bq is equal to 2. 7 x 1 o-11 Ci or 27 pCi or 60 
dpm. 

4.0 BACKGROUND AND/OR CAUTIONS 

For shipping purposes, samples with gross radiation levels greater than 2000 
pCi/g (74 Bq/g) are considered radioactive. MostER Project soil samples have 
gross radiation levels less than 500 pCi/g (18.5 Bq/g) and thus are not 
considered radioactive for shipping purposes. The quick, simple screening 
method described in this procedure allows identification of such samples. 

The data obtained using this procedure include estimates of gross alpha, gross 
beta, and gross gamma radiation (including background radiation) in soil 
samples. Instrument readings are converted to a radiation screening value that 
is the maximum value for that sample, and results are recorded as a range to 
provide data for shipping purposes. If samples are estimated to be greater than 
1 000 pCi/g (37 Bq/g), they must be sent for more accurate measurement at an 
onsite laboratory (mobile or fixed) to further evaluate the sample. 

This method incorporates a safety factor to minimize the probability that a sample 
is shipped incorrectly. The safety factor is approximately 2 at values less than 
500 pCi/g (18.5 Bq/g). Samples with values of 500 pCi/g (18.5 Bq/g) or greater 
are sent for further evaluation, which increases the safety factor to 4. 
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The methods described in this procedure do not detect the low-energy beta 
radiation emitted by tritium. If tritium is a suspected contaminant at this site, 
samples must be sent to an onsite laboratory (mobile or fixed) for analysis for 
tritium. 

This procedure is specific to the field radiation detectors listed in Section 5.0. If 
other models or other manufacturer's instruments are substituted, the procedure 
must be revised to provide instrument-specific activity-to-concentration 
comparisons. These comparisons can be developed by determining activity (in 
dpm) measured by a given instrument on soil in a specified geometry that 
contains a known concentration (in pCi/g) of an alpha-, beta-, or gamma-emitting 
radionuclide. Procedures for correlating instrument measurements to 
radionuclide content are provided in Attachment A 

Screening for alpha and beta radiation must be performed on soil that is visibly 
dry. If soil samples appear to be damp or wet, the moisture will attenuate the 
alpha and beta radiation and provide falsely low screening results. Samples must 
be protected from rain or snow. Damp or wet soil samples must, at a minimum, 
be left to air dry for 24 hours. If soil samples still appear to be wet after 24 hours 
of air-drying, it may be faster to screen these samples at an onsite laboratory 
(mobile or fixed) than to wait until they are visibly dry. (Alternatively, samples 
may be dried to a constant weight in an oven, if such equipment is available.) 

Screening for alpha and beta radiation must be performed on soil that is 
homogenous. If the sample is not well mixed or comprises widely varying soil 
textures, alpha and beta radiation measurements made on the surface of the soil 
may not accurately reflect the radioactivity of the entire sample. In such a 
situation, consult the geologist assigned to the site to determine if this procedure 
is appropriate for the sample. 

This procedure does not cover all shipping requirements. Other shipping 
requirements, as well as handling and packaging requirements for ER samples, 
are provided in LANL-ER-SOP-1.03, Handling, Packaging, and Shipping of 
Samples. 

5.0 EQUIPMENT AND MATERIALS 

NOTE: This procedure is specific to the instruments listed in this section. If other 
instruments are substituted, the procedure must be revised (see Attachment A). 

5.1 Equipment 

Ludlum Model 2221 scaler/ratemeter 
Ludlum Model 43-1 ZnS scintillation alpha probe 
Ludlum Model44-10 2 x 2 Nai(TI) scintillation gamma probe 
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Ludlum Model44-40 shielded pancake GM beta/gamma probe 
A plutonium-239 alpha source disk, with an activity on the order of 
20,000 dpm 
A strontium-90 beta source disk, with an activity on the order of 
20,000 dpm 
A cesium-137 gamma source disk, with an activity on the order of 
2,000,000 dpm 

The following may be substituted for the equivalent Ludlum equipment. 
Eberline Model ESP-1 scaler/ratemeter 
Eberline Model HP21 OL shielded pancake GM beta/gamma probe 

5.2 Materials 

Stainless steel or aluminum sampling bowl, 15-in. diameter (approximately 
2 gal. capacity) OR 1-gal. zip-top plastic bag 
Aluminum plate, 1/8-in. thick and at least 4-in. wide by 4-in. long 
Plastic Marinelli beaker, 500-ml capacity, with tightly fitting cover 

5.3 Equipment Setup 

Example equipment setups are shown in Figure 1. 

6.0 PROCEDURES 

6.1 Determination of Required Measurements 

Before collecting samples, determine which screening measurements are 
required by answering the following questions. Document decisions in a 
field log book or daily activity log as described in LANL-ER-SOP-1.04, 
Sample Control and Field Documentation. Verify decisions by consulting 
with the Sample Management Office. 

1) VVhich radioactive contaminants are expected at the site? (This 
information may be available in the site work plan.) If this is known, 
continue with the questions below. If not, assume that all samples must 
be screened for alpha, beta, and gamma radiation and for tritium. 

2) Is tritium expected at the site? If yes, samples must be sent to an 
· onsite laboratory (mobile or fixed) for tritium analysis. If not, tritium 
screening may be omitted. Record this information on the beta 
radiation screening log (Attachment C). 

3) Is there evidence (such as previous sampling results or documented 
process knowledge) that alpha-emitting radioactive contaminants are 

. not expected at the site? (Alpha-emitting radionuclides found as soil 
contaminants at the Laboratory include americium-241, plutonium-238, 
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plutonium-239/240, uranium-234, uranium-235, and uranium-238. If 
you need help in determining what type of radiation a contaminant 
emits, consult the RCT assigned to the site.) If evidence indicates that 
alpha-emitting radionuclides are not expected, screening for alpha 
radiation may be omitted. Otherwise, samples must be screened for 
alpha radiation. 

4) Is there evidence (such as previous sampling results or documented 
process knowledge) that beta-emitting radioactive contaminants (other 
than tritium) are not expected at the site? (Beta-emitting radionuclides 
found as soil contaminants at the Laboratory include strontium-90, 
yttrium-90, cesium-137, and daughters of uranium-238 [thorium-234 
and protactinium-234m]. If you need help in determining what type of 
radiation a contaminant emits, consult the RCT assigned to the site.) If 
evidence indicates that beta-emitting radionuclides are not expected, 
screening for beta radiation may be omitted. Otherwise, samples must 
be screened for beta radiation. 

5) Is there evidence (such as previous sampling results or documented 
process knowledge) that gamma-emitting radioactive contaminants are 
not expected at the site? (Gamma-emitting radionuclides found as soil 
contaminants at the Laboratory include uranium-235, americium-241, 
cobalt-60, and cesium-137. If you need help in determining what type 
of radiation a ccntaminant emits, consult the RCT assigned to the site.) 
If evidence indicates that gamma-emitting radionuclides are not 
expected, screening for gamma radiation may be omitted. Otherwise, 
samples must be screened for gamma radiation. 

6.2 Instrument Operational Checks 

Before collecting samples, perform operational checks on the instruments 
to be used. Confirm that the instrument calibrations are current. Ensure 
that instrument settings (threshold and window) are appropriate for the 
expected contaminants. Record instrument settings and information on the 
appropriate screening log (Attachments B, C, and D). 



Ratemeter/ 
scaler 

Gamma 
probe 

Marinelli 
beaker 

Figure A-1.- Equipment setup 
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Alpha probe 

(alternatively, 
beta/gamma 
probe) 

---~-----

Soil in 2-gal. sampling 
bowl 

(alternatively, soil in 1-gal. bag) 
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6.3 Instrument Background Measurements 

Each day for each probe used that day, perform the following steps in an 
office or other low-background radiation setting. Record results on the 
screening log (Attachments 8, C, and D). 
1) Place the probe, face down, on a clean surface. 
2) Perform and record on the screening log a 5-min count. 
3) Calculate and record on the screening log the instrument background 

(8i) for that probe in counts per minute (cpm) as follows: 

(Jotal background count) = 8i cpm 
5 

where total background count is in counts per 5 min. 

6.4 Instrument Efficiency Measurements 

Each day for each probe used that day, perform the following steps in an 
office or other low-background radiation setting. Record results on the 
screening log (Attachments 8, C, and D). 
1) Record on the screening log the radionuclide, serial number, 
activity (in dpm), and date activity was determined for a check source 
appropriate for each probe. Use the plutonium-239 source for the alpha 
probe, the strontium-90 source for the beta/gamma probe, and the 
cesium-137 source for the gamma probe. 
2) Gently place the probe, face down, over the check source, taking 
care not to scratch the surface of the check source. 
3) Perform and record on the screening log a 1-min count. 
4) Calculate and record on the screening log the instrument efficiency 
(E) in cpm/dpm as follows: 

(Source count - B;l = E cpm/dpm 
Source activity 

where source count is in cpm, 
8i is the instrument background for the appropriate probe in cpm, 

and 
source activity is in dpm. 

6.5 Minimum Detectable Concentration (MDC) Measurements 

Before collecting samples, fill a Marinelli beaker with uncontaminated soil 
from an area near the site that represents background conditions. Consult 
the geologist assigned to the site if you need assistance in determining 
where to collect background soil. 
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Prepare the background soil in the beaker, as described in Section 6.6, 
Part A Keep this background soil and use it to determine the minimum 
detectable concentration (MDC) for each probe each day while sampling 
at the site. \Nhen sampling is finished, dispose of the background soil as 
directed in LANL-ER-SOP-1.06, Environmental Restoration Soil Sample 
Field Screening for Radiation. 

A Minimum Detectable Alpha Concentration 

Each day that the alpha probe is used, take the following steps to 
determine the minimum alpha concentration that the probe can detect. 

1) Place the alpha probe, face down, over the soil in the Marinelli beaker. 

2) Perform a 5-min count. Divide the total count by 5 and record on the 
minimum detectable concentration (MDC) worksheet (Attachment E) 
the resulting count (Bs) in cpm. 

3) Record on the worksheet the instrument efficiency (E) determined in 
Part 6.4. 

4) Calculate and record on the worksheet the minimum detectable 
concentration for alpha (MDC a) in pCi/g as follows 

4.65 ~(B)t) +2.71/t _MDC 
EX 0.7 a 

where Bs is the soil background for the alpha probe in cpm, 
t is the time the background was counted in minutes, and 
E is the instrument efficiency for the alpha probe in cpm/dpm. 

5) If the minimum detectable alpha concentration (MDCJ is greater than 
100 pCi/g, increase the sample count time until the minimum 
detectable alpha concentration (MDC

3
) is less than 100 pCi/g. Record 

changes to the sample count time on the worksheet. 

6) Record on the alpha radiation screening log (Attachment B) the 
minimum detectable alpha concentration (MDCa) in pCi/g. 

B. Minimum Detectable Beta Concentration 

Each day that the beta/gamma probe is used, take the following steps to 
determine the minimum beta concentration that the probe can detect. 
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1) Place the shielded beta/gamma probe, face down, over the soil in the 
Marinelli beaker. 

2) Perform a 5-min count. Divide the total count by 5 and record on the 
minimum detectable concentration (MDC) worksheet (Attachment E) 
the resulting count in cpm. 

3) Place a 1/8-in. thick aluminum plate over the soil. (This plate will 
attenuate the beta radiation expected in Laboratory soils.) 

4) Place the shielded beta/gamma probe, face down, on the aluminum 
plate. 

5) Perform a 5-min count. Divide the total count by 5 and record on the 
worksheet the resulting count in cpm. 

6) Calculate and record on the worksheet the background beta 
radioactivity (Bs) in cpm as follows: 

(Count without aluminum plate- count with aluminum plate)= Bs 
where counts (with and without the alum inurn plate) are in cpm. 

7) Record on the worksheet the instrument efficiency (E) determined in 
Part 6.4. 

8) Calculate and record on the worksheet the minimum detectable 
concentration for beta (MDCb) in pCi/g as folliows: 

4.65 ~(B, It) +2. 711 t = MDC 
b Ex 4.4 

where Bs is the soil background for the beta/gamma probe in cpm, 
tis the time the background soil was counted in minutes, and 
E is the instrument efficiency for the beta/gamma probe in 
cpm/dpm. 

9) If the minimum detectable beta concentration (MDCb) is greater than 
100 pCi/g, increase the sample count time until the minimum 
detectable beta concentration (MDCb) is less than 100 pCi/g. Record 
changes to the sample count time on the worksheet. 

1 O)Record on the beta radiation screening log (Attachment C) the 
minimum detectable beta concentration (MDCb) in pCi/g. 
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C. Minimum Detectable Gamma Concentration 

Each day that the gamma probe is used, take the following steps to 
determine the minimum gamma concentration that the probe can detect. 

1) Place the gamma probe in the well of the Marinelli beaker. 

2) Perform a 5-min count. Divide the total count by 5 and record on the 
minimum detectable concentration (MDC) worksheet (Attachment E) 
the resulting count (8

5
) in cpm. 

3) Record on the worksheet the instrument efficiency (E) determined in 
Part 6.4. 

4) Calculate and record on the worksheet the minimum detectable 
concentration for gamma (MDC

9
) in pCi/g as follows 

4.65 ,j(Bs It) +2.71/ t =MDC 
Ex1320 9 

where 8
5 

is the soil background for the gamma probe in cpm, 
t is the time the background was counted in minutes, and 
E is the instrument efficiency for the gamma probe in cpm/dpm. 

5) If the minimum detectable gamma concentration (MDC
9

) is greater 
than 100 pCi/g, increase the sample count time until the minimum 
detectable gamma concentration (MDC

9
) is less than 100 pCi/g. 

Record changes to the sample count time on the worksheet. 

6) Record on the gamma radiation screening log (Attachment D) the 
minimum detectable gamma concentration (MDC

9
) in pCi/g. 

6.6 Soil Sample Measurements 

NOTE: Decontaminate equipment as necessary between soil samples 
using a soft brush or tissue to gently remove any soil from surfaces that 
were in contact with the sample. 

A Prepare the Soil Sample 

NOTE: Remove aliquots for volatile organic compounds and tritium 
analyses (if necessary) before making soil sample measurements. 
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1) Fill a large (15-in. diameter) stainless steel or aluminum bowl about 1/4 
to 1/2 full of soil sample (about 0.5 gal.). Alternatively, a 1-gal. zip-top 
plastic bag or other container can be used, but it must contain soil at 
least 2 in. deep and 6 in. across. 

2) Remove stones, sticks, and other organic debris. Discard this material 
as directed in LANL-ER-SOP-1.06, Environmental Restoration Soil 
Sample Field Screening for Radiation. 

3) Mix the soil well to ensure a homogenous sample, as directed in LANL
ER-SOP 6.1 0, Hand Auger and Thin Wall Tube Sampler. If the soil 
cannot be mixed well or is made up of widely varying soil textures, 
consult the geologist assigned to the site to determine whether to 
continue. 

4) If the sample is to be screened for alpha or beta radiation, ensure that 
the sample is visibly dry. If the sample is damp, air dry it. If the sample 
still appears damp after 24 hours of air-drying, it may be faster to 
screen the sample at an onsite laboratory (mobile or fixed) than to wait 
until it appears dry. 

5) With a gloved hand, lightly flatten the dry soil in the bowl or bag to 
make a flat, smooth surface that is at least 6 in. across and has 
nothing sticking up that could puncture a probe face. 

B. Measure Alpha Radiation in Soil Sample 
1) Gently place the alpha probe, face down, on the smooth dry soil in the 

bowl or bag. 
2) Perform a 5-min count. Divide the total count by 5 and record on the 

screening log (Attachment B) the resulting sample count in cpm. 
3) Calculate and record on the screening log the sample alpha 

radioactivity in dpm as follows: 

(Sample count- Bi) = sample alpha radioactivity (dpm) 
E 

where sample count is in cpm, 
Bi is the instrument background for the alpha probe in cpm, and 
E is the instrument efficiency for the alpha probe in cpm/dpm. 

4) Multiply the sample alpha radioactivity ( dpm) by 4. 5. (This value was 
determined using the procedure described in Attachment A) Round 
the product to the nearest ten and record it on the screening log as the 
maximum value. 

5) Compare the maximum value from Step 4 to the following table and 
record on the screening log the results indicated. 

If the maximum Then record on the screening log the 
value from Step 4 is alpha radiation screening result as 
100 or less < 100 pCi/g 



between 1 00 and 1 000 

1 000 or greater 
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Cmaxjmum yaluela to (maximum value) pCi/g 

2 
requires further evaluation 

a If (maximum value)/2 <100, record the value as 100. If (maximum value)/2 >100, 

record the actual value. 

6) If the maximum value from Step 4 is 1000 pCi/g or greater, a more 

accurate measurement should be made at an onsite laboratory (mobile 

or fixed) to further evaluate the sample for shipping. Contact BUS-4, 

667-4127, for assistance in transporting this sample to an onsite 

laboratory. 

7) Decontaminate the probe as necessary using a soft brush or tissue to 

gently remove any soil from surfaces that were in contact with the 

sample. 

C. Measure Beta Radiation in Soil Sample 

NOTE: This method will not detect the low-energy .eta radiation emitted 

by tritium. If tritium is a suspected contaminant at this site, a sample must 

be sent to an onsite laboratory (mobile or fixed) for analysis for tritium. 

1) Gently place the shielded beta/gamma probe, face down, over the 

smooth dry soil in the bowl or bag. 

2) Perform a 5-min count. Divide the total count by 5 and record on the 

screening log (Attachment C) the resulting sample count in cpm. 

3) Place a 1/8-in.-thick aluminum plate over the soil. (This plate will 

attenuate the beta radiation from contaminants expected in Laboratory 

soils.) 

4) Place the shielded beta/gamma probe, face down, on the aluminum 

plate. 

5) Perform a 5-min count. Divide the total count by 5 and record on the 

screening log the resulting sample count in cpm. 

6) Calculate and record on the screening log the sample beta radioactivity 

in dpm as follows: 

<Count without aluminum plate- count with aluminum plate)= sample beta radioactivity (dpm) 

E 

where counts (with and without the aluminum plate) are in cpm, and 
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E is the instrument efficiency for the beta/gamma probe in cpm/dpm. 

7) Multiply the sample beta radioactivity (dpm) by 0.9. (This value was 
determined using the procedure described in Attachment A) Round 
the product to the nearest ten and record it on the screening log as the 
maximum value. 

8) Compare the maximum value from Step 7 to the following table and 
record on the screening log the results indicated. 



If the maximum 
value from Step 
7is 
100 or less 
between 1 00 and 
1000 

1 000 or greater 
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Then record on the screening log the 
beta radiation screening result as 

< 100 oCi/o 
(maximum value) a to (maximum value) pCilg 

2 
requires further evaluation 

a If (maximum value)/2 <1 00, record the value as 100. If (maximum value)/2 >1 00, 

record the actual value. 

9) If the maximum value from Step 7 is 1000 pCi/g or greater, a more 
accurate measurement should be made at an onsite laboratory (mobile 
or fixed) to further evaluate the sample for shipping. Contact BUS-4, 
667-4127, for assistance in transporting this sample to an onsite 
laboratory. 

1 O)Decontaminate the probe and the aluminum plate as necessary using 
a soft brush or tissue to gently remove any soil from surfaces that were 
in contact with the sample. 

D. Measure Gamma Radiation in Soil Sample 
1) Gently place the probe on the surface on which you are working. 

2) Perform and record on the screening log (Attachment D) a 5-min count 
(see LANL-ER-SOP-06.23, Measurement of Gamma-Ray Fields Using 
a Sodium Iodide Detector). 

3) Divide the total count by 5 and record on the screening log the local 

background count (Bi local) in cpm. 

4) Fill a 500-ml plastic Marinelli beaker with soil sample from the bowl or 
bag. Cover the beaker tightly. 

5) Place the gamma probe in the well of the Marinelli beaker. 

6) Perform a 5-min count. Divide the total count by 5 and record on the 
screening log the resulting sample count in cpm. 

7) Calculate and record on the screening log the sample gamma 
radioactivity in dpm as follows: 

(Sample count- Bi,local) = sample gamma radioactivity (dpm) 
E 



where sample count is in cpm, 
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Bi,local is the local background count for the gamma probe in cpm, 
and 
E is the instrument efficiency for the gamma probe in cpm/dpm. 

8) Multiply the sample gamma radioactivity (dpm) by 0.007. (This 
value was determined using the procedure described in Attachment A.) 
Round the product to the nearest ten and record it on the screening log as 
the maximum value. 
9) Compare the maximum value from Step 8 to the following table and 
record on the screening log the results indicated. 

If the maximum Then record on the screening log the 
value from Step gamma radiation screening result as 
Sis 
100 or less < 100 pCi/g 

between 1 00 and <maxjmym value) a to (maximum value) pCi/g 

1000 2 

1000 or greater requires further evaluation 

a If (maximum value)/2 < 100, record the value as 100. If (maximum value)/2 > 100, 

record the actual value. 

1 0) If the maximum value from Step 8 is 1000 pCi/g or greater, a more 
accurate measurement should be made at an onsite laboratory (mobile 
or fixed) to further evaluate the sample for shipping. Contact BUS-4, 
667-4127, for assistance in transporting this sample to an onsite 
laboratory. 

6.7 Quality Assurance 

A. Instrument Efficiency 
1) Each day, check each probe used with a standard check source 
and calculate probe efficiency (as described in Section 6.4). 
2) If efficiency varies more than 20% from previous day's efficiency, 
stop using the instrument and inform the equipment manager that there is 
a problem with the instrument. Obtain another instrument and repeat this 
procedure. 
3) Document daily efficiency checks and instrument problems in a 
field log book or daily activity log as described in LANL-ER-SOP-1.04, 
Sample Control and Field Documentation. 

B. Sample Check 
1) Send 10% of the first 50 samples screened (along with completed 
screening logs and minimum detectable concentration worksheets) to an 
onsite laboratory for concurrent screening. 
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2) Compare results and discuss them with the RCT assigned to the 

site to determine how many of the remaining samples to send to the onsite 

laboratory for concurrent screening. 
3) Document decisions in a field log book or daily activity log as 
described in LANL-ER-SOP-1.04, Sample Control and Field 
Documentation. 

7.0 REFERENCES 

Department of Energy, "Occupational Radiation Protection," 10 CFR 835, 

December 14, 1993 
Department of Transportation, "Hazardous Materials Regulations," 49 CFR 172 

and 173, October 1, 1994 
ESH-1-01-03, Radiological Surveillance Authorization Agreement 
International Air Transport Authority, Dangerous Goods Regulations, 35th ed., 

January 1, 1994 
LANL-ER-AP-2.1, Procedure for LANL ER Records Management 
LANL-ER-AP-5.2, Determination, Completion, and Documentation of 

Environmental Restoration Worker Training 
LANL-ER-SOP-1.03, Handling, Packaging, and Shipping of Samples 

LANL-ER-SOP-1.04, Sample Control and Field Documentation 
LANL-ER-SOP-1.06, Environmental Restoration Soil Sample Field Screening for 

Radiation 
LANL-ER-SOP 6.1 0, Hand Auger and Thin Wall Tube Sampler. 
LANL-ER-SOP-6.23, Measurement of Gamma-Ray Fields using a Sodium Iodide 

Detector 
LANL ER Project Health and Safety Plan, Rev. 0, March 24, 1995 

8.0 RECORDS 

The following records will be generated when following this procedure: 

• Alpha Radiation Screening Log, 
Beta Radiation Screening Log, 

• Gamma Radiation Screening Log, and 
• Minimum Detectable Concentration (MDC) Worksheet. 

The following records will be generated when following other procedures as 

directed in this procedure. 

ER Record Index Form (see LANL-ER-AP-2.1) 
ER Record Index Form Attachment Sheet (see LANL-ER-AP-2.1) 
Training Documentation Form (see LANL-ER-AP-5.2) 
Field Log Book (see LANL-ER-SOP-1.04, and -6.1 0) 
Daily Activity Log (see LANL-ER-SOP-1.04, -6.1 0, and -6.23) 
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Sample Collection Logs (see LANL-ER-SOP-1.04) 
Chain-of-Custody/Request for Analysis Form (see LANL-ER-SOP-1.04) 
Waste Profile Request (see LANL-ER-SOP-1.06) 
Radioactive Solid Waste Disposal Record, Application for Storage/Disposal (see 

LANL-ER-SOP-1.06) 
Disposal of Batch Liquid Waste (see LANL-ER-SOP-1.06) 
Hazardous Materials Transfer Form (see LANL-ER-SOP-1.06) 
Chemical Waste Disposal Request (see LANL-ER-SOP-1.06) 
Memo Describing the Correlation and a Spreadsheet of Correlation Data 

Records will be transferred to the ER Records Processing Facility by the field 
team leader or designee in accordance with the administrative procedure for ER 
records management, LANL-ER-AP-2.1. 

9.0 ATTACHMENTS 

Attachment A- Correlating Instrument Reading to Radionuclide Content 
Attachment B - Alpha Radiation Screening Log 
Attachment C - Beta Radiation Screening Log 
Attachment D - Gamma Radiation Screening Log 
Attachment E - Minimum Detectable Concentration Worksheet 
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Correlating Instrument Measurements to Radionuclide Concentration 

BACKGROUND 

This procedure must be performed in a low-background radiation setting. Refer 

to Section 4.0, LANL-ER-SOP-10.11, for further background and caution 
information. 

EQUIPMENT AND MATERIALS REQUIRED 

Egyjpment 

Scaler/ratemeter that will perform timed counts 
Alpha, beta, or gamma radiation probe that is sensitive to radionuclide 

concentrations of 100 pCi/g or less 
Check source disk, with an activity on the order of 20,000 dpm, appropriate for 

the probe 

Materials 

At least 500 g of dry, homogenous soil with gross radiation content of 
approximately 100 pCi/g, known to within 10% 
At least 500 g of dry, homogenous soil with gross radiation content of 

approximately 500 pCi/g, known to within 10% 
At least 500 g of dry, homogenous soil with gross radiation content of 

approximately 1000 pCi/g, known to within 10% 
Stainless steel or aluminum sampling bowl, 15-in. diameter (approximately 2 gal. 

capacity) OR 1-gal. zip-top plastic bag OR other appropriate container (such as a 

Marinelli beaker for use with aNal probe) 

Setup of Equipment per Section 5.0 

Refer to Section 5.0, LANL-ER-SOP-10.11. 

lnstryment Operational Checks 

Perform operational checks on the instrument. Confirm that the instrument 

calibration is current. Record the following information on a spreadsheet. The 

spreadsheet is part of the record produced by this procedure (see Section 8.0, 

LANL-ER-SOP-1 0.11 ). A.n example spreadsheet is attached (Figure A-1 ). 



Date 
Technician's name 
Probe model and serial number 
Ratemeter model and serial number 
Date next calibration is due 
Battery level (if appropriate) 
Voltage setting (if appropriate) 
Threshold setting (if appropriate) 
Window setting (if appropriate) 

Instrument Background Measurements 
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1) Place the probe, face down, on a clean surface. 
2) Perform and record on a spreadsheet at least 10 counts for 1 min each (for 

an alpha probe, the count time may be increased to 10 min to provide better 
counting statistics). 

3) Calculate and record on a spreadsheet the average instrument background 
(B) in counts per minute (cpm) as follows: 

(Sum of all background counts/N) = B cpm 

where background counts are in cpm, and 
N is the number of measurements performed. 

4) Calculate and record on a spreadsheet the standard deviation in the 
instrument background (SD6 ) as follows: 

where B; is the individual background count in cpm, 

B is the average instrument background in cpm, and 
N is the number of measurements performed. 

Instrument Efficiency Measurements 

1) Record on a spreadsheet the radionuclide, serial number, activity (in dpm), 
and date the activity was determined for a check source appropriate for 
each probe (for example, a plutonium-239 source for the alpha probe, a 
strontium-90 source for the beta/gamma probe, or a cesium-137 source for 
the gamma probe). 
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2) Gently place the probe, face down, over the check source, taking care not to 
scratch the surface of the check source. 

3) Perform and record on a spreadsheet at least 10 measurements for 1 min 
each. 

4) Calculate and record on a spreadsheet instrument efficiency (E) in cpm/dpm 
as follows: 

(Sum of all source counts/number of measurements) - B = E cpm/dpm 
Source activity 

where source counts are in cpm, 
B is the average instrument background in cpm, and 
source activity is in dpm. 

Count Time Calculation 

1) As described under "Instrument Background Measurements," perform and 
record on a spreadsheet a 1-min instrument background measurement (b). 

2) As described under "Soil Measurements," perform and record on a 
spreadsheet a 1-min count on the soil with the least activity (s). 

3) Calculate and record on a spread sheet the optimum sample count time (ts) 
using the following calculation: 

. = t m1n s 

where s is the 1-min gross soil measurement in cpm, and 
b is the 1-min instrument background measurement in cpm. 

4) Use a count time equal to or greater than the calculated count time (tJ for 
the soil measurements described under "Soil Measurements." Record the 
actual count time used on a spreadsheet. 

Soil Measurements 

NOTE: Decontaminate equipment as necessary between measurements using a 
soft brush or tissue to gently remove any soil from surfaces that were in contact 
with the sample. 

A Prepare the Soil 

1) Fill a large ( 15-in. diameter) stainless steel or aluminum bowl about 1/4 full 
of soil (500-3000 g). Alternatively, a 1-gal. zip-top plastic bag or other 
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container can be used, but if alpha or beta radiation are being measured, it 
must contain soil at least 2 in. deep and at least as wide as the probe. 

2) Mix the soil well to ensure a homogenous sample. 
3) With a gloved hand, lightly flatten the dry soil in the bowl or bag to make a 

flat, smooth surface at least the width of the probe and having nothing 
sticking up that could puncture a probe face. 

B. Measure Gross Radiation in Soil 

1) Place the probe, face down, on the smooth dry soil in the bowl or bag. 
2) Perform and record on a spreadsheet a count, using the count time 

determined under "Count Time Calculation". Divide the total count by the 
count time and record on a spreadsheet the resulting soil count in cpm. 

3) Mix the soil and repeat steps 1 and 2 at least 10 times. 
4) Calculate and record on a spreadsheet the soil gross radioactivity in dpm as 

follows: 

(Sum of all soil counts/N)- 73 = soil radioactivity (dpm) 
E 

where soil counts are in cpm, 
N is the number of measurements performed, 
73 is the average instrument background for the probe in cpm, and 
E is the instrument efficiency in cpm/dpm. 

5) Calculate and record on a spreadsheet the standard deviation in the soil 
radioactivity (SD5 ) in cpm as follows: 

where Xi is the individual soil count (cpm), 
B is the average instrument background (cpm), and 
N is the number of measurements performed. 

6) If the standard deviation (SD5 ) is greater than 50%, determine the source of 
the problem and correct it. 

7) Decontaminate the probe as appropriate. 
8) Check the instrument background as described under "Instrument 

Background Measurements." If it is greater than three times the 
background standard deviation (SD8 ) plus the average instrument 
background (B), determine the source of the problem and correct it. 

9) Repeat Steps 1-8 with the other two soil samples. 
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C. Correlate Instrument Results to Known Concentration 

1) Prepare a graph, plotting the soil instrument value (dpm) on the x-axis and 
the known gross radiation concentration (pCi/g) on the y-axis for the three 
soils. 

2) Determine the equation of the linear regression line and the proportion of 
variability defined by the regression (R2) produced by the plotted data. If the 
R2 (rounded) is less than 0.9, determine the source of the problem and 
correct it. If necessary, repeat the data collection activities under "Soil 
Measurements," Part B. 

3) Adjust the slope of the line in this equation to add a safety factor by 
multiplying the slope of the line by two. For example, if the equation of the 
line is y = 2.631x, then the adjusted slope is 5.262 and the adjusted 
equation (which incorporates a safety factor of 2) is y = 5.262x or 5.3x 
(rounded). 

4) Use the adjusted slope in SOP 10.11, Section 6.6, steps 84, C7, and 08. 
5) Prepare a memo describing the results of the correlation and submit it with 

the correlation data to the Records Processing Facility in accordance with 
the Administrative Procedure for ER Records Management, 
LANL-ER-AP-2.1. 



Correlating Instrument Reading 
to Radionuclide Content 

Soil Correlation: Alpha 

Date: Technician: 

Ba1~1Il~1~[ 
Model: 

Serial#: 
Cal Due: 
Battery: 

Voltage: 
Threshold: 

Window: 

~ 
Model: 

Serial#: 

I Check source 

Radionuclide: 
Serial#: 
Activity: 

Date: 

loi1[um~o1 aa~lsg[guosi loi1Wm~o1i;;ffi~i~o~lt 

~guo1 tl. ~guo1il llliO ~guo1 tl. ~guo1il llliO 
1 1 

2 2 

3 I I 3 

4 4 

5 5 

6 6 

7 7 

8 i 8 

9 1 9 ' 

10 10 

Avg bkd, B (cpm) Average (cpm) 

Std dev (1 sigma}, 505 Avg efficiency, E (cpm/dpm) 

~gil ~[g§§ Bildiilligo ~gil ~[g§§ Bildialigo 
SoiiiD: SoiiiD: 

l.~guolil Counts/ ~gJ.IOlil 
# I • miD. ~guoltl. miD. QQ!.IDL 'mm 

1 1 
2 2 

3 3 

4 
I 4 I 

5 5 
6 6 

7 7 
8 8 

9 9 

10 10 
Average count (cpm) Average count (cpm) 

Std dev (1 sigma), SDs Std dev (1 sigma}, SDs 

Average activit}'j_dem I Average activity (dpm 

Counts/ 

miD. 

I 

I 

I 
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I 

~guo1 Iiw~: 

Instrument background count, b (cpm): 

Soil count, s (cpm): 

i Calculated count time, t, (min): 

Actual count time (min): 

I 

I 

~gil ~[g§§ Badiilligo 
SoiiiD: 

~QLIOlil I Counts/ 

~snml 11. miD. I miD. 
1 
2 
3 
4 
5 
6 
7 
8 

I 9 
10 
Average count (cpm) 

Std dev (1 sigma), SDs 
Average activity (dpm 
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Page __ of __ 

-A __ _ PRS __ _ Analyst ___ _ Date ___ _ 

Ratemeter!Scaler 

Model: ___ _ 
~ 

Model:-----

Soyrce 

Radionuclide: ___ _ 

S/N: __ _ 8/N: __ _ S/N: __ _ 

Calibration due date: ___ _ Activity (dpm}: ___ _ 

Threshold: ___ _ on ____ (Date) 

Window: ___ _ 

High voltage: ___ _ lnstryment Efficjency 

Battery: ___ _ Source counts per 1 min: cpm 
Efficiency {E) = source counts lcpml- 81 Iepre cpm/dpm 

Instrument Backgroynd source activity (dpm) 

Counts per 5 min: ___ _ 

Counts per 1 min (81}: ____ cpm Minimum Detectable Alpha Concentration (MDC,) 

MDC.= pCi/g 

SOIL SAMPLE SCREENING 
radioactivity Maximum value Alpha radiation 

Counts per 1 (dpm) = {cpm- = dpm x4.5 screening results 

Sample ID min {cpm) B,)IE (to nearest 10) . (see table below} 

Reviewed by: Title: Date: 

lfthe maximum value in column 4 sThen the alpha radiation screening result is 

100 or less < 100 pCi/g 

between 1 00 and 1 000 (maximum value)" to {maximum value) pCi/g 
2 

1000 or greater requires further evaluation 

• If {maximum value)/2 < 100, record value as 100. If {maximum vlaue)/2 > 100, record actual value. 



Beta Radiation Screening Log 

TA __ _ PRS ____ _ 

Ratemeter/Scaler f.m.bA 
Analyst-------

Soyrce 
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Page __ of __ 

Date ___ _ 

Model:_____ Model: ____ _ Radionuclide: ___ _ 
S/N: ___ SIN: __ _ S/N: __ _ 

Calibration due date: ___ _ Activity (dpm): __ _ 
Threshold: ___ _ on ___ (Date) 
Window: ___ _ 
High voltage: ___ _ Is tritium expected at the site? Yes_ No _ 
Battery: ___ _ (If yes, samples must be sent to an on site laboratory for tritium screening.) 

lnstryment Backgroynd lnstryment Efficjency 
Counts per 5 min: ___ _ Source counts per 1 min: cpm 
Counts per 1 min (8,): ____ cpm Efficiency (E) = soyrce counts Ccpml -6~ = ___ cprn/dpm 

source activity (dpm) 

Mjnjmym Qetectable Beta Concentration CMPCJ 
MDCb = pCi/g 

SOIL SAMPLE SCREENING 

Sample beta 
Counts per Counts per radioactivity (dpm) Maximum value Beta radiation 

Sample minw/oAI minw/AI = (cpm w/o AI - = dpm x 0.9 screening results 
ID plate (cpm) plate (cpm) cpm w/AI)/E fto nearest 1 Ol (see table below} 

Reviewed by· Title· Date· 

If the maximum value in column 5 is Then the beta radiation screeninQ result is 
100 or less < 1 oo oCi/a 
between 1 00 and 1 000 I (maximum value)/2 to (maximum value) oCi/aa 
1000 or greater requires further evaluation 

a If (maximum value)/2 .=:, 100, record value as 100. If (maximum value)/2 > 100, record actual value. 
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Page __ of __ 

TA __ _ PRS __ _ 

Ratemete[/Scaler 

Model:-----
S/N: __ _ 

Calibration due date: ___ _ 

Threshold: ___ _ 

Window: ___ _ 

Analyst----------- Date ___ _ 

fmb.i 
Model:----
SIN: ----
lnstryment Efficjency 

Soyrce 

Radionuclide: ___ _ 

S/N: ----
Activity (dpm): __ _ 

Source counts per 1 min: cpm 

on ____ (Date) 

High Voltage: ___ _ Efficiency (E) = soyrce coynts <cpml -B~ = ___ cpm/dpm 

Battery: ---- source activity (dpm) 

Instrument Backgroynd Local Backgroynd 
' Counts per 5 min: ___ _ Counts per 5 min: ___ _ 

Counts per 1 min (B;): ____ cpm Counts per 1 min (Buoca~: ___ cpm 

Mjnjmum Petectable Gamma Concentration lMDCj 

MDCa = pCilg 

SOIL SAMPLE SCREENING 
Sample gamma Maximum value Gamma radiation 

Counts per radioactivity (dpm) = dpm x 0.007 screening results 

Sample ID min {cpm) = (cpm • Buoeai)/E {to nearest 1 0) (see table below) 

Reviewed by: ----------- Title:------- Date: ____ _ 
--

I If the maximum value in column 4 is Then the gamma radiation screening result 1s 

I 100 or less < 100 pCi/g 

between 1 00 and 1 000 '(maximum value)/2 to (maximum value)_pCi/g• 

11000 or greater reQuires further evaluation 

a If (maximum value)/2,:: 100, record value as 100. If (max1mum value)/2 > 100, record actual value. 



Minimum Detectable 
Concentration (MDC) Worksheet 

rA __ _ PRS __ _ Analyst-------

Mjnjmym petectable Alpha Concentratjon 

Count time (t): (min) 

Counts per 1 min (85): cpm 

Instrument efficiency (E): cpm/dpm 

Minimum detectable concentration = 4.65 x<!till + 2.71/t = ---- pCi/g 

EX 1.27 

NOTE: If MDC. > 100 pCilg, increase count time (t) and repeat measurement. 

Mjnjmym petectab!e Beta Concentratjon 

Count time (t): (min) 

Counts per 1 min without aluminum plate: ____ cpm 

~ounts per 1 min with aluminum plate: ___ cpm 

Difference (85): cpm 

Instrument efficiency (E): cpm/dpm 

Minimum detectable concentration= 4,65 --/CBJt> + 2,71/t = ____ pCilg 

E x45 

NOTE: If MDCb > 100 pCi/g, increase count time (t) and repeat measurement. 

Mjnjmym petectable Gamma Concentration 

Count time (t): (min) 

Counts per 1 min (Bs): cpm 

Instrument efficiency (E): cpm/dpm 

Minimum detectable concentration = 4,65 vCBJ1> + 2,71/t = ____ pCi/g 

EX 1332 

NOTE: If MDC9 > 100 pCi/g, increase count time (t) and repeat measurement. 
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1.0 PURPOSE 
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MEASUREMENT OF BULK DENSITY, DRY DENSITY, 

WATER CONTENT, AND POROSITY IN SOIL 

This procedure describes two methods for determining four different soil characteristics, bulk 

density, dry density, water content, and porosity. 

ensity, Dry Density, and Water Content 

Refer to the following attached ASTM and to the Site Health and Safety plan for associated 

hazards and/or cautions. 

4.2 Porosity 

Any mass of soil will contain a collection of solid particles with voids in between. In general, 

these voids are comprised of air and water and the soil is made up of small grains of 

different minerals. Thus, the total volume of soil (Vt) consists of the volume of solids (V5 ) 

and the volume of voids (Vv)· The volume of voids is usually made up of the volume of 

water (Vw) and the volume of air (Va)· A phase diagram like the one below is useful in the 

calculation of porosity, density, void ratio, and other soil parameters.1 



Volume 

J, 

Va Air 

Vv i 

1 Vw 

I 
J: 

r v. 

1 

5.0 EQUIPMENT 

M5 = mass of dry peat or soil = mass of solids 

M' = mass of moist peat or soil 

55 = dry density = density of solids 

V = total volume of sample 

Use the above values to calculate the following values: 

V 5 = Msf55 , where V 5 = volume of solids. 

and 

V- V5 = Vv, where Vv = Vair + Vwater =volume of the voids. 

M' - M5 = My,, where Mw = mass of water 

Mass 
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V w = Mv/Sw. where V w = volume of water and Sw = density of water= 1.0 g/cf3 



then 
V- Vw- V5 = Va, where Va =volume of air 

and 
the void ratio= e = (Va + Vw}Ns 

and 
porosity= n (in percent} = 1 OO(Va + Vw}N 

7.0 REFERENCES 
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The following procedures are directly associated with this procedure and should be rev~ 
before field operations: ~ ~ 

LANL-ER-SOPs in Section 1.0, General Instructions. \\. ~~ 

ASTM STANDARD D 4531-86. 1986. Standard Test Method u~en~~t and Peat 

Products. o \ ~ 
Englewood Cliffs, NJ. 

8.0 RECORDS 

document th II ng i : 

p mber/ldentification 
a ·me collected 

a 1x (soil, sludge, core, sediment) 
Analysis requested 

1981. 

The laboratory will report recorded weights of samples, oven time and temperatures, all 

calculations, and any deviations. 

9.0 ATTACHMENTS 

A. ASTM STANDARD D 4531-86. 1986. Standard Test Method for Bulk Density of Peat and 

Peat Products. 



ATTACHMENT A 

LANL-ER-SOP-11.01, RO 
Page 4of 5 

ASTM STANDARD D 4531-86, STANDARD TEST METHOD 

FOR BULK DENSITY OF PEAT AND PEAT PRODUCTS 

~~ Designation: D 4531-86 

Standard Test Methods for 

Bulk Density of Peat and Peat Products 1 ~ 

This swulard d 1811111 under llle fised clesiiJIIUOD D 4~31. llle number tmmedtately foiiOWtnl llle clesllftluon tndtcates llle voar ~\ V 
on111111 adopuon or. tn llle cue of revtS&On. llle,..,. of last revtsaon A number tn parenlltaestndlcates llle,..,. of last reapproval A 

supencnpt epsaton (o) tndtcatcs an edtlonal chan .. Stncc llle last revtsaon or reapproval. ~ 

1. Scope 
nit1on is n sed n a term 

1.1 These test methods cover the determination of the 

Non 1-Test Method D 2978 is used for specifying 

represented by a quantity of loose proccssed peat or the vol 

bale. 

1.2 Method A-This method, •'Mi~ 

determination of the bulk dens· 

peat taken with a DJifti!I""Gidl 

sampler (Sections 6 •"',.,....,... 

1.3 Meth - b 
de 

s an 

mti.IIM'llilltn wax method, 

bulk density of undisturbed 

t peat and compressed peat 

liRil~l'm.ay involve hazardous materials. oper· 

ipment. This standard does not purport to 

d :s all the safet}' problems associated with its use. It is 

" nsibility of whoever uses this standard to consult and 

ablish appropriate safet}' and health practices and deter

mme the applicability of regulatory limitations prior to use. 

l. Referenced Documents 

2. I ASTM Standards: 
02974 Test Methods for Moisture. Ash. and Organic 

Matter o:· Peat and Other Organic Soils2 

D 2978 Test Method for Volume of Processed Peat 

Materials2 

3. Definitions 

3.1 bulk density, p-total mass (solids plus water) per unit 

of total volume of a peat at a given moisture condition. 

3.2 dry densit_v. Pd- mass of dry organic and mineral 

matter per unit of total volume of a peat at a given motsture 

condition. 

NOTE 2-ln many peat science applications and publications. the 

term defined here as *dl') densn~- m accordance WJth common 

aeotechmcal en11neenng usage IS referred to as *bulk densny-. Care IS 

' These test methods an: under llle JUnsdtctton of ASTM Commou.ee 0-18 on 

So• I and Rock and an: the dtrect responsabtlny ofSubeommmee 018.18 on Peau 

and Related Matenals. 

Current edmon approved Feb. 24. 1986. Pubhshed Mav 1986 

'.4nn1Ul/ Boolo. of ASTM SuJIIdards. Vol 04.08. · 
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5. Apparatus 

5.1 Drying Oven-A thermostatically controlled drying 

oven maintained at a temperature of 105 ± S"C. 

5.2 Balances-Balances sensitive to 0.01 g for samples 

less than 100 g. sensitive to 0.1 g for samples between 100 g 

and 1000 g. or sensitive to I g for samples over 1000 g. 

5.3 Moisture Content Containers-Suitable containers for 

laboratory moisture content determinations. 

5.4 Plastic Sample Bags or Samplmg Jars. 

S.S Sampler-Piston sampler or other suitable coring 

device which will give a reasonably undisturbed cylindrical 

sample. 

NOT£ 3-Samplcs taken with the Macaulay type peat sampler are 

semlcyhndncal in shape and rclauvely undisturbed. They mav also be 

used in tlus method of dctcrmmauon. · 

5.6 Sharp Kn{fe-An electric knife or barber's razor wtll 

be best for laboratory work. 

5. 7 Paraffin Wax, maintained at a temperature between 

60 and 70"C. for use in Method 8 only. 

5.8 Graduated C}·linder, for use in Method 8 only. 

METHOD A-cORE METHOD 

6. Procedure 

6.1 Take a representative reasonably undisturbed core ol 

peat with a piston sampler or other coring device. 

6.2 With a sharp knife. cut specimens of no less than 50 

mm in length from the various layers included in the core 

Measure and record the SpeCimen length to the nearest 

millimetre. 
6.3 For samples extruded in the field. place the specimen 

into a plastic bag or samphng jar and seal to pre,ent 

moisture loss. 
6.4 Transfer the whole specimen and any free water to a 

moisture content conwner tn the laboratorv and obtam and 

record the motst mass of peat. M. to the ~nsltlvttv of the 

balance used. · 
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o.S Dry the specimen in an oven at IOS"C until a constant 

mass is reached. Record the mass of dry peat, M,. 

7. Calculation 

7 .I The bulk density, p, is calculated as follows: 

p • (M/AL) &fcm3 

where: 
Jf .. mass of the wet peat sample, g, 

L • length of sample. em, and 
A .. cross-sectional area of sample, as determined from the 

diameter and form of the sampling device, em:. 

7.2 The moisture content. wt~- by dry mass of the spec

imen is calculated as follows for engineering purposes: 

wd•(M-MjM, 

~~!C~tative reasonably undisturbed sample 

trim it into as smooth a shape as possible. 

rd the moist mass of the peat sample, M. 
p the sample momentarily into melted paraffin 

m tained at a temperature between 60 and 70"C. Allow the 

excess paraffin to drain and the coating to dry. Repeat the 

dipping and drying until a continuous coating is formed. 

8.3 Obtain and record the mass of the paraffin coated peat 

sample. MIX" 
8.4 Submerge the coated sample in water in a graduated 

cylinder and determine the volume of the paraffin coated 

sample. I 'pc by observing the volume of water displaced. 

8.5 Remove the paraffin coating from the peat sample 

using a sharp knife. 
8.6 Place the remainder of the sample in a moisture 

content container and record the moist mass of the peat. M' 

to the accuracy specified for the balance used. 

8.7 Dry the sample in an oven at IOS"C until a constant 

mass is reached. Record the mass of dry peat, M,. 

9. Calculation 

where: 
wd = moisture content in terms of oven dry mass. 

10. Report 

10.1 The repon shall include the following: 

10.1.1 Repon the bulk density, p, and the dry density. Pd 

to the nearest 0.01 gtcm3 and also state the method used to 

determine. 
I 0.1.2 Moisture content. 1\', to the nearest 0.1 %. It is of 

the utmost Importance that it be stated whether the moisture 

content is in terms of the dry mass or the total mass of the 

peat. 

11. Precision and Bias 

11.1 The variability of soil and resultant inability to 

determine a true reference value prevent development of a 

meaningful statement of bias. Data are being sought from 

users to determme the precision of these test methods. 

The A/IWic8ll Socilfy tor Teatmg 11/fd ~ tMU 110 1)01111011-lfl!l the vllildlly 01 eny ,.renr fightS -ed Ill connec:toon 

will! o111y IMI!I ,.,.,., 111 rtlls 11-.rr:. Uurs 01 tfNa lt-atCI .,. ._,Y edVIHCl !Nit oerermo,.tiOtl ot tile velfday 01 eny such 

,_., rlfJhll, ent1 the nail ot """'!petMII ot SUCh rlfJhll . .,. enrrrely their own re8PO'IIrtllllly. 

Tllra It-era ,. ~ to --er eny trme by the ruponsible r«:llnrc:el commrrr.. lllld must 118 --.11 _,- ,,.,. yeers -

it not -•sed . .,_ rNPP<CNed 01 wtrlll1tewn. Your commenrs .,. rnvtred- tor-·- ot rtNs srenaera 01 tor edl1111011811tentleras 

ena SIIOU/11118 --..a to ASTM ~ers. Your com,.,. will r..:erve ea·••ul eonsiCiererron er • ,_,,"11 ot tile responsrole 

recnnrceJ eommm... wiiiCII you mey errena It you '"' ,,., your commenrs M•6 • " r-....a • terr IINtlng you sfiOU/Q mel<e your 

._, «nown ro the ASTM CommlttH on StenaatCis. 1~16 Aeee St .. Pllrledelpflle. i>A 18103. 
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PARTICLE SIZE DISTRIBUTION OF SOIUROCK SAMPLES 

1.0 PURPOSE 

This procedure describes methods of determining the size distribution of soil and aggregate 

samples using sieve analysis for fine and coarse aggregates, and using sedimentation process 

for particle-size soils of less than 75 J.Lm. 

2.0 SCOPE 

2.1 Applicability 

This procedure will be used by field team members work~·n for~ En~ 
Restoration Program who wish to determine a soil's particle or a gat~ ~i 

2.2 Training 0 
understand this procedure and~~ in tio 1.0, General-Instructions. 

3.0 DEFINITIONS @ ~~ 

. r t t e owing attached ASTMs and to the Site Health and Safety plan for hazards and/or 

ca 1 . 

5.0 EQUIPMENT 

Refer to the following attached ASTMs. 

6.0 PROCEDURE 

Two ASTM procedures are included: In general Method C 136-84a (Attachment A) can be used 

for material that is larger than a No. 200 sieve (75-J.Lm), and Method 0422-63 (Attachment B) 

should be used for material finer than the 75 J.Lm sieve. Refer to the ASTM methods for exact 

descriptions and specifications. 

Refer to the following attached ASTMs for instructions. 
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The following procedures are directly associated with this procedure and should be reviewed 

before field operations: 

ASTM STANDARD C 136-84a. 1984. Standard Method for Sieve Analysis of Fine and Coarse 

Aggregates. 

LANL-ER-SOPs in Section 1.0, General Instructions. 

8.0 RECORDS \\ -' 

A Chain-of-Custody/Request for Analysis form (SOP-01.04) will b~ain~~d will 

document the following information: t(S\\ w 
• Field Sample Number/Identification ~ \:::::::!,) 
• Date and time collected '\.)"""> 
• 

• Analysis requrf'I>t~ lie 

The laborat~~JIIowing: 

~cul~ons:d resulffi 

• Any deviations, if applicable 

9.0 ATTACHMENTS 

A. ASTM STANDARD C 136-84a. 1984. Standard Method for Sieve Analysis of Fine and 

Coarse Aggregates. 

B. ASTM STANDARD D 422-63. 1963. Standard Method for Particle-Size Analysis of Soils. 
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ASTM STANDARD C 136-84a STANDARD METHOD 

FOR SIEVE ANALYSIS OF FINE AND COARSE AGGREGATES 

~t Designation: C 136- 84a 

Standard Method for 

Sieve Analysis of Fine and Coarse Aggregates 1 ~ 

Th11 sundard 11 ISSUed under the fixed desiiiJiallOn C 136: the number 1mmed1ately foiiOWinl the dcllp~allon Indicates the year ~f 8 
on11na1 adoptiOn or. 1n the cue of reviSIOn. the ~ of last ftVIIIOft. A number 1n .,.,-entlleses lftclteaiCS the ~ of last reapproval. 

supencnpt ep~~lon 1' 1 1nci1C&I<S an ednon&l c11anae ance the last reviSion or l'eallllnlval. 

Thu mnhod has bHrr approwd /Of' w' b_1· ~rn ofrlrl ~"'"'"' of Dlfnu, aNI fo• /rstr"l'" tlrl DoD INI1x of S rON aNI 

StaNia•lb 

1. Sc:ope 

1.1 This method covers the detennination of the particle 

size distribution of fine and coarse aggregates by sieving. 

1.2 Some specifications for agregates which reference this 

method contain grading requirements including both coarse 

and fine fractions. Instructions are included for sieve a 

of such aggregates. 
1.3 The values stated in acceptable metric uni 

and units specifically approved in ASTM E 
Sl units) are to be regarded as th1~1MW;i,an1\ 
parentheses are provided for infir#J-,~Mtilvl lltuJ~*s-llll.lv 

1.4 This standard m · vol 
atloi'JS. and equtpm st 
address all oft sa . pro Inns Au~ltfe' 
the responsibt · if h er e. this Nillrd to coi'JSult and 

establl o e . health practices and deter-

a mory ltmllatlOI'JS przor to use. 

'JRUI:u!t.l~;ulllelliS 

TJf Standards: 
Test Method for Materials Finer Than 75-ilm (No. 

200) Sieve in Mineral Agreptes by Washinr 

C 6 70 Practice for Preparing Precision and Bias State

ments for Test Methods for Construction Materialr 

C 702 Practice for Reducina Field Samples of Agrepte to 

Testing Sae3 

D 75 Practice for Sampling Agreptes: 

E II Specification for Wire-Cloth Sieves for Testing Pur-
poses:.J 

E 380 Metric Practice• 
Z.2 A..4SHTO Standard: 
AASHTO No. T 27 Sieve Analysis of Fine and Coarse 

Aggregates6 

3. Summary of Method 

3. I A weighed sample of dry aurepte is separated 

through a senes of sieves of ProsressiVCly smaller opemngs 

' ThiS method ,. under the JUrudJCilon of ASTM Commtnee C·9 on ConCftle 

and ConCftle AlllftPies and as the cllrect ~n11blhl> of Subcommntee 

C()ol 03.05 on Metllocls ofTesuna ancl Spoaficauons for PhysaCaJ Cbarlctmsuc:s of 

Concrete AUftPtes. 
Curnnt edmon approved Oct. 26. 1984 Published Oecmtber 1984. On.,nally 

published as C 136 - 38 T. Last Pft'ltous edition C 130 • 13. 

'A1111ua/ Book. of .4ST.\I Starrtla•ds. \1 ols ll' 02 ancl !l'.Ol 

'~""uai Book. ofAST.\1 Sta"da•ds. Vol !l'.02. 

• .4""ual Book. of AST.\1 StaNia•ds. Vol lo&.02. Euerpu 1n all volumes. 

'.4""'"" Book. of .-tST.\1 StaNia•ds. Vol lol.02. 

• '•lllabk from Amencan Auoetatton of St.ate Htahwa• and TranfiiONUOn 

OffiClail. .w. !liorth Capnol St N W .• Suncll~. WasiUnpon. DC 20001. 
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~aedis~ u 

~~y to detennine the 

~._4Mtl]lbsed for use as aggreptes or bemg 

ua.oti\a....St..;;i!ID,.t results are used to detennine compli-

. cle me distribution with applJcable specifi

uirements and to provide necessary data for con

the production of various agrepte produCts and 

ixtures containin& aureptes. The data may also be useful 

in developing relationships concerning porosity and packing. 

4.2 Accurate detennination of material finer than the 

75-ilm (No. 200) saeve cannot be achieved by use of this 

method alone. Test Method C 117 for material finer than 

75-ilm sieve by washing should be employed. 

5. Apparatus 

S.l Balances-Balances or scales used in testing fine and 

coarse llll*te shall have readability and accuracy as fol

lows: 
5.1.1 For fine aggregate. readable to 0.1 g and accurate to 

0.1 1 or 0.1 % of the test load. whichever is greater, at any · 

point within the range of use. 
5.1.2 For coarse llll*te. or mixtures of fine and coarse 

llll*te. readable and accurate to 0.5 1 or 0.1 % of the test 

load. whichever is greater, at any point within the ran1e of 

use. 
5.2 Si~es-The sieves shall be mounted on substantial 

frames constructed in a manner that will prevent loss of 

material dunng sieving. The sieves shall confonn to Specifi

cauon E II. Sieves with openings iarler than 125 mm ( 5 in. I 

shall have a permissible vanation in average opening of 

±2 % and shall have a nominal wire diameter of 8.0 mm 

(5/16 in.l or laJJer. 

Non l-It ts recommended that sieves mounted in frames lar&er 

than standard 203-mm 18 tn.l d~ame~e~" frames be used for tesuna coarse 

agrepte. 

5.3 Mechanical Si~~ Shak~r-A mechanical sieve 

shaker. if used. shall impan a vertical. or lateral and verucal. 

mouon to the s1eve. causmg the particles thereon to bounce 

and tum so as to present different orientations to the sieving 

surface. The saeving action shall be such that the cnterion for 

adequacy of sieVlnl described in 7.4 15 met in a reasonable 

ume period. 

Non 2-Use of a mechanu:al sieve Wker IS recommended when 

the me of the sample ts 20 k& or .,.eater. and may be used for smaller 

samples. tnducbn& fine agreaate. Elr.e5~ve ume 1 more than approxa· 

mately 10 m1nt to achaeve adequate SJevtna may multtn delradauon oi 

the sample. The same mechantcal 11eve Wker may not be pracucal for 

August 26, 1991 



Jll ~es ol samples. s1nce the larae SieVIng area needed for pracucal 

~t''"' oi a larae nom1nal s1ze coarse agrepte very hkely could result 1n 

" ~f a poruon of the sample 1f used for a small sample of coanc 
IO;,.o .. 

~te or t1ne agreaate. 

. q Oven-An oven of appropriate size capable of main· 

131~1 ng a umform temperature of 110 :t s·c t::30 :t 9"f). 

6. Sampling 

6.1 Sample the aggregate in accordance with Practice 

0 ~;. The weight of the field sample shall be the wetght 

shown in Pracuce D 75 or four tames the weight required an 

0 .-l and 6.5 (except as modified in 6.6). whichever 1s greater. 

0.:: Thoroughly mix the sample and reduce it to an 

Jmount suitable for testing using the applicable procedures 

Jescnbed in Methods C 702. The sample for test shall be 

approximately of the weight desired when dry and shall be 

the end result of the reducuon. Reduction to an exact 

predetermmed we1ght shall not be permitted. 

"on 3-Where Sieve anai'ISIS. including detemnnauon of matenal 

finer than the 7S...,.m Sieve. IS the only tesung proposed. the sae of the 

sample may be reduced 1n the field to avotd sluPI)Ing excesSive 

~uanuues of extra matenalto the laboratory. 

6.3 Fine A.ggregme-The test sample of tine 

shall weigh. after drying, approximately the foil 

amount: 

~~~"Pte widl at last 95 ' puuqa 2.36-mm 1 No. Ull'""-. 

~~~"Pte wnh at least 85 ' puuq a 4. 75-mm I"' ~ 
anc1 more dian 5 '!\ rewned on a 2.36-mm t So 8) 

6.4 Coarse Aggregate~ o the t t 
coarse aggrcpte s co o wtth th o · 

"1om1nal Mu1mu . M1n1mum Weiabt 

Squan: m 1 rTesa: Sample. q tlbl 

I '1: ~ :;: 
( ) 51!1) 

II tO 1221 
(I' 15()]) 

21 :!0 (44) 

2112) 35 (77) 

,,13) 601130) 

90 0'hl tOO 12:!01 

tOO 141 150 (330) 

112 (41/ll 200 (440) 

115 151 300 (660) 

150 (6) 500 (1100) 

6.5 Coarse and Fine Aggregllle Mixtures-The weight of 

the test sample of coarse and tine agrepte mixtures shall be 

the same as for coarse agrepte in 6.4. 
6.6 The size of sample required for aggrcptes with large 

nominal maximum size is such as to preclude testing except 

with large mecbanical sieve sJWcers. However, the intent of 

thiS method will be satisfied for samples of aggrcpte larler 

than 50 mm nominal maximum size if a smaller weight of 

sample is used. provided that the criterion for acceptance or 

l'e)ection of the material IS based on the average of results of 

several samples. such that the sample size used times the 

number of samples averqed equals the nunimum we1&ht of 

sample shown in 6.4. 
6. 7 In the event that the amount of material finer than the 

75"ilm (No. 200) sieve is to be determined by Test Method 

C 117, proceed as follows: 
6.7.1 For aggrcptes with a nominal maximum size of 

12.5 mm ( 1/2 in.) or less. use the same test sample for testing 
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by Test Method C 117 and this method. First test the sample 

in accordance wtth Test Method C 117 through the tina! 

drytng operation. then dry steve the sample as supulated in 

7.: through 7. 7 of this method . 
6.7.2 For aggregates With a nommal maxtmum stze 

greater than 1.!.5 mm t 1/2 1n.l. a smgle test sample may be 

used as descnbed tn 6. 7 .1. or separate test samples may be 

used for Test Method C 117 and th1s method. 

6.7.3 Where the spec1ficauons requtre determmauon ol ~ 
the total amount of matenal finer than the 75-tJ.m~te\e 

washmg and dry stevmg, use the procedure desc 

6.7.1. 

7. Procedure 

7.1 Dry the sample to constant wetght mperat · 

110 :t s·c <230 :t 9•f). 

:"'IOTE 4-For control 
desired. 1t 1s aenerally nl•-.a~ 
analysas teSt. The res ...................... ~•e moisture content 

unless: (/ l IS ler than about I:.~ mm 

ltl'r~U.._.l& _,_,,.,. ,_ .. ..,ns appreciable matenal finer than 

e agrepte IS h1ghly absorpu~e t a 
. r eumplel. Also. samples may be dned at the 

:~su~~DC:tatecl with the use of hot plates Without 

provulecl steam escapes w1thout generating pressures 

at 10 ure the parucles. and temperatures are not 10 ~ttat as to 

em1cal breakdown of the aureaate. 

7.2 Suitable sieve sizes shall be selected to furnish the 

informauon required by the specifications covenng the 

material to be tested. The use of additional sieves mav be 

desirable to provide other information. such as fine.ness 

modulus. or to regulate the amount of matenal on a ste\·e. 

Nest the sieves in order of decreasing siZe of opening from 

top to bottom and place the sample on the top Sleve. Agitate 

the sieves by hand or by mechanical apparatus for a 

sufficient period. established by trial or checked by measure

ment on the actual test sample. to meet the critenon for 

adequacy or sieving described in 7.4. 

7.3 Limit the quantity of material on a given sieve so that 

all parucles have opponunity to reach sieve openmgs a 
number of times during the Sleving operation. For s1eves 

with openings smaller than 4.75-mm (No. 4), the we1ght 

retained on any sieve at the completion of the s1evmg 

operauon shall not exceed 6 kalm;: (4 lfin.2) of sievtng 

surface. For sieves with openings 4.75 mm (No. 4) and 

larger. the weight m ka/m;: of sievtng surface shall not exceed 

the product of 2.5 x (sieve opening in mm). In no case shall 

the weight be so great as to cause permanent deformation of 

the sieve cloth. 

NOTE S-The 6 ka/m: amounts 10 194a for the USt&al 203-mm (8 

in. I diameter saeve. The amount of matenal rewned on a sieve may be 

reaulau:d by (I) the IDuoGI&CUon of a Sieve wtth W~tr openmas 

immediately above the 11ven Sieve or (1) tesUna the sample 1n a number 

of increments. 

7.4 Continue sieving for a sufficient period and in such 

manner that. after completion. not more than I weight % of 

the residue on any individual 5leve will pass that sieve dunng 

I min of continuous hand sieving performed as follows: 

Hold the individual sieve, provided with a snug-fitting pan 

and cover, in a sli&htly inclined position in one hand. Strike 

the side of the sieve sharply and with an upward motion 

apinst tbe heel of the other hand at the rate of about I 50 

August 26, 1991 
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times per minute, tum the sieve about one sixth of a 
revolution at intervals of about 25 strokes. In determinmg 
sufficiency of sieving for sizes larger than the 4.75-mm (No. 
4) s1eve, limit the material on the sieve to a single layer of 
panicles. If the size of the mounted testing sieves makes the 
described sieVIng motion impractical, use 203-mm (8 in.) 
diameter sieves to venfy the suffu:iency of sieving. 

7.5 In the case of coarse and fine aggregate mixtures, the 
portion of the sample finer than the 4.75-mm (No.4) saeve 
mav be distributed among two or more sets of sieves to 
pre~ent overloading of individual sieves. 

7 .5.1 Alternatively, the portion finer than the 4. 75-mm 
(No. 4) sieve may be reduced in size usmg a mechanical 
spliner according to Methods C 702. If this procedure is 
followed, compute the weight of each size increment of the 
original sample as follows: 

where: 
A 
w. 

B • we1ght of size mcrement iiOI'fei~•h~tlO'l~!v~!ld 
7.6 Unless a mechanical siev , an e 

panicles larger than 
smallest sieve openi 
Stan the test th 

t~oot.~'"ing the 
cle will pass. 

s allest · Used. Rotate the 
panic! r o determine whether they 
1Jio4~'tht.CJI~ ~~~~lf"j'l/ening: however, do not force 

gh openina. 
· n weight of each size increment by 

n o scale or balance conformina to the require-
. 1ed in 5 .I to the nearest 0.1 % of the total 

'\n,M;",rJAfdry sample weight. The total weight of the matenal 
a er sievina should check closely with original weight of 
sample placed on the sieves. If the amounts differ by more 
than 0.3 %. based on the oripnal dry sample wei&ht. the 
results should not be used for accepunce plUl)OseS. 

7.8 If the sample bas previously been tested by Test 
Method C 117. aud the weight finer than the 1S11m (No. 
200l sieve determined by that method to the weight passing 
the 75-llm (No. 200) sieve by dry sievin& of the same sample 
in this method. 

8. Calculatioa 

8.1 Calculate percentages passina, total percentaaes re-

78 

or 
9 .1. 3 Percentaae of material retained between consecutive 

sieves. 
9.2 Report percentaaes to the nearest whole number. 

except if the percentaae passina the 75-Jlm (No. 200) sieve as 

less than 10 %, it shall be reported to the nearest 0.1 %. 
9.3 Report the fineness modulus. when required, to the 

nearest 0.0 I. 

10. Precisioa 

10.1 The estimates of precision of this method listed 1n 
Table I are based on results from the AASHTO Matenals 
Reference Laboratory Reference Sample Proaram. Wlth 

testing conducted by this method and AASHTO Method 

T 27. While there are differences m the minimum weaght of 
the test sample required for other nominal max1mum s11es of 
agrepte. no differences entered into the testing to affect the 

determJDation of these precision indices. The data are based 
on the analvses of more than 100 paired test results from 40 
to 100 labOratones. The values in the table are given for 

different ranaes of percentaae of agrepte passina one sieve 
and rewned on the next finer sieve. 
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Coarse A~res: c 
Songlk)pera1or 
Prec:IIIOI'I 

0103 
31010 

1010 20 
2010 50 
010 3 
310 10 

1010 20 
20 to 30 
30 to olD 
ol01050 

0103 
3 to 10 

10 to 20 
2010 30 
3010ol0 
"'10 50 
0103 
31010 

1010 20 
2010 30 
30 to olD 
ol01050 

4~ c 136 

TABLE 1 ~ 

35" 

SlaiiiWO 
OevlabOII 
!1Sl. ,. 

1 •" 
095 
1.38 

1.06 
1116 
2.01 
2.4<6 
3.18 

0.1. 
0<13 
0.110 
0.64 
0.71 

0.21 

!025'!1). 
'!I of Avg 

99" 

suliiMIM'IIMIOtl•.,., ,_Dr 1t1e ~ ~-- Mt1 mull lie --.J _, tNe ~ Mfl 

_or_,...,. Y ___ ,,_.,,.,tor_f/111111-ortotetlfllr_ar_, 

11111-'--ro ASN ___... Y--Wlll_t:tnlui_.IOtl. • -'"II til 1t1e ~ 

~~--... _, yGol may- , --,..~--not,_..,.,., -.ng yG<IIIIOultl- ~

"to !fie ASTAI Commonw an sr-. I!IUI "-Sr .. ,.,..,._ I>A 111103. 
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ASTM STANDARD D 422-63, STANDARD METHOD 
FOR PARTICLE-SIZE ANALYSIS OF SOILS 

~t Designation: D 422 - 83 (Reapproved 1972)f1 

Standard Method for 
Particle-Size Analysis of Soils 1 

Thts Sl&lldlrd ts lUlled ulldcr tile fiud dalpauon D 422: tile number tmmedlately foliOWIIII tile deu1nauon tndlcaces the vear of ~ 
on11na1 adopuon or. tn tile cue of l'tVISion. tile year of last l'tVISion. A number tn parentllncs tndlcaces the year of last rapproval. A ~ 

supencnpt epu1oa 1,) tadlcala aa odnonal chaftll: !I act: tile last revtSIOn or reapproval. 

" .,.on-Secuoa Z wu added ednonallv aod subloquent teCUOas renumbered tn July 19~ 

1. Scope . oper-

1.1 This method covers the quantitative determination of m ed electnc 

tbe distribuuon of panicle sizes in soils. The distribution of ess than 10 000 
parude sizes larger than 75 J.Lm ~retained on the No. 200 s cqutpped with a 

51eve) is determined by sievina, while the distribution of rep padd of metal. plasuc. or hard 

parucle sizes smaller than 75 J.Lm is detenruned b~a as wn e shaft shall be of such length 
sedtmentauon process. USinl a hydrometer to secure t operate not less than Jt• in. 119.0 

necessatY data (Notes 1 and 2). mm). o mo I '12 in. (38: 1 mm) above the bottom of 
e on cup. A special dispersion cup confonntng to 

NorE t-Separuion may be made on tile No. 4 ( . . 40 er o e dcsi&DS sbown in Fia. 2 sball be provtded to bold 

(42wml. or No. 200 (75-llml saeve aastad o No. sample while it is being dispened. 

~ Ulld. tile su s11a11 be aDdic:areci an 3.2.2 Apparatus 8 shall consist of an air-jet dispersion 

NorE 2-Two l'YPII of clispenaon cup' (Note 3) conformina to the acneral details shown tn Fig. 
Julll-speed mectwucal surrer ) 
paons IIIC1icale dlat m·odJ'·-..~rlp~od':!~ 3 (Notes 4 and 5). 
diJpCniOD of NoTE 3-lbe amount of air ta~uired by u air-jet dispersion cup is 

d$'1d&Uon on of tile order of 2 ftl /mm; some small ur compre110n ve not capable of 

tldinate ld supplyiaa sutlicieDt air to opente a cup. 

2.1 ASTM Standards: 
0421 Practice for Dry Preparation of Soil Samples for 

Particle-Size Analysis and Determination of Soil 
Constantr 

E 11 Specification for Wire-Cloth Sieves for Tcstina 
PurposcsJ 

E 100 Specification for ASTM Hydrometers' 

3. Ap,...._ 
3.1 /JQJanc1s-A ba1aDce seusitivc to 0.01 1 for wei&hiDa 

the material pusiq a No. 10 (2.00.mm) sieve, and a balance 

!eiiSltive to 0.1 " of the masa of the sample to be WC1Ihed for 
weiabina the material maiDed on a No. 10 sieve. 

3.2 Stirring AppculllW-Eithcr apparatus A or 8 may be 
llled. 

I T1ua IIICibod II tllldlr die Jlllildiclioa ol ASTM COIDIDillee 1).11 011 Soil and 

ltoct and il lilt clanct J"IIIIQ8abllity ol ~ 011.03 011 Talllft, 

"-'Y. and DnMy aa..-- oiSaiiL 
Cumat a-~ Nov. 21. 1963. Clnpaally publilbld 1935. ~ 

0422-62. 
l .trutJMIJ JoGt D{ ASTM Sllllllillnb. Val 0'-111. 
1 .trutWIJ Joc1t D{ AST.V Sl4lttltlrriJ, Val I ~.02. 
• .trutJMIJ JoGt D{ ASTM Suwitlnls, Vol 1~.03. 
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NOT! 4-Aaolher ur-cype dispersion deYicc. known as a dispenion 
tube. de¥dopld by Chu &lid O.Yidlon at Iowa State CoUese. has been 
shOWDlO pve results equivalent to &bole -=unci by lbe aar·JCl daspmaon 
CUIIL When it is Ulld. .-kina of tile -pie cu be done in the 
!edimenwion cylinder. thus elimiiWiq tile need for tnnsfemna the 

slurry. When lbe ur-clispenloo wbe as Ullld. n sllall be 10 uadicateli an 
the~ 

NOT! s-Water may colldenle in air lines when not in 111e. nus 
-ter must be removed. atber by 11111111 water uap on the au lane. or by 

blowiq tile water out of tile line before ustlll any of lllc air for 
clispenaoo ~ 

3.3 Hydromn~-An ASTM hydrometer. graduated to 
read in citber specific p-avity of tbe suspcnston or grams per 
litre of suspension. and conformina to tbe requirements for 
hydrometers 151H or 152H in Specifications E 100. Dimen
sions of botb bydrometen are tbe same, tbe scale bema the 
only item of difference. 

3.4 Sedimmtlllion Cylintkr-A aiass cylinder essentially 
18 in. (457 mm) in heiabt and 2'12 in. (63.5 mm) in diameter. 
and marked for a volume of 1000 mL. The inside diameter 
sba1l be such that the I 000-mL mark is 36 : 2 em from the 
bottom on tbe inside. 

3.5 Tlwrmomn~-A thermometer accurate to I"F 
(O.s"C). 

3.6 Sinn-A series of sieves. of square-mesh woven-wire 
cloth. confonnina to the requirements of Specification E II. 
A full set of sieves includes tbe followina (Note 6): 

' DeWiilld -a.. clnwiap Car IIDI cap 1ft aftillllle • a DOIDIII&I coa from 
lilt Amencu Soclfty for T--aand Mumal&, 1916 Race St.. PluladetphiL PA 
19103. Ordlr A.djiiDCI No. 1l~l2041. 
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fit D 422 

.Lp!~ 
l';;'o.l8 ew Ga• 0.049" 

J.on. P'·mml 
~-on. IID-mml 
t•.·:·on. t37.,.mml 
1-on.cao.mml 
1· .. on.ll9.0.mml 
'-n. l'l.,·mml 
>;o. •c•.,·mml 

Cal 

on. 

""" 

Son: b-A set of sie- pvj·ap...,[onl\ 

araph. u reQUired 1ft Seaton I TI!~-IISeCS, 

of the foliOWJnl Sl~ 

FIG. 1 

U' e or Consranr-Temperature Room-A 

wa or constant-tempenture room for mainwnin& 

the sot suspension at a constant temperature durin& the 

hydrometer analysis. A sausfactOry water tank is an insulated 

tank that maintains the temperature of the suspension at a 

conventent constant temperature at or near 68"F (20"C). 

Such a devtce is illustrated in Fia. 4. In cases where the work 

is performed in a room at an automatically controlled 

constant temperature, the water bath is not necessary. 

3.8 Beaker-A beaker of 250-mL capacity. 

3.9 Timing Dev1ce-A watch or clock with a second 

hand. 

4. Dispeniac Apnt 

4.1 A solution of sodium hexametaphosphate (sometimes 

called sodium metaphospbate) shall be used in distilled or 

demtneralized water. at the rate of 40 1 of sodium 

hexametaphosphate/litre of solution (Note 7). 

Son: 7-Soluuons of this salt. if ll:idic. slowly reven or hydrolyze 

back to the orlhophospha~e form with 1 n:sultant decrcue in dispmlve 

act1on. Soluuons should be prepared frequently ~It leas! onc:e 1 month) 

or adJUSted to pH of 8 or 9 by means of sochum c:arbona~e. Bottles 

conwn1na soluuons should bave the da~e of l)l'ellerltiOD marked on 

them. 

4.~ All water used shall be either distilled or 

demtneralized water. The water for a hydrometer test shall 

92 

on. 

""" 
1.3 
33 

Punc!l • 
O.ZOl" SO.OOI 

r:ltmovable 
Baffle 
Rod!t 

B 

375 
952 

be brou&ht to the temperature that is expected to prevail 

dunna the hydrometer test. For example. if the scdimenta· 

uon cylinder is to be placed in the water bath. the distilled or 

demineralized water to be used shall be brou&ht to the 

tempenture of the controlled water bath: or. if the sedimen· 

tauon cylinder is used in a room with controlled tempera· 

ture. the water for the test shall be at the temperature of the 

room. The basic temperature for the hydrometer test is 68"f 

(20"C). Small variauons of temperature do not introduce 

differences that are of practical sianificance and do not 

prevent the use of corrections derived as prescribed. 

August 26, 1991 
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-~ D 422 

FIG. 3 

5. Test Sample 

Appn11amate Minamum 
an. 1mm1 Mua of Ponaon. 1 

"'" 19 ') 500 
"'• 119.0) 1000 

I IZ' •l 2000 
Jl/z I }8 I l }000 

z "08) .000 
3 (76.11 ~ 

5.1.::! The size oft!".:: ponion passina the No. 10 sieve shall 
be apprmumately 115 g for sandy so1ls and approximately 65 
g for silt and clay soils. 

5.::! Provision is made in Section S of Practice D 421 for 
wetghing of the air4ry soil selected for purpose of tesu. the 

separation of the soil on the No. I 0 sieve by dry-sievina and 
washina, and the wei&hina of the washed and dned fraction 
rewned on the No. 10 sieve. From these two masses the 
percentages retained and passina the No. 10 sieve can be 
calculated in accordance with 12.1. 

NoTE 8-A check on the IIWI values and the thoroulhness of 
pulvenzauon of the clods may be ICCUred by wetlhllll the ponion 
PW1n1 the No. I 0 sieve and addiq this value to the mass of the washed 

ind oven-dned pomon rewned on the No. 10 Sieve. 

SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10 
(2.00...) SIEVE 

6. Procedure 
6.1 Separate the ponion retained on the No. 10 (2.00-

mmJ s1eve into a series of fractions usmg the 3-m. (75-mm). 

93 

:qoss ~e:: ... o~ 
:: ... P .io 

~~----~~~----~~~~~~~~~~~~-~ 
~1----------------- -· }1"--------------· ----y ... 

, 
mm 

.,. 
22.2 

, 3 &'At 
25 • 76.2 158.2 

,. 
358 

37 
~ 

2-in. (50-mm). l'h-in. (37.5-mml. l-in. C:!5.0-mml. lf•-in. 
( 19.0-mm). 11.-in. (9.5-mml. No.4 (4.75-mml. and No. 10 

sieves. or as many as may be needed depending on the 

sample. or upon the specifications for the matenal under 

test. 
6.2 Conduct the sieving operation by means of a lateral 

and venical motion of the sieve. accompamed by a Jamng 

action in order to keep the sample movina continuously over 
the surface of the sieve. In no case tum or manipulate 

fraaments 1n the sample through the s1eve by hand. Continue 

s1evin1 until not more than I mass % of the residue on a 
sieve passes that 51eve durina I mm of sieving. When 

mechanical Slevina is used. test the thoroughness of sievmg 

by usina the hand method of sieving as described above. 
6.3 Determine the mass of each fraction on a balance 

conformin& to the requirements of 3.1. At the end of 

wei&hina, the sum of the masses retained on all the sieves 
used should equal closely the onpnal mass of the quantnv 
sieved. · 
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HYDROMETER AND SIEVE ANALYSIS OF PORTION 
PASSING TilE NO. 10 (l~) SIEVE 

7. Determination of Composite Correction for Hydrometer 

Rndina 

7 .I Equations for percentages of soil remaining in suspen

sion. as g~ven in 14.3. are baJed on the use of distilled or 

demineralized water. A dispersing agent is used in the water. 

however. and the specific gravity of the resulting liquid is 

appreciably greater than that of distilled or demmeralized 

corrections for a series of I" tempera~~~~~~~ 
range of expected test temperatu rl y 
used as needed. Measu th mpos e o ons 

may be made at two tN1ftlliii!P!IIII'fll~ ~~DiDt e ranae of 

expected test tern the interme· 

d1ate tern~ ng a straight-line rela-

uonshi be alues. 
7.3 ~of tCi composed of distilled or 

dispersina qent in the same 
I ail in tbe sedimentation (hydrometer) 

t e li uid in a sedimentation cyclinder and the 

"'-·-<~- e conStant-temperature water bath. set for one 

of th o temperatures to be used. When the temperature of 

the liquid becomes constant. insen the hydrometer. and. 

after a shon interval to permit the hydrometer to come to the 

temperature of the liquid. read the hydrometer at the top of 

the mensscus formed on the stem. For hydrometer I 5 I H the 

composue correction is the difference between this reading 

and one: for hydrometer I 52H it is the difference between 

the readmg and zero. Brina the liquid and the hydrometer to 

the other temperature to be used. and secure the composite 

correction as before. 

8. HyiJ'OKOpic Moistare 

8.1 When the sample is wei&hed for the hydrometer test. 

we1gh out an auxiliary ponion of from I 0 to 15 1 in a small 

metal or glass container. dry the sample to a conStant mass in 

an oven at 230 ± 9"F ( II 0 ± 5"C), and wes&h again. Record 

the masses. 

9. Dispersion or Soil Sample 

9. I When the soil is mostly of the clay and silt sizes. wei&h 

out a sample of air~ry soil of approximately 50 g. When the 

soil1s mostly sand the sample should be approximately 100 

g. 

94 

9.2 Place the sample in the 250-ml beaker and cover with 

125 mL of sodium hexametaphosphate soluuon (40 &ILl. 

Stir until the soil is thorou&hly wened. Allow to soak for at 

least 16 h. 
9.3 At the end of the soaking period, disperse the sample 

funher, usina either stirring apparatus A or B. If stimng 

apparatus A is used, transfer the soil- water slurry from the ~ 

beaker into the special dispersion cup shown in Fig. 2. ~ 
washing any residue from the beaker into the cup · 

distilled or demineralized water (Note 9). Add di!,i. ~·lll:jj~ 

demineralized water, if necessary, so that the cu 1 

than half full. Stir for a penod of I min. 

Non 9-.t. larse size synnae 1s a convm1en 
water in the wulun& operation. devices 1 

bottle and a hose wtth liOZZie con prei!llit!ll~ftiJJJd 

no more. 

Non I o-The initial air prasure of I psi is required to prevent tilt 

soil· water munure from entmq tile ur·,et tbamber when the nu:r.ti!R 

is uansfemd to the dispenton cup. 

9.5 Place the cover cap on the cup and open the air 

control valve until the pae pressure is 20 psi ( 140 kPal. 

Disperse the soil accordina to the followina schedule: 

Dlspmaon Penod. 

Plaaia1y llldn m1n 

Under 5 5 
610 20 10 

Over 20 15 

Soils containinalarle percentqes of mica need be dispersed 

for only I min. After the dispersion penod. reduce the gagt 

pressure to I psi preparatory to transfer of soil • water slu~ 

to the sedimentauon cylinder. 

10. Hydrometer Test 

10.1 Immediately after dispersion. transfer the soil- water 

slurry to the glass sedimentation cylinder. and add distilled 

or demineralized water until the total volume is 1000 mL. 

10.2 Usina the palm of the hand over the open end of the 

cylinder (or a rubber stopper in the open end). tum the 

cyhnder upside down and back for a period of I min to 

complete the q~tation of the slurry I Note II). At the end of 

I min set the cylinder in a convenient location and we 
hydrometer readinp at the following intervals of umc 
(measured from the belinning of sedimentation). or as man~ 

as may be needed. dependina on the sample or the specifica· 

tion for the material under test: 2. 5. 15. 30. 60. 250. and 

1440 min. If the controUed water bath is used. the sedamen· 

tauon cylinder should be placed in the bath between the 1· 

and 5-man readinp. 

Non 11-The number of turns durina th1s minute should bt 

approumately 60. counun& the tum upude down and back as two t11rns. 
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'"~ soil remainin& in the bottom of the cylinder duri111 the lim few 

1ums should be loosened by VJ&Orous sbaltina of the cylinder while It as 

1n the 1nvened po51tion. 

10.3 When it is desired to take a hydrometer reading, 
carefully insen the hydrometer about 20 to 25 s before the 
reading is due to approximately the depth it will have when 
the reading is taken. As soon as the reading1s taken. carefully 
remove the hydrometer and place it with a spinning motion 

1n a graduate of clean distilled or demineralized water. 

-.orE 12-lt is imponant to remove the hydrometer immediately 
1fter each reachna. Rcadanp sball be wen at the toP of the mansc:us 
:ormed by the sUS~JtnSJon around the aem. since 1t is not possablc 10 
sccure readinp at the bonom of the mmasc:us. 

!0.4 After each reading, take the temperature of the 
suspension by insenmg the thennometer into the suspen· 
liOn. 

II. Sien Analysis 
11.1 After taking the final hydrometer reading, transfer 

TAILE 1 Yelues of ~ !lector, a, for Dltf-' lpecltlc 
ONvtiiM of loll Pllr1ICIM .. 

2.95 
2.90 
2.15 
2.110 
2.75 
2.70 
2.15 
2.110 
2.55 
2.50 
2.45 

• For.,..., eQ~.WIIOn tor~ ai8CIII 
HjGiauw• 152H. 

,...,nl'!sented by 
t y dividing the 

~'&liif.grlpassin& the No. 10 
e result by I 00. This 

equation for percentage 

the suspension to a No. 200 (75-J.Lm l sieve and wash with ta .-"Mt~ 

.. au~r until the wash water is clear. Transfer the materi 
the No. 200 sieve to a suitable container. dry in a at 
130 ± 9"F (II 0 ± 5"C) and make a sieve · o the 

omuon ,.,.;nod. ..... u many~. 
for the matenal. or upon the s · · o 
under test . 

. . I ( S 
1 1 al e rcentage passing the No. I 0 sieve by 

l\"id1 e passing the No. I 0 sieve by the mass of soil 
11 y lit n the No. 10 sieve, and multiplying the result 

b\ obtain the mass passing the No. 10 ueve. subtract 
retained on the No. I 0 sieve from the Oriainal mass. 

12.2 To secure the total mass of soil passing the No. 4 
14 75-mml sieve. add to the mass of the matenal passing the 
\o. 10 sieve the mass of the fraction passina the No.4 sieve 
and retamed on the No. 10 sieve. To secure the total mass of 
1011 PUSmg the lil-in. (9.5-mm) sieve. add to the total mass of 
1011 PUSmg the No. 4 sieve. the mass of the fraction passin& 
the ~ .. in. s1eve and retained on the No. 4 sieve. For the 
remaining sieves, continue the calculations in the same 
rnanner. 

12.3 To determine the total percentaae passing for each 
lle\e, divide the total mass pusiDI (see 12.2) by the total 
lllas.s of sample and multiply the result by 100. 

13. Hyaroscopic Moistare Correc:tioll Factor 
13.! The hydroscopic moisture correction factor is the 

ra11o between the mass of the oven-dried sample and the 
31r-dry mass before drying. It is a number less than one, 
e\cept when there IS no hygroscopic moisture. 

14. Percentqes of Soil in Suspeasioa 

14.1 Calculate the oven-dry mass of soil used in the 
~~drometer analysis by multiplying the air-dry mass by the 
.•&roscopic moisture correction factor. 

95 

where: 
a • correction faction to be applied to the reading of 

hydrometer 152H. (Values shown on the scale are 
computed using a specific gravity of 2.65. Correction 
factors are J!Ven in Table I). 

P • percentaae of soil remaining in suspension at the level 
at which the hydrometer measures the denSity of the 
suspension. 

R • hydrometer readin& with composite correction ap
plied (Section 7), 

W • oven-dry mass of soil in a total test sample reprt· 
sented by mass of soil dispersed (see 14.2), g, 

G • specific gravity of the soil parucles. and 
G 1 • speafic gravity of the liquid in which soil parucles are 

suspended. Use numencal value of one in both 
instances in the equation. In the first instance any 
possible vanation produces no sipificant effect. and 
in the second anstance, the compoSite correc:uon for R 
is based on a value of one for G,. 

IS. Diameter of Soil Panicles 

15.1 The diameter of a particle corresponding to the 
percentage indicated by a given hydrometer reading shall be 
calculated according to Stokes' law (Note 14). on the baSis 
that a panicle of this diameter was at the surface of the 
suspenSion at the beginnang of sedimentation and had settled 
to the level at which the hydrometer is measunng the density 
of the suspension. According to Stokes' law: 

D • .J(30n/980(G- G,)] x L!T 
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when:: 
D • diameter of panicle. mm. 
n • coefficient of viscosity of the suspending medium (in 

this case water) in poises (varies with changes in 

temperature of the suspending medium), 

L • distance from the surface of the suspension to the 

level at which the density of the suspeDSlon is being 

measured. em. (For a given hydrometer and sedimen

tation cylinder. values vary according to the hydrom

eter readings. This distance is known as effective 

depth (Table 2)). 
T interval of time from beginning of sedimentation to 

the taking of the reading, min, 

G • specific gravity of soil panicles. and 

G1 • specific gravity (relative density) of suspending me

dium (value may be used as 1.000 for all pracucal 

purposes). 

Non 14-Since Stokes' law coasiders the tmnill&l velocity of a 

stnpe spllere falliaa in an tnfiniry of liquid. tile saes calculated represet~t 

the dtameter of spheres tllat would fall at the same rate as the sou 

paruc:les. 

computed with sufficient accu
in. slide rule. 

ue of Lis divided by T USIIII tile A· alld B-sc:ales.. 

..... ltlll"'i..- belna•ncbcated on tile D-tcaie. Without ascerwn•111 tile 

square rootn may be multiplied by K. lllilll ciUicr tbe C • or 

16. Sie•e Analysis Values for Partioa Filler diaD No. 10 

(l.OO..mm) Sine 

16.1 Calculation of pen:ent.qeS pusiq the various sieves 

used in sieving the ponion of the sample from the hydrom

eter test involves several seeps. The 6m step is to calculate 

the mass of the fraction that would bave been retained on the 

No. 10 sieve had it not been removed. This mass is equal to 

the total percen~qe retained on lbe No. 10 sieve (100 minus 

total percentqe passina) times the mass of the total sample 

represented by the mass of soil used (as calcuiated 1n 14.2), 

and the result divided by 100. 
16.2 Calculate next the total mass passina the No. 200 

sieve. Add together the fractional masses retained on all the 

sieves. includiDg the No. 10 sieve, and subtract this sum from 

the mass of the total sample (as calcuiated in 14.2). 

16.3 Calculate next the total masses passing each of the 

other sieves. in a manner similar to that given in 12.2. 

16.4 Calculate last the total pen:entqes passing by di

viding the total mass passina (as calculated in 16.3) by the 

total mass of sample (as calculated in 14.2), and multiply the 

result by 100. 
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T~ 2 V..._ of ltrectlft DePitlleMd on Hydiometlr uc1 

IUimeniiiiiOn Cyflndef of~ II&",. 
HyOI~ 151H H~152H 

Ac1u111 Eflllc:Dw Ac1u111 Eflllc:Dw Ac1u111 E~ 

I+JO- Decltn. 
"-''I 1.. ern 

Wj4CIIi•llii Dloln. H~ D.clm. 
A~ l..ern "-ing l..ern 

1.000 11.3 
, 001 110 
1.002 15.1 
1.003 15.5 
1.004 15.2 
1.005 15.0 

1.001 14 7 
1.007 144 
1.001 14.2 
1.001 13-t 
1.010 13.7 

11 13.7 "' ... 
17 13.5 47 u 
11 13.3 41 14 

11 13.2 41 1.3 
20 13.0 50 1.1 

1.021 10.7 21 12.1 51 71 

1.022 10.5 22 12 7 52 71 

1.023 10.2 23 12.5 53 71 

1.024 10.0 24 12.4 54 74 

1.025 1.7 25 12.2 55 73 

1.021 1.4 21 12.0 5I 7.1 

1.027 1.2 27 11.8 57 70 

1.021 1.1 21 117 5I u 
1.021 ... 29 11.5 5!1 u 
1.030 1.4 30 114 10 u 

1.031 1.1 
1.032 71 
1.033 7.1 
1.034 7.3 
1.035 7.0 
1.031 1.1 
1.037 u 
1.031 1.2 

A v- Ill-'*- 0111111 n ~ ,_,. ..-: 

I. • 1., + 'II (1.1 - (V.IAII 

""'-: 
1. • -'*- 0111111. em. 
1., ._,....~1N-oi1N~IIQm1NtD

poi1N~ID .. 

...,. tar • ,.._ ....-nQ. ern. 
1., • _......, oiN fi!O'CIIIWW ~. em. 
v. •...,. o1 ~~.em>. ana 

A ·-• .... -ol ... iao18...,,cyln*.cm' 

V--II -.olaln) 1N v-II T- 2 n. IIIIIDws: 

For 110111 ltyCIUIWWI. 15tH ana 152H: 

1., • 14.0em 

"• - 17.0 em> 
A • 27.1cm' 
For lijoOCIII .. 151H: 
1., • 10.5 em tar • ....-ng o1 1 .000 

• 2.3 em tar • ....-ng o1 1.031 

For~152H: 

1., • 10.5 ern tar • r.-~~ng o1 o ~ 
• 2.3 em tar • IMIII'!I o1 50 Ill'" 

17. Graph 
17 .I When the hydrometer analysis is performed. a grapll 
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T.QLE 3 V81uft of K for UM In Equetlon for~ DIMMter of Pertlcle In ltordr_..., ANlyele 

--r"".,..pn~~n. 
Speaftc Gravoty ol Sc» p.,._ 

•c 2.45 2.50 2.55 2.80 

--~e 0.01510 0.01505 0.01481 0.01-s7 

17 0.01511 0.01411 0.01~ 0.01438 

18 0.01~12 0.014117 0.01~ 0.01~1 

19 0.01~7~ 0.01"1 0.0,.25 0.01ol03 

20 0.01~ 0.01~1 0.01'1)1 0.01311 

21 o.o1a 0.01~1~ 0.01311 0.01311 

22 0.0,.21 001317 0.0137. 0 01353 

23 0.01~ 0.01311 0.01351 0.01337 

2• 0.01311 0.01315 001~2 0.01321 

25 0.01372 0.01~1 0.01327 0.01301 

28 0.01357 0.01~ 0.01312 0.01211 

27 0.01~ 0.01319 0.01297 0.01277 

21 0.01327 0.013Qol 001213 0.012&4 

29 0.01312 0.01290 0.01281 0.012•1 

30 0.01211 0.01278 0 01251 0.012311 

of the teSt results shall be made. plotting the diameten of the 
particles on a logarithmic sc:ale as the abscissa and the 
percentageS smaller than the corresponding diametm to an 
aritbmeuc sc:ale as the ordinate. When the bydrom 
analysis is not made on a portion of the soil. the p · 
of the JJ'IPh is optional, since values may be sec 
from tabulated data. 

Son 16-Tbis WNtati011 of papb repran~u the pwiaboll of tile 
IIDiple taled. If pubCies larpr dlall me- COIIWJied Ill tbe sample weft 

l'eiiiO* before ISZJII, tile report sbaiiiO IWe 11¥1111 lhc &DIOUIII &lid 
muimum size. 

18.2 For materials tested for compliance with definite 
specifications. the fnctioas called for in such specifications 
shall be reponed. The fnctioas smaller than the No. 10 sieve 
shall be read from tbe papb. 

18.3 For materials for which compliance with defmite 
specifications is not indicated and when the soil is composed 

2.15 2.70 2.75 2.80 2.85 

0.01435 0.01~1~ 0.01~ 0.0137~ 0 01358 

0.01~17 0.01391 0.01378 0.01351 0.01338 
0.01318 0.01371 0.01351 0.01331 001321 

001312 0.01311 0.01~2 0.1323 001305 

0.01315 0.013" 0.01325 0.01307 0.01289 

0.013411 0.01321 0.01301 
0.01332 0.01312 0.01294 
0.01317 0.01217 0.01279 
0.01301 0.01212 0.012&4 
0.01211 0.01287 0.012•1 

0.01272 
0.01251 
0.012" 
0.01230 
0.01217 

).Ui. m.iaed OD No. ~ -
~--..- ---"~- '~ ~- ud mliaed OD No. 200 ueve 

P11U1 No. ~ - ud maMd OD 
.10-

(b) Mldiumlllld...-..No.IO-udmmaedoa "\ 
No . ..o- . 

(c) Fiaelllld. PIIUI No . ..0 -.e ud maMd oa No. " 
200-

(J) Silt ... 0.01. 1111 0.005 •• " 

(4) Clay ... ...ucr 1111110.005- " 

Colloidl. ...ucr 111111 0.001 - .. 

18.4 For materials for which compliance with definite 
specifications is not indicated and when the soil contains 
material retained on the No. 4 sieve suffiaent to require a 
sieve analysis on that portion, tbe results may be reported as 
follows (Note 17): 

3-ia. 
2·11L 
I liMa. 
I olD. 

~toot a. 
~IL 
No. ~ (~.75-tDm) 
No. 10 (2.00-IDml 
No . ..0 f•25;ua) 
No. 200 (75;uD) 

0.07·-
0.005 •• 
0.001-

SIEVE ANALYSIS 

HYDROMETER ANALYSIS 

Non 17-No. I 12.36-mm) &lid No. 50 (JOO.t,lm) sieves may be 

sublbtuted for No. I 0 &lid No . ..0 •eves. 

Tlle..,._,Soollll', r....,..,.....,.,...,.,__,,........,....._ • ..,,._,..._...,.,~ 
- .., __ .,-__..,,~til-__.., .. ~ ....... llllr .... RW-1 tiiN ...... til.., 1UC11 

,._,..., .. ,. ,.. ........... tiiiUCII,.... .. ...., .,...._ ~-

Tlllr__..,lfo .....,Ill_... • .., ..... Oy,. ........................ ,...,.,....,_,""",.... .. 

,,., ___ --~Of..,...,.. y-~ .. noiiiJ.,.,IOt_tll_....-riOtiOt......,__. 

.. llalltl,_....., IIIASTW ~----~ Y--..,.....,.._.,.. • ...,...,, •• ,_..,. ........ 

let:/lttll:lll-. .-cti ,au 1NY ...... II ,au leelllllr I'IU'-1-. ftfll ,__, e ,_,..._..,au.,.- I'IU' 

-,.,_Ill N ASTW ec:w-atosr-, IIIII "-St. Jill'·~-- H. 11103. 
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PERMEABILITY OF GRANULAR SOILS 

1.0 PURPOSE 

LANL-ER-SOP-11.03, RO 
Page 1 of 7 

The purpose of this procedure is to show the method in which the coefficient of permeability by 

a constant-head method for the laminar flow of water through granular soils can be determined. 

2.0 SCOPE 

2.1 Applicability 

tta ed ASTM Standard Method D2434-68, and to the Site Health and Safety plan 

nd/or cautions. 

5.0 EQUIPMENT 

Refer to the attached ASTM Standard Method D2434-68. 

6.0 PROCEDURE 

Refer to the attached ASTM Standard Method D2434-68. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be reviewed 

before field operations: 

ASTM STANDARD D2434-68. 1968. Standard Test Method for Permeability of Granular Soil 

(Constant Head). 



LANL-ER-SOPs in Section 1.0, General Instructions. 

8.0 RECORDS 

LANL-ER-SOP-11.03, RO 
Page 2 of 7 

The records produced during this procedure will include a Chain-of-Custody/Request for 

Analysis form (SOP-01.04) which will have the following information: 

• Field Sample Number/Identification 

• Date and time collected 

• Test requested 

• All calculations -::::::(, 0 
• Deviations, if applicable \. ~ 

9.0 ATTACH~E 

A. ~~ D2434-68. 1968. Standard Test Method for Permeability of Granular 

~n !Head). 
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ASTM STANDARD D2434-68 
STANDARD TEST METHOD FOR PERMEABILITY OF GRANULAR SOILS 

(CONSTANT HEAD) 

-~~·Designation: D 2434-68 (Reapproved 1974)E1 

Standard Test Method for 
Permeability of Granular Soils (Constant Head) 1 

This standard 1s 1ssued under me fixed destanauon D 2434: the number 1mmed1ately foliOWtnlthe destanat1on 1nd1catcs the •car of 

on~~tnal adopUon or. 1n the ouc of "'vtSton. the ~car of last "'vtsion. A number 1n pa"'nthcses 1nd1cateS the )·car ollast "'appro• a!. A 

supcncnpl cpStlon 1•1 tndlcateS an cdnonal chanac Stncc the last ~Ston or ...approval. 

" 'lon-Sccuon 1 was added ednonally and subseQuent secuons "'numbered 1n July 1984 

I. Sc:ope 

3. u 

3.1 e following ideal test conditions are prerequisites 
for the laminar flow of water through granular soils under 
constant-head conditions: 

3.1.1 Continuity of flow with no soil volume change 
during a test, 

3.1.2 Flow with the soil voids saturated with water and no 
air bubbles in the soil voids. 

3.1.3 Flow in the steady state with no changes in hy
draulic gradient. and 

3.1.4 Direct proportionality of velocity of flow with ny
draulic gradients below certain values, at which turbulent 
flow starts. 

3.2. All other types of flow involving partial saturation of 
soil voids. turbulent flow, and unsteady state of flow are 
transient in character and yield variable and time-dependent 
coefficients of permeability; therefore, they require special 
test conditions and procedures. 

4. Apparatus 

4.1 Permeameters. as shown in Fig. I, shall have spec
imen cylinders with minimum diameters approximately 8 or 

1 This leSt method is under the jurisdiction of ASTM Comm1nee 0.18 on Soil 
and Rock and is the direct l'ftliOnstbtllty of Subcommtnee 018.04 on HydroiOIJC 

Propcrucs of Soil and lloc:lts. 
Curran ediuon IIIPIOved Sept. 13. 1968. Oriauwly issued 1965. Replaces 

D 2434- 6S T. 
'.41t1t1Ul/ Book of ASTM StalldtJrrh. Vol 04.01. 
1 Odo:onlinued-5ee 19/IJ AMIUli Book of ASTM Sltullllurh. Vol 04.01. 
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c sc n at the bottom w1th a 
a of the soil spec1men. but with 

sma (not larger than I 0 % finer size l 
ve t of particles: ( 2) manometer outlets for 

uring loss of head. h. over a length. /, equi\alent to 
t the diameter of the cylinder: ( J ) a porous disk or 

sui le reinforced screen with a spring attached to the top, 
or any other device, for applying a light spring pressure of 22 
to 45-N (5 to 10-lbt) total load. when the top plate is attached 
in place. This will hold the placement density and volume of 

soil without significant change during the saturation of the 
specimen and the permeability testing to satisfy the require
ment prescribed in J.l.l. 

4.2 Constant-Head Filter Tank. as shown in Fig. I. to 
supply water and to remove most of the air from tap water. 

fitted with suitable control valves to maintain conditions 
described in 3.1.2. 

NOTE I-De-aired wa~er may be used if prefemd. 

4.3 Large Funnels. fitted with special cylindrical spouts 25 
mm (I in.) in diameter for 9.5-mm (l/a-in.) maximum size 
particles and 13 mm (1h in.) in diameter for 2.00-mm (No. 
10) maximum size particles. The length of the spout should 
be greater than the full length of the permeability chamber
at least 150 mm (6 in.). 

4.4 Specimen Compaction Equipment2-Compaction 
equipment as deemed desirable may be used. The following 
are suggested: a vibrating tamper fitted with a tamping foot 
5 I mm (2 in.) in diameter: a sliding tamper with a tamping 
foot 5 I mm (2 in.) in diameter, and a rod for sliding weights 
of 100 g (0.25 lb) (for sands) to I kg (2.25 lb) (for soils with a 
large gravel content), having an adjustable height of drop to 
102 mm (4 in.) for sands and 203 mm (8 in.) for soils with 

large gravel contents. 
4.5 Vacuum Pump or Water-Faucet Aspirator. for evacu

ating and for saturating soil specimens under full vacuum 
(see Fig. 2). 

4.6 Manometer Tubes. with metric scales for measuring 
head of water. 

4.7 Balance, of 2-kg (4.4-lb) capacity, sensitive to I g 

(0.002lb). 
4.8 Scoop. with a capacity of about 100 g (0.25 lb) of soil. 
4.9 Miscellaneous AppartUus-Thermometers, clock with 

sweep second hand, 250-mL graduate, quan Jar, m1xing pan, 

etc. 
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Cllt D 2434 

~----!..-'CONSTANT-HEAD FILTP TANK 

NOTE 2-ln order to atab1ilb reprelelltalive values of coefficians of 
penneabiliues for tbe nap: tbat may aiR in tbc lituauoa bcl111 

invesupled. amples of tbc finer, averqe, aDd coarser soils should be 

obwned for leSUJII. 

5.3 From the material from which the oversize bas been 
removed (see 5.2), select by the method of quartering, a 
sample for testing equal to an amount approximately twice 

(To-let -l 

FILTE" TANK VALVE 

that required for filling the permeameter c:hamber. 

6. Prepuadoa or Specimeas 
6.1 The size of permeameter to be used shall be as 

prescribed in Table 1. 
6.2 Make the followiDg initial measurements in centi

metres or square centimetres and record on the data sheet 
(FJI. 3); the inside diameter, D, of the permcameter, the 
length, L, between manometer outlets; the depth, H 1, 

measured at four symmetric:ally spaced points from the 
upper surface of the top plate of the permeability cylinder to 
the top of the upper porous stone or screen temporarily 
plac:ed on the lower porous plate or sc:r=n. This automati
c:ally deduc:ts the thickness of the upper porous plate or 
screen from the height measurements used to determine the 
volume of soil plac:ed in the permeability cylinder. Use a 
duplicate top plate containing four lar&e symmetric:ally 
spaced openinp throuab wbic:b the necessary measurements 
c:an be made to determine the averaae value for HI· 
Calculate the c:ross-sec:tional area, A. of the specimen. 

6.3 Take a small portion of the sample selcc:ted as 
prescribed in 5.3 for water c:ontent determinations. Rec:ord 
the weight of the remaining air-dried sample (see 5.3), R'1, 

Leu .,., 35 '1. ol TOIII Soot "--! on S.W. as-wng 

2.00-mm (No. 10) IIIII 1.~ 
("till.) 

1.~ I""'"-I IIIII 1I.Oomm 
(~Ill.) 

2.00-mm (No 10) II.~ I""'"-I 

71 mm (3 in.) 

152 mm (t ln.) 
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2.oo.mm (No. 10) ·-~ '""""·' 1 1• mm 1•.5 in.) 

221 mm (9 in.) 
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/VALVE 

SOIL 

for unit weight determinations. FIG. 

2 De~vtce tor Ev~yer regular pattern. The pressure of contact and the 

6.4 Place the prepared soil by one of t · I oftime of the vtbratmg actton at each spot should not 

procedures in uniform thin lavers a te n ca soil to escape from beneath the edges of the tamping 

thickness after compaction to the m i · foot, thus tending to loosen the layer. Make a sufficient 

but not less than approxim 5 ·n . number of coverages to produce maxtmum density. as 

6.4.1 For soils having .5 m (3fa in.) evidenced by practically no visible motion of surface parti-

or less. place the p rescribed in cles adjacent to the edges of the tamping foot. 

4.3. in the e spout in contact with 6.5.2.2 Compaction b): Sliding Uleight Tamper-Com-

the low viously formed layer. pact each layer of soil thoroughly by tamping blows uni-

and fi t soil to form a laver. taking formly distributed over the surface of the layer. Adjust the 

fro f the sample in the pa~. Lift the height of drop . and give ~ufficient coverages to produce 

n el b (0.60 in.), or approximately the uncon- maxtmum densn7. depending on the coarseness and gravel 

-,--...::ed:=l"a 1ckness to be formed. and spread the soil content of the sod._ . 

wn s spiral motion. working from the perimeter of the 6.5.2.3 Cf!mpactlon by Other Methods-Compacuon may 

device toward the center. so that a uniform layer is formed. ~ accomplished by- other approved methods. such as_ by 

Remix the soil in the pan for each successive layer to reduce VIbratory packer equipment. where care ts take_n to obtam a 

segregation caused by taking soil from the pan. untform spectmen Without segregauon of parucle s1zes (see 

6.4.2 For soils with a maximum size greater than 9.5 mm Test Method D 2049). _ _ 
(l.J in.). spread the soil from a scoop. Uniform spreading can 6.5.3 Relam·e_ Densur Intermediate BetM'een 0 and 

be obtained by sliding a scoopful of soil in a nearlv I 00 'l'o-By tnal m a separate con tamer of the same dtameter 

horizontal position down along the inside surface of th~ as the pe':11teabthty cyhnder._ adJUSt the compacuon to obtam 

~- t th bott t th ~ ed Ia th u·l · th reproduCible values of relative densnv. Compact the sot! m 
~~~:vtce o e om or o e aorm yer. en ung e h bT r d b h r0cec1 - h- 1 
scoop and drawing it toward the center with a single slow t e pe~ea 1 ny cy .,m er Y t ese P ures m t m ayers 

mot" th. all th -1 t thl fro th to a hetght about •. 0 em (0.80 m.) above the upper rna-
ton: ts o~ e sot o run smoo Y m e sc~p nometer outlet. 

tn a ~1ndrow Without segregauon. Tum the penneabthty 
cylinder sufficiently for the next scoopful. thus progressing 
around the inside perimeter to form a uniform compacted 
layer of a thickness equal to the maximum particle size. 

6.5 Compact successive layers of soil to the desired 
rtlative density by appropriate procedures. as follows, to a 
httght of about 2 em (0.8 in.) above the upper manometer 
Qutlet. 

6.5.1 Minimum Densit_v ( 0% Relative Density)-Con
tmue placing layers of soil in succession by one of the 
Procedures described in 6.4.1 or 6.4.2 until the device is filled 
tQ the proper level. 

6.5.2 Max1mum Densin· ( /00% Relati~·e Densitv): 
6.5.2.1 CompaCtion by Vibrating Tamper-Compact each 

layer of soil thoroughly with the vibrating tamper. distrib

Uitng the light tamping action uniformly over the surface of 
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Non 3-ln order to bracket. systemaucally and ~resentatively. the 

relauve density condmons that may aovem 1n natural depos&ts or 1n 

compacted embankments. a senes of permeability IC$15 should be made 

to bracket the ranae of field relauve detWues. 

6.6 Preparation of Spec1men for Permeability Test: 
6.6.1 Level the upper surface of the soil by placing the 

upper porous plate or screen in position and by rotating it 
gently back and fonh. 

6.6.2 Measure and record: the final height of specimen. 
H 1 - H~. by measuring the depth. H2• from the upper sur· 
face of the perforated top plate employed to measure H 1 to 
the top of the upper porous plate or screen at four symmet
rically spaced potnts after compressmg the spring lightly to 
seat the porous plate or screen dunng the measurements: the 
final weight of air-dried soil used in the test ( ~~ - W2 ) by 
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T•tNo. 

l..ac:allan of ~ 

llonniJ-

,., DEICII'"'Clf<OI' 5011------------------
-----------------

(1:1) UNIT WIICIHT DETIII.,_TIQN: 
Dill'rww. D. em 
ArM. A. em' 
LMigtll, 1.. em 

W(llllll) 

W(I'IWI) 

(C) PI~ TOT (DEIIIIII 01' CoMoACTNIII) 

IWigl1t a.tl:n. H, 
IWigl1t ,.,_. HI 

IWigl1t Net. em 

Mcll1ln eom.nt ,.,~, 

1ft' Dry 1.nt Weogllt. Ill w 

VOCI Ratio. a 
....,..,. Denlily, AD _M)(G; 

~ 0~-~( t\_.~ 
- T....,.. 

Test No. HNII. hem II/I. ~~n. •c * c:m/1 

H, HI 

1 '-' '\ ~\ \. 
~ '- \.~ \. 

2 If \\\. ~ 

~ ~l\ J J """ 
If ""'~ J 

3 '-' \ \ n -
~ "'--'- \. \.." "'../ 

~\. 1\.~"''lii \. ._, --
n 4\\ \\ ...... v 
\. \. \ v 
~~ .,.._...... 

6 

weighing the remainder of soil. W2, left in the pan. Compute 

and record the unit weights, void ratio, and relative density 

of the test specimen. 
6.6.3 With its gasket in place, press down the top plate 

against the spring and attach it securely to the top of the 

penneameter cylinder, making an air-ught seal. This satisfies 

the condition described in 3.1.1 of holding the iniual density 

without significant volume change during the test. 

6.6.4 Using a vacuum pump or suitable aspirator. evac

uate the specimen under SO em (20 in.) Hg minimum for IS 

min to remove air adhering to soil panicles and from the 

voids. Follow the evacuation by a slow saturation of the 

specimen from the bonom upward (Fig. 2) under full 

vacuum in order to free any remaining air in the specimen. 

Continued saturation of the specimen can be maintained 

more adequately by the use of (I ) de-aired water. or ( 2) 

water maintained in an in-flow temperature sufficiently high 

to cause a decreasing temperature gradient in the specimen 

during the test. Native water or water of low mineral content 

288 

\.\. v 
\.l 

(Note 4) should be used for the test. but in any case the fluid 

should be described on the repon form (Fig. 3). This satisfies 

the condition described in 3.1.2 for saturation of soil voids. 

Non 4-Native water is lhe water OCCIUTiq io tbe rock or soil 111 

sill~. It should be used if possible. but it (as weU as de..ued water) ma~ 

be a refinement not onhnarily feuible for lazp«:aae producuon tesuq. 

6.6.5 After the specimen has been saturated and the 

permeameter is full of water, close the bonom valve on the 

outlet tube (fig. 2) and disconnect the vacuum. Care should 

be taken to ensure that the permeability flow system and the 

manometer system are free of air and are working satisfacto

rily. Fill the inlet tube with water from the constant-head 

tank by slightly opening the filter tank valve. Then connect 

the inlet tube to the top of the permeameter. open the inlet 

valve slightly and open the manometer outlet coclcs slightly. 

to allow water to flow. thus freeing them of air. Connect the 

water manometer tubes to the manometer outlets and fill 

with water to remove the air. Oose the inlet valve and open 
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the outlet valve to allow tbe water in the manometer tubes to 
reach their stable water level under zero head. 

7. Procedure 
7.1 Open the inlet valve from the fLlter tank slightly for 

the first run to conditions described in 3.1.3, delay measure
ments of quantity of flow and heat until a stable head 
condition without appreciable drift in water manometer 
levels is attained. Measure and record the time. t, head, h (the 
difference in level in the manometers), quantity of flow, Q, 
and water temperature. T. 

8. Calc:ulations 
8.1 Calculate the coefficient of permeability, k, as follows: 

k • QL/Ath 

where: 
k • coefficient of permeability, 
Q • quantity of water discharged, 
L = distance between manometers, 
A • cross-sectional area of specimen, 
t • total time of discharge, 
h '"' difference in head on manome 

8.2 Correct tbe permeability to 
multiplying k (see 8.1) by tio ofth 
test temperature to vise · of wate 

7.2 Repeat test runs at heads increasing by 0.5 em in order 
to establish accurately the region of laminar flow with 
velocity, v (where v • Q/At ), directly proportional to 
hydraulic gradient, i (where i • h/L). When depanures from 
the linear relation become apparent, indicating the initiation 
of turbulent flow conditions. 1-cm intervals of head may be 
used to carry the test run sufficiently along in the region of 
turbulent flow to define this reg~on if it is significant for tiel pie number, location, depth, and 
conditions. t information, 

NOTE S-Much lower values of hydraulic .,adient. h/ L. n IZe analysis, classification, maximum panicle 
than aenerally recOIJlized, in order 10 ensure !ami • an ntage of any oversize material not used. 

The follOWin& values are sugested: loose~m ness .1.3 Dry unit weight, void ratio. relative density as 
0.2 10 0.3. and dense comp&CU~eSJ raunp. 3 placed, and maximum and minimum densities, 
values of h/L appl)'llll 10 coaner soils the t 9.1.4 A statement of any depanures from these test 
50115• conditions. so tbe results can be evaluated and used. 

7.3 At the completi pe · · Y. est. drain the 9.1.5 Complete test data, as indicated in the laboratory 

specimen and i · t estab · was essentially form for test data (see Fig. 3), and 
bomoge p in r. Any light and dark 9.1.6 Test curves plotting velocity, Q/At, versus hydraulic 

alt t n r layers are evidence of gradient. h!L, covering tbe ranges of soil identifications and 
of relative densities. 

AmltlcM Socilly tor Tilting .wl ,.,_,.,. ,.,_ 110 poaltiOfl retpet:fltiQ IN w.HcMy til_,. pnnt t911 -.1 in CGriMCtiOfl 

Wlffl_,. ,_ -- "'IIIII -· U... til rrus aNfll»rtJ .. ._...ly -!NI-mol..., diN....,., til_,. aUCII 
pafwrt ngtltl . .wl IN,., til in'lo~QM*!t til auc11 "ffiU, .. ......,.. - owniWijiCWIIIOIIIy. 

TIN$ aNfll»rtJ 18 auo,.ct 10 -iOflatll!y t-Oy IN -iDle~-- .w1 ,_ 0.--_, ,_ ..-s
if 1101 fWIHO. e1ttter ~ 01 Wfll'iOrNt! Your_,.,. -ftfJ.,.., tor-- til 11111 .-rJ or toretlt1it-,_ 
- llloula 0. ~ 10 ASTAI ~- Your_,_,. wdl- cwelul---atiOtlat • -"'9 diN~ 

I8CIIIUC8i commllle8. ""*Ch )IOU m8y -· 11 )1011 1881 that ,our - - 1101-- • lair -.ng )1011 8/loula ,... 1'011' 
v-s _,10 IN ASTiol Cornmmee on Slltlc:l8rlfs. 11118 "'-Sr., ~. f'A 111103. 

289 



Los Alamos National Laboratory 

Environmental Restoration Program 

Standard Operating Procedure 

No: LANL-ER-SOP-11.04 

Soil and Core pH 

Quality 
Review by: 

QPPL 
Approval: 

PM 
Approval: 

(&-)f% 
Xac.m L Lw.rtl~ 

(Print Name) 
~-vr/~ 
(Signature) 

1: l~ y-f w UJq LMw~ 
(Print Name) (Signature) 

Effective Date: 3 · \ ~ · '1 :0:. 

Rev: 0 

1~/IJ/9! 
(Date) 

~~li11fl (D e) 

31£~/o/J.. 
(Date) 

?-r: ~ 
(Date) 



SOIL AND CORE pH 

1.0 PURPOSE 

LANL-ER-SOP-11.04, RO 
Page 1 of 9 

This procedure describes the methods by which the pH of a soil is measured. This procedure 

can be used to determine the degree of acidity or alkalinity in soil materials which are 

suspended in water and a 0.01 M calcium chloride solution, and it can be used to supplement 

soil-resistivity measurements and identify conditions under which the corrosion of metals in~the 

soil may be sharply accentuated. ('"\' 

2.0 SCOPE ~ \ v 
2.1 Applicability ~~ ~ 
This procedure is applicable for determining the soil pH ~ i working with soil 

samples for the Environmental Restoration prog~\8) 

2.2 Training -:::::( '~ 
Field team members ~· t~u~ust document that they have read and 

understand this proced :\:j ~~res in Section 1.0, Generaiinstructions. 

3.0 DEFINITI S ((==> ~ 
u ~ns in this procedure. 

Refer to the attached ASTMs, and to the Site Health and Safety plan for hazards and/or 

cautions. 

5.0 EQUIPMENT 

Refer to the attached ASTMs. 

6.0 PROCEDURE 

Refer to the attached ASTMs. 

The use of commercially available pH buffers and deionized water is acceptable in the 

procedures. Follow the manufacturer's instructions for calibration of the pH meters. 



7.0 REFERENCES 
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The following procedures are directly associated with this procedure and should be reviewed 

prior to field operations: 

ASTM STANDARD D4972-89. 1989. Standard Test Method for pH of Soils. 

ASTM STANDARD D2976-71. 1971. Standard Test Method for pH of Peat Materials. 

AST~ STANDARD G51-77. 1977. Standard Test Method for pH of Soils for Use in~·~ 
Testmg. 

;~'&J 

LANL-ER-SOPs In Section 1.0, Generallns1ructions. \\ ~ 
8.0 RECORDS ~w 

4~ maintained and will 

• 
• 
• 
• 
• 
• 

• p atum recorded to the first decimal 

• Lot and expiration date of calibration solutions used 

• Calibration records 

• Soil size fractions taken from other than the No. 10 sieve. 

9.0 ATTACHMENTS 

A. ASTM STANDARD D4972-89. 1989. Standard Test Method for pH of Soils. 

B ASTM STANDARD D2976-71. 1971. Standard Test Method for pH of Peat Materials. 

C. ASTM STANDARD G51-77. 1977. Standard Test Method for pH of Soils for Use in 

Corrosion Testing. 
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ASTM STANDARD D4972·89, 
STANDARD TEST METHOD FOR pH OF SOILS 

~t Designation: D 4972-19 

I. Scope 

I . I This test method coven the measurement of the pH of 
solis for uses other than for corros1on tesnna. Such measure· 
menu are used m the qncultural. environmental. and the 
natural resources tields. Thts measurement detenntnes the 
degree of actdity or allcalinny 1n so1l matenals suspenc1ed m 
water and a 0.01 .\f calcium chlonde soluuon. Measureme 
1n both liqutcts are nec:essarv to fullv define the so11" 
Th1s vanable IS useful tn deUnn1nnia the solutn · 
mmerals. the mobilitY of ions tn the soil. a:ll""'-__ _ 
viability of the soli-plant envtronment. 
discUSSion of the usefulness of t)l!r'l'I!'IL!Ie~~~ 
ranted here. however. it can be fl 
the subject. A few sulc:a..-rcw.t 
throu&h (6) at thee 

1.2 The v 11 e in Sl YAJI~Ili:ra~i!d 
1.3 T.. ~41114:11111•iftiPI~·v lilY I ha:ardow miZllr~ais. op~r· 

'aNJJud diMS 1101 pUJ110n to 

ltll"'"-riDIWDl".v mu assoc1at«i wuh its WI. It is 
1 1 h1 wrr of this stalldani to 1srablish 

f'IY and hHJth PrtiCIICIS and dltmftllll IM 

of rqviatory /imllatlOIIS PriOr tO WI. 

2. I . .fSTJI Sttullillrds: 
C 670 Pracuce for Prepariaa Precision and Bias Swe

menu for Test Methods of CoDSU"W:Uon MatenaJsl 
G S I Test Method for pH of Soil for Ute ill Corrosion 

Temaa• 

3. s....r,ofTIIIM .... 

3.1 Measurement of the pH of soils ill both suspeDSioas of 
water and a c:aiaum cblonde solulioll are made wnh titber a 
poteDuame~er usiD& a pH seasauve elec:Uode system (Method 
A). or pH seasalive paper (Method 8). Tbe pcnaniome~er is 
calibrated widl buJfer IOlulioas of lalown pH. The pH 
sellSluve paper is a lela KCUrUe measurement and sboukl 
only be used for a roup estiaWe of dle soil pH. The 
elec:Uode mua be used for tbis lllCUUI'IIDeDt ulllesl the pH 
seasalive paper is specdied 

~. Sipiflcuce Ull U• 
4.1 The pH of dle soil is a useful ¥ariab&e ill deten:Dillilla 

In..- ............... ,......_ol ASTM c--0.11• Sail 

Ulcl lloclt Ulcl • 1111 duwCI 141 Pkdlly fll Su&alal- 011.06 01 ...,_ 

Cllemal .......... oiSoiiiUil ...... 
c_. ..._......,.... Noo<. 10. 1919 ~ o..u. 1919. 
1 nw llclldr- ·--~~ ......-.. '*• a 11a ol....._ u • ...a ol 

die - iMIIIOil. 
'.4-- ..... II( AST.V St...,_,, Vall OUI. OUl. OUl. Uil 0'-01. 
•........., ..... II( AST.V SIMMrlll, Val Ol.Gl. 
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1 ment. 
the solubllny of soli m1ne 
and 3SSesltng the v1abli1t~ t 

-l .: pH meas>Ufll!!ftiii"-H 
caletum chlo,nf!l~mlllittda 

~o~oater ana a 
e calciUm diSPIOlC(S 

u . The low 10n1c strenttn 
on me exchange equ1hbnum -tt~ 

-"""c·:-.::,_-·-on of the soluuon closer to that 
&!eC'r!11."""'.tftc SOl Utlon. The pH values obtained '" t!'!e 

tum chlonde are sh&htly lower than those 
meas in water due to the release of more alum1num 1ons 

h1ch then hydrolyses. Therefore. both measurements ;u-e 

wred to fully define the character of the so1l's pH. 
4.3 For dle purpose of dlis test method the test soli must 

be sieved dlrouah a So. I 0 sieve c 2 mm s1e~·e mesh 
operunp). Measurements on so1ls or soli fracuons ha,mg 
paructe sizes iarJer than 2 mm bv th1S test method ma\ be 
invalid. If soil or soil frac:tlons ~th particles larJer th3n ; 
mm are used. it must be stated in the repon saDCe the results 
may be sipillcantly different. 

4.4 AU warer used for th1S test method must be distilled 
and deiollized. 

!. laterf.,._ 
S .I This test medlod as ·measured by a pH probe has 

possible interferences due to a ~on effea or secilmen
taUOil poteDtial. Usen Interested in a detailed discussion of 
the mec:lwusm of this effea can filld it 1n Refs(!) and (6). 

S.2 This etfea is the ID&Ul reuoa Test Medlod G 51 can 
not be used for ltlleral measurement of pH outside of thal 
for corrosioll ana.lysas. Test Method G Sl measures pH lan 

aqueous parame~er1 widlout addiaa any aqueous plwe to 

the soiL This results ill excessive soil panicle-pH probe 
contact thal o.er-estimates the KlivitY of the hydrotcll 1oas 
ia sotulioa and is dlerefore uDICCel)table for ltlleral soil 
analysis. 

5.3 The SUSI'elllioa eft'ea can be mitipted by careful 
altellDoD to 9.1. 

6. A,.,.... 
6.1 M~tltod A. pH M~rrr-Poteatiometet equipped widl 

a1•!M'I!ollld elecuodc syaem. Follow the manufacturer's 

iDSU'UCtioas for tbe pH me~er u.1. A silver/salver cblonde 

electrode system or similar is allo ICCePW*. 
6.2 M«hoti B. pH Paptr-pH paper seasilive to a pH 
~ from 1 to 12. widl raoluaoa to tbe nearest O.l pH 
UDit. 

'7. ···-7.1 Purity of Rft~P'U.r-Reqeat pade cbelllic:als should 
be used ill all t.es&L U a1esa odlerwiJe llldicated. It IS llliCftdeCi 
thal all reqellts sboukl conform to the ~ of the 
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Committee on Analytical Reagents of the American Chem
ical Society, where such specifications are available.' Other 
grades may be used, provided it is first ascertained that the 
reagent is of sufficient purity to permit its use without 
lessening the accuracy of the determination. 

7.2 Purity of Water-Water should be distilled. deionized 
water. but not necessarily free of carbon dioxide. The pH of 
the water should be checked prior to testing the soil. Should 
it fall outside the range of 6.5 to 7.5, it should be discarded 
and other water obtained for the test. 

7.3 Acid Potassium Phthalate Buffer Solution (0.05 M)

Dissolve 10.21 g (dried I h at I 05"C) of potassium phthalate 
in water and dilute to I L. The pH of this solution should be 
4.0 at 20"C. Protect the solution apinst evaporation and 
against contamination with molds. Replace the solution 
when mold is noticed. The effect of temperature is: 

8. Calibration of pH Meter 

pH 

pH 

7.0 
6.9 
6.9 
6.8 
6.8 

8.1 Calibrate the pH meter using the acid potassium 
phthalate and phosphate buffer solutions. Adjustment of the 
pH meter should follow the manufacturers direction. 

9. Proceclure 
9.1 When making measurements with the pH electrode, 

place the electrode into the panially settled suspension to 
mitigate the suspension effect. 

9.2 For both methods. begin with an air dried soil that has 
been sieved through a No. 10 sieve (2 mm holes) to remove 
the coarser soil fraction. Air drying the soil is necessary to 
accomplish sieving and to control the amount of water 
present at the time of measurement. 

9.3 pH in Disti//ed Water-For both methods. weigh out 
approximately 10 g of air dried soil. Place the soil into a glass 

container and add approximately 10 mL of distilled water. 

' "Rea,ent Chemicals. Amencan Chemical Soacty Specifications." Am. 
Chemocal Soc .. WubiJIIIOII. DC. For IUIFI!JODS 011 the ta!IJII or raaenu not 
lmed by the Amencan Cbemocal Soacty. • "Rea,ent Cbmucals and SI&Ddards. 
by Joseph R011n. D. Vu NOIUUd Co .. Inc .. New York. NY. and Ulc Unned 
S1.1tcs Pllarmacopcoa. 

Mix thoroughly and let stand for I h. 
9.4 Method A-Read pH on pH meter. 
9.5 Method B-Read pH on pH paper. 
9.6 pH in 0.01 M Calcium Chloride Solution-For both 

methods weigh out approximately 10 g of air dried soil. Place ~ 
the soil into a glass container and add approximately 10 ml ~ 
of the 0.01 M Ca02 solution. Mix thoroughly and I~ 
for I h. 

9.7 Method A-Read pH on pH meter. 

9.8 Method B-Read pH on pH paper~ 
9.9 The mixture should be at approxi y room 

perature ( 15 to 25"C) at the tim~pH m men . 

IO.Repon ~ 
10.1 Report the fthe decimal place. 

Specify w · e eas en IS in water and which 
is in u o · · n. Also specify whether the 

i ih Method A or Method B. If 
fracti the sieved through the No. 10 sieve are 

stated in the report since the results may be 
erent 

11.1 Precision: 
11.1.1 Within-Laboratory Precision-The within labora

tory standard deviations for Method A are 0.031 (pH units) 
for the water mixture and 0.1396 (pH units) for the calcium 
chloride mixture. Therefore, results of two properly con
ducted tests in the same or different laboratories should not 
differ by more than 0.0656 (pH units) for the water mixture 
and 0.389 pH units for the calcium chloride mixture. The 
within-laboratory standard deviations for Method B are 
0.189 (pH units) for the water mixture and 0.2126 (pH units) 
for the calcium chloride mixture. Therefore, results of two 
properly conducted tests in the same or different laboratones 
should not differ by more than 0.536 (pH units) for the water 
mixture and 0.60 pH units for the calcium chloride mixture. 

11.1.1.1 The precision of Method A presented was deter
mined by the National T ecbnical Center of the United States 
Depanment of Agriculture. In their evaluation they used 174 
replicates for the water mixture and 32 replicates in testing 
the calcium chloride mixture. 

11.1.1.2 The precision of Method B presented was deter
mined by the United States Artny Environmental Hygiene 
Agency. In their evaluation they used 25 replicates in testing 
each mixture. 

11.1.2 Between-Laboratory Precision-The between-labo
ratory standard deviation has not been determined for either 
method. Subcommittee 018.06 is actively seeking data to 

evaluate the between laboratory precision of thiS test 

method. 
11.2 Bias-There is no accepted reference value for this 

test method; therefore, bias cannot be determined. 

12. Keywords 

12.1 soil; pH; acidity; alkalinity; reaction 

• n- c1a1a amly Ulc IS and OlS 1'111-11 CMlilllld 1D Pncllc:e C 670. 
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TillS .-r1111U01Ct trliWlliOII • MY mNIIy 1M ,..,_,lljt I8ChtllcM ~ n n 
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atlfJ s110u1t1 oe .x~-..a to ASTM ~- rour- will fll,. ,__ 
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ASTM STANDARD D2976-71, 

STANDARD TEST METHOD FOR pH OF PEAT MATERIALS 

~~ Designation: D 2976-71 (Aeapprovecl1981)f1 

Standard Test Method for 
pH of Peat Materials 1 

This standard is issued under lhe fiaed ci<SJ1nauon 0 2976: the number immediately foiiOWtftl the ci<SIIIJIAIIOn 1nclicates the year of 

oniJnal aclopt1on or. 1n lhe cue of r<VISIOn. lh< year of last reVISion. A number 1n parenlhaes 1nclicates !he year of last reapprov 

supencnpt epulon h) Indicates an eclnon&l chanl< Sine< lhe last reVISIOn or reapproval. 

" Non-FootnOIC 2 and Section 9 were aclclecl ednon&lly 1n May 1981. 

I. Sc:ope 

4. Apparatus 

4.1 pH Meter-Potentiometer equipped with glass-calo

mel electrode system. Follow the manufacturer's innrucuons 

for the pH meter used. 

S. Reagents 

5.1 Purity of Reagerus-Reagent lflde chemicals shall be 

used in all teSts. Unless otherwise indicated. it is intended 

that all reagents shall conform to the specifications of the 

Committee on Analytical Reqents of the Amencan Chem

ical Society, where such specifications are available. 3 Other 

grades may be used, provided it is first asc:erwned that the 

reagent is of sufficiently bi&h purity to permit its use Without 

lessening the accuracy of the determination. 

5.2 Purity of Water-Water shall be carbon-dioxide-free 

distilled water. Use water with a pH of not less than 6.5 nor 

' Thu m<lhociiS uncl<r !he Jwucilcuon of ASTM Commtn .. 0.18 on So1l and 

Rock. 
Effective Sept.. 20. 1971. 
2 ThiS melhocl IS curTet~tly uncierJOtnl an catmStve ,.,;e.. by ASTM Com· 

m1nee 0.18 and aclclttional altcmauve mcthocls will be proposed. 
1 "Rcqent Chemtcals. Amencan Chenucal Soaay Specificauoru." Am. 

Chemtcal Soc .. Wuhini\On. D.C. For suanuons on lhc taUnl of ,...ents not 

ltsted by lhe Amencan Chemtcal Socmy.- "lteqmt Chenucals and Standat111. .. 

by JOICI!h ROSin. 0 Van NOIU"and Co .• Inc .. New York. N.Y .• and lh< "Unnecl 

States Phannacopcta. .. 
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·c pH 

0 6.98 
10 6.92 
20 6.88 
30 6.85 
40 6.83 

6. Calibratioa of pH Meter 

6. I Calibrate the pH meter using the acid potassium 

phthalate and phosphate buffer solutions. 

7. Proc:edure 
7.1 pH in Distilled Water-Weigh out about 3 g of 

air-dried peat or about the equivalent amount of moist 

material. Place into a I 00-mL beaker. Add 50 mL of distilled 

water. Additional water may be needed for very fibrous 

materials such as sphagnum moss peat. Let soak with 

occasional stirring for 30 min. Read on pH meter. 

7.2 pH in 0.01 M CaC/1 Solu11on-Weigh out about 3.0 g 

of air-dried peat or the equivalent amount t>f moist material. 

Place into a 100-mL beaker. Add 50 mL of 0 O.l M Ca02 
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solution. Let soak with an occasional stirring for 30 min. 

Read on pH meter. 
calcium chloride solution. 

9. Precision aad Accuracy 

8. Repon 9 .I The precision of this method has not yet bee~ 

8.1 Repon the pH of the peat to the first decimal place determined. Data are being sought that will be suitable fl 8 
(0.1) and specify whether it is pH in distilled water or pH in use in developing precision statements. ~ 

Tile..__, Socilly 1111' Teatmg end M .... - no t*lfiOtt ~~~~~me Whdlly a/any,.,., r1Q#111 -.ct 1t1 connectiOn 

..,, MY ,., mem101*1 "' m~a ltendw. users a1 ,., ltendw .,. •lfP'WUty etNrH<J m1t - a1 me llehtllty a1 aucll 

,.,., ngta. end me "'* al ,..,_., a/IUCII ngma ... .,.,.,., ,,., own fWP01181bllily. 

TillS ltantWrl •tubjeelto -It any -lly lite~ tecflllicel c:otlllfti!Ne end must 0e -r llvfl end 

il fiOf -· etlltel ,__ 01 Wlllltlrawn. Y- COIIIIIIetll3 .. - etlltel 1111'- a/IMitantWrl -

ena1110U1CJ oe ~to I.STM ~. Y--. will- cwetu1 r~~d:.:,,.:-:;=~~ ... 
tecnnal-. wltlC/I you IMY MettCJ. If you IN/ mit r--.- fiOf 1111\ 

~~ 
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ASTM STANDARD G51-n, STANDARD TEST METHOD 

FOR pH OF SOILS FOR USE IN CORROSION TESTING 

~~ Designation: G 51 -77 (Reapproved 1984) 

Standard Test Method for 

pH of Soil for Use in Corrosion Testing 1 

This sunclard is issued under the fixed deslllft&UOn G S 1: the number tmmed.ately follDWIDI the destptallon tndicates the ~ear of 

onpnal adoption or. tn the case of re•tston. the year of last re•won. A number tn parentheses tndtcates the year oi last reapproval. A 

supcnc:npt cpsdon h 1 tndtc:alel an cdttonal chan&e since the last re.,ston or reapproval. 

1. Scope 
1.1 This method covers the determination of soil pH. The 

principal use of the test is to supplement soil-resistivity 

measurements and thereby identify conditions under which 

the corroston of metals in the soil may be sharply accentu· 

Jted· 
1.2 This standard may involve hazardous materials. oper· 

Qiions. and equipment. This standJJrd does not purport to 

2.3 Subsurface Probe-Whe 
the surface of the soil a 
probe of suttable len.llUII~ncf~ 
made at the depth 
electrode o b 
the en.dfil!ft"..J""'-.nl: ·"1~ .. ~,. 
F' 

use a 
u ents to be 

"'' ....... ,..-msists of a glass 
a rubber housing at 

of probe 11ustrated in 

,uldress all of the safet.v problems associated wuh 1~s use. . . . 

rhe responsibility of whoever uses th1s standard to It I Test pporatus-Prior to field use. or penodtta!ly 

establish approprtate safety and health practices wh extenSively t.n the field. test ~he apparatus tor 

mme the applicability of regulatory ltm[S~ bn ty of........,. Tru. ,_..., • u fol-
3.1.1 Tum on the inStrument. allow to warm up thor-

oughly, and bring to electrical balance in accordance with the 

1. Apparatus manufacturer's inStructions. Before use. clean and rinse the 

re : ( J) po- glass and calomel electrodes in distilled water. 

a tion. and ( 2) high- Non 2-New 11aa electrodes and thmc that have beeD stoml dey 

,,.., __ ~-.... es the pH directly shall be c:ondiuoned tD acc:on1aDce wtth the IIWiufaaurer's recommen-

'\Pi~~Jn). r is available as a dauom before use • 

. ~~~,ape 't so that it can be used in the 3.1.2 At least two standard buffered pH solutions that 

ti tric meter is more accurate and gener- span the soil pH to be measured are required. From practical 

tile. . experience standard solutions of pH 4, 7, and 8 are recom-

"'"·-~o_...l and Glass Electrodes: mended. For the test. the temperature ofthese solutions shall 

2.2. saturated calomel refeRnce electrode or its equiv- not differ from each other by more than s·c. 
alent shall be used in the pH determination. A few crystals of 3.1.3 Adjust the temperature compensating dial on the 

solid potassium chloride should always be present within the pH meter to the standard solution temperature. 

chamber surrounding the calomel to assure that the solution 3.1.4 Immerse the electrodes in a small volume of the first 

is saturated under the conditions of use. The design of the known standard solution. Now adjust the meter to read this 

electrode shall permit the formation of a fresh liquid june- known pH by use of the Mstandardize" dial. 

tion between the solution of potassium chloride and the 3.1.5 Remove the electrodes from the first standard solu-

buffer or test soil for each test and shall allow traces of soil to tion, and rinse in distilled water. Immerse the electrodes in 

be readily removed by washing. the second known standard solution. Judge the system to be 

2.2.2 A glass electrode of rugged conStruction is required. operating satisfactorily if the reading obtained for the second 

The pH response of the glass electrode shall be judged to be standard agr=s within 0.1 unit of the assigned pH. 

performing satisfactorily if it furnishes the correct pH value 3.2 Standardization of pH Meter-Standardize the pH 

(%0.1 pH unit) for standard buffer solutions. meter immediately before use. If a series of measurements 

Non 1-These SWidarda CID be purchued from cbemical supply 

companies or pH equipment IIWiufacturers in tablet or powder form 

such that when ldded to a mcuund UDOUilt of clisWied water, the 

desired staadard bulfer IOlurioD is obWDed. 

2.2.3 A combination electrode consisting of a saturated 

calomel reference electrode and a glass electrode (items 2.2.1 

and 2.2.2) combined as a sinale electrode is acceptable. 

However, the requirements outlined above are equally appli

cable to the electrodes used in this combination unit. 

1 Thts tell method is under tbe jurildll:lloD oC ASTM Committee G-1 OD 

Conosaoa o( MeWs. aDd is tbe diNCt laiPOIIIIbibiY of Subcomauttee GO 1.10 OD 

Com.oD iD SoiiL 
CWTeDI edlaoa approved JaD. 2•. 1977. Publlsbed May 1977. 
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are to be made, supplement initial standardization by a 

check at interVals of about 30 min. Perform the meter stand

ardization as follows: 
3.2.1 Use a standard solution in the ranae of the pH of the 

soil to be tested, if such information is known beforehand. 

Otherwise, begin with a standard solution having a pH of 7. 

Stabilize the temperature of the solution so that it matches 

the temperature of the soil to within lO"C. 

3.2.2 Immerse the electrodes in the known standard 

solution and adjust the meter to read this known pH, using 

the Mstandardize" dial. 
3.3 Soil Preparation/or pH Determination: 

3.3.1 Ideally the pH measurement should be made in the 

field on undisturbed soil with the Jlass electrode contacUng 

the soil at the specific depth of interest. If the surface soil pH 
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is desired. then the soil can be broken up if compacted so as 
to accept the electrodes. If a subsurface pH is desired, the 
boring or an excavation must be done so that the el 
can be placed in the soil at the desired depth. 'f.~h!Q~~~ 
probe (Fig. 1) is ideal for use with a t 
hand auger. After the boring is d:adi~•~I\Jh\ldl!iaooll&bc:l 
probe into the cavity witho rth 

3.3.2 Soil samples cqr-I}I~IJUI.Ittl a 
boring tool or a -ho ~J!!~mment made 
in the field th s technique is less 
desirab 'bed above. 

3. easurement of soil is that 
hoilllsample transpOrted to a laboratory 

tic~~. if this must be done. then make the 
tQe~t .. neJft as quickly as possible after the soil is taken 

eld. Place the sample in a clean, airtight. glass 
container or plastic bag so that the soil is not in contact with 
any metal. If the pH measurement is not made within 24 h 
from the time the soil sample is taken, then it is recom
mended that the soil sample be packed in dry ice to retard 
any change in pH due to chemical or biological reactions. 
Make the pH measurement on the soil at room temperature 
and as received. 

3.3.3.1 The addition of water to the soil is not recom
mended for any case because some soils are so poorly 
buffered that added moisture will change their pH. However, 
if a soil is extremely dry with a resistivity exceeding 106 

m 
'ng. 

DetmniiiiUion of pH of Soil: 
3.4.1 Complete the meter standardization procedure (3.2). 

The soil temperature shall match the temperature of the 
standardizing solution within 10•c. However, maintain the 
temperature compensating dial on the meter at the setting 
used for standardization. 

3.4.2 Qean the electrode surface by washing ~ith distilled 
water. 

3.4.3 Press the contact area of the glass e1ectrodt: or com· 
bination electrode, as the case may be, against undisturbed 
soil at the location of interest. 

3.4.4 The reference electrode should be placed in contaCt 
with the soil near the glass electrode (this step is not required 
when using a combination-type electrode). An electrOde 
separation of about 300 mm (I ft) is suggested for surface 
measurements. For subsurface readinp, the reference elec· 
trode may be placed on the surface about 300 mm from the 
bore hole enuy. 

3.4.5 With the electrode(s) in place, set the meter to read 
pH, allow a few minutes for equilibrium to be establisbed. 
then take the meter reading. 

3.4.6 After several minutes, repeat the meter reading. The 
values obtained should agree within 0.2 unit to be acc:ept· 
able. 

Tile AlnMCM SocMiy, ,..., .......... -110 ,_,_~!he .-.My at.,.,._ rigfa -.d "'

-MY-~ In,_ .....V. U.. at IIIII ..-rJ.,. ~- INI --at !he ..-My at trtyauch 

,._ nglla. elfl1111e nelt atiA'IIipiWI atiUCII IIIJfh,.,. .awly- CIWn ~-

.,. ~ •..-,.cr 10 ,..,..., • .,. lime Oy !he~ r.t:tnt:al--.. - .. ~~!we,... .. 
llntlf -· .,_,.....,..., 01 wlltiCINWII. YOII-.,. --.a_,., 101- at IIIII ..-rJ 01101 .:JtJ/ltOIIIJ

elfl1slloultl.,_~ IOASTM~. Y011- Will-_...__,..., • 1 -..oat !he~ 
tw:flnlt:al commmw. wflit:fl vau ,.,. atreflf1. 11 vau twt ,.., vaur commetn ,... ,. --• ,.,, -.,g vau s11ou1t1 ,.,. vaur 
- _,10 !he ASTM c-an~. 11178 _,St .. ~. PA 18103. 
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1.0 PURPOSE 
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This procedure describes the method of determining the ash content and the total organic 

carbon of soil samples by air drying, heating within an oven or furnace, or a combination thereof. 

2.0 SCOPE 

2.1 Applicability 

Environmental Restoration program. \\ _' 

2.2 Training ~W 

Field team members using this pro~ed ~~hat they have read and 

understand this procedure and the pro s i~ 1.0, General Instructions. 

3.0 DEFINITIONS . 

4.0 BAC~ N I R AUTIONS 

~e~ tt d ASTM standard method D297 4-87 and to the Site Health and Safety plan 

f~s or cautions. 

5.0 EQUIPMENT 

Refer to the attach eel ASTM standard method D297 4-87. 

6.0 PROCEDURE 

Refer to the attached ASTM standard method D297 4-87. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be reviewed 

prior to field operation: 

ASTM STANDARD 02974-87. 1987. Standard Test Method for Moisture, Ash, and Organic 

Matter of Peat and Other Organic Soils. 



LANL-ER-SOPs in Section 1.0, General Instructions. 

8.0 RECORDS 
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The records generated by this procedure will include the Chain-of-Custody/Request for Analysis 

form (SOP-01.04) which will include sample collection information logs, and calculations. Also 

included will be the laboratory report with written calculations, furnace temperature, and whether 

moisture contents are by proportion of as-received mass (wet mass) or by oven-dried mass. 

9.0 ATTACHMENTS 
((=\\ 

A. ASTM STANDARD D2974-87. 1987. Standard Test Method for Moisture, Ash, an~~ 
Matter of Peat and Other Organic Soils. ~ ~ 

~~ 
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ASTM STANDARD D2974-87, STANDARD TEST METHOD 

FOR MOISTURE, ASH, AND ORGANIC MATTER OF PEAT 
AND OTHER ORGANIC SOILS 

~flt1 Deaignatlon: D 2974- 87 

Standard Test Methods for 
Moisture, Ash, and Organic Matter of Peat and Other Organic 

Soils1 

I. Scope 
1.1 These test methods cover the measurement of mois

ture content. ash content. and organic matter in peats and 
other organic soils, such as organic clays. silts. and mucks. 

1.2 The values stated in Sl units are to be regarded as the 

standard. 
1.3 This standt.zrd may involve ha:ardous materials 

aJions. and equipment. This st(UI(/Qrd does no r 
address all of the safety problems associated wit ·ts 

che responsibility of the user of this ~ t 
appropriate safety and health pract e a 
applicability ofregulatory · · · p or to 

l. Summary of MtfUUIMII\ 
2.1 ined by drying a peat 

e t . e moisture content is 
nt of the oven dry mass or of the 

.V< h is an alternative moisture method 
·lfic~Mflco/ies the total moisture in two steps: (I) evapora

tion asture in air at room temperature (air-drying), and 

(2) the subsequent oven drying of the air-dried sample at 
1os•c. This method provides a more stable sample, the 

air-dried sample, when tests for nitroaen, pH, cation ex

change, and the like are to be made. 
2.3 Methods C and D-Ash content of a peat or orpnic 

soil sample is determined by igniting the oven-dried sample 

from the moisture content determination in a muffie furnace 
at 440•c (Method C) or 1so·c (Method 0). The substance 

remaining after ignition is the ash. The ash content is ex

pressed as a percentage of the mass of the oven-dried sample. 

2.4 Organic matter is determined by subtracting percent 

ash content from one hundred. 

3. Appantu 

3.1 Oven, capable of beiDa l"eJU).aud to a constant temper
ature of lOS ± s•c. 

Nan-Tbe temperature of I 05"C is quite critic:al for orpnic soils. 
The oven sbould be cbeclled for •bot spoa~ 10 avoid SQ~ible ipition of 
the specimen. 

3.2 Muffle Fu17'1QCe, capable of producing constant tem

peratures of 440•c and 7 so·c. 

' n- ts IIIClhoda 1ft uDder die jurildicliotl of ASTM Commiaee D-11 oa 

Soil Ulcl Rock Ulcl 1ft die clinlct fiiPOIIIIbillty of Subeoauma. D II. II oa Peals 

Ulcl Rclaled Matenals. 
Curm11 em- IPIII'CI"ed May 29. 1917. l'lablisbed July 1917. OnpDally 

publisbed • D 29" • 71. Lui ~ editioa D 1974 •14. 

369 

~!PIUWhl of Sample 

Place a representative field sample on a square rubber 

sheet. oil cloth. or equivalent material. Reduce the sample to 
the quantity required by quanering and place in a moisture· 
proof container. Work rapidly to prevent moisture loss or 

perform the operation in a room with a high humidity. 

MOISTURE CONTENT 

5. Method A 

S .1 Record to the nearest 0.0 I g the mass of a high silica 
or porcelain evaporating dish fitted with a heavy-duty alu
minum foil cover. The dish shall have a capacity of not less 

than 100 mL. 
5.2 Mix thoroughly the representative sample and place a 

test specimen of at least 50 g in the container described in 
S .1. Crush soft lumps with a spoon or spatula. The thickness 

of peat in the container should not exceed 3 em. 
5.3 Cover immediately with the aluminum foil cover and 

record the mass to the nearest 0.0 I g. 
5.4 Dry uncovered for at least 16 hat 10s·c or until there 

is no change in mass of the sample after further drying 

periods in excess of I h. Remove from the oven, cover 
tightly, cool in a desiccator, and record the mass. 

6. Method A Calculadoll 

6.1 Calculate the moisture content as follows: 

Moisture Content. % • [(A - B> x 100)/A 

where: 
A • mass of the as-received test specimen, &. and 
B • mass of the oven-dried specimen, g. 

6.1.1 This calculation is used primarily for agriculture, 
forestry, energy, and horticultural purposes and the result 

should be referred to as the moisture content as a percentage 

of as-received or total mass. 
6.2 An alternative calculation is as follows: 

Moisture Content.% • [(A- B) x 100)/B 

where: 
A • as-received test specimen, &. and 
B • mass of the oven-dried specimen, g. 

• 
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6.2.1 This calculation is used primarily for geotechnical 

purposes and the result should be referred to as the moisture 

content as a percentaae of oven-dried mass. 
6.3 Take care to indicate the calculation method used. 

7. Method B 

Calculate the moisture content as follows: 

Moisture Content, "' • (SO - 8) x 2 

where: 
B • oven-dried sample, ·1-

8.1.1 This calculation pves moisture content as a per

centage of as-received mass. 
8.2 An alternative calculation is as follows: 

Moisture Content,% • ((SO- B) x 100]/B 

8.2.1 This calculation pves moisture content as a per

c-~~e of oven-dried mass. 

ASH CONTENT 

9. Method C 

9 .I Determine the mass of a covered hi&h·silica or porce

lain dish. 
9.2 Place a pan of or all of the oven-dried test specimen 

from a moisture determination in the dish and determine the 

mass of the dish and specimen. 
9.3 Remove the cover and place the dish in a muflle 

furnace. Gradually bring the temperature in the furnace to 

440•c and bold until the specimen is completely asbed (no 

change of mass occurs after a further period of beating). 

9.4 Cover with the retained aluminum foil cover, cool in a 

desiccator, and determine the mass. 

9.5 This method should be used for allaeotechnical and 

general classification purposes. 

Ash Content,"' • (C x 100)/B 

where: 
C • ash, a. and 
B • oven-dried test specimen, g. 

ORGANIC MA'ITU 

1l. Cakalatioa 

12.1 Determine the amount of organic matter by differ

ence, as follows: 
Orpnic matter,"' • 100.0- D 

where: 
D • ash content, %. 
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13. Repon 
13.1 Repon the followina information: 
13.1.1 Results for organic matter and ash content, to the 

Dearest 0.1 %. 
13.1.2 Furnace temperature used for ash content detenni· 

nations. 
13.1.3 Whether moisture contents are by proportion of 

as-received mass or oven-dried mass. 
13.1.3.1 Express results for moisture content as a per· 

centage of as-received mass to the nearest 0.1 %. 

13.1.3.2 Express results for moisture content as a per· 

cenuage of oven-dried mass as follows: 
(a) Below 100% to the nearest I %. 
(b) Between 100% and 500% to the nea'l'eSt 5 %. 

(c) Between 500% and 1000% to the nearest 10 %. 

(d) Above 1000 % to the nearest 20 %. 

14. Precisioa IIDd Bias 

14.1 The precision and bias of these test methods have not 

been determined. Data are beina souaht for use in devel· 

oping a precision and bias statement. 
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1.0 PURPOSE 
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This procedure describes methods that can be used to determine the cation-exchange capacity 

of soils. 

3.0 DEFINITIONS 

4.0 BACK~ D TIONS 

~r ~ d SW-846 method, and to the Site Health and Safety plan for hazards 

an~o. 

5.0 EQUIPMENT 

Refer to the attached SW-846 method. 

6.0 PROCEDURE 

Refer to the attached SW-846 method. 

7.0 REFERENCES 

The following procedures are directly associated with this procedure and should be reviewed 

prior to field operations: 

EPA SW-846. September 1986. Method 9081 - Cation-Exchange Capacity of Soils {Sodium 

Acetate). 
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8.0 RECORDS 
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The following information will be documented on a Chain-of-Custody/Request for Analysis form 

or a Daily Activity Log (SOP-01.04) as appropriate: 

• Field Sample Number/Identification 

<fb<@ • Date and time collected 

• Sample container material and size 

• 

• 

• Lot and calibration date of calibration solution~\ 

• pH calibration . ~ 

• 

9.0~TTD~~ 
A. ~\b~ptember 1986. 

~cetate). 

Method 9081 - Cation-Exchange Capacity of Soils 
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EPA SW-846, METHOD 9081 
CATION-EXCHANGE CAPACITY OF SOILS {SODIUM ACETATE) 

METHOD 9081 

CATION-EXCHANGE CAPACITY OF SOILS (SODIUM ACETATE) 

1.0 SCOPE AND APPLICATION ~ 

(Chapman, 1965, p. 900: see Paragraph 10.1) should be employed f istin 1 
1.1 Method 9081 is applicable to most soils, including calcarea~\~ 

noncalcareous soils. The method of cation-exchange capacity~summa 

acid soils. -

2.0 SutltARY OF METHOD ~~ . 

a ~ od acetate solution, 
IIU.ot~uu o the utrb cations. 

th 1 alcohol. An ammonium 
ce the adsorbed sodium with 

so is then determined by atomic 
uhalent means. 

4.1 Centrifuge tube and stopper: 50-mL, round-bottom, narrow neck. 

4.2 Mechanical shaker. 

4.3 Volumetric flask: 100-mL. 

5.0 REAGENTS 

5.1 Sodium acetate (NaOAc), 1.0 N: Dissolve 136 g of NaC2H1D2•3HzO in 
water and dilute it to 1,000 mL. The pH of this solution should 6e 8.2. If 
needed, add a few drops of acetic acid or NaOH solution to bring the reaction 
of the solution to pH 8.2. 

5.2 Ammonium acetate (NH40Ac), 1 N: Dilute 114 mL of glacial acetic 
acid (99.51) with water to a volu.e of approxi.ately 1 liter. Then add 138 ml 
of concentrated ammoniu. hydroxide (NH40H) and add water to obtain a volume of 
about 1,980 mL. Check the pH of the resulting solution, add more NM40H, as 
needed, to obtain a pH of 7, and dilute the solution to a volume of 2 liters 
with water. 

9081 - 1 
Revision 0 
Date September 1986 
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8.1 All quality control data should be maintained and available for easy 

reference or inspection. 

8.2 Employ a minimum of one blank per sa.ple batch to determine if 

contamination or any memory effects are occurring. 

8.3 Materials of kno~n cation-exchange capacity must be routinely 

analyzed. 

9081- 2 
Revision 0 
Date Sept~ems~e~r-1~9~8~6 



9.0 METHOD PERFO RMANCE 

9.1 No data prov1d ed. 
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10.0 REFERENCES 

10.1 Th1s pp. 891-900 1 method 1s b 
and M1crob1~1~1~·~· Black (!~d) on Chapman H D a Properties: Am M;thod ~f Sotl A•cat1on-excha • oc. Agron M nalys1s ng ·• ad1son w art 2. 

9081 - 3 
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FIELD LOGGING, HANDLING, AND DOCUMENTATION OF 
BOREHOLE SAMPLES 

1.0 PURPOSE 

This procedure provides instructions for field logging, documentation, and handling of 
borehole materials. The implementation of this procedure ensures that borehole samples 
will be correctly identified and the data derived from samples will be traceable back to the 

:::in:::::he field. ~~ 

This procedure includes activities required to collect, describe, d~nt, porarily 

store Environmental Restoration (ER) borehole materials (~, cut · t arable unit 

(OU) drill sites. ~ 

2.1 Applicability O .QJ 
This procedure applies to sa~a a e t site workers performing collection, 

field logging, docume~ti an ac ing of borehole materials as specified in 

site-specific R~so rce ati and Recovery Act (RCRA) Field Investigation 
(RFI) work pia (\' 

2.2 "@a)V 
t~ement site workers will be trained to this procedure before 

ing work, and will document that they have read and understood this 
ure and procedures outlined in the Los Alamos National Laboratory 

(Caboratory) ER Program Standard Operating Procedure (SOP) Section 1.0, 
General Instructions. Sample management site workers performing structural and 
lithologic logging of core must hold a minimum of a Bachelor•s degree in Geology 

or the Earth Sciences or equivalent. Their qualifications must be approved by the 

Geology .Technical Team Leader (TTL). 

3.0 DEFINITIONS 

A. Core: A core is a cylindrical section of rock, or fragment thereof, that is taken as a 
sample of the interval penetrated by a core bit and that is brought to the surface for 

examination and/or analysis. 

B. Core Run: A core run is an attempt to drill and recover a length of core; also the 
piece of core recovered from a core barrel during the core run. 

C. Curation Plan: A document summarizing a specific Operable Unit's plan for sample 

handling, specimen collection, and core curation. Included planned depth of 
boreholes, number of specimens to be removed, and a schedule for these activities ,~; 
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The Curation Plan also allows the Field Team a place to document options in sample 

curation available in this SOP. 

D. Cuttings: Cuttings are chips of rock produced during drilling that are removed from 

the borehole by circulation of drilling fluids (gas, foam, or liquid). 

E. 

F. 

G. 

H. 

I. 

K Sample Management Facility: The Sample Management Facility (SMF) is the facility 

(Building TA-3-271) used for the documentation, examination, physical processing, 

storage and control of selected samples, remnants, and records collected and 

distributed for the ER Program. The SMF consists of a physical facility and 

equipment designed to effectively process and preserve these samples, remnants, 

and records. 

L. Sample Management: The collection, documentation, storage and control of 

selected borehole materials and records. The Subsurface Technologies Team is 

responsible for guiding sample management activities at the drill site. 

M. Specimen: A specimen is a subsection or portion which has been removed from a 

sample that undergoes testing, analysis, or other technical or scientific evaluation. It 

is also referred to as an analytical sample. 

• 
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This procedure is limited to the activities necessary to take custody of core and cuttings 

from drill rig personnel, conduct field screening, remove time sensitive analytical samples, 

complete photo documentation, perform field structural and lithologic description, and 

mark, package, and temporarily store the borehole materials at a drill site Sample 

Storage Trailer. This procedure does not address the collection of soil, rock, or fluid 

samples exclusively for field screening or laboratory analysis for hazardous or 

radiological waste. The collection of borehole fluids will be controlled by LANL-ER-SOP-

1.02. Analytical sample containers and preservation and will be coordinated wi~ 

CST -9 Sample Coordination Facility (SCF). 

This procedure prescribes the specific sample management metho s to e a 
documentation to be prepared during handling and field logging o oreho rials 

identified in the site Curation Plan. A copy of this procedur~1th s o · ferences 

and forms will be available at the drill site at all time~ pe i 1 ling Package 

and Sampling and Analysis Plan will also be availa a · - · e. 

The requirements of this procedure ~re ~ on depending on the exact 

nature of the borehole being drilled, lin a · a Drilling Package. Borehole 

materials temporarily stored a th a St ge Trailer will be maintained in 

environmental conditions as e ·n t elevant Curation Plan for each OU. Sample 

Management site wor~l ·ar with the site specific Health and Safety Plan and 

will participate i s pre t net safety meetings. 

The si e- c ~ s~h Safety Plan will function as the document defining the types 

~ng activities to be performed before, during, and after borehole 

e ion and processing activities. 

r nlling operations, a Sample Management Core Logging Trailer and a Sample 

ge Trailer will be set up at the drill site (see LANL-ER-SOP 1.01, General 

Instructions for Field Investigations). Copies of the Drilling Package, reference materials, 

applicable procedures, and an adequate quantity of documentation forms will be 

available in the Core Logging trailer. 

5.0 EQUIPMENT 

Sample management field equipment will be assembled before initiation of field activities. 

The Sample Management Core Logging Trailer will contain the following equipment: 

core racks, core transport trays, work table, photography apparatus, and container 

labeling and packaging equipment. The unit will be well-lighted and will be heated and 

ventilated. The unit will be secure, and operated as a limited access facility. 

The equipment and supplies to be used are listed in Attachment A. 
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This procedure controls the Sample Management site worker's handling of the core from 

the time the core is withdrawn from the outer drill tube until the core is ready to be 

transported to the ER Program's SMF. For the purposes of this SOP, core may also refer 

to other solid samples such as drive samples, or augered samples. These activities will 

be performed under the direction of the Field Team Leader FTL and the Technical Team 

Leader for Subsurface Technologies (STTL). The number of sample management site 

workers involved in handling the core inner tubes will be kept to a minimum to simR · 

chain-of-custody interactions and to reduce total number of personnel that are n~~~ 

in exclusion zones. 

Core handling procedures will be performed in sequential order. A devia · is 

Operational Unit Project Leader (OUPL), the FTL, and the S . De · · and the 

rationale for changes in methods will be recorded on~l ri · mmary. 

Personal protective gear will be worn at spe~w · ed in the site-specific 

Health and Safety Plan. All personn~eh o d other samples shall wear 

the required protection. Personna 1 t a es will use new clean gloves each 

time a new core tube is handl 

6.1 Sample~ 
The dril~r. el collect the core (or other sample form) according to drilling 

tli i e Drilling Package, withdraw the sample from the borehole, 

ner tube or sampler on new plastic sheeting, located on a work 

the Exclusion Zone. 

. Field Screening 

1. Once the sample has been placed on the work bench technicians from 

the Health Physics Group (ESH-1) and the Industrial Hygiene and Safety 

Group (ESH-5) will screen the samples for radioactive/hazardous 

constituents. This screening will be performed for two purposes: 1) to 

collect field screening data that will determine the immediate hazards 

due to handling of the samples at the site, and 2) to determine the levels 

of certain radiological and non-radiological characteristics for 

comparison with SMF health and safety based acceptance criteria for 

samples. 

2. A comparison will be made with the action levels for radiation and 

organic vapors established in the site Health and Safety Plan. If 

readings indicate activity or concentrations above action levels then 

sample handling activities will temporarily be suspended. A decision will 

be made by the Site Safety Officer (SSO) and FTL as to restarting work 

with upgraded personal protective equipment, modification of the level of 
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logging required in this procedure, or other means to ensure the health 

and safety of workers. 

3. Field screening values for penetrating radiation, radiologically 

contaminated particles, and volatile organic compound contamination 

will be recorded on the SMF Field Screening Log (Attachment J) or 

equivalent. The prescribed field screening techniques and levels are 

shown in Table 1. 

TABLE 1 

HEALTH AND SAFETY BASED ACCEPTANCE CRITERIA FOR SAM 

SUBMITTED TO THE SAMPLE MANAGEMENT FACILITY 

HAZARD 

Penetrating Radiation 

Beta/Gamma Contaminated 
Particulates 

SCREENING 
METHOD 

Alpha Contaminated <1,000 dpm/1 00 em 

Particulates 

4~m · be field screened on a run by run basis, the data 

re de and certified by the ESH-1 and ESH-5 technician(s) on 

SMF Field Screening Log (Attachment J) or equivalent. 

Additionally the technicians will record the screening data on an 

index card that will correspond to the core run. This card will stay 

with the core run as it is moved to the Core Logging Trailer or the 

Sample Storage Trailer. The Log (and index card) will indicate 

whether the samples are above or below the acceptance criteria. 

If above, the samples will be held at the Sample Storage Trailer 

on site until a determination is made as to their disposition. If 

below, the samples are now available for movement to the Core 

Logging Trailer and subsequent transport and acceptance at the 

SMF (SM-271 ). There may be additional screening required 

prior to unconditional release to the SMF. For example additional 

screening could consist of liquid scintillation counting for sites 

suspected of being contaminated with tritium or alpha/gamma 

spectroscopy for unidentified radionuclides. 

B. Samples to Core Logging Trailer 

Upon the determination that samples are safe to handle in the Core Logging 

Trailer: 
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1. Sample management site workers will obtain run information (Run 
Number, Depth Interval) from the driller or a helper. The driller will 
provide the information on a run card (4 .. x 6" index card or equivalent). 

The sample management site workers will also gather the field screening 
data index card from the ESH-1 and ESH-5 technician(s). Sample 
management site workers will place the run card at the top end of the 
core in the inner liner or core transport tray. Sample management site 
workers will ensure that the core is not switched end-for-end during 

transport to the Sample Management Core Logging Trailer. ~ 

2. The core will then be transferred to the Sample Manage r 
Logging Trailer. Sample management site workers or alt I , 

and place in a core rack lined with clean pol~hyle h 1 . 

3. A polystyrene foam run marker (Attac~ the driller's run 

card at the top of the run. ~ 

6.2 Core Measurement an~i · n Core Loss 

A. Te~porary Packa · \"'~ns1 · e Analytical Samples 

1. Many · - s 1 lyses require that analytical samples be 
t co t in ized, and preserved soon after the borehole materials 

e r he surface. The requirement for the removal of analytical 

· n Plan. 

. Individual sections of core containing analytical samples that would 
suffer damage if left exposed while awaiting measuring, marking, 
photography, and logging will be temporarily packaged. 

B. Measurement of Run Interval 

1. Starting at the top of the core run, pieces of core will be fitted together to 
reconstruct larger sections of core. Rubble zones will be reconstructed to 

accurately represent the interval from which they were recovered. 

2. The core will be measured with a steel engineering tape to the nearest 

0.1 ft. Enter the amount of core drilled and recovered on the Run Marker, 
the Core Sample Log, and on the Daily Drilling Summary. True core loss 

will be determined as described in the following section and do not 
document core loss until the next run is recovered. 

C. Determination of Core Loss 
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B. Circumscribe (as much as possible) the core with footage marks at one-foot 

intervals. Write depths beside footage marks. When a footage mark falls 

within a rubble zone, write the depth on an index card. 

1. Ensure that the depths written on the core correspond to the depths 

noted on the Run Marker. 

2. Use red and blue permanent markers to place parallel orientation stripes 

on core, red on right, from top to bottom (see Attachment G). 
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C. An alternative method for marking depths and orientation stripes may be used 

If the core sample is too soft or friable for marking directly on the surface. After 

core has undergone initial photography and logging has been completed it 

may be placed in polyethylene lay-flat tubing and the ends heat sealed (this 

process must take place subsequent to all field analytical samples being 

removed). The red and blue parallel orientation stripes and the one-foot 

depth markings may then be drawn directly on the surface of the polyethylene 

lay-flat tubing. 

A. Still Photography 

1. Initial still photographs will be taken of the core while in the inner liner or 

core tray, immediately after core orientation and marking is completed. 

2. A 35 mm format single lens reflex camera will be used for still field 

photography. Equipment and accessories will include but not be limited 

to: lenses, lens filters, film matched with the type of lighting, camera rack, 

flood lights or flash unit, color card, scale in 0.1 ft intervals. 

3. All core markings will be complete, accurate, legible, and visible to the 

photographer. A color card and an information card labeled with the 

borehole identification (10), run number, depth interval, date and core 

loss interval(s) will be centered in the photograph above the core. A 
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scale marked in 0.1 ft intervals will be placed parallel to the section bein~ 

photographed. , 

2. A high-resolution (8 mm) video camera will be used for video 

photography of the core. Equipment and accessories should include: 

camera rack, flood lights, power supply, scale in 0.1 ft intervals. 

3. All core markings will be complete, accurate, legible, and visible to the 

photographer. An information card label with the borehole 10, run 

number, depth interval, date and core loss interval(s) will be placed at the 

top of the core run. A scale marked in 0.1 ft intervals will be placed next 

to the core run. 

4. The camera will be attached to the camera rack and checked for distance 

and focus. Ensure the proper cassette is identified and placed in the 

video camera. The field of view will be checked for shadows or 

obstructions. The videotaping will proceed from the top to the bottom of 

the run. The photographer will provide borehole ID, run number and 

depth interval information on the audio track of the video by speaking : 
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the microphone during taping. Complete the Field Video Log (Attachment 

D). 

5. Write the following information on the videotape cassette: borehole ID, 

run number(s), dates, tape number, and total footage interval 

documented by the tape. Lock tape in a cool, dark location until transfer 

to the SMF. 

6.5 Core Logging 

A. Log the core by run, using the Core Sample Log (Attachment E). 

1. 

2. 

4. This log format will be used to ensure that characteristic features of 

lithologic units will not be overlooked. Charts, tables, and other 

references will be available at the site to aid the sample management 

site worker in logging features in a consistent manner. This logging 

format consists of three parts: a) Primary Descriptive Terms, b) General 

Features, and c) Specific Features. 

a. Primary Descriptive Terms: noted for every lithologic unit in the 

following order, offering a broad skeletal description of the interval. 

1!n.i1 - a distinct body of rock, representing a discrete geologic event; 

distinguished from other units above and below it by different physical 

properties (e.g., color, mineralogy, and morphology). 
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~ - this is an adjective describing the unit, suggestive of the 
depositional mode and is generally ash flow, ash fall, bedded, or 
reworked. 

CQlQr - hue and tone noted under appropriate lighting conditions, along 
with reference to a standard geologic color chart (e.g., geological Society 
of America Rock-Color Chart); e.g., light red (visual), SR 6/6 (color chart 
reference). 

Unit contact - describes nature of contact with underlying unit; generally 
ranges from sharp to gradational but may include any appropriate 
phrase. 

Matrix - describe color and whether matrix is dense and non-porous or 
open and porous. 

c. Specific Features: Specific Features are characteristic of a zone 
within a unit interval. These are isolated, localized features and are 
not common throughout the unit. Due to their localized nature, 
these features always contain depth notation, e.g., •at 702.3 ft, a 0.1 
ft elongate fracture with calcite infilling• or from 325.7 - 328.2 ft, 
numerous very small (0.05 ft) euhedral, very dark red (5R2/6) lithic 
fragments. Also foam markers (run, core loss) will be logged here. 
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In order to establish the correct origination point for the analytical samples the core 
will be measured before the removal of any analytical samples. No core will be 
removed from the field before it has been marked and photographed unless 
specifically called for in the Curation Plan. Individual sections of a core that contain 
time sensitive analytical samples will be temporarily packaged immediately after 
the core run has been moved to the Sample Management Core Logging Trailer 
(see Section 6.2, Temporary Packaging of Time Sensitive Analytical Samples 

A Prior to the analytical samples being removed from the drill site~,e " 
management site workers will complete the Field Borehole Ana a~~ 
Removal Checklist (Attachment B). This checklist will be~d fo 
all analytical samples from sample management s~·t wor to o , 
including to the CST-9 Sample Coordination Facil The g steps 
outline the procedure for removal of analyti~ fr e drill site: 

1. Evaluate the list of requested~s~res from the Curation Plan. 

2. The core may need to~~ r to retrieve a portion for an 

analytical sam~pe. \ ~ 
3. Tempo~ n ividual sections of core containing analytical 
~~u u er damage n left exposed while awaiting 

~· mark, photograph, and log core. 

ffix a sample label (Field Borehole Analytical Sample) to the packaging 
material containing the analytical sample. The Field Borehole Analytical 
Sample label contains Borehole 10, interval, requester, and unique 
number. 

6. Remove the analytical sample from the core and place a foam marker at 
the location the sample portion was removed. Affix the duplicate sample 
sticker (Field Borehole Analytical Sample) to the foam marker. 

7. Release the analytical sample(s) to the requester (in most cases CST-9) 
who will package and ship the analytical samples according to LANL-ER
SOP-1.02, Sample Containers and Preservation and SOP-1.03, 
Handling, Packaging, and Shipping of Samples. Document the process 
according to SOP-1.04, Sample Control and Field Documentation. 

6.7 Core Box Loading and Storing 

A Boxing Samples 
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1. Store waxed (interior only) cardboard core boxes fitted with polystyrene 
foam cradles in sufficient numbers to accommodate projected daily core 
recovery cycles at the drill site. 

2. Box the core with the top of the run in the upper left corner and with core 
orientation maintained (Attachment G). 

3. Transfer all polystyrene foam markers (Run, Lost Core, and Analytical 
Sample Removed) from their position in the core rack to their 
corresponding position in the core box during the loading proc~ 

Bagging Rubble ~·-~ 
1. Sufficient space will be left in the core box for int~ls o between 

sections of whole core. Rubble zones will rem d · minimum of 
disruption from the core tray (or inn~e er all ole core 
sections have been placed in the c · rval of rubble will be 
pushed to the end of the in p e split PVC tubing slightly 
larger in diameter than 1 · e cradled under one end of 
the inner tube until d al e . A piece of lay-flat tubing will be 
slipped over the r e, t sp 1t PVC tube, and the interval of rubble. 

2. The~ I wil then be pushed over the edge of the inner tube 
hil e y-flat tubing are pulled parallel and away from the 

· b tt\11 ubble will be bagged to the nearest one foot; that is, no 

e from both sides of a footage mark. 

After the rubble has been transferred from the inner tube (or core tray) the 
split PVC tube will be removed, and the ends of the lay-flat tubing will be 
heat sealed. The sealed sections of rubble will be labeled with borehole 
ID and depth intervals represented by writing the top depth at the top of 
the sealed tubing and the bottom at the bottom of the tubing. Orientation 
stripes will be placed on the tubing as described in Section 6.3. 

4. After each run is loaded enter information on the contents of the boxes 
containing that run on two adhesive labels. The label is shown in 
Attachment G. Affix these labels in the left-hand corner of the down hole 
end on both the lid and body of the box. 

C. Photography of Boxed Core 

Sample management site workers will photograph boxed core prior to shipment off 
site. A card displaying box bar code number, borehole ID, date, name of 
photographer, and color bar will be placed adjacent to the core box. A scale 
marked in 0.1 ft intervals will be placed parallel to the box. Complete the Field 
Photographic Log (Attachment H). 
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D. Sealing of Core 

All core samples will normally be placed in polyethylene lay-flat tubing and heat 
sealed In an effort to preserve the core and to minimize the release of possible 
contaminants from the samples. Any deviation from this practice must be placed in 
the OU-specific Curation Plan. 

1. Each row of core will be placed into polyethylene lay-flat tubing as a unit. 

sealed. 

This will include the core and packaged rubble, the polystyrene fo~ 
core cradle, and the cardboard divider pad. The entire unit will b 0 
carefully lifted from the box and slipped into the lay-flat tub~· d t 

2. At this point the surface of the lay-flat may be~rke~"th o i 1on, 
and footage marks if the core was too uncon ated to do so 

earlier. rR\ 
6.8 Cuttings Handling Procedur 0 .~ 
Collect cuttings if specified in h~tio a ollect specified amounts and 
handle according to Cura · n n. llec uttings that represent the targeted 
interval. 

A Field e~ 
e ~ ESH-5 technicians will field screen the cuttings for 
· and organic vapors. A comparison will be made with the action 

e for radiation and organic vapors established in the site-specific 
ealth and Safety Plan. If readings indicate activity or concentrations 

above action levels then cuttings handling activities will temporarily be 
suspended. A decision will be made by the SSO and FTL as to restarting 
work with upgraded personal protective equipment, modification of the 
level of logging required in this procedure, or other means to ensure the 
health and safety of workers. Field screening values for penetrating 
radiation, radiologically contaminated particles, and volatile organic 
contamination will be recorded on the SMF Field Screening Log 
(Attachment J) or equivalent . 

2. Cuttings will be field screened on a run by run basis, the data recorded 
and certified by the ESH-1 and ESH-5 technician(s) on the SMF Field 
Screening Log or equivalent. The Log will indicate whether the samples 
are above or below the acceptance criteria. If above, the samples will be 
held at the Sample Storage Trailer on site until a determination is made 
as to their disposition. If below, the samples are now available for 
release for transport and acceptance at the SMF (SM-271 ). There may 
be additional screening required prior to unconditional release to the 
SMF. 
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B. Logging Cuttings by Sample Management Site Workers 

1. Lay out cuttings in rows convenient for logging. 

2. Make subdivisions within these rows at the discretion of the on-site 
geologist. 

3. Put a marker in the place of any removed samples to preserve the 
continuity within the rows. 

4. Log cuttings by scanning the rows and determining lith~lo · t>@s 
based on color or other textural changes. Write litholo · ri ~~ n 
the Field Bit Cuttings Log (Attachment 1). 

C. Bagging 

1. 
Curation Plan, in plastic sa a (alt a· means such as glass, 
plastic jars, or polyethyl I~ t ay be used if dictated by the 
Curation Plan). 

2. Label the b . g I I wi be marked with the following information: 

3. ~ d a label printed on non-tearing, waterproof paper inside 
the tightly seal. 

XI nd Labeling 

1. After cuttings have been bagged and labeled, box the bags in a manner 
similar to core boxing (see Section 6.7). · 

2. Record the interval of the cuttings contained in the box on two adhesive 
labels. Affix these labels in the left hand corner of the down hole end on 
both the lid and the body of the box. 

3. Seal with nylon filament strapping tape in preparation for temporary 
storage at the Sample Storage Trailer. 

7.0 REFERENCES 

LANL-ER-QPP, Quality Program Plan for Environmental Restoration Activities 
LANL-ER-SOP-1.01, General Instructions for Field Investigations 
LANL-ER-SOP-1.02, Sample Containers and Preservation 
LANL-ER-SOP-1.03, Handling, Packaging, and Shipping of Samples 
LANL-ER-SOP-1.04, Sample Control and Field Documentation 
LANL-ER-SOP-1.05, Field Quality Control Samples 
LANL-ER-SOP-1.06, Management of RFI-Generated Waste 
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LANL-ER-SOPs in Section 2.0, Health and Safety in the Field 
LANL-ER-SOP-4.01, General Drill Site Management 

•Branch Technical Procedure: Sample Management for the Yucca Mountain Project 
Office: 1989, Yucca Mountain Project Office, Las Vegas, NV 

Goff, S.J., 1986, •curatorial Policy Guidelines and Procedures for the Continental 
Scientific Drilling Program: Los Alamos National Laboratory Report LA-10542-0BES, 23 

p. ~ 
Goff, S.J., 1988, •Field Procedures Manual: Shady Rest, California, and S~S ~ 
New Mexico, • Los Alamos National Laboratory Report LA-11453-0BES, 1 

8.0 RECORDS \\. ~ 
Field Photographic Log. o" ~"::? 
Field Video Log \ W 
Daily Drilling Summary 

Field Screening Log 
Core Sample Log 
Field Bit Cuttings Log _ 

Processing Facil" · c w1th the procedure for Laboratory ER Records 
Manageme L- . 1) 

9.0 

- Equipment and Supplies Checklist for Field Logging, Handling, and 
Documentation of Borehole Materials 

Attac ment B - Field Borehole Analytical Sample Removal Checklist 
Attachment C - Run Markers 
Attachment D - Field Video Log 
Attachment E - Core Sample Log 
Attachment F - Example of Core Log Completed 
Attachment G - Marking and Boxing Core 
Attachment H - Field Photographic Log 
Attachment I - Field Bit Cuttings Log 
Attachment J - Field Screening Log 
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Los Alamos National Laboratory Environmental Restoration Program 
EQUIPMENT AND SUPPLIES CHECKLIST FOR FIELD LOGGING, 
HANDLING, AND DOCUMENTATION OF BOREHOLE MATERIALS 

__ engineering measuring tape 

__ colored temporary markers 

__ desk 

__ core racks 

__ work table/surface 

__ indelible marker pens 

__ handlens 

__ grain-size chart 

__ polystyrene core cradles 

__ knifes/blades 

__ chisel 

__ safety equipment 

__ container labeling and packaging equipment 

__ wire mesh sieve 

__ waxed cardboard boxes and divider 

(specifications depend on core diameter) 

Polyethylene Lay-Flat tubing 

__ impermeable packaging 

__ pocket transit (0-360 degree) 

__ rock hammer 

dilute HCI 

__ binocular microscope 

__ electric power 

__ standard rock-color chart 

__ Field Video Log 

__ Field Photographic Log 

__ Field Bit Cutting Log 

__ Core Sample Log 

__ Daily Drilling Summary 

__ Field Screening Log 

__ geologic dictionary and other 

references and volumes 

__ Chain-of-Custody/Request for 

Analysis Fonns 

__ Polyethylene sheeting 
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LOS ALAMOS NATIONAL LABORATORY ENVIRONMENTAL RESTORATION PROGRAM 

SAMPLE MANAGEMENT FACILITY FIELD BOREHOLE ANALYTICAL SAMPLE 
REMOVAL CHECKLIST 

Address 

I 

Recipient 

Organization ---------

Telephone ( ) 

Form Completed By ________ Date -----

Borehole ID __ _ TNOU _______ 
1
1 ___________ ___ 

FIELD BOREHOLE ANALYTICAL SAMPLE INFORMATION 

Field Borehole Analytical Sample I -g Interval ~l \ "- 1 J -
Bar Code Number (SpeciD) I ~ -.~'" , ~ '- !::'!:"J Marked & 

I < ~7 ·t~~ " - Tagged? 

I 
I 

I 
I 

FIELD BOREHOLE ANALYTICAL SAMPLE TRANSFER 

Person ReleaSing Custody: Person Accepting Custody: 

P..,kaged? 
O..Cribed? 

Date/Time Date/ Time -------------------

I ~~~I Checked By ---------- Date ---------------

R1. 



Run 
Marker 

Number 

n Number 

Footage Interval 

Drilled/ Rec overed/ Lost 

Run Marker 

Amount Lost 

Core Loss Interval 

LANL-ER-SO 
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Core Loss M k ar er 
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LOS ALAMOS NATIONAL LABORATORY ENVIRONMENTAL RESTORATION PROGRAM 

S6ME!~E M6N6~EMEf::II EA"I~In: I FIELD VIDEO LOG 

TAIOU Borehole ID # __ Cassette # Page of 

Checked By Date 

Run# Run Interval Counter Interval Remarks 
Photographer 
Initials 1 Date 

I 
I 

: 
I 

I ~ 
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LOS ALAMOS NATIONAL LABORATORY ENVIRONMENTAL RESTORATION PROGRAM 

SAMPLE MANAGEMENT FACILITY CORE SAMPLE LOG 

Borehole ID. __ _ TA!OU __ _ Drill Depth From __ To __ Page __ ol __ 

DrUier ____ Box lt(s) ____ Start Date/Time __ _ End Date/Time ____ _ 

DriiHng Equlp./Method ---------SampHng Equlp.JMethod. _______ _ 

~ .!! 
"' ~ .!!~ c " = 

.!!• c e.8 
c .. : ::> 

~-= 
..U) oc 

"'X. .u~ t;., tit; 
~ii :d·-1 U)= m~ 

JZ~ -a.8 
a:~ £~~ 

.!! ~0 Uhology • Pet10logy • Soil 
&L 

Prepared By _______ Date------ Checked By ----- Date __ _ 
R1 
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LOS ALAMOS NATIONAL LABORATORY ENVIRONMENTAL RESTORATION PROGRAM 

SAMPLE MANAGEMENT FACILITY CORE SAMPLE LOG 

BoreholeiD 9•1001 T AIOU 9911199 DriiiDepthFrom ~To ~1• Page __ 5_ol __ 9_ 

Driller ABC DrlllinQ eo. Box l(s) s, 6• 7 Start Dale/Time 1o JAN 94/0~ Dale/Time 1 5 JAN94/1445 

Drlllng Equip ./Method _ 01_e_75_1_A_r_RA>_tarY ______ Sa~lng Equlp.h.Aethod•---Contlnuaui---CcniS--plt-llarn __ 1 
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TRANSPORTATION, RECEIPT, AND ADMITTANCE OF 

BOREHOLE SAMPLES FOR THE SAMPLE MANAGEMENT FACILITY 

1.0 PURPOSE 

The purpose of this procedure is to facilitate the transport, handling, tracking, 

documentation, and admittance of borehole samples after their shipment from the drill site 

and their subsequent arrival at the Environmental Restoration (ER) Program Sample 

Management Facility (SMF). The procedure also ensures that the levels of radio~c · 

and non-radioactive contamination in borehole samples are evaluated prior to b 

admitted to the SMF. ~ \ 

2.0 SCOPE \\. ~\S;::' 

2.1 Applicability \\. .-.\::::;::? 
This procedure applies to all SMF staff i v wit t\~port, receipt, and 

to any other ER Program pers · activities included in this 

procedure. ~ 

2.2 Training · 

SMF st ot Program personnel performing activities within the 

o c · g work, and will certify they have read and understood this 

e the SOPs comprising general instructions (Section 1.0 of the 

-SOPs). 

EFINITIONS 

A Existence Code: A designator that describes the existence condition of a borehole 

sample. 

B. Core: A core is a cylindrical section of rock, or fragment thereof, that is taken as a 

sample of the interval penetrated by a core bit and that is brought to the surface for 

examination and/or analysis. 

C. Cuttings: Cuttings are chips of rock produced during drilling that are removed from 

the borehole by circulation of drilling fluids (gas, foam, or liquid). 

D. Information Block: An information block is an object placed in a sample container. 

The block represents a depth interval and provides information pertaining to the 

status of that interval. 

E. Rubble: Rubble consists of fragments of core from a single interval, the individual 

diameters of which average less than one half the diameter of the whole core. 
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F. Sample: A sample is a physical entity, representative of the whole, that is collected or 

generated for data, analysis, or testing. 

G. Sample Management Facility: The SMF is the facility used for the documentation, 

storage, and control of borehole samples and specimens collected and distributed for 

analysis and evaluation by ER Program personnel. The SMF consists of physical 

facilities and equipment designed to effectively process and preserve collected 

borehole samples. 

B. All borehole samples submitted to the ER Program SMF must be accompanied by 

documentation stating that the samples have undergone field or laboratory screening 

for radiological and non-radiological contamination. This certification of screening 

shall state the levels of radiological and chemical contaminants of the samples. 

5.0 EQUIPMENT 

Equipment necessary for this procedure will include, but is not limited to: 

Transport vehicle 
Core marking supplies 
Measuring rulers marked in tenths of a foot 
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6.0 PROCEDURE 

Introduction 

Borehole samples collected and temporarily stored at OU drill sites will be transferred to 

the SMF for processing and storage. This procedure describes the methods necessary to 

ensure that samples are correctly packaged, shipped, and documented so that the 

samples, containers, and associated records arrive at the SMF in acceptable condition, 

available for processing, examination, and storage. 

This procedure is also designed to minimize the occurrence of discrepancies a~ 

and to correct these errors before they become part of the permanent rec . h 

errors may include; clerical and handling discrepancies occurring durin t o 

preparation; unsuitable packaging of samples; improper or missi docu · n 

storage at the SMF. 

6.1 Preparation of Samples and cu~o Transmittal 

6.1.1 Before shipping ~ ~ ~pie containers from the drill 

site to the SMF, the · son taining custody of the samples shall 

complete a Fiel ine m ry and Transmittal Form (Transmittal. 

Form). T · co uter generated if the field site is so equipped 

(Attach , o on of the form may be completed by hand 

~ I B i n omputer is available. The TransmHtal Form shall 

b. Number of containers included in the shipment. 

c. Date of the shipment. 

d. A list of the containers included in the shipment, containing the 

following information for each: 

i. Container ID (FCT designator). 

ii. Sample type (core, cuttings, or other sample). 

iii. Sequential container number with respect to other containers from 

the same borehole of the same sample type. 

iv. Depth interval (of container). 

e. For each container, a list of all included depth intervals and their 

existence codes. 

Note: Existence codes may include the following: 



f. 
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i. REC - A sample recovered from the borehole and included within 

the container. 

ii. UNREC - An interval for which no samples were successfully 

recovered. 

iii. NAT - A drilled interval during which no sample recovery was 

attempted. 

iv. 
the core before the boxing of the container interval, · d 

with LANL-ER-SOP-12.01. ~ 

v. LOST - A sample that was recovered, ~·s un for during 

container loading. ~ 

vi. DEST - A sample acci~ tro ore loading into its 

container. 

A description oft oc ent n supplied with the sample shipment. 

Field Analytical Sample Removal Checklist {Removal Checklist). 

v. Core Sample Log. 

vi. Field Bit Cuttings Log {If applicable). 

vii. Core Videotape{lf applicable). 

viii. Certification of Screening Levels. 

6. 1.2 The field personnel maintaining custody of the samples will ensure that 

field and/or laboratory screening has been completed for radioactive and 

non-radioactive contaminant levels. Documentation stating that levels of 

radiological and non-radiological contaminants of the samples are within 

SMF health and safety based Acceptance Criteria {see Table 1) will be 

signed by on-site monitoring personnel. Only samples that have been 

certified to be within acceptable levels will be transported to the SMF. 



Hazard 

Penetrating 
Radiation* 

Radon 

Tritium 

Metals 

TABLE 1 

LANL-ER-SOP-12.02, R1 
Page 6 of 13 

SMF ACCEPTANCE CRITERIA 

Acceptance Level 

<100, 000 dpm/100 cm2 at a 
distance of 1 inch from the sample 
material 

<3.8 pCi/L 

<220, 000 pCi/ml 

acceptable exposure limits3 

Method 

PID1, FID2, colorimetric 
indicator tubes 

EPA method SW 6010 

1 Photo ionization Detector 
2 Flame Ionization Detector 
3 Acceptable level {ppm)= species specific occupational exposure limit {mg!m3) 

/10 {mg!m3) 
* Hazards suitable for detection with field screeining instruments. 

6.1.3 The certification will provide field readings for beta/gamma, alpha, and 

volatile organic compounds. Laboratory results of those hazards that can not 

effectively be analyzed in the field {i.e., tritium, metals, etc.) will also will be 

certified and provided to the SMF. Samples may be accepted for curation by 

the SMF If the sampte•s readings are below the Acceptance Criteria upper '" '" 
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limits. Samples will not be accepted for curation If readings are above the 

Acceptance Criteria limits. 

6.1.4 This certification of screening levels will also establish that the 

samples may be shipped to the SMF in accordance with Department of 

Transportation regulations. 

6.1.5 SMF staff will provide a vehicle for transport of borehole samples from 

the field to the SMF. 

6.1.6 Containers will be loaded to ensure that the containers ar 

ransport and Receipt of Samples and Documents 

6.2.1 The SMF Courier will then transport the containers and documents to 

the SMF. Upon arrival of the containers and documentation the SMF courier 

will remove containers and documents from the vehicle and place them in an 

available receiving area. 

6.2.2 An SMF Geotechnician will inventory containers and documents being 

unloaded from the transport vehicle and check them against the Transmittal 

Form. The Geotechnician will mark the "Received OK" space for each 

container properly unloaded. 

6.2.3 When the data on the Transmittal Form agrees with the contents of the 

vehicle, the Geotechnician will sign the "Person Accepting Custody" field and 

place the date and time of transfer in the space provided. 

6.2.4 The SMF Courier will inventory containers and documents being 

unloaded from the transport vehicle and check them against the Transmittal 

Form. When the data on the Transmittal Form agree with the contents of the 
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vehicle, the SMF Courier will sign the "Person Releasing Custody" field and 

place the date and time of the transfer in the spaces provided. 

6.3 Assessment of Screening 

6.3.1 Periodic resurveying of incoming sample materials will be performed. 

The frequency is dependent upon historical site information, field monitoring 

results, and analytical laboratory results. This determination will serve as a 

quality control check to ensure that no sample material exceeding health and 

safety based Acceptance Criteria are admitted for curation. ~ 

6.3.2 The SMF Curator will designate specific sample contai 

resurveyed based upon his/her evaluation of the potential c 

concern as listed in the relevant Resource Conservati and o ct 

analytical data (if any). 

6.3.3 Sample materials will be m · r for z such as penetrating 

radiation, volatile organic com , a · . Techniques for sample 

of: 1) Los Alam~s N · bo e Laboratory) Radiological Control 

Manual (for radi · , d e ~ oratory Environmental, Safety, and 

Health M~ ati Requirement 6-2 (for volatile organic 

compoun . 

6~ of any sample material hazard survey conducted at the 

w· e documented on the ·confirmation Checklist• (Attachment C) in 

e provided for comments in addition to applicable records 

uirements described in the Laboratory Radiological Control Manual -

Chapter 7, or the Laboratory Environmental, Safety, and Health Manu~l. 

6.4 Admittance of Samples and Documents to the SMF 

6.4.1 The SMF Curator will assign a group of one or more available 

containers to undergo the admittance portion of this procedure. 

6.4.2 SMF staff will arrange containers in a work area in preparation for 

admittance. The SMF staff will open the lids of the containers and inspect 

the contents for signs of damage or disruption that may have been sustained 

during transport. 

6.4.3 SMF staff will generate a Confirmation Checklist using data from the 

Transmittal Form and the Removal Checklist, containing as a minimum the 

following items: 

a. A list of containers included in the assignment with the following data for 

each: 

i. Container 10. 



b. 

ii. Borehole 10. 

iii. Sequential container number. 
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iv. Sample type (core, cuttings, or other sample). 

For each container, a list of all included sample intervals, and their 

existence codes. 

c. Date the Confirmation Checklist was prepared. 8 
d. 

regarding status of samples, and a verification lin r the 

Geotechnician to initial after confirmation ~mpl~ . 

e. Signature lines for the SMF Geote~~tor to document the 

completion of the Confirma~· ~ 

f. A page mark indica~,t t ber of pages in the Confirmation 

Checklist, a~nt \q~e he individual page. 

6.4.4 The~ n ian will compare the information contained in the 

Confirmat C k · w the contents of the containers, checking for the 

fol~.-~ di · s: 

~iner IDs should match those on container labels. 

(\ \\' Existence codes should match the samples or information blocks within 

~ the indicated container. 

c. All field core analytical samples documented on the information blocks in 

containers should have been recorded on the Removal Checklist. 

d. All depths marked on samples should be consistent with those recorded 

on the container labels and with the intervals given on the Confirmation 

Checklist. 

6.4.5 The SMF Geotechnician will initial each sample interval in the space 

provided when the information is confirmed or corrected. 

6.4.6 The SMF Geotechnician will sign and date each page of the completed 

Confirmation Checklist in the spaces provided and submit it to the Curator. 

The SMF Geotechnician will also submit the Transmittal Form and the 

Removal Checklist to the Curator or designee. 

6.4.7 The SMF Geotechnician will submit remaining documents received to 

the Administrative Secretary. 
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6.4.8 The Curator or designee verifies that the Confirmation Checklist, 

Removal Checklist, and Transmittal Form are completely and correctly filled 

out. The Curator or designee will sign and date each page in the spaces 

provided and submit them to the Administrative Secretary. 

6.4.9 The Administrative Assistant will photocopy, compile, and submit records 

generated or received under this procedure to the ER Records Processing 

Facility according to the procedure for the Laboratory ER Records 

Management (LANL-ER-AP-02.1 ). 

Field Container Summary and Transmittal Form 

Confirmation Checklist 

The SMF Administrative Secretary is ultimately responsible for the transfer of these 

records to the ER Records Processing Facility in accordance with the procedure for the 

Laboratory ER Records Management (LANL-ER-AP-02.1 ). 

9.0 ATTACHMENTS 

Attachment A- Field Container Summary and Transmittal Form (Data Base Generated 

version) 
Attachment B - Field Container Summary and Transmittal Form (Non-computer generated 

version) 
Attachment C - Confirmation Checklist (NOTE: Data Base Generated) 
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Los Alamos National Laboratory Environmental Restoration Program 

SAMPLE MANAGEMENT FACILITY FIELD CONTAINER SUMMARY TRANSMITTAL FORM 

BOREHOLE 10: 

SAMPLE CONTAINER TOTAL: 
EXISTENCE CODES 

REC ·A sample ,_red tram the borehole and lncluclecl within the container 

UNREC ·An Interval lor which no samples- IIIICc.alully recc:Narad 

NAT • A drllecllnterval during which no ample recc:Nery wu attempled 

~n; .. ~nia~:l~~~ (analytical NmPiel ntmCIY8d trom the_. belonothe boxing 

DOCUMENTATION 

FCTNumber 

ForSMF Use 

Checked By: 

BOX INTERVAL 

TOP BOTTOM 

ARRIVED AT SMF? 

SEQUENTIAL 

Page __ of __ 

FIELD SITE TO TRANSPORT 

PERSON ACCEPTING CUSTODY 

PERSON RELEASING CUSTODY 

Date: 

DATE AND TIME 

SAMPLE INTERVALS 

·roP BOTTOM EXISTENCE 
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Los Alamos National Laboratory Environmental Restoration Program 

SAMPLE MANAGEMENT FACILITY CONFIRMATION CHECKLIST 

EIIUib~ll 
SameleiD 
Q53 
000002 
000003 
053 
000004 
05 
000005 

000006 
000007 

000008 
053 
000009 
05 
000010 
000011 
000012 
000013 

Toe 

0.0 
10.0 

16.0 

22.0 

28.0 
32.0 

200.0 

205.9 

Bottom 

10.0 
16.0 

22.0 

28.0 

32.0 
200.0 

205.9 

211.9 

238.7 
350.2 

I~~ B~ll~m Sam~lt I~~~ B~x ~umbt[ 

Existence Comm~cls!Cijlrt~!iitign~ 

Q,Q l§.Q C~[~ QQl 
NAT 
REC Geotechnician 

16.0 22.0 Core 002 

REC 
0 80 ore 

REC 

007 

009 

350 Core 010 
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ACCEPTANCE OF NON-BOREHOLE SAMPLES BY THE SAMPLE 
MANAGEMENT FACILITY 

1.0 PURPOSE 

This procedure provides instructions for the acceptance of non-borehole samples by the 

Environmental Restoration (ER) Program Sample Management Facility (SMF). The 

implementation of this procedure ensures that non-borehole samples will be co~rectl 

identified and documented upon acceptance for curation by the SMF. ("'"\' 

2.0 SCOPE ~\V 
This procedure includes activities required to accept non-borehol~pl ration at 

the SMF. Only samples collected in support of the Los AI~Na · oratory (the 

Laboratory) ER Program's Resource Conservation ~c ry RA) Field 

Investigation (RFI) are within the scope of the 11roc e) 
2.1 Applicability ~ \ 
This procedure applie o mp 1a~nt Organization (SMO) staff 

the SMF for c · . 

2.2 

nt they have read and understand this procedure. 

D FINITIONS 

3.1 Sample Management Organization 

SMO is the organization responsible for the collection, documentation, storage, 

and control of selected samples, and records collected and distributed for analysis 

and evaluation. SMO includes the SMF and Field Operations. SMO staff consists 

of management and operations personnel who ensure that SMO operations and 

documentation satisfy applicable regulatory requirements. SMO is operated by the 

ER Program Subsurface Technologies Technical Team. 

3.2 Sample Management Facility 

The SMF is the facility (Building TA-3-271) used for the documentation, 

examination, physical processing, storage, and control of selected samples, 

remnants, and records collected and distributed for the ER Program. The SMF 

consists of a physical facility and equipment designed to effectively process and .. 

preserve these samples, remnants, and records. 



3.3 Sample 
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Sample: A sample is a physical entity, collected in the field, representative of the 

whole, that is the original source material for all subsequent analyses and testing 

activities. 

3.4 Collector 

A Collector is an Operable Unit worker or other ER Program representa ·v~ 
submits samples or documents to the SMF for curation. ) __ '&J 

:~: BACKGROUND AND CAUTIONS \\ ~ 

5.0 EQUIPMENT t()\~ 
N/ A ,\::::::!) 
6.0 

~~cu~~spons~ atlon of ER Project Samples and 

es samples will be collected and documents generated in support of 

RFI at the Laboratory. Borehole samples will normally be curated 

F because of the expense and difficulty of redrilling and collecting 

Because non-borehole samples normally represent much lower 

ecollection costs these samples may be stored and managed by individual 

collectors. However, non-borehole samples may be submitted to the SMF for 

acceptance and curation. 

6.2 Acceptance for Curation of Samples and Documents 

After collection of samples intended for use for the ER Program, a Collector shall 

submit a completed Sample Collection Report (Attachment A) with all samples 

collected and/or submitted to the SMF for curation. This report shall be completed 

prior to submission of the samples to the SMF. In addition, the Collector shall 

submit a document that establishes the levels of radiological and non-radiological 

contaminants for each sample being considered for acceptance by the SMF. The 

document will provide readings for beta/gamma, alpha, and volatile organic 

compounds. This documentary evidence will provide field screening or laboratory 

levels that may be compared to SMF health and safety based Acceptance Criteria. 

Samples may be accepted for curation by the SMF If the sample's readings are 

below the Acceptance Criteria. Samples will not be accepted for curation If 

readings are above the Acceptance Criteria. Acceptance Criteria are listed in 
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Table 1. Those hazards that can be evaluated by means of field screening 

instruments are indicated. 

TABLE 1 

SMF ACCEPTANCE CRITERIA 

Hazard 

Penetrating 
Radiation* 

Radon 

Tritium 

Acceptance Level 

<3.8 pCi/L 

Volatile <5.9 ppm total VOC 
Organic 
Compounds* 

Metals acceptable exposure limits3 

1 Photo ionization Detector 
2 Flame Ionization Detector 

Method 

various methods, including 
direct reading instruments, 
swipes, and smears 

PID1, FID2, colorimetric 
indicator ·tubes 

EPA method SW 6010 

3 Acceptable level (ppm)= species specific occupational exposure limit (mg!m3) 

/10 (mg!m3) 
* Hazards suitable for detection with field screeining instruments. 

6.3 Transfer of Custody of Samples 

Upon arrival at the SMF, the Collector will register at the Reception Area. Sam pi' 

or sample containers will not be brought into the SMF until SMF staff have 
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determined that the Collectors screening documentation establishes that the 

contamination levels of the samples are below SMF Acceptance Criteria. If 

samples are cleared for acceptance they may be unloaded and placed in the 

Sample Storage Area or other appropriate area. Additional screening may be 

performed at the SMF. 

SMF staff will determine if the following information is completed on each Sample 

Collection Report: the date sample was collected, and person releasing custody 

and organization. Other information should include sample type; type of fie~d · 

collection location; sample weight, volume or dimensions; and the Fa~ilit f <"\ 
Information Management And Display (FIMAD) unique sample numb \V 
available); storage requirements; and verification that the sample me F 

Acceptance Criteria. ~ 

SMF staff will determine if all SMF bar code lab~ls av~n p applied to 

the sample (if possible), inside the sample cont · 1 of the sample 

container, and on the Sample Collection rt fa t h of the sample at 

its acquisition site is submitted with th iMn»l , de label should appear on 

the back of the photograph. ~ 

When the sample and S I oil n port are submitted to the SMF, the 

date the Sample ~ e . A copy of the report will be given to the 

Collector r;=:> ~ V 
~ique Sample Number 

~ system documents provenience for samples. If the FIMAD unique 

mber is available only the name of the Collector and the FIMAD unique 

mple number is required to be provided by the Collector on the Sample 

Collection Report. The Person Releasing Custody field must be completed. 

6.5 Containerization and Labeling of Samples 

The sample will be placed in an appropriate container, depending upon the type of 

sample. Information from the Sample Collection Report will be used to generate 

container labels for the sample and will contain the SMF bar code number, FIMAD 

unique sample number (if available), sample type, collection location, Collector, 

date of collection, date of receipt by the SMF, and date of storage. These labels 

will then be affixed to the appropriate sample containers. The container will be 

sealed according to the specifications of the Collector. 

6.6 Sample Storage 

The container will be assigned a storage location (e.g., storage racks, shelves), 

depending upon the type of storage container and appropriate environmental 

conditions (e.g., shelf life, temperature) designated by the Collector. Storage 

location and date and time of storage will be recorded on the Sample Collection 
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Report. If samples are not placed in permanent storage immediately, they will be 

placed in a designated temporary storage area maintained at required 

environmental conditions. 

6.7 Verification 

pie Collection Report 

The Sample Management Facility is ultimately responsible for transfer of these records to 

the ER Records Processing Facility in accordance with the procedure for the Laboratory•s 

ER Records Management (LANL-ER-AP-02.1) 

9.0 ATTACHMENTS 

Attachment A - Sample Collection Report 
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LOS ALAMOS NATIONAL LABORATORY ENVIRONMENTAL RESTORATION PROGRAM 

SAMPLE MANAGEMENT fACILITY I SAMPLE COLLECTION REPORT 

SMFBARCODE 

Storage 1 Sample weight, 
Requirements volume etc. 

SMFBARCODE 

Storage j Sample weight, 
r:l~ulrements volume etc. 

SMFBARCODE 

Storage I Sample weight, 
Requirements volume etc. 

FIMADNo. Collectors No. Sample Type SMF ONLY 

""'""'"'" Location 
Type of Site Date s~ COIIeded Assigned Storage 

FIMAD No. Collectors No. Sample Type SMFONLY' 

1J0Uect10n 
Location 

FIMADNo. 

~ \\. 
Type of Site 

Collectors No...-~a.,~ De ~MF ONLY 

VOIIectiOn .--.... "" ~ ~ .'\. 1-'-'- ..... A · ed S 
Locatio~ , ~ '\. lual8 ~Coiled.... sstgn torage 

SMF BAR COD!r\ 1 \FIM.MIN~~ollectors No. Sample Type SMFONLY 

Type of Site Dales~ Collecte<i Assigned Storage 

SMF BAR CODE FIMAD No. Collectors No. Sample Type SMFONLY 

Storage I Sample weight, IJOI1ect10n 

Requirements volume etc. Location 
Type of Site Dates~ CoRecte<l Assigned Storage 

Person Releasing Custody Date Total Samples On This Page: ---------

Date Entered in DB:-----------

Person Accepting Custody Date Verified By 
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PHYSICAL PROCESSING AND STORAGE OF 

BOREHOLE SAMPLES AT THE SAMPLE MANAGEMENT FACILITY 

1.0 PURPOSE 

The purpose of this procedure is to facilitate the physical processing and storage of 

borehole samples at the Environmental Restoration (ER) Project Sample Management 

Facility (SMF). 

2.0 SCOPE <B' 
2.1 Applicability ~ __ '&J 
samples collected from ER Project boreholes. 

2.2 Training t()\ 
SMF staff and any other ER Proje ~ activities within the scope of 

this standard operating proce ) t rained to this procedure before 

the SOPs compris~· n r cti (Section 1.0 of the LANL-ER-SOPs) . 

. 3.0 DEFINITI 0 
A. A pi : A analytical sample is a subsection or portion which has been 

w · . It is also referred to as a specimen. 

. hivai-Research Borehole Sample Processing System: The archival-research 

orehole sample processing system of sample curation is based upon splitting a 

representative sample of core or cuttings from the total collected sample, one of which 

is preserved as an archive (archival split), the other of which is available for research 

and analysis (research split). 

C. Core: A core is a cylindrical section of rock, or fragment thereof, that is taken as a 

sample of the interval penetrated by a core bit and that is brought to the surface for 

examination and/or analysis. 

D. Curatorial Sample Inventory and Tracking System: The Curatorial Sample Inventory 

and Tracking System (MacCSITS) is the Macintosh based computer data base that has 

been developed to track in detail all actions taken on ER Project samples over which 

the SMF has control. The primary objective of MacCSITS is to assist in establishing 

and maintaining traceable records of each sample collected for the ER Project. The 

MacCSITS user's manuals and other related documents will be available to users. 

E. Cuttings: Cuttings are chips of rock produced during drilling that are removed from the 

borehole by circulation of drilling fluids (gas, foam, or liquid). 
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F. Existence Code: A designator that describes the existence condition of a borehole 

sample. 

G. CPM: Counts per minute. 

H. Information Block: An information block is an object placed in a sample container. The 

block represents a depth interval and provides information pertaining to the status of 

that interval. 

0. Whole Core Specimen: A whole core specimen is a subsection of whole core that 

constitutes the entire core sample recovered for the depth interval represented. 

4.0 BACKGROUND AND CAUTIONS 

A. The implementation of LANL-ER-SOP-12.02 will ensure that a determination is made 

as to the levels of radioactive and non-radioactive hazards associated with samples 

accepted by the SMF. This determination must be made prior to the use of this sample 

processing procedure. The user of this procedure is responsible for verifying that 

contamination levels in relation to the SMF Acceptance Criteria have been made for 

each sample prior to physical processing. 

If sample contamination levels are at natural background but below the upper limits of 

the SMF Acceptance Criteria the following handling precautions must be taken: 
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1. Laboratory coats and plastic or rubber gloves must be wom while manipulating 

exposed sample material. 

2. Eating or drinking must be prohibited in areas where these samples are open to 

the environment. 

If sample radioactive contamination levels are above background levels, handling 

precautions described in Section 6.9, Handling Radioactive Samples must be 

followed. 

5.0 EQUIPMENT ~~ 
Equipment necessary for this procedure may include, but is not limited to: ~ _'&J 
Core boxes and dividers 
Core marking supplies 

Pneumatic staple guns 
Polyethylene lay-flat tubing O 
Polystyrene core cradles 

6.0 PROCEDURE 

lntroductiao () · 

SM confirmation and verification (LANL-ER-SOP-12.02). The purposes 

p e samples are: (1) to ensure proper identification and maintain 

e it t ese samples, and (2) to photo-document core. In addition to the purposes 

f ss1ng, core greater than 3• diameter and cuttings optionally will be divided: (1) to 

pr e an archival split for future reference, and (2) to prepare a research split for data-

gathering activities. Samples will undergo different phases of processing, depending upon 

the condition of the sample and the analytical data to be derived. At the discretion of the 

Curator, core greater than 3• diameter may be left whole for analytical purposes or because 

it is too unconsolidated for slabbing. An archival split may be cut from whole core or 

separated from cuttings (if cuttings have been collected and submitted to the SMF). The 

research split of core shall be photographed and placed in the appropriate storage location. 

At the discretion of the Curator, the archival split may be photographed in addition to or 

instead of the research split. 

6.1 Core Processing Documentation 

6.1.1 Information from MacCSITS will be used to generate one Core 
Processing Checklist (Attachment A ) per box to document the various steps in 

the processing of whole core. The Core Processing Checklist must have as a 

minimum; the container 10, the borehole 10, container depth interval, a list 

containing the depth interval and existence code of each sample within the 

container, and a list of specific steps for processing the core, with a space for 

checking the completion of each. 
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6.2.2 Additionally the Checklist will have a space for including any special 

processing instructions that may apply to a specific container. The Checklist 

will have spaces for recording the permanent storage location assignment for 

the container and signature and date spaces to document the completion of 

core processing. During processing, the Core Processing Checklist will be 

stored in a document cache mounted inside the lid of each box. Core that 

measures less than 3• diameter will not be slabbed. Individual steps in the 

Core Processing Checklist that do not apply to small bore core or core that is 

not being slabbed must be marked •NtA• durir.g core processing. The Core 

Processing Checklist must be verified and signed off in the space p~y 
Curatorial Staff upon the completion of the form. ~ 

6.2 Container Preparation and Core Marking 

6.2.1 Core that is not to be slabbed remains in sam ich it was 

from MacCSITS is used to generate fiv b o box, including 

container ID, borehole ID, dep.a e ti container number and 

type of sample, i.e., cor~. fi both ends of the container base 

and lid, and on one si e c ai lid. 

6.2.2 The ol c · em d from the field core box and placed one row 

at a time · t s ned to a work table. The interior of each box is 

I5
t he bottom of each row to indicate the total depth interval 

r n · at row (i.e., core, unrecovered core, whole core specimens 

ov e . . For slabbed core both the archival and research core box 

are marked. 

2.3 Core that is to be slabbed requires another box of the same size to be 

constructed with polystyrene cradles. Polystyrene core existence and whole 

core specimen blocks are placed in the research split box at the appropriate 

positions, and duplicates made and placed in the archival split box. 

6.2.4 Labels for these blocks are generated using information in MacCSITS 

just as with non-slabbed core. After the core from a field box has been 

slabbed, the field box will hold the research split of core and the newly 

constructed box will hold the archival split of core. After all the core (excluding 

whole core specimens) from a borehole has been slabbed and boxed, a 

sequential box number will be marked on the box (i.e., Box 3 of 45). 

6.2.5 For core not being slabbed ensure that the field markings are complete, 

clear and unobscured; redraw them as necessary using the process described 

in ER-SOP-12.01. On core that is to be slabbed, a second set of permanent 

orientation stripes must be placed 180° from the existing orientation stripes on 

the core. The blue footage indicator is extended with a permanent marker to 

completely circumscribe the core. Depth indicators are permanently marked in 

blue and appropriately located on both sides of the core (Attachment B). 

• 
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6.5.1 The core, whether newly slabbed (3• diameter or larger) or whole, shall 

be photographed to record its initial condition, position in the box, orientation, 

and color. The Core Photography Log (Attachment C), is used to document 

photography of the core, and includes borehole 10, photographer's name, film 

speed and f-stop, and date. Information on each exposure must include the 

following: exposure number, research (ACT) or archive (ACT) bar code 

number, box interval, and remarks. The SMF Geotechnician completes this 

log as the photographs are taken and initials and dates the action. The Log is 

signed and dated by Curatorial staff after its completion to signify verification of 

the Log. 

6.5.2 The core and labeling cards must be arranged as shown in Attachment 

D. Ensure all core markings, information blocks, and significant features are 

visible and in focus. If authorized by the Curator, moisten the core with a 

distilled water spray to enhance the contrast of the core's color and textures. 

• 
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After each exposure recheck the focus and core placement to ensure correct 

alignment and legibility. Upon completion of the exposure the SMF 

Geotechnician will replace the box lid, and remove the box from the photo ,~ 

stand. A minimum of two set of prints shall be maintained, one by the SMF and 

one by the Records Processing Facility (RPF). 

6.6 Bagging of Core 

6.6.1 If bagging of the processed core is deemed necessary by the Curator, it 

must be sealed in polyethylene lay-flat tubing as soon as it has been marked 

and labeled. Lengths of lay-flat tubing are cut for each core interva~d 

of each length is sealed with a heat sealer. One side of the tu · i ar 

with the top and bottom depths of the core interval near the ri 

marks, red on the right and blue on the left (Attachme~), a e 

plastic bag. The approximately 3 foot section of core aid o oured 

polystyrene cradle. The core and polystyrene ~le a i erted into the 

premarked lay-flat tubing, the excess a~· ze , nd the end of the 

tubing heat sealed. The sealed sectio Al i din a protective 

cardboard divider pad and po · · i ~ . is process must be 

repeated for the other ro · . 

with filame ta rep d for storage. . · 

6.7 c~e "g 

. .1 II g confirmation of samples at the SMF (LANL-ER-SOP-12.02), 

are divided into archival and research splits, packaged, and stored. A 

u 1ngs Processing Checklist (Attachment F) is used to document the various 

teps in processing the cuttings samples. The Checklist contains the borehole 

10, container ID and interval, sample ID and interval of each bag, and a 

checklist delineating each stage of processing (i.e., split, labeled). 

6. 7.2 At the discretion of the Curator an archival split can be taken from each 

cuttings sample received at the SMF. Cuttings are split using a riffle-type 

sample splitter. The amount of sample taken for the archival split shall be up to 

50 percent of the entire cuttings sample, not to exceed 50 grams. The archival 

cuttings sample is then placed into a pre-labeled plastic vial with screw caps. 

Each vial will have a label affixed denoting borehole ID, sample interval, and 

ACT bar code number of that sample. The plastic vial will be kept in a storage 

box containing other archival cuttings samples within the storage box sample 

range. 

6.7.3 The research cuttings sample split, which will not exceed 200 grams, are 

kept in plastic vials with screw caps. Each vial will have a label affixed 

denoting borehole ID, sample interval, and RCT bar code number of that 

sample. Investigators requiring amounts of cuttings greater than 200 grams 

shall collect them at the borehole site and then submit a Sample Collection 

Report (LANL-ER-SOP-12.03) to the SMF. 
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6.7.4 Vials containing the research and archival splits of cuttings are stored in 

separate boxes. The borehole ID, container interval, RCT or ACT bar code 

number (if applicable}, and missing footage within that container (if applicable) 

are entered into MacCSITS. Four permanent label types are generated using 

information contained in MacCSITS with the aforementioned information 

contained on them. Boxes are sealed with filament tape. 

Sample Storage 

6.8.1 A Borehole Sample Container Storage !...ocation Log (Attachmen~ 

generated using the information in MacCSITS and includes th~co i I , 

borehole ID, box number, container depth interval, sample typ o 

location, the name of the person storing the container, and the 

container was shelved. The storage areas shall be acc~limit . 

6.8.2 The 1/3 and 2/3 diameter splits of the e~cor ell as non-

slabbed core, are shelved separately by ~ · ocation ID 

system in the sample storage area ~ il 71 ). 

sample storage area i 1 0, il 271. 

Radiologi?§ · ate Sample Handling and Storage · 

6.9. r olo · I ontaminated core is stored and handled in a 

a ed tis segregated from other core storage and handling 

T 1 designated area is posted as a •controlled Area•, •Radioactive 

t ... _, ........ anagement Area•. Non-contaminated core will not be allowed in 

i area. This area is separated by fencing from other storage areas and is 

maintained under strict chain of custody protocols (locked at all times when not 

in use). 

6.9.2 Radiologically contaminated core is received and transferred through a 

single designated entrance located next to the Controlled Area. This entrance 

is used exclusively for radiologically contaminated core and all other non

contaminated core is not allowed through this entrance. 

6.9.3 Core that is below the Action Levels listed below may be handled, 

processed, and examined with the following precautions: (1) Personnel 

dosimetry (as appropriate) and Radiological Worker II training shall be 

required for work in this area. (2) Laboratory coats, shoe covers, and plastic or 

rubber gloves must be worn. Gloves should be secured at the wrist as 

necessary. (3) Eye and face protection must be worn, as appropriate, as 

specified in AR 12-1, •personal Protective Equipment.• (4} Workers should 

periodically monitor their hands during work. (5} Upon completion of work or 

prior to leaving the area, workers shall monitor those areas of their bodies that 

are potentially contaminated. At a minimum, this includes hands, arms, and 

front portions of the body. Workers should perform a whole body frisk. (6) 

Eating, chewing or drinking will be prohibited in the Controlled Area. 
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(7) Handling, processing and examination of sample materials will be kept to 

a minimum. 
Action Levels 

Beta/gamma 
Alpha 
Tritium 

5,000 cpm/probe area 
250 cpm 
50,000 pCi/ml 

6.9.4 Handling, processing, and examination ~f core that is above the Action 

Levels requires approval from the Curator and a special Radiologic~ 

Permit (RWP). The RWP is issued and approved by Group E~ R 

designates type of personal protective clothing and other pr s 

necessary. It may be necessary to limit manipulation this c o 

only and will be decided on a case by case basis. 

contaminated core storage (Controlled a g eyed by ESH-1 on a 

weekly frequency (minimum). i tor ea is surveyed on a 

monthly frequency. Surv I e and beta/gamma removable 

contamination and do t . e · air test is run on a weekly frequency. 

t b arked in accordance with Section 412, 

ling of the Los Alamos National Laboratory (the 

ica Control Manual. 

-SOP-12.01, Field Logging, Handling, and Documentation of Borehole Materials 

LANL-ER-SOP-12.02, Transportation, Receipt, and Admittance of Borehole Samples for the 

Sample Management Facility 

LANL-ER-SOP-12.03, Acceptance of Non-Borehole Samples by the Sample Management 

Facility 

"Branch Technical Procedure: Transport, Receipt, Admittance, and Processing of Borehole 

Samples for the SMF," 1989, Yucca Mountain Project Office, Las Vegas, NV 

ER Project Sample Management Facility Contaminant Criteria for the Acceptance of 

Samples, February 8, 1994 

Los Alamos National Laboratory, Radiological Control Manual, 1994 



8.0 RECORDS 

LANL-ER-SOP-12.04, R1 
Page 10 of 17 

The SMF Administrative Secretary is ultimately responsible for the transfer of these records 

to the ER RPF in accordance with the procedure for the Laboratory ER Records 

Management (LANL-ER-AP-02.1) 

9.0 ATTACHMENTS 

Attachment A - Core Processing Checklist 

Attachment B- Core Markings 
~ 

Attachment C - Core Photography Log <" 
Attachment 0- Photography Set Up 

\V 
Attachment E _ Marks on Lay-Flat Tubing 

Attachment F - Cuttings Processing Checklist 

~~ 
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3. Missing/Removed Blocks in Place? 

4. Permanent Box Labels applied? 

5. Depth intervals recorded at top 
and bottom of each box row? 

6. Orientation marks easily visible? 

7. Depth markers clear and legible? 

B. Box dividers inserted? 

9. Core in foam cradles? 

1 o. Boxes photographed? 

11. Box lids closed? 

12. Permanent assigned shelf location: 

SLABBED CORE ONLY 

13. Duplicate boxes constructed? 

14. Orientation marks duplicated? 

15. Core slabbed? 

(
~~~,, 
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SAMPLE MANAGEM~ •• r FACILITY 
Core Processing Checklist 

Box 10 Number Of Borehole Top Bottom 

SampleiP 

000387 
000388 
000389 

00501 1 56 Example 0.0 6.0 

I2P Sml2m ~ Paclsagjng Comment 

0.0 4.0 REC None 
4.0 4.2 WC-Fid Unknown 

4.2 6.0 REC None 

Geotechnician Date ___ _ ~ratorfal Staff Date 
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Footage Marker 

• 
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LOS ALAMOS NATIONAL LABORATORY ENVIRONMENTAL RESTORATION PROGRAM 

SAMELE MAt::~AaEMENT EAQILIIY I CORE PHOTOGRAPHY LOG 

BoreholeiD Photographer 
Page __ of __ 

Film Speed f-stop Date 

ACT/ACT 
~# BarCode Box Interval RemarKs 

QJ # ~ 
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Lay-flat Tubing 

Footage Marker 

BlueO · nentation St · npe 

Depth Marker 

Cardboard Divider Pad 

Polystyrene C radle 
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SAMPLE MANAGEMENT FACIUTY 

Cuttings Processing Checklist 

Box 10 Nymbar Of Borebole Top Bottom 

00900 1 56 Example 0.0 6.0 

2. Samples Spit? 

Archjye 

3. Duplicate Box constructed? 

4. Box Labels applied? 

5. 2 Sample Vials Labled? 

6. Samples Placed in box? 

7. Box lids closed? 

8. Perm. Shelf locations assigned? ,._~,..-:i4,.....,_, __ _ 

Geotechnician Date. ___ _ 

Page1 of 1 

SaropleiD 

001953 
001955 
001979 

I2R 

0.0 
4.0 
4.2 

S21tQm 

4.0 
4.2 
6.0 

~ 

REC 
WC-Fid 

REC 

---------Date ___ _ 
LANL-ER-SOP-12.04, Rl 
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BORE 
Wed, March 4, 1995 

BoxiD 

001595 
001596 
001597 
001597 

122\LAMESA 
122\LAMESA 
122\LAMESA 
122\LAMESA 

AMPLE CONTAINER STORAGE LOCATION LOG 

4 
MacCSITS v.3 

TopD BottomD Type Research lac. Archive lac. Date Stored By 

0.0 5.8 Core 
5.8 12.5 Core 

12.5 18.7 Core 
18.7 25.0 Core 
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EXAMINATION OF SAMPLES AT THE SAMPLE MANAGEMENT FACILITY 

1.0 PURPOSE 

The purpose of this procedure is to facilitate the tracking and use of geologic samples 

examined at the Environmental Restoration (ER) Project Sample Management Facility 

(SMF). The implementation of this procedure ensures that the traceability and identity of all 

:~:pl:c~::lned at the SMF is maintained. ~~ 

The scope of this procedure includes: (1) instructions for coordinating uest 

examination of samples by ER Project personnel, (2) responsi · · es of au ring 

disposition of those documents. o 
2.1 Applicability 0 

examination of borehole col d or the ER Project and curated at the SMF. 

. 2.2 Traini a 

~oM: A :o:~s a :ll:::::n:e:::::t::::h:: :::::::~eroof, that Is taken 
as a sample of the interval penetrated by a core bit and that is brought to the 

surface for examination and/or analysis. 

B. Cuttings: Cuttings are chips of rock produced during drilling that are removed 

from the borehole by circulation of drilling fluids (gas, foam, or liquid). 

C. Examiner: An Examiner is an individual from the ER Program or outside interest who 

is authorized to visually examine samples at the SMF. 

D. Requester: The Requester is an individual from the ER Project or outside interest who 

requests to visually examine an ER Project sample. 

E. Sample: A sample is a physical entity, collected in the field, representative of the 

whole, that is the original source material for all subsequent analyses and testing 

activities. 

F. Sample Management Facility: The SMF is the facility (Building T A-3-271) used for the 

documentation, examination, physical processing, storage, and control of selected 
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samples, remnants, and records collected and distributed for the ER Project. The 

SMF consists of a physical facility and equipment designed to effectively process ana'·""" 

preserve these samples, remnants, and records. 

G. SMF Acceptance Criteria for Samples: The allowable exposure levels inside the SMF 

to radioactivity and non-radioactive contamination occurring from the acceptance, 

handling, processing, examination, and storage of samples. The SMF Acceptance 

Criteria are designed to ensure that potential exposures are limited to levels at which 

health and safety concerns are minimized or eliminated. (f\\ 

4.0 BACKGROUND AND CAUTIONS '_,_ '\::::!) 

N/A 

5.0 EQUIPMENT 

N/A 

6.0 

The Curator m~au ~~ sions of examination periods and determine the 

need tg,~~~~xamination. The Curation Staff shall assist 

· d · ination activities and shall ensure that activities performed , 

· tion conform to this procedure. The SMF Geotechnician(s) shall assist 

e ring examination activities and shall complete documentation and 

samples for examination. The SMF Geotechnician(s) shall also verify that the 

p shave not been visibly altered or subsampled during examination. 

6.2 Authorization for Examination · 

Requesters who want to visually examine samples at the SMF shall submit a 

completed Sample Examination Request (Attachment A). This request must be 

approved by the Curator, and received by the SMF prior to the examination. The SMF 

Geotechnician must use this form to schedule examination of verified whole core and 

processed samples by the Requester. It is important that the Requester include the 

requested date, time and duration of the examination to enable the SMF to schedule 

the requested examination with the minimum of conflict. 

6.3 Disclosure of Radiation and Non-radiation Monitoring Results by the 

SMF 

Prior to the examination of any samples, the SMF Curator shall ensure that the 

Examiner is provided with a summary of monitoring results. These data must indicate 

(1) whether the values are below natural background, .and (2) whether the values are 

above natural background but below SMF Acceptance Criteria. 
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6.4 Examination of Whole Core Prior to Core Examination Meeting 

If a requester needs to examine core prior to a Core Examination Meeting, the 

Requester will be allowed sufficient time to complete the necessary examination. 

The Curator may limit examinations based upon contamination levels. Special 

procedures and/or permits may be required for the examination and handling of 

contaminated samples (see SOP-12.04). 

6.5 Core Examination Meeting ~ 

of core for a particular borehole, a Core Examination Meeting is hedul 

subsequent to confirmation and verification of field loggii!ut p · 

processing. Core Examination Meetings occur a~a oss· er verification 

of core (LANL-ER-SOP-12.04). In the event that p I depth of the 

borehole is not reached or is considerab~ the e g will be scheduled to 

examine all available core. Req~us ·e Core Examination Meeting 

by the SMF. 

Data from the Sample E · R est is used to complete a Sample 

Examination Rep~ . 

. The SMF ~ ·a Ia out sequential boxes of core from a single borehole in 

~
e S p xa ·n · ogging Room on or before the scheduled meeting date. A 

t containing copies of borehole information will be available for 

· g the Core Examination Meeting. · 

a ers examine samples, record requested specimen intervals, and place 

mporary markers on core to indicate the Examiner and requested interval. If. there 

are intervals that two or more Examiners request, an attempt is made to resolve the 

conflict during the Core Examination Meeting. If the Examiners are unable to resolve 

the problem, assignment of specimen intervals will be determined by the Curator. 

6.6 Examination of Samples Subsequent to Processing 

If an Examiner requests to examine samples after processing, a Sample Examination 

Report is generated as described above. Prior to or at the time of the Examiner's 

scheduled examination, the SMF Geotechnician(s) or Curatorial Staff remove the 

requested samples from storage using the Location module of MacCSITS. Sample 

weighing and recording of sample weights are carried out at the discretion of the 

Curator as a quality control measure. The SMF staff may weigh the sample and 

container individually or together. The containers of samples are then placed on 

examination tables. Core samples may be compared to photographs prior to 

examination as an additional quality control activity. 

SMF staff are available to work with the Examiners during specimen selection. After 

each specimen has been selected, measured, and marked, the SMF staff member 
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assisting the Examiner makes a list of the specimen request information. When all 

specimens from a particular borehole have been selected, the list is submitted to the ·. 

Curator for review and evaluation of the specimen request. 

Upon completion of examination of viewing by the Examiner, the SMF 

Geotechnician(s) may again compare the core samples viewed to the core 

photographs and reweigh the core boxes to ensure the sample have not been 

removed or disrupted. If there are no discrepancies, the SMF Geotechnician(s) then 

complete the Sample Examination Report and initial this action. The SMF~ 

Geotechnician(s) signs this form in the lower right-hand comer and~submit 1 

Curatorial Staff for verification. 

6.7 Reshelving of Samples 

the Sample Examination/Logging Room, and ~ t · appropriate storage 

location using the Location module o~\.'tJ 

7.0 REFERENCES ~ 0 
LANL-ER-QPP, Quality Prog~o vir mental Restoration Activities 

LANL-ER-SOP-12.0~ , a ng, and Documentation of Borehole Materials 

~~L-ER-SOP-12.0 .. ~/ o eceipt, and Admittance of Borehole Samples for the 

·era~~-'cedure: Examination of Samples By Participants At The Sample 

~ 1989, Yucca Mountain Project Office, Las Vegas, NV 

ORDS 

ample Examination Request 

Sample Examination Report 

The Sample Management Facility is ultimately responsible for transfer of these records to the 

ER Records Processing Facility in accordance with the procedure for the Los Alamos 

National Laboratory ER Records Management {LANL-ER-AP-02.1) 

9.0 ATTACHMENTS 

Attachment A- Sample Examination Request 

Attachment B - Sample Examination Report 
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LOS ALAMOS NATIONAL LABORATORY ENVIRONMENTAL RESTORATION PROGRAM 

SAMEL.!; MA~AG!;M!;NT EAQIL.rrY I SAMPLE EXAMINATION REQUEST 

Requester (Please Print) 

Find Name l.aatName 

Organization Date of Examination Estimated 

Duration 

MaRing Addreas Telephone Numbers 

::nary Phone-

~~ Alternate Phone 
No. 

City St._ Zip .-'\ Fax No. '~ '' 
,...............,--.~m~--,. .. -~~ .. ~.:1:': Management Facility are controlled the Qua m Plan for Environ e A . ~!'II eamp 

are made avaUable to you are for V AL EXAMIN~ ONLY, NO DESTA~rt~~,wn.-.wOVAL of 

SPECIMENS are to be ~rformed. A:ruesters needing to clestrov or..., atert I purpoe88 muat 

::=:.:::=::•:e=:o:-~T.cJ L ~~~ .. dCJocumented. 

Request• Signature .A. ~ ~ \ ( "'V 

~\ \) 
v 

-,. ',,....., _, 

Acquisition Sity~u{ 4re~) \) 
~ 

Depth interval or Reference Sample Type 

(\ \\ t"\~ 
" ~ \ ':::::::/ 

~" \\\\"-> 
\1\J) v 
~ 

ISMFUSE 
ONLY: I Curatorial Stafl 

Date I 
LANL·ER·SOP·12.05, R1 

• 

~ 



..-
a: 
LD 
<::! 
C\1 ..-

1 a.. om 
(1)- ...... .c:_ 
a:cuo we....._ 
•.c ..Jocu 

ZasCl 
c:r:=as 
..J<(O.. 

MacCSITS v.3 

pate Vjewed~ 3104185 

::xamjna1jon !0·0201 

Primary Examjner: 
Organjzat!on· LANL- EES-88 Number of Boxes Yiewed:1 2 

(\ 
Box!D lotBhole I Box TopDIBotD IJ)fJ>am Roomt'/eight !~Date lwe!ght ouiDateiP..-IIIingiJJT'Y I a jVOCs 

Rslallan '1Pat11culales Partie,_• 

P00234I 0 2 8 DPC17 IO 0 1 0.0 I 4.0~~xam ! 1_1 ~-~ cNB I cNB I cNB 
< NB <~ 

p002351 0 2 8 DPC17 002 
cNB < NB 

4.0 112.51-fcf"rJtm 
cNB cNB 

..... 
<~ NA NA 

p002361 0 2 8 DPC17 003 12.5 l2o.o I ~~ 
< NB cNB cNB < NB <~ NA NA 

poo238Jo28 DPC17 004 20.0 I 25.5 I Core 1 :;J,J < NB cNB cNB c NB <~ NA NA 

poo2e11o28 DPC17 005 25.5 I 32.0 I Core 1\~ 
cNB cNB cNB c NB <~ NA NA 

~002981028 DPC17 006 
c NB 

32.0 I 42.5 I Core I ~m LA_ - cNB c NB < NB <~ NA NA 

poo2ee1o28 DPC17 007 42.5 150.2 I core I ~ 
< NB cNB c NB < NB <~ NA NA 

jo00300J 028 DPC17 008 50.2 I 65.0 Core exa'Pl~---
NB.c AC cNB cNB < NB <~ NA NA 

-DPC17 1008 
<~ NA NA 

p003011 0 2 6 65.0 I 70.0 I Core Exam\17/~ 
cNB c NB cNB < NB 

-
IQ00302J 0 2 8 DPC17 lo 1 o 170.0 I 77.5 Core Exam 

c NB I c NB I < NB I < NB <~ NA NA 

jo00303J 0 2 8 DPC17 1011 177.5 182.0 Core Exam 
< NB I < NB I c NB I < NB <~ NA NA 

lo00305J 0 2 8 DPC17 1012 182.0 I 86.7 Core Exam 1-1 <NB 
I < NB I <NB I < NB <~ NA I NA 

NB = Nalural Background, AC = SMF Acceptance Crite 

eotechnician Date, ___ _ • Date __ _ 

Page 1 of 1 
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BERTHOLD LOW ALPHA AND BETA ACTIVITY COUNTER 

CALIBRATION, QUALITY CONTROL, DETECTION LIMIT, AND USE 

1.0 PURPOSE 

The following procedures outline the methods involved in the use of the Environmental 

Protection Group's (EM-S's) Berthold Low Activity Alpha and Beta Counter for 

screening alpha and beta activity in soil samples (see references in Section 7). 

Specific procedures are given for: 1) Plateau Counting, 2) Background Counting,~ 

Calibration, 4) Sample Preparation, 5) Sample Counting, and 6) Performanc e \V 

2.0 SCOPE 

The use of this instrumentation establishes adequate controls 

and acceptable measurements will be collected in su~ 

Management (EM) operations accomplished for the D ~ 

2.1 Applicability ~~ \ 
This instrument is used ins ai ic~ys conducted by the Waste Site 

Studies (WSS) section :t t os Alamos National LaboratorY (the 

Laboratory). Th5 1 ies section is supported, in part, by the 

environ~en Is eil o am for the Laboratory Material Disposal Areas 

(MDAs), v al estoration (ER) Program, investigations of Solid 

W ag e 1ts (SWMUs), and Waste Management activities at the 

he Laboratory routinely handles and disposes of waste contaminated 

p a- and beta-emitting radionuclides, a detector that can measure levels 

f contamination by these radionuclides is required. In addition, before soil 

samples are allowed to be submitted to EM-9 at TA-59, OH-1, the samples must 

be screened for gross alpha and beta activity. The Berthold gas proportional 

counter can simultaneously measure alpha and beta activity levels in up to 1 0 

soil samples. 

2.2 Training 

User training shall be the responsibility of the principal instrument operator or 

EM-8 personnel trained by the principal instrument operator. During 

preparation of these soil samples, small quantities of dust containing low levels 

of alpha and beta emitters may be generated. All personnel using these 

procedures must have received Radiation I or II, as well as HAZWOPER training 

and will be apprised of proper housekeeping and hygiene protocols required to 

minimize hazards associated with using the Berthold. 
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3.0 DEFINITIONS 

A. Alpha Particle: A charged subatomic particle containing two protons and two 

neutrons that is sometimes emitted from the atomic nucleus during radioactive 

decay. A typical energy level for most alpha emitters is about 5 MeV. 

B. 

c. 

D. 

E. 

F. 

Beta Particle: A type of subatomic particle that can be negatively or positively 

charged (positron), and is sometimes emitted from the atomic nucleus during 

radioactive decay. The rest mass of the beta particle is equal to that of a normal 

electron. 

Proportional Counting: A method of discriminating the detection ~ 
versus a beta particle based on the amount of energy deposited 1 ~ 

element, or radioactive nuclide. 

Background Counting: A soil backgro c k i c for the detector. 

indicate possible contaminati ckground count rate (R) is 

measured, and a confide · at al ated to establish the background 

activity distribution. 

Lower Level e i · is the minimum radioactivity concentration level 

b g nd · · n of radioactivity in the environment. 

I ting: Performance checks are undertaken to certify that the 

· ent is operating properly. Planchets with known activities are introduced 

1 the instrument and the measured activities must be within specified limits 

defined for the instrument. (In addition, control samples of known activities are 

periodically introduced into the instrument during normal runs. The measured 

activities of these known standards must also fall within $pacified limits.) 

4.0 BACKGROUND AND PRECAUTIONS 

Gas flow proportional counting is a convenient, sensitive method of simultaneously 

counting alpha and low-energy beta particles. 

The Berthold instrument is used to screen soil samples for low levels of alpha and beta 

emitters. One gram of a soil sample is placed in a planchet and emissions are 

counted in the detector. One can convert the counts measured into sample alpha and 

beta activity based on the count yield for the alpha and beta channels. The calibration 

of the instrument is performed using soil standards prepared by the Health and 

Environmental Chemistry Group (EM-9). 

Some of the advantages of gas proportional counting over· Geiger-Muller counting 

include: 
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• a thin window which minimizes inherent absorption, 

• the chamber allows 2 Pi geometry, which improves count yield, 

• alpha and beta emitters in the same sample can be counted simultaneously 

using different discriminator settings. 

The major disadvantage of the gas proportional counting may be imprecision of res~lt 

caused by the non-homogeneity of the prepared samples, and the inability to ~ 

distinguish what isotope is contributing to the gross radioactivity of the sam~l \V 

PRECAUTIONS ~ 

The instrument should not be turned off. When terminating th~770 am, the 

high voltage should be set to zero. ~ 

Never initiate counting unless the gas flow (P~ me n has been flowing 

through the system for 30 minutes. High I t ae wire may degrade 

the wire unless the counting gas is in il" riu 1 e instrument. 

Never allow the counting carri ex the capacity of the gas-flow meter. 

This can damage the mg ring the detector. Care should be taken when 

initiating the gas flow to e t · t n the needle and pressure valves in small 

increments until~l h w ate meter begins tom. ove, then adjust to the 

correct~low 

a 11 samples under the hood provided in the count trailer. This 

o n to minimize dust generation in the trailer. 

QUIPMENT 

The equipment required for the operation of the Berthold Low Activity Counter system 

includes: 

1) Berthold instrument system 
2) Planchets 
3) Various performance check sources and standards 

4) P-10 gas (Argon/Methane) 

6.0 PROCEDURE 

6.1 Plateau Counting 

Procedure for Determining Proper Operating Potential of the BERTHOLD Low 

Activity Counter. 

• 
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Turn on the argon/methane gas flow (P-1 0 counting gas) so that the float ball is 
between 1 0 and 15 units on the flow rate meter, and allow 30 minutes for the 
gas flow through the instrument .to reach equilibrium. 

Initiate the software by typing Berthold and <ENT>. 

Use the arrow keys to select Measure in the Main Menu. Hit <ENT> to get into 
the Measure window. 

Use the arrow keys to select Plateau in the Measure window, and again h~·t 

<ENT>. ~ 

At this point, you will be prompted for a file name for the count dat~ 
collected. Enter the file name, for example: PL-MMPPA w~M t or 
the current month, and DO stands for the current day nd A d e first 
reading of the day. Hit <ENT> after typing in th · e. . 

Enter A(lpha) or B(eta) and hit <EN . 0 
You will be asked to place ar u es (alpha or beta emitters) in the 
planchet holders in th r t s has been done, hit <ENT> to begin 

counting for a s~ 1 

Repeat~ Q o at plateaus are measured, separately, for both alpha 
an e activ.· i 

(\ \\' ion of Operation Point 

~ P edure for determining the optimum high voltage setting. 

Use the arrow keys to select Qata Handling at the Main Menu. Hit <ENT> to get 
into the Pata Handling window. 

Use the arrow keys to select Operation Point Calc. in the Data Handling 
window. Again hit <ENT>. 

The parameter table, Calculate Operation Point, will appear. The names of the 
files of the last alpha and beta plateau measurements will be listed along with 
the plateau slopes and spillover. Hit Ctri-<ENT> to accept the entries. 

After confirmation, a window listing the suggested HV-Operation Point will be 
displayed. Make a note of this value. 

Plateau measurements will have to be done periodically or if performance 
checks indicate measurements are "Out of Control." It is good practice to 
generate new plateaus whenever the P-1 0 gas tank or mylar window is 
changed. 
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Procedure for determining proper background of soil samples for the Berthold 

low activity counter. 

Tuff-derived soil background samples for this instrument come from sand traps 

used in LANL water supply wells. 

Tum on the Argon/Methane gas flow {P-10 counting gas) so that the float is~at 

10 units on the flow meter. Allow 30 minutes for the flow through the cham \. 

reach equilibrium. · ' 

Initiate the software by typing Berthold and <ENT>. 

into the Parameters window. 

Select the Background option of the P in . hen the table of 

parameters appears, input the nee TRL-<ENT> to save 

and store the parameters in th g11 

Then select the lls..w: o~ window. Select New parameter. 

and use the f il na e, and the suggested HV-Operation Point 

that was calcula pr . 1t CTRL-<ENT> to save and store the 

paramet e1: i . 

(\ ~ e the Bac:a::~:::::~i::::
00

M:~:r:::::u. :~~ :i:: :~:: 
~ select a user parameter file. Select the user file containing the suggested 

HV-Operation Point and hit <ENT>. The background measurements will 

automatically be saved into this file. 

Insert the planchets with background soil into the planchet holders and hit 

<ENT> to begin counting samples for an allotted time period. The activity of the 

background soil samples will be automatically calculated and printed out in a 

hard copy. The operator can select whether to measure in counts or picocuries. 

6.4 Determination of Lower Level of Detection (L0 ) 

The Lower Level of Detection represents the lowest amount of radioactivity in a 

sample needed to be considered greater than background. (For this instrument 

one must calculate L0s for both alpha and beta detection.) 
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L0 = 2.71 + 4.65 (u6 )112 (see appendix A) 

where, u6 is the mean measured activity for the background soil. 

6.5 Calibration 

where, cpm = count rate corrected for background and half-life 

and A= activity in Bq of the source [Bq is Becquerels {counts/sec)] 

A number of alpha emissions will also be registered in the beta channel during 

simultaneous alpha/beta measurements. The spillover factor corrects for this 

"spillover" or "crosstalk" into the beta channel. This factor will be determined in 

the alpha calibration measurement. (Spillover from the beta to alpha channels 

is considered negligible.) 

The equation for calculating the spillover factor during the alpha calibration 

measurement is:spillover factor = beta count rate/alpha count rate 

Because the efficiency factor is calculated within the software of the instrument, 

the external algorithm simply converts the activity of the soil sample from counts 

per minute (cpm) into pCi/g (since one gram of dry soil will be counted). 

This conversion uses the following algorithm: 



(SA/2.2212) * 1.012 = pCilg 

where, SA = sample activity in cpm 

2.2212 =conversion unit to Ci 

1.012 =conversion unit to pCi 

6.5.1 Materials 

1) Berthold system 

2) 

6.5.2 Operating Procedures 
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When the rs appears, input a file name, the type of 

eg;.· · ar o ing ((A)Ipha or (B)eta), the measurement time, 

a a I 1 • ication numbers. The count time depends on the 

ati an the desired detection limits and is left to the discretion of 

or. Hit PgDn to get to the second parameter page and enter 

half-lives, manufacture date and initial activities of your spiked 

mples. Hit CTRL-<ENT> to save and store the parameters in the 

parameter file. , 

Place the spiked samples in the planchet holders in the order that they 

appear in the table of calibration parameters. Generally, a spiked set of 

samples spans an activity range of, for example, 15- 500pCi. 

Use the arrow keys to select Measure in the Main Menu. Hit <ENT> to 

get into the Measure window. 

Use the arrow keys to select Calibration in the Measure window, and hit 

<ENT>. 

You will then be prompted to select a user parameter file. Select the file 

in which you stored the background measurements, hit <ENT>. (The 

calibration results will also be stored in this file.) 

Next, you will be asked to select a calibration parameter file. Select the 

file that was just created and hit <ENT>. 
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To begin the calibration hit <ENT>. 
' : ~j: '"" ' ·~: ... 

LANL-ER-SOP-14.01, RO 
Page 9 of 13 

Repeat this process'so'tt.iat calibration measurements have been 
performed for both ~lpha;and beta sources . 

.. :':,;!. ····-· 

Sample Preparation 

The samples should be prepared according to the method developed by the 
user, but preparation of the planchets should be the same as preparation of 

.,//.";::".~:~.··.··~ .: .. ·.: .. · -.. . ·:.. .both background and .stan~~rd ~oil sample s.ets. The planchets will be p~o 
.~ I l , • labeled to allow easy tdenttftcatton and trackmg through the count lab. A 

:....,,<~' ,,.,. . ..... :· ·,·· .. :~.. .· sa. m. pie label shall consist of a alpha-numeric identification numb~e). r 
··."lf:-!;5,"'·~~~ tJ , - ER samples, a unique Facility for Information, Management, Anal i 

··,.· •. , ..... ·~'/ ... ,:·:

1 

./'·D .. i~pl·a. y (FIMAD) number is assigned to each sample. For ~tance, i s 
,.,~ 1'''·-. .~, from TA-1, the unique FIMAD number may be 01-15~1. 

''" .. :.:·q~,; t~e container holding the soil to be cou~t · · oist, place a 

r. ,Q"·~. . . ~e~~!J:~~;g~: the sample in a petri di~~ a lamp before 

.. · Rero,rd the sample numb ~o~e planchet using a sharpie pen. 

· i': ~~··· : ·... · Spr~y the inside e ~t ~a thin film of adhesive. 
t:~ ~~·: \ ~+r- c ~~ 

. "'~ .•. 

r··o :.· ·.~· 

or:.~·z 

e to the planchet until the balance reads 1 .00 ± 0.01 grams. If 
1\lOs~·lilLe, try to remove large particles from the planchet, maintaining maximum 

p icle size homogeneity of the sample. 

.. · ' · · Use a wooden tongue depressor to more evenly spread the sample over th~ 
surface of the planchet. 

6.7 Sample Counting 

The samples are placed in the detector in pre-designated locations, and 
counting is initiated. At the end of the count time, the data is displayed, and may 
be output to a printer and to a pre-specified data file. 

Turn on the Argon/Methane gas flow (P-1 0 counting gas) so that the float ball is 
between 10 and 15 units on the flow meter, and allow 30 minutes for the gas 
flow through the chamber to reach equilibrium. 

Initiate the software by typing Berthold and hit <ENT>. 

Use the arrow keys to select Parameters at the Main Menu, and hit <ENT> to get 
into the Parameters window. 



,' ' - '"" 
.• ..,... ......... . ,A• 
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Select the .U.W option of the parameters window and hit <ENT>. Select the 

user parameter file that conta:ms alrofyour background and calibration data. 

Hit PgDn until you reach pagir-6. Use the arrow keys to move around on the 

page and enter in 27.0 as the normalization factors for channels 6-1 0. Hit PgDn 

again to reach page 4, enter 27.0 a~tr.· ~ormalization factors for channels 1-5. 

This will allow you to measure activities in the units of pCilg. J::iit1CTRL-<ENT> 

to save and store this information in~the user parameter file. ; 

At the beginning of the day, turn on the argon/methane gas flow (P-10 counting 

gas) so that the float ball is between 10 and 15 units on the flow meter, and 

allow 30 minutes for the gas flow through the chamber to reach equilibrium. 

Initiate the software by typing Berthold and <ENT>. 

Ten bare planchets, each containing 10 pCi of either alpha or beta activity, 

should be prepared for the performance check. 

Select Calibration in the Parameters window and set up a New Parameters file 

using the same procedure that was used for the calibration measurement (see 

6.5.2.3). Hit CTRL-<ENT> to save the information. 

Select Measure from the Main Menu. Hit <ENT >to get into the Measure 

window. 
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· : · · : .. _ ~.:<;-:./it?) t. "">'" r~ ~-·; .--. -

Selecffhe Peftorriiance option'!~ Me·asfire window, hit <ENT>. 

• : .i . --~·. :.'· ' " • ~-. J ' 

You will be prompted to s~:ect a u§~H parameter file, choose the one which 

contains the correct calibration factors, background and HV-Operation Point. 

Hit <ENT> .. Then you wiii.Qe ask~d to select a calibration file, choose the file 

~ that contains the activities;:~l:\alf-Hves,. and manufacture dates for your 

pe'rtcirmance check samples-ancttlit <ENT:;>. 

~,r""-:::·~ .• .~ •· ;._ e,,. ' " . '.· " 

1 -' --~, • ;:;. ···• Pla'C;\'the-ten spiked planchets into the holders, and initiate counting by h~· · 

~:') , ;:~~> :~~~::unts do not exce~d the m~ximum deviation defined by the~~ 
b""' +j;:· ••. sy;$~~m "'i)f:"'Signa~·"Perfo.rm~nce C~e~k OK!" Print out copi of all a ce 

::.::, "-'"·~~h~--ark.t c~,!Ylpare each printout with previous pri~ts. f n~ atic 

jqr~.~e~apJ))tent or the instrument does no(Q)t. I , noti 

. insttilfriEmloperator before conttnuing with a I 
,:;~·1 .;' ; 't, , ... r; . • • ~... • . 

<;' 9 . ~ ..... ·:· Cl 6.·9 . ···auality Control 
{Jl _., .. --~ ~' 1 1 """, '. 

"'~',..,.e samples and QC's into the planchet holders and count the samples as 

cribed in section 6. 7 Sample Counting. 
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8.0 RECORDS "£.. , " .c"" ::"• . , c,~· 

Re~or~s relating to t~e ~ali~ration, ~ai~tena~~~ ... ~md u;~,of:~ ;v o~~i~ ·.. are 

ma1ntamed by the pnnc1pal mstrument.~perator or des!!· .. . . . ~ . pies 

counted using the counting system are~maintained by v . · ·· of the 

instrument in EM-8. Prior to submitting the sa~ -9 r 16isotopic analysis, 

a hard copy of the data gathered by th~in , _)p~ar set of samples is 

provided to EM-9 for sample screenin r se . e responsibiOty of the OUPL to 

ensure that relevant records ar~~ R S M70(,·~; '{l·:u~~:J . 

9.0 ATTACHMENTSIR\ ~ .~ . k,.:~"~,~~: 

Attachment A-~~ .~:<. ":_ .:;~ . 
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For the Berthold LB770 currently being used by the Waste Site Studies Section of 

EM-8 at TA-59 the calculation of the Lower Levels of Detection were performed as 

follows: 

(for the deteCtion of beta activity) 

ue = 13.8 cpm 

Lo = 2.11 + 4~65 (13.8) 1/2 
* 

= 20.0 cpm = 9 pCi (1 pCi = 2.22 cpm) 

ue = 0.421 cpm '6" 
Lo = 2.11 + 4.65 (0.421)1.~2 ~ 

= 5. 73 cpm = 2-.58 pC1 0 


