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CHAIN-OF-CUSTODY 

STANDARDOPERATINGPROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes the method and responsibilities associated with 
the maintenance and custody of samples which are to be used to provide data which form a basis for 
making project related decisions. It outlines the general procedures for maintaining and documenting 
sample chain of custody from the time of sample collection through sample disposition. This SOP 
also applies to bioassay samples collected and handled in accordance with Health and Safety 
Procedure (HSP) 16.1, Internal Dosimetry Monitoring. 

REFERENCES 

Quality Assurance Project Plan 

SQP 4.2 - Records Management 

HSP 16.1 - Internal Dosimetry Monitoring 

DEFINITIONS 

Chain-of-Custody 

The Chain-of-Custody (COC) document is the written record that traces the sample possession from 
the time each sample is collected until its final disposition, sometimes called the "cradle to grave" 
record. Chain-of-Custody is maintained by compliance with one of the following criteria: 

The sample is in the individual's physical possession; 

The sample is maintained in the individual's physical view after being in hislher 
possession; 

The sample is transferred to a designated secure area restricted to authorized 
personnel; and, 

The sample is sealed and maintained under lock and key to prevent tampering, 
after having been in physical possession. 

Weiss Associates Project Number: 128-4000 
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3.2 Waybill 

A document that contains a list of the goods and shipping instructions relative to a shipment. 

4.0 PROCEDURE 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for assuring proper COC is initiated at the time the 
sample(s) are collected and maintained throughout the handling and subsequent transportation of the 
sample(s) to the designated laboratory. Additionally, the Project Manager is the project authority for 
determining the disposition and fate of sample(s) which have identified deficiencies (e.g., missed 
holding times, elevated temperature at receipt, etc.). 

4.1.2 The sample team member(s) are responsible for properly documenting and maintaining the 
COC from the time of sample collection until the sample(s) are delivered to the lab. 

4.1.3 Laboratory personnel are responsible for receipt and entry of samples into the laboratory 
which have been submitted under a COC document. Additionally, samples received will be entered 
into the laboratory COC procedures by properly documenting and maintaining COC from the 
moment that they take custody of the sample(s) at the laboratory until the sample(s) are disposed of 
or returned to the client. 

4.2 General 

4.2.1 An overriding consideration for data resulting from laboratory analyses is the ability to 
demonstrate that the samples were obtained from the locations stated and that they reached the 
laboratory without alteration. Evidence of collection, shipment, laboratory receipt, and laboratory 
custody until disposal must be documented to accomplish this. Documentation will be accomplished 
through a COC Record that lists each sample and the individuals performing the sample collection, 
shipment, and receipt. 

4.2.2 The original COC document will accompany the samples while a copy will be retained in the 
project file. 

4.3 Field Sample Custody 

4.3.1 Sampling personnel, upon collection of samples for analysis, will properly complete a COC 
Record (Attachment 6. I ) .  The COC document will be the controlling document to assure that sample 
handling and custody are maintained thereby assuring the sample(s) are representative of the 
environment from which they were collected. At a minimum, the following information will be 
recorded on the COC document: 

The unique identification number assigned to each sample; 

J:\DOE\4000\D3\SQ&OPS\WASOPS\SOP0 1-1  .DOC Weiss Associates Project Number: 128-4000 
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A physical description of the sample type (e.g., soil, water, etc.); 

The date and time of the sample collection; 

Container type (e.g., glass, poly, brass sleeve, etc.); 

Sample volume and number of containers (e.g., 2 x 40 ml, 3 x 1 liter); 

Sample preservation (e.g., FINO3, H2S04, 4OC); 

Requested analyses; 

Special instructions to the laboratory including handling requirements, quality 
assurance/quality control, health and safety, and sample disposition; 

The project name and number; 

The date the analytical report is due; 

The names of all sampling personnel; 

The name and phone number of the project contact; 

The name and phone number of the laboratory contact; and, 

The name of the courier and the waybill number (if applicable). 

4.3.2 The COC document will be initiated in the field by the person collecting the samples and 
signed by each individual who has the samples in their possession. Each time that sample custody is 
transferred, the former custodian must sign over the COC as Relinquished By, and the new custodian 
must sign on to the COC as Received By. Each signature must be accompanied by the date, time, 
and the name of their project or company affiliation. 

4.3.3 Transferring of COC from sampling personnel to the analytical laboratory will be performed 
in accordance with the requirements stated below. 

4.3.4 If the sampling personnel deliver the samples to the laboratory, transfer of COC occurs as 
follows: 

The sample custodian delivers the samples to the laboratory and relinquishes the 
samples directly to a laboratory representative. Any person involved in the 
collection of the samples may act as the sample custodian. 

The custodian signs the COC listing hislher name, affiliation, the date, and time. 

The laboratory representative must receive the samples by signing hislher name, 
affiliation, the date, and time on the COC. The laboratory representative may 
decline to take receipt of the samples if the COC is not properly completed or if 
the samples are not properly packaged. Any designated laboratory personnel 
may act as the sample custodian. 

One copy of the COC is given to the sample collector to be returned to the 
project files and one copy is maintained with the samples at the laboratory. 
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4.3.5 If the sampling personnel transfer sample(s) to the laboratory utilizing a common carrier, 
sampling personnel will retain COC responsibility and the common carrier is not responsible for 
maintaining sample custody. The sample collectors are responsible for packaging the samples in a 
manner that meets the COC definition criteria, that is, the samples are sealed to prevent tampering. 
When transferring samples to the courier for transport, COC procedures are maintained as follows: 

4.3.6 Sampling 

The sample collector lists the courier affiliation and waybill number on the 
COC. 

The sample collector relinquishes custody by signing his name, affiliation, date, 
and time. The collector keeps a copy of the relinquished COC for the project 
file. 

The relinquished original COC is sealed in a watertight plastic bag and taped to 
the inside of the lid of the container used for transportation. 

The transportation container is sealed to prevent tampering and given to the 
courier for delivery to the laboratory. 

The sample collector obtains a copy of the waybill from the courier for the 
project file. 

The laboratory representative must receive the samples by signing hislher name, 
affiliation, the date, and time on the COC. This copy is maintained with the 
samples at the laboratory. 

The laboratory representative obtains a copy of the waybill from the courier for 
the project file. 

personnel should record field events on a "Field Activity Daily Log" (see 
Attachment 6.2) and/or a "Sample Collection Log" (see SOP 3.1) as may be necessary to document 
the field work. 

4.4 Analytical Laboratory Custody 

4.4.1 Upon receipt at the analytical laboratory, the field generated COC document will be signed 
and dated; the time, temperature and condition of the samples will be noted; and laboratory 
identification will be provided in the appropriate spaces. 

4.4.2 Laboratory receipt personnel will enter the samples into the laboratory by implementing the 
sample custody procedures addressed within their LEHR approved QA Program. 

4.4.3 After completion of analytical testing, sample remnants not consumed during testing may be 
kept for six months beyond the completion of analysis, unless otherwise specified by a notation on 
the COC that samples are to be returned to the project site for disposal. Once this time period has 
elapsed, the samples will be disposed of and the disposal record number will be recorded on the 
laboratory record copy of the COC. 

Weiss Associates Project Number: 128-4000 
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5.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

6.1 Chain-of-Custody Record 

6.2 Field Activity Daily Log 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 

Weiss Associates Project Number: 128-4000 
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Chain-of-Custody Record 
Please send analytical results and a copy 
of the signed chain of custody form to: 

Lab Personnel: PLEASE INCLUDE Q N Q C  DATA 
I) Specify analytical method and detection limit in report 
2) Notify us if there are any anomalous peaks in GC or other scans. 
3) ANY QUESTlONSlCLARIFICATIONS: 

CALL US. 
Project ID: 

Sampled by Laboratory Name: 

Sample ID Sample Sample vo12 ~ i l j  Re? Preservative Analyze for Analytical ~ u m '  
Date Time (specify) Method 

COMMENTS No. of 
Containers 

Container 
Type' 

3. 5. 
Released by (Signature), Date, Time Released by (Signature). Date, Time 

3. 5. 
Affiliation Affiliation 

1. 
Released by (Signature), Date, Time 

1.  
Affiliation 

2. 
Received by (Signature), Date, Time 

4. 
Shipping Carrier, Method, Date, Time 

4. 
Affiliation 

6. 
Received by Lab Personnel, Date, Time 

6. 
Affiliation, Telephone 

Seal Intact? 
L. 

Affiliation 

I = Sample Type Codes: W=Water, S=Soil, Describe Other; Container Type Codes: V=VOAfl'eflon Septa, P = Plastic, C or B = Clear5rown Glass, Descnbe Other; 
2 = Volume per container; 3 = Filtered (YM); 4=Refrigerated (YM) 
5 = Turnaround [N=Normal, W=l Week, R=24 Hour. HOLD (write out)] 
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ATTACHMENT 6.2 

FIELD ACTIVITY DAILY LOG 
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Field Activity Daily Log 

Project Name 
Vehicle(Fie1d Use): 

Project # Project Manager WA Odometer in 
Name Personal - Odometer out 
Billing Period Total Hrs. Billed Rental Mileage 

Activity 
Code 
u 

Requested Work Summary Extra Scope of Work (ESOW) 
Summary 

Hours 
Billed 
[I 

Activity Hours Activity Hours 
Code Billed Code Billed 
[I [1[1[1 

Date/ 
Time 

J 

Activity Description 

U)OE\4000~3\SQ&OPS\WASOPS\SOPFORMS\SOPIlB DOC 

Activity 
Code 

Hours ESOW 
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SAMPLE HANDLING, PACKAGING AND 
SHIPPING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) outlines the methods and responsibilities for field 
personnel to use in the packaging and shipping of environmental samples, including hazardous, low- 
level radioactive, and mixed waste samples, for chemical and physical analysis. This SOP only 
applies to the packaging and shipping of limited quantity, environmental samples. The details in this 
SOP are only applicable to the general requirements for sample packaging and shipping and should 
only be used as a guide for developing more job-specific work plans. This SOP also applies to 
bioassay samples collected and handled in accordance with Health and Safety Procedure (HSP) 
16.1 - Internal Dosimetry Monitoring. 

REFERENCES 

EPA, September 198 7, Compendium of Superfund Field Operations Methods, EPA 
540/P-8 7/OOla, 0s WER 9355.0-1 4 

EPA, August 1988, EPA Guidelines for Conducting Remedial Investigation and 
Feasibility Studies Under CERCLA, Interim Final OSWER Directive 9355.3-01 

Code of Federal Regulations, DOT 49 CFR Parts 100 to 177 

Dangerous Goods Regulations, IATA, January 1, 1994 

SQP 4.2 - Records Management 

HSP 16. I - Internal Dosimetry Monitoring 
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Final Standard Operating Procedures SOP NO. 2.1 
LEHR Environmental Restoration / Waste Management Rev. 2 12/10/99 
DOE Contract No. DE-AC03-96SF20686 Page 2 of 6 

3.0 DEFINITIONS 

3.1 Environmental Sample 

A limited quantity sample of soil, water, air, or other substance found in the environment collected 
specifically for chemical or physical analysis. 

Hazardous material means a substance or material, which has been determined by the Secretary of 
Transportation to be capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated. For the LEHR site, the term includes 
hazardous substances and hazardous wastes, materials designated as hazardous under the provisions 
of 49 CFR Sec. 172.101, and materials that meet the defining criteria for hazard classes and 
divisions in 49 CFR part 173. 

3.3 Hazardous Substance 

Hazardous substance for the purposes of this SOP, means a material, including its mixtures and 
solutions, that: 

Is listed in Appendix A to 49 CFR Sec. 172.10 1 ; 

Is in a quantity, in one package, which equals or exceeds the reportable quantity 
(RQ) listed in Appendix A to 49 CFR Sec. 172.10 1 ; and 

When in a mixture or solution: 

- For radionuclides, conforms to paragraph 6 of Appendix A to Sec. 172.101. 

- For other than radionuclides, is in a concentration by weight which equals or 
exceeds the concentration corresponding to the RQ of the material, as 
described in 49 CFR Sec. 173.133. 

3.4 Hazardous Waste 

Any substance listed in 40 CFR Subpart D (260.30 et seq.) or otherwise characterized as ignitable, 
corrosive, reactive, or toxic as specified in Subpart C (261.20 et seq.) that would be subject to 
manifest and packaging requirements specified in 40 CFR 262. Hazardous waste is defined and 
regulated by the U.S. Environmental Protection Agency (EPA). 

3.5 Sample 

Physical evidence collected from a facility or the environment which is representative of conditions 
at the point and time at which the sample is collected. 
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4.0 PROCEDURE 

4.1 Responsibilities 

4.1.1 Compliance with this procedure is the responsibility of project management, site 
management, health and safety, and field personnel. 

4.1.2 The Project Manager (PM) is responsible for the development and review of site-specific 
work plans which address the specific sample handling, packaging, and shipping requirements for 
the project. The PM should review the project-specific documentation forms to ensure they are 
appropriate for the field activities. The PM is also responsible for seeing that field personnel receive 
proper training and maintain quality assurancelquality control (QAIQC). 

4.1.3 The Project Quality Assurance Specialist (PQAS) is responsible for the periodic review of 
documentation generated during sample handling, packaging, and shipping and the periodic review 
and audit of field personnel as they perform the work. If problems arise, the PQAS is also 
responsible for swift implementation of corrective action (i.e., retraining personnel, additional 
review of work plans and SOPS, variances to requirements, issuing nonconformances). 

4.1.4 The Site Health and Safety Officer (SHSO) is responsible for ensuring complete compliance 
with the Health and Safety Plan by all personnel on site. HeIShe is responsible for ensuring that all 
protective measures are identified and implemented to adequately protect site workers. 

4.1.5 The Radiological Control Technician (RCT) is responsible for assisting the SHSO in the 
performance of monitoring, posting and evaluation of work-site safety and radiological controls 
conditions. 

4.1.6 The Sample Manager (SM) is responsible for the proper implementation of the sampling 
plan and to ensure that all sample collection activities are conducted in accordance with this SOP. 

4.1.7 The LEHR Project Chemist or designee is responsible for coordinating with the analytical 
laboratory and to ensure that all analytical activities are conducted in accordance with the sampling 
and analysis plan. 

4.2 Sample Handling 

4.2.1 Inspect the sampling containers to ensure that they are appropriate for the samples being 
collected, correctly preserved, and undamaged. 

4.2.2 When collecting a sample, always use approvedlsite specific personal protective equipment 
(e.g., gloves, etc.) to prevent cross-contamination from sample to sample but also as a health and 
safety requirement. 
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4.3 Field Packaging 

4.3.1 Collect the samples in accordance with the site-specific sampling plans and applicable SOPs. 

4.3.2 As soon as possible after sample collection, tightly seal the container. Custody seals may be 
used for additional sample security. The custody seal should be placed over the cap so that any 
attempt to remove the cap will cause the seal to be broken. Do not place custody seal over a volatile 
organic analysis (VOA) vial septum. 

4.3.3 Place all containers in separate, appropriately sized, airtight, seam sealing polyethylene bags 
(e.g., ZiplocTM). Seal the bag, removing any excess air. 

4.3.4 Place the bagged container inside an insulating shipping container, "cooler." This cooler 
should have frozen blue ice inside to assure samples remain cool, "4OC," during transit from field to 
the packaging location. 

4.3.5 Maintain the samples under chain-of-custody (COC) (SOP 1.1) in accordance with the site- 
specific work plans and appropriate SOPs. 

4.4 Sample Packaging 

4.4.1 Ensure that packages meet applicable requirements of Reference 2.3. 

4.4.2 Inspect the integrity of the shipping container. The container is generally a "cooler" 
constructed of heavy plastic or metal with appropriate insulating properties so that variations in 
temperature during shipping are minimized. Also, make sure that the drain plug has been sealed. 

4.4.3 Place two or more inches of absorbent packaging material (e.g., VermiculiteTM) in the 
bottom of the shipping container. There should be sufficient absorbent material to absorb two times 
the volume of liquid, if liquid is present. 

4.4.4 Carefully check the COC record against the collected sample labels and containers to ensure 
that the sample numbers, sample description, date and time of collection, container type and volume, 
preservative, and the required analytical methods are correct and in agreement. 

When shipping potentially radioactive samples: 

0 Place samples within an inner container (a clear plastic bag or other transparent 
packaging); 

Seal the inner-container; 

0 Label the container "Radioactive"; 

Include a copy of the LEHR limited quantity statement. This statement includes 
the sentence "This package conforms to the conditions and limitations specified 
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in 49 CFR 173.421 for radioactive materials, exempted package-limited 
quantity of material, UN2910." 

4.4.5 Place the samples in the shipping container, allowing sufficient room between the samples to 
place ice andlor packing material. 

4.4.6 Double bag and seal crushed or cubed ice in heavy-duty polyethylene bags. Place these bags 
of ice on top of and between samples. Blue ice should only be used along with crushed/cubed ice; it 
does not maintain the 4°C temperature necessary for regulatory compliance. The remaining space 
will be filled with packing material. Place temperature blank between ice and inner-package. 

4.4.7 All samples requiring 4°C temperature preservation will be acceptable "as in" within the 
range of 4°C 2°C. The laboratory should record the temperature of receipt on the COC. For all 
samples received from 6°C to 10°C, the sample(s) and temperature (in 1 "C increments) will be noted 
on the COC and then analyzed. Samples with temperatures greater than 10°C and VOA samples 
below 0°C will be reported immediately to the Project Manager. 

4.5 Sample Shipping 

4.5.1 Shipping shall meet all applicable requirements of References 2.3 and 2.4. 

4.5.2 All materials being offered for transportation shall be properly classified based on existing 
data, site history, chemical characteristics, and radiological characteristics, etc. This is necessary in 
order to ensure that all appropriate packaging, marking, labeling, handling, placarding, shipping 
papers, and mode of transportation are utilized as applicablelrequired. 

4.5.3 Samples that contain or could potentially contain radioactive material shall only be sent to 
laboratories with an appropriate NRC or Agreement State Radioactive Materials License. Prior to 
shipment of radioactive material, it should be verified that the laboratorylfacility is able to 
receivelpossess the nuclides and total activity present in the shipment. 

4.5.4 As applicable, all radiological surveys mandated by Reference 2.3 shall be performed for 
packages and conveyances for shipping and receipt of radioactive material. 

4.5.5 The person in charge of sample custody will time, date, and sign over relinquishment of 
custody on the COC. When a common carrier is to be used for sample shipment, also record the 
airlwaybill number (tracking number) and the name of the carrier on the COC record. Place the 
original copy of the COC record in a sealed, clear plastic envelope or bag and tape the COC record 
envelope to the inside lid of the shipping container. Retain a copy of the COC record for tracking 
purposes. 

4.5.6 Using nylon reinforced strapping tape or mailing tape, bind the shipping container. Using 
duct tape, seal all potential leak points including any drainspout. 

4.5.7 Place custody tape over opposite ends of the lid. 
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4.5.8 Mark the container "THIS END UP," or apply arrow labels that indicate the proper position 
to be maintained during shipping. 

4.5.9 Apply a label stating the name and address of the shipper and the receiving laboratory on the 
outside of the cooler. 

4.5.10 Turn the sample(s) over to the courier or carrier for delivery to the laboratory. All samples 
should be shipped by the fastest available method to the laboratory as soon as possible after sample 
collection. 

NOTE: The courier or carrier is not responsible for sample custody and is not required to sign the 
COC. 

4.5.1 1 Contact the appropriate laboratory personnel to advise them of the sample shipment. In 
addition, fax a copy of the COC to the laboratory and the LEHR Project Chemist. 

4.5.12 Review the COC and sample collection forms for completeness and turn them over to site or 
project management personnel. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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SURFACE AND SHALLOW SUBSURFACE 
SOIL SAMPLING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This standard operating procedure (SOP) establishes guidelines and procedures for the collection of 
surface (zero to six inches below ground surface) and shallow subsurface (six inches to six feet 
below ground surface) soil samples for physical and chemical analyses. Proper collection 
procedures are necessary to assure the quality and integrity of all surface and shallow subsurface soil 
samples. Additional procedures and requirements will be provided in the task-specific sampling or 
work plans, as necessary. 

2.0 REFERENCES 

2.1 Environmental Protection Agency (EPA), September 1987, Compendium o f  Superfund 
Field Operations Methods, EPA 54O/P-87/OOl a, OSWER 9355.0-14 

2.2 EPA, August 1988, EPA Guidelines-for Conducting Remedial Znvestiaation and 
Feasibility Studies Under CERCLA, Interim Final OSWER Directive 9355.3-01 

2.3 SOP 1.1 - Chain-of-Custody 

2.4 SOP 2.1 - Sample Handling, Packaging and Shipping 

2.5 SOP 6.1 - Sampling Equipment and Well Material Decontamination 

2.6 SOP 17.1 - Sample Labeling 

2.7 SOP 17.2 - Sample Numbering 

2.8 Standard Quality Procedure (SQP) 4.2 - Records Management 
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3.0 DEFINITIONS 

3.1 Surface Soil Sample 

Soil collected from the surface to a depth not exceeding six inches. 

3.2 Shallow Subsurface Soil Sample 

Soil collected at a depth between six inches and six feet. 

3.3 Subsurface Soil Sample 

Soil collected at any depth greater than six inches. 

3.4 Disturbed Soil Sample 

A disturbed soil sample is a soil sample whose in situ physical structure and fabric has been 
disturbed as the direct result of sample collection. 

3.5 Undisturbed Soil Sample 

An undisturbed soil sample is a soil sample whose in situ physical structure and fabric has not been 
disturbed as the result of sample collection. 

3.6 Grab Sample 

A grab sample is a representative disturbed soil sample that is collected with devices such as shovels, 
stainless steel spoons, etc. 

4.0 PROCEDURE 

This section contains both the responsibilities and procedures involved with surface and shallow 
subsurface soil sampling. Proper surface and shallow subsurface soil sampling procedures are 
necessary to ensure the quality and integrity of the samples. The details within this SOP should be 
used in conjunction with task-specific sampling or work plans, which will generally provide the 
following information: 

Sample collection objectives; 

Locations and depths of soil samples to be collected; 

Numbers and volumes of soil samples to be collected; 

Types of analyses to be conducted for the samples; 
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Specific quality control procedures and sampling required; and, 

Any additional surface or shallow subsurface soil sampling requirements or 
procedures beyond those covered in this SOP, as necessary. 

At a minimum, the procedures outlined below for surface and shallow subsurface soil sampling will 
be followed. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all sample collection activities are 
conducted in accordance with this SOP and any other appropriate procedures. This will be 
accomplished through staff training and by maintaining quality assurance/quality control. 

4.1.2 The Project Quality Assurance Specialist (PQAS) is responsible for periodically reviewing 
field-generated documentation associated with this SOP. 

4.1.3 Field personnel assigned to surface and shallow subsurface soil sampling are responsible for 
completing their tasks according to specifications outlined in this SOP and other appropriate 
procedures. All staff are responsible for reporting deviations from procedures to the Site 
Coordinator or the PQAS. 

4.2 Surface Soil Sampling Equipment 

4.2.1 A number of devices can be used to collect surface soil samples. These include, but are not 
limited to: core samplers, hand augers, spoons, scoops, trowels, shovels, triers, etc. These devices 
are constructed of a number of materials including, but not limited to: stainless steel, brass, glass, 
Teflon@, etc. 

4.2.2 The sampling and analytical requirements, as well as site characteristics, must be taken into 
account when determining the proper surface soil sampling equipment to use. 

4.2.3 At present, the core sampling method is most commonly used for collecting both disturbed 
and undisturbed surface and shallow subsurface samples. The core sampler is typically a hollow 
cylinder, tapered at the leading end. A sample sleeve (brass, stainless steel, Lexan@, etc.) is inserted 
into the trailing end. The trailing end is then connected to a piston-type drive hammer. The core is 
driven into the soil by the hammer so that a relatively undisturbed sample is collected in the sleeve. 
The sample is then handled and shipped in the sample sleeve. 

4.2.4 When core sampling is not feasible, a sample can be collected by using such devices as a 
shovel, hand auger, trowel, or stainless steel spoon, etc. The soil is transferred from the collection 
device into decontaminated sample containers (commonly glass jars). The task-specific sampling or 
work plans will specify the type of sampling equipment to be used. The required sample containers 
will also be specified in the task-specific sampling or work plans. 
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4.3 Surface Soil Sample Collection 

4.3.1 Prior to sampling and between sampling locations, decontaminate the sample equipment 
according to SOP 6.1 and the procedures outlined in the task-specific sampling or work plans. 

4.3.2 Ensure that all surface and shallow .subsurface soil sampling locations have been 
appropriately cleared of all underground utilities and buried objects per the task-specific sampling or 
work plans. Review all forms and diagrams documenting the proposed sampling locations, as well 
as the locations of any underground utilities or buried objects. 

4.3.3 As required, calibrate any health and safety monitoring equipment according to the 
instrument manufacturer's specifications. Calibration results will be recorded on the appropriate 
form(s), as specified in the task-specific sampling or work plans. Instruments that cannot be 
calibrated according to the manufacturer's specifications will be removed from service and tagged. 

4.3.4 Don appropriate personal protective equipment as specified in the task-specific sampling or 
work plans. 

4.3.5 Clear the area to be sampled of surface debris and vegetation using equipment that will not 
be used for sample collection. 

4.3.6 If using the coring device, place the sleeve into the device and drive the assembly into the 
soil using the drive hammer. Drive the device into the soil until the trailing end of the sleeve is at the 
soil surface. 

4.3.7 Retrieve the device. Verify that the soil recovery is adequate in the sample sleeve. If there is 
sufficient recovery, annotate the leading end of the sample sleeve. 

4.3.8 If using a different sample collection device other than the coring device, scoop or collect 
soil and directly transfer the soil into the sample container (e.g., glass jar, brass sample sleeve, etc.). 
Fill the sample container until no head space exists. 

4.3.9 If using sample sleeves, place Teflon@ tape over each end of the sleeve and seal each end 
with plastic end caps. Custody seal may be used for additional sample security. 

4.3.10 If using glass jars, cap or seal the jars appropriately. Custody seals should be used to provide 
additional sample security. 

4.3.1 1 If using a sample kit for EPA Method 5035 (volatile organic compound analysis), the soil 
samples will be collected and preserved in the field following the procedures of EPA Method 5035. 
All sample collection equipment and containers will be provided in a 02SI Sample Aide kit or 
equivalent. Each kit contains the following items: 

One "T" handle syringe for collecting a soil sample; 
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Two pre-weighed low-level volatile organic analysis (VOA) vials containing 
five milliliters of 20 % bisulfate solution; 

One pre-weighed high-level VOA vial; 

One pre-weighed evaporative loss VOA vial; and, 

One Teflon@ tube of methanol preservative. 

Additional field supplies/equipment may include the following: 

Scale for weighing the amount of soil collected; 

Scissors for cutting the Teflon@ tube containing the methanol; 

Clean cloths or towels for wiping surfaces; and, 

Blade or knife for removing additional soil from the syringe. 

Instructions for using the kit are as follows: 

1. Using the "T" handle syringe, collect soil inside the syringe up to the bottom 
of the plunger, which is equivalent to approximately five grams of soil; 

2. Remove the caps from all four vials; 

3. Using the syringe, place an equal amount of soil (five grams) into each vial. 
Wipe the exterior of the syringe after each use with a clean cloth or towel; 

4. Cut the Teflon@ tube and pour methanol into the high level vial; 

5. Brush any soil off the vial threads with a clean towel or cloth and tightly cap 
all vials; 

6. Complete the information on the label provided; 

7. Wrap the VOA vial rack in bubble wrap; and, 

8. Place the VOA vial rack upright in a cooler for shipment to the analytical 
laboratory. 

4.3.12 Appropriately label and number the sample containers per SOPS 17.1 and 17.2, respectively, 
and the task-specific sampling or work plans. The label will be completed with waterproof ink and 
will contain, at a minimum, the following information: 

Project number; 

Sample number; 

Sample location; 
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Sample depth; 

Sample type; 

Date and time of collection; 

Parameters for analysis; and, 

Sampler's initials. 

4.3.13 Document the sampling event on the Sample Collection Log (Attachment 7.1) or an 
equivalent form as specified in the task-specific sampling or work plans. Note any pertinent field 
observations, conditions or problems on the Field .Activity Daily Log (SOP 1.1, Attachment 6.2). 
Any problems or unusual conditions should be immediately brought to the attention of the Site 
Coordinator. 

4.3.14 Appropriately preserve, handle, package, and ship the samples per SOP 2.1 and the task- 
specific sampling or work plans. The samples shall also be managed per SOP 1.1. 

4.3.15 Fill and abandon the sample hole as required by the task-specific sampling or work plans. 

4.4 Shallow Subsurface Soil Sampling 

4.4.1 The common method to collect shallow subsurface soil samples is to use a hand auger to 
bore to the desired sampling depth and then retrieve the sample with a core sampler. The hand auger 
might also be used to recover the sample for direct transfer into glass jars. The exact methodology 
should be specified in the task-specific sampling or work plans. 

4.4.2 Successive drives of the core sampler may be used to recover shallow subsurface soil 
samples that are less than 18 inches deep. In all methods cited above, borehole stability should be 
maintained to prevent the recovery of slough in the samples. If sloughing cannot be controlled, then 
another sampling methodology may have to be considered. 

4.4.3 As with surface soil samples, shallow subsurface soil sampling follows the same sample 
collection procedures specified in Section 4.3.. 

5.0 QUALITY CONTROL SOIL BLANK PREPARATION 

One quality control soil blank will be sent with each shipment requiring analysis for volatile organic 
compounds. The soil blank will be prepared according to the following procedure: 

5.1 Collect approximately eight ounces of soil from the container labeled "QC blank soil" 
located on the table in the on-site laboratory. 

5.2 Lay the soil evenly over a one-foot by one-foot square of aluminum foil and place it under 
the heat lamps. 
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5.3 Adjust the lamps so that the soil temperature stabilizes at approximately 115 degrees (") 
Celsius (C), k15" (240" Fahrenheit [F], +30°). 

5.4 Shut the lamps off and measure the temperature of the soil with the digital thermometer after 
temperature stabilization. Record the temperature in a field notebook and turn the lamps back on. 

5.5. Heat the soil for one hour. 

5.6 After the one-hour period, shut the lamps off and measure the temperature again. If the 
second temperature measurement is above 100°C (212"F), then record the temperatures-in a field 
notebook and proceed to Step 5.7. If the second measurement is below 100" C (212" F), then adjust 
the lamps to achieve a temperature greater than 100" C for one hour and measure the beginning and 
ending temperatures. Record the temperatures in a field notebook. 

5.7 Allow the soil to cool below 50°C (122"F), then transfer sample to VOA vials using Method 
5035 Sample Collection and Preservation Procedures in accordance with SOP 3.1, Surface and 
Shallow Subsurface Soil Sampling. 

5.8 Assign the sample an identification number that is indistinguishable from the rest of the soil 
samples to be collected, so the blank will not be obvious to the laboratory. 

5.9 Ship the soil blank with other soil samples on the same chain-of-custody form. 

6.0 RECORDS 

Records generated as a result of this SOP will be controlled and maintained in the project record files 
in accordance with SQP 4.2. 

7.0 ATTACHMENT 

7.1 Sample Collection Log 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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ATTACHMENT 7.1 

SAMPLE COLLECTION LOG 
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SAMPLE COLLECTION LOG 

DATE 

TIME 

PAGE OF 

PROJECT NO. 

PROJECT NAME 

SAMPLE NO. 

SAMPLE LOCATION 

COMPOSITE TYPE I 

SAMPLE TYPE 

DEPTH OF SAMPLE I 

CONTAINERS 
COMPOSITE YES NO USED 

WEATHER w 

VOLUME 
COLLECTED 

COMMENTS: 

PREPARED BY: 
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SUBSURFACE SOIL SAMPLING WHILE 
DRILLING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This standard operating procedure (SOP) establishes guidelines and procedures for subsurface soil 
sampling while drilling. Several methods may be used to collect subsurface samples. The more 
common drilling methods and sampling procedures are described below. Proper collection 
procedures are necessary to assure the quality and integrity of all subsurface soil samples. 
Additional specific procedures and requirements will be provided in the task-specific sampling or 
work plans, as necessary. 

2.0 REFERENCES 

2.1 American Society for Testing Materials (ASTM), 1989, Standarif Meth6d for 
Penetration Test and S~lit-Barrel Sampling o f  Soils, Method 0-1586-84, Philadelphia, PA 

2.2 ASTM, 1986, Standard Practice for Thin- Walled Tube Sampling - .  o f  Soils, Method D- 
1587-83, Philadelphia, PA, p. 304-307 

2.3 ASTM, 1986, Standard Practice for Ring-Lined Barrel Sampling o f  Soils, Method D- 
3550-84, Philadelphia, PA, p. 560-563 

2.4 SOP 1. I - Chain-of-Custody 

2.5 SOP 2.1 - Sample Handling, Packaging and Shipping 

2.6 SOP 6.1 - Sampling Equipment and Well Material Decontamination 

2.7 SOP 14.1 - Hollow Stem Auger Drilling 

2.8 SOP 14.2 - Mud Rotary Drilling 

2.9 SOP 14.3 - Air Rotary Drilling 
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2.10 SOP 14.4 - Dual Tube Percussion Drilling 

2.11 SOP 15.1 - Lithologic Logging 

2.12 SOP 17.1 - Sample Labeling 

2.13 SOP 17.2 - Sample Numbering 

2.14 SOP 19.1 - On-Site Sample Storage 

2.15 Standard Quality Procedure (SQP) 4.2 - Records Management 

3.0 DEFINITIONS 

3.1 Borehole 

A borehole is any hole drilled into the subsurface for the purpose of identifying lithology, collecting 
soil or water samples, andlor installing monitoring wells. 

3.2 Split-Spoon Sampler 

A split-spoon sampler is a steel tube, split in half lengthwise, with the halves held together by 
threaded collars at either end of the tube. This device can be driven into resistant (semi- 
consolidated) materials using a drive weight or drilling jars mounted in the drilling rig. A standard 
split-spoon sampler (used for performing standard penetration tests) is 2 inches in outside diameter 
and 1.375 inches in inside diameter. This standard spoon typically is available in two common 
lengths, providing either 20-inch or 26-inch internal longitudinal clearance for obtaining 18-inch or 
24-inch long samples, respectively. Six-inch long sleeves (tubes) of brass, stainless steel, or plastic 
are commonly placed inside the sampler to collect and retain soil samples. A five-foot long split- 
spoon sampler is also available. A California modified split-spoon sampler is also commonly used. 
The design is similar to the standard split-spoon except the outside diameter is 2.5 inches and the 
inside diameter is 2 inches. 

3.3 Shelby Tube Sampler 

A Shelby tube sampler is a thin-walled metal tube used to recover relatively undisturbed samples. 
These tubes are available in various sizes, ranging from 2 to 5 inches in outside diameter and 18 to 
54 inches in length. A stationary piston device is included in the sampler to reduce sampling 
disturbance and increase sample recovery. 
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3.4 Drilling Jars 

Drilling jars are a set of linked, heat-treated steel bars. The jars may be attached to a wireline 
sampling string incorporating a split spoon or other impact sampler. The jars are used to drive the 
sampler into the soil below the bottom of the borehole. 

3.5 Direct-Push Continuous Core Sampler 

Continuous core sampling system methods utilize a core barrel, which recovers a soil core from the 
interval through which the barrel is advanced. Soil samples are collected in 1.5-inch to 2.65-inch 
diameter brass or stainless steel sleeves inside the inner sample barrel. The sleeves are removed from 
the sample barrel and given to the site geologist or engineer for testing and lithologic description. 
The outer-drive barrel is recovered after the total depth of the boring is attained. 

4.0 PROCEDURES 

This section describes both the responsibilities and procedures involved with subsurface soil 
sampling while drilling. Proper subsurface soil sampling procedures are necessary to ensure the 
quality and integrity of the samples. This SOP should be used in conjunction with task-specific 
sampling or work plans, which will generally provide the following information: 

Sample collection objectives; 

Locations of soil borings and target horizons or depths of soil samples to be 
collected; 

Numbers and volumes of samples to be collected; 

Types of analyses to be conducted for the samples; 

Specific quality control procedures and sampling required; and, 

Any additional subsurface soil sampling requirements or procedures beyond 
those covered in this SOP, as necessary. 

There are many different methods that may be used for subsurface soil sample collection during 
drilling. This SOP focuses on the two most common methods of soil sample collection: split-spoon 
sampling and direct-push continuous core sampling. At a minimum, the procedures outlined below 
for these two subsurface soil sampling methods will be followed. If other subsurface soil sampling 
methods are deemed necessary to meet project objectives, the procedures for these methods will be 
updated in this SOP or included in the task-specific sampling or work plans. 
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4.1 Responsibilities 

4.1.1 The Project Manager .is responsible for ensuring that all sample collection activities are 
conducted in accordance with this SOP and any other appropriate procedures. This will be 
accomplished through staff training and by maintaining quality assuranceJquality control. 

4.1.2 The Project Quality Assurance Specialist (PQAS) is responsible for periodically reviewing 
field-generated documentation associated with this SOP. 

4.1.3 Field personnel assigned to subsurface soil sampling during drilling are responsible for 
completing their tasks according to specifications outlined in this SOP and other appropriate 
procedures. All staff are responsible for reporting deviations from procedures to the Site 
Coordinator or the PQAS. 

4.2 General Sampling Considerations 

4.2.1 The two subsurface soil sampling methods covered in this SOP, split-spoon and Shelby tube, 
are commonly used in conjunction with hollow stem auger, air rotary and dual tube percussion 
drilling methods. Split-spoon or Shelby tube sampling may be conducted when drilling with mud 
rotary methods. However, when using this drilling method, the samples are not generally useful for 
chemical analyses. This is because the samples may become invaded or chemically altered when 
they are travel through the drilling mud during sample retrieval. In addition, loose unconsolidated 
soils may also literally wash out of the samplers when they travel through the mud column. 

4.2.2 The procedures described in this SOP must be used in conjunction with the SOP prescribed 
for the specific drilling method used at the site. SOPs 14.1, 14.2, 14.3 and 14.4 specifically cover 
hollow stem auger, mud rotary, air rotary, and dual tube percussion drilling methods, respectively. 
Included in these drilling method SOPs are specific drilling requirements related to subsurface soil 
sampling. These also include, but are not limited to, site clearance, site preparation, and health and 
safety requirements. Consequently, the SOP for the specific drilling method to be used at the site, 
the task-specific sampling or work plans, and this SOP must be reviewed together before the 
initiation of drilling and sampling. 

4.3 Split-Spoon Sampling 

Split-spoon samples for chemical analysis are usually obtained in brass, plastic, or stainless steel 
sleeves. The types, dimensions and number of sleeves to be used, along with the length and type of 
sampler, will be stated in the task-specific sampling or work plans. The split-spoon sampler, lined 
with the sleeves, is connected to the drill rod string or a wireline sampling string and is driven by a 
hammer (140 or 340 pounds, depending on the size of the sampler) or drilling jars into the 
undisturbed soil below the bottom of the borehole. The procedure for collecting samples from the 
split-spoon sampler will be outlined in the task-specific sampling or work plans. The standard 
procedure is described below. 
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4.3.1 Calibrate all field analytical and health and safety monitoring equipment according to the 
instrument manufacturer's specifications. Calibration results will be recorded on the appropriate 
forrn(s) as specified by the task-specific sampling or work plans. Instruments that cannot be 
calibrated according to the manufacturer's specifications will be removed from service and tagged. 

4.3.2 Wear the appropriate personal protective equipment as specified in the task-specific 
sampling or work plans and the applicable drilling method SOP. Personnel protection will typically 
include a hard hat, safety glasses, gloves, steel-toed boots, hearing protection, and coveralls. 

4.3.3 Between each sampling location and prior to each sampling run, decontaminate the sampler, 
sleeves, and other sampling equipment as described in SOP 6.1. 

4.3.4 Advance the borehole to the desired depth or target horizon where the sampling run is to 
begin. During drilling, monitor vapors in the breathing zone according to the task-specific sampling 
or work plans and drilling method SOP. 

4.3.5 When the desired sampling depth or target horizon is reached, remove the drill bit or plug 
from inside the drive casing or augers. 

4.3.6 Insert the sleeves into the split-spoon sampler, connect the halves, and screw together the 
rear threaded collar and front drive shoe. Attach the split-spoon sampler to the bottom end of the 
drill rod string or wireline sampling string. Set up and attach the specified weight hammer, if used. 

4.3.7 Drive the sampler into the soil at the bottom of the borehole. Record the type of sampler 
assembly and hammer weight on the BoreholeNlTell Construction Log (Attachment 7.1) and/or other 
appropriate form(s), as specified in the task-specific sampling or work plans. To minimize off- 
gassing of the volatiles, the sampler should not be driven until the sampling team is ready to process 
the sample. 

4.3.8 When conducting penetration testing, observe and record on the BoreholeNell Construction 
Log the number of hammer blows per six inches of penetration. 

4.3.9 Pull the drill rod or wireline sampling string up from the bottom of the borehole and remove 
the sampler. 

4.3.10 Remove the drive shoe and rear collar from the sampler and open the split barrel. 

4.3.11 Remove the sleeves one at a time. Observe and record the amount of sample recovery on the 
BoreholeWell Construction Log. Any observed field problems associated with the sampling attempt 
(e.g., refusal) or lack of recovery should also be noted. 

4.3.12 Select sleeve(s) to be submitted for laboratory analysis. Sample sleeve selection should be 
based on five factors: judgement that the sample represents relatively undisturbed intact material, 
not slough; proximity to the drive shoe; minimal exposure to air; lithology; and obvious evidence of 
contamination. The task-specific sampling or work plans will specify which sample sleeves will be 
submitted for specific analyses and confirm the selection criteria. 
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4.3.13 Place Teflon@ film over each end of sleeves to be submitted for chemical analysis and seal 
each end with plastic end caps. Custody seals may be used for additional sample security. 

4.3.14 Appropriately label and number each sleeve to be submitted for analysis per SOPS 17.1 and 
17.2, respectively. The label will be completed using waterproof ink and will contain, at a 
minimum, the following information: 

Project number; 
Boring number; 
Sample number; 
Bottom depth of sleeve; 
Date and time of sample collection; 
Parameters for analysis; and, 
Sampler's initials. 

4.3.15 Document the sampling event on the BoreholelWell Construction Log (Attachment 7.1) or 
an equivalent form as specified in the task-specific sampling or work plans. At a minimum, this log 
will contain: 

Project name and number; 
Date and time of the sampling event; 
Drilling and sampling methods; 
Sample number; 
Sample location; 
Boring number; 
Sample depth; 
Sample description; 
Weather conditions; 
Any detected odor, discoloration andlor other evidence of the presence of 
contaminants; 
Unusual events; and, 
Signature or initials of the sampler. 

4.3.16 Appropriately preserve, package, handle, and ship the samples in accordance with the 
procedures outlined in SOP 2.1 and the task-specific sampling or work plans. The samples shall also 
be managed per SOP 1.1. Samples stored on site will be subject to the provisions of SOP 19.1. 

4.3.17 Samples collected for volatile organic compound analysis by EPA Method 5035 must be 
collected and preserved in accordance with SOP 3.1, Surface and Shallow Subsurface Soil Sampling, 
Section 4.3.11. 

4.3.18 One of the sample sleeves may also be utilized for lithologic logging per SOP 15.1. This 
sleeve may not then be retained for chemical analysis, as soil must be removed from the sleeve to 
effectively describe the soi~lithology and compile the lithologic log. 
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4.3.19 Where required by the task-specific sampling or work plans, remove the soil from one of the 
remaining sleeves and place in a seam-sealing, polyethylene bag for organic vapor screening. Place 
the bag in the sunlight for at least five minutes, then using an organic vapor probe (e.g., portable 
photoionization detector, flame ionization detector, or other appropriate instrument), monitor the soil 
for organic vapors. Record the reading on the BoreholerWell Construction Log (Attachment 7.1), 
the Sample Collection Log (SOP 3.1, Attachment 7.1), and any other form(s) specified in the task- 
specific sampling or work plans. 

4.3.20 Repeat this sampling procedure at the intervals specified in the task-specific sampling or 
work plans until the bottom of the borehole is reached and/or last sample collected. 

4.4 Continuous Core Sampling Method 

Continuous core sampling system methods may be specified where continuous soil cores are to be 
recovered by direct-push coring methods (e.g., Geoprobe or Envirocore). The continuous core 
sampling method utilizes a core barrel, which recovers soil core from the interval through which the 
barrel is advanced. The barrel is recovered after the total depth of the boring is attained. 

The standard procedure for collecting samples using a continuous core sampling device is described 
below. 

4.4.1 Calibrate all field analytical and health and safety monitoring equipment as discussed in 
Section 4.3.1. 

4.4.2 Wear the appropriate personal protective equipment as described in Section 4.3.2. 

4.4.3 Between each sampling location, prior to each sampling run and/or as required, 
decontaminate the sampler and other sampling equipment as described in SOP 6.1. 

4.4.4 Advance the continuous sampler to the desired depth or target horizon while monitoring the 
breathing zone according to the task-specific sampling or work plans and applicable drilling method 
SOP. A three-foot section of the sampler (consisting of inner sampling rods and outer drive casing) 
is driven into the ground . 

4.4.5 After being driven three feet, the small diameter (1.5-inch) inner sampling rods are removed 
from the borehole using a hydraulic winch. The larger (2-inch) diameter drive casing is left in place 
to prevent the borehole from collapsing. Soil samples are collected in 1.5-inch diameter stainless 
steel sleeves inside the inner sample barrel. The sleeves are removed from the sample barrel and 
given to the site geologist or engineer for lithologic interpretation. New sleeves are then added to the 
sample barrel and it is lowered back into the borehole. An additional three or more feet of inner rods 
and outer drive casing are attached, and the process is repeated until the desired depth is reached. 

4.4.6 Once the soil has been continuously cored to the desired depth, the inner sampling rods are 
removed, while the outer casing remains in place to hold the boring open. Observe and record the 
amount of sample recovery and any associated problems as discussed in Section 4.3.11. 
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4.4.7 Place Teflon@ film over each end of the tube if it is to be submitted for chemical analysis 
and seal the ends with plastic end caps. Custody seals should be added for additional sample 
security. 

4.4.8 Appropriately label and number the tube as described in Section 4.3.14. 

4.4.9 Document the sampling event on the Borehole~Well Construction Log (Attachment 7.1) as 
discussed in Section 4.3.15. 

4.4.10 Appropriately preserve, package, handle and ship the sample in accordance with the 
procedures outlined in SOP 2.1 and the task-specific sampling or work plans. The samples shall also 
be managed per SOP 1.1. Samples stored on-site will be subject to the provisions of SOP 19.1. 

4.4.11 Samples collected for volatile organic compound analysis by EPA Method 5035 must be 
collected and preserved in accordance with SOP 3.1, Surface and Shallow Subsurface Soil Sampling, 
Section 4.3.1 1. 

4.4.12 Repeat this sampling procedure continuously until the bottom of the borehole is reached 
andlor last sample collected as specified in the task-specific sampling or work plan. 

4.4.13 Finally, cement grout is place in the borehole, from bottom to top, as the drive casing is 
withdrawn. This seals the borehole and prevents it from acting as a conduit for potential 
contaminant migration. 

5.0 QUALITY CONTROL SOIL BLANK PREPARATION 

One quality control soil blank will be. sent with each shipment requiring analysis for volatile organic 
compounds. The soil blank will be prepared according to the following procedure: 

5.1 Collect approximately eight ounces of soil from the container labeled "QC blank soil" 
located on the table in the on-site laboratory. 

5.2 Lay the soil evenly over a one-foot by one-foot square of aluminum foil and place it under 
the heat lamps. 

5.3 Adjust the lamps so that the soil temperature stabilizes at approximately 115 degrees (") 
Celsius (C), k15" (240" Fahrenheit [ f l ,  230"). 

5.4 Shut the lamps off and measure the temperature of the soil with the digital thermometer after 
temperature stabilization. Record the temperature in a field notebook and turn the lamps back on. 

5.5. Heat the soil for one hour. 

5.6 After the one-hour period, shut the lamps off and measure the temperature again. If the 
second temperature measurement is above 100°C (212"F), then record the temperatures in a field 
notebook and proceed to Step 5.7. If the second measurement is below 100°C (212"F), then adjust 
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the lamps to achieve a temperature greater than 100°C for one hour and measure the beginning and 
ending temperatures. Record the temperatures in a field notebook. 

5.7 Allow the soil to cool below 50°C (122"F), then collect and preserve the sample in 
accordance with SOP 3.1, Surface and Shallow Subsurface Soil Sampling, Section 4.3.1 1. 

5.8 Assign the sample an identification number that is indistinguishable from the rest of the soil 
samples to be collected, so the blank will not be obvious to the laboratory. 

5.9 Ship the soil blank with other soil samples on the same chain-of-custody form. 

6.0 RECORDS 

Records generated as a result of this SOP will be controlled and maintained in the project record files 
in accordance with SQP 4.2. 

7.0 ATTACHMENT 

7.1 Borehole/Well Construction Log 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the Project Quality Assurance Manager, if the substitute form contains equivalent information as 
the referenced form. 
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COMPACTION OF FILL MATERIAL 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) establishes methods and responsibilities for 
compaction of earth fill for construction purposes to produce a soil that meets design specifications 
for strength, compressibility, stability against volume charge, and/or durability and safety against 
deterioration. 

The purpose of this document is to provide general recommended methodologies for compaction of 
earth fill. This document does not include all methods, conditions, situations, or difficulties that may 
arise during compaction. For site specific information, an experienced and qualified engineer 
knowledgeable in earth fill compaction should be consulted. 

REFERENCES 

Essentials o f  Soil Mechanics, Third Edition, David F. McCarthy 

An Introduction to Geotechnical Engineering, Robert D. Holtz and William D. Kovacs 

ASTM Dl557 (1994) - Moisture Density Relations of Soils and Soil-Aggregate 
Mixtures Using 10-lb (4.54-kg) Rammer and 18-in. (457 mm) Drop 

ASTM 02922 (1994) - Density of Soil and Soil-Aggregate in Place by Nuclear 
Density Methods (Shallow Depth) 

ASTM 03017 (1994) - Moisture Content of Soil and Soil-Aggregate in Place by 
Nuclear Methods (Shallow Depth) 

DEFINITIONS 

Expansive Clays 

Expansive clays are clays that are susceptible to large volume changes that are directly related to 
changes in water content. The swelling forces of this clay can cause enough surcharge to lift 
pavements and light structures. 
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3.2 Cohesive Soil 

Fine grained particles (i.e., silt and clay) that form clusters because each individual grain has high 
interparticle bonding properties. 

3.3 Cohesionless Soil 

Grains of soil (i.e., sands) that can settle out of a soil-fluid suspension independently of other grains. 

3.4 Modified Proctor Test 

The test produces a unique curve that relates a soil's water content to its maximum density. The test 
is used to determine the optimum moisture content for a soil so that maximum compaction can be 
achieved. 

3.5 Backfill 

Soil material placed back into an area that has been excavated. 

4.0 PROCEDURE 

The procedure will explain some acceptable methodologies to achieve design-specified compaction. 

4.1 Discussion 

When soil is used for construction, it is normally placed in layers, the layer thickness determined by 
a qualified engineer. Each layer is compacted according to specifications before the next layer is 
placed. The following sections will explain some acceptable methods to achieve soil compaction. 

4.2 Responsibilities 

4.2.1 The Construction Engineer has the responsibility to instruct his operators and technicians to 
implement compaction activities. The Construction Engineer will be responsible for insuring that 
there is sufficient quantity of fill soil for the compaction operation, that the fill soil is suitable 
material, and that the fill soil has proper moisture content. He will also provide support for the Field 
Engineer. 

4.2.2 The Field Engineer has the responsibility to insure that the height of each lift follows the 
design specifications, the number of passes by the compaction equipment is sufficient to reach the 
design compaction specifications, the final grade is at the required design elevation, and that the 
compacted soil has reached the specified density. 
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4.2.3 The Field Engineer's duties will involve sampling the fill soil, obtaining a five point 
modified Proctor curve to determine maximum dry density of the soil and optimum moisture 
content, and using a device to determine in-place density. If the compacted soil does not meet the 
specified density, the PEG has the responsibility to inform the Construction Superintendent. 

4.3 Preparation 

4.3.1 Fill soil is needed as compaction material for an excavation or trench. If the existing soil 
cannot be used as fill material, then fill soil must be imported from another source. Almost all soil 
can be used as fill soil provided it does not contain either organic material that can decompose, 
foreign material that can undergo changes after it is in place, or contaminated material. A qualified 
engineer will examine all fill soil before the soil is placed in the excavation. 

4.3.2 Granular soils are considered the easiest material to compact. This material can gain high 
strength with compaction. After the material is compacted, there will be minimal volume change. 

4.3.3 Silty soils can gain reasonable strength with little propensity for volume change. Moisture 
control is important in the proper compaction of silty soils. 

4.3.4 Compacted clay can gain relatively high strengths. Moisture control is important in the 
proper compaction of clay soils. 

4.3.5 Fill soil is generally placed in an excavation with a self-propelled scraper or bulldozer. A 
bulldozer or grader is generally used in the fill area to maintain a uniform spread of fill soil. 

4.3.6 The thickness of the soil placement will vary depending on the weight of the compaction 
equipment. Recommended thickness of soil layers is outlined in Section 4.3.4. 

4.3.7 Fine-grained silt and clay soils that appear too wet to compact should be substituted by a 
dryer soil. If it is not feasible to import soil, scarification and aeration can be utilized to reduce the 
existing soil moisture content. Water should be added to a soil that is too dry. The water should be 
evenly mixed into the soil. 

4.3.8 The type of compaction equipment and the method of compaction depends on the soil type 
and the soil conditions. 

The "sheepsfoot roller" or similar roller with projecting studs that compact through a combination of 
kneading and tamping is effective on cohesive soils like clay and silt-clay soils. The depth and 
compaction of a soil layer placed depends on the length of the studs, the weight of the roller, and the 
number of passes the equipment places on the soil layer. Generally, a large, heavy roller with long 
studs can compact a 12-inch soil layer in three to five passes. Small, light rollers with shorter studs 
should be limited to layers less than six inches thick. 

The pneumatic tire roller is effective for compacting both cohesive and cohesionless soils. It is the 
best compaction for general compaction use. Generally, a light pneumatic tire roller can properly 
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compact a six-inch soil layer with three to five passes. The heaviest pneumatic tire loader can 
typically compact an 18 inch soil layer with three to five passes. 

Vibratory compactors are most effective on granular soils having a low to no siltlclay sized 
materials. Vibratory compactors can either be in the form of a "sheepsfoot roller" or a pneumatic 
tire roller. The thickness of the soil layer depends on the weight of the compactor. 

4.4 Compaction Implementation 

After the soil is classified by a qualified engineer, the soil optimum moisture content and maximum 
dry density is determined through laboratory methods (ASTM D1557). This will enable the 
Construction Superintendent to determine whether the existing fill is suitable for compaction. If the 
material is not suitable, compactable fill soil must be imported. After the fill soil is approved, the 
compaction equipment is chosen and the site is prepared for compaction. The soil is placed in a 
series of layers. Each soil layer is compacted with the compaction equipment before the following 
layer is placed. Generally, the top few inches of the lift is scarified before the next lift is placed. 
Soil layers are placed until the work area is flush with the existing ground surface or as dictated by 
the design specification. The final layer is not scarified. 

4.5 Field Control 

Field control is the responsibility of the PEG. The PEG will verify the compaction work. 

4.5.1 After the lift is thoroughly compacted, the PEG verifies that the lift has met the compaction 
criteria. On structural earth fills, the job will normally specify the degree of compaction that must be 
achieved in order for the soil layer to be considered acceptable. This job specification is generally 
based on the results of laboratory compaction tests, such as a moisture-density test, performed on a 
representative sample of fill soil. A recommended method to determine the moisture density 
relationship is the modified Proctor test (ASTM D1557). The PEG must obtain at least five gallons 
of soil for the test. Additionally, it is recommended that the PEG obtain two gallons of fill soil every 
100 cubic yards for a one-point modified Proctor test. The one point test will help the PEG 
determine whether the soil conditions deviate from the conditions determined from the original 
Proctor test. 

4.5.2 Field density tests are done using the results of the modified Proctor curve performed on the 
fill soil. The information obtained from the curve, both the optimum moisture content and the 
maximum dry density, is entered into a nuclear density gage. It is general practice to perform in- 
place density tests with a nuclear density gauge (ASTM D2922 and D3017). It is typical to test at 
several random locations after the soil layer is compacted. The elevation of the test location is also 
taken. The density of the compacted fill, the moisture of the fill soil, the percent compaction, and 
the elevation is recorded on a form. It is recommended that the gauge reading and the elevation be 
recorded on a map of the work area. When the test results indicate that satisfactory compaction has 
been obtained, the PEG will inform the Construction Supervisor. 
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4.6 Compaction DifJiculties 

Compaction difficulties include underground buried structures and problem soils. 

4.6.1 If there are buried structures, the location and depth of the structure should first be 
determined. Work will not proceed until a qualified engineer determines the amount of backfill or a 
different compaction methodology required to prevent damage to the buried structure. 

4.6.2 Expansive clays, like those containing the montmorillonite mineral, are prone to large 
volume changes in the presence of water. The volume change could lift pavements andor small 
structures. It is considered poor foundation material unless it can be protected from the effects of 
water. 

5.0 RECORDS 

The original and originals of revision of the Nuclear Density/Moisture, an attached location map, and 
Field Activity Daily Logs will be controlled and maintained in the record files. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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WATER LEVEL MEASUREMENTS IN 
MONITORING WELLS 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines for personnel to use in determining 
the depth to water in monitoring wells. 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

3.0 

None 

4.0 

REFERENCES 

EPA, 1986, RCRA Groundwater Monitoring Technical Enforcement Guidance 
Document, OSWER 9950.1, U.S. Government Printing Office, Washington, D. C. 

EPA, 1991, Environmental Compliance Branch, standard Operating Procedures and 
Qualitv Assurance Manual, Region IV, Environmental Services Division, Athens, 
Georgia, U.S. Government Printing Ofice, Washington, D.C. 

SOP 5.2 - Non-Aqueous Phase Liquid Measurements in Monitoring Wells 

SOP 6.1 - Sampling Equipment and Well Material Decontamination 

SOP 4.2 - Records Management 

DEFINITIONS 

PROCEDURE 

Water level measurements are commonly taken in each monitoring well immediately prior to, during, 
and following well development, and both before and after well purging and sampling. Water level 
measurements may also be taken where no development or purging is being conducted, strictly to 
monitor or generate water table or piezometric surfaces. When such measurements are made to 
monitor water table or piezometric surfaces, water levels in all wells at a given site should be 
measured within a 24-hour maximum period whenever possible. When measuring wells for water 
table or potentiometric surface analysis, and if the contaminant history is known for each of the 
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wells, it is advisable to monitor water levels beginning with the least contaminated wells first and 
progressing to the most contaminated wells last. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that monitoring well water level 
measurements are properly collected and documented. This will be accomplished by staff training 
and by maintaining quality assurance/quality control (QAJQC) 

4.1.2 The Project QA Specialist (PQAS) is responsible for the periodic review of documentation 
generated as a result of this SOP and the periodic review and audit of field personnel as they perform 
the work. If problems arise, the PQAS is also responsible for verifying implementation of corrective 
action(s) (i.e., retraining personnel, additional review of work plans and SOPS, variances to 
requirements, and issuing nonconfonnances) and assuring through monitoring the continued 
implementation of stated corrective actions. 

4.1.3 Field sampling personnel assigned to this task are responsible for the proper collection and 
documentation of the monitoring well water level measurements. All staff are responsible for 
reporting desertions from procedures to the Field Coordinator or the PQAS. 

4.2 Equipment Selection 

4.2.1 A number of devices are available for the determination of water level measurements in 
monitoring wells. Those most commonly used and covered in this SOP include: steel tapes, electric 
sounders, and petroleum product probes. The equipment must be capable of recording a 
measurement to the accuracy required by the project work plans. 

4.2.2 Project data quality objectives and site characteristics must be taken into account when 
determining the water level measurement equipment to use. The total number of wells to be 
measured, weather, tidal influences, pumping, and construction can all affect water level 
measurements. The project-specific work plans will identify the specific equipment to be used. 

4.3 Determining Water Level Measurements in Monitoring Wells 

The standard procedure for determining depth to water is described below. 

4.3.1 Calibrate all measuring devices according to the manufacturer's specifications. Measuring 
tapes should be checked a minimum of every six months against a surveyor's tape to determine if 
shrinking or stretching has occurred. 

4.3.2 Prior to taking a water level measurement at each well, decontaminate the measuring device 
according to the procedures outlined in SOP 6.1. During decontamination, all measuring tapes 
should be inspected for kinks, cracks, or tears and, if present, repaired or replaced with undamaged 
equipment. 
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4.3.3 Visually inspect the well to ensure that it is undamaged, properly labeled and secured. Any 
damage or problems with the well head should be noted on the Field Activity Daily Log (FADL) 
(SOP 1.1) and the Site Coordinator notified for repair or replacement of the equipment. 

4.3.4 Uncap the well and monitor the air space immediately above the open casing per the project- 
specific health and safety plan. Observe if any air is flowing into or out of the casing. In the event 
such conditions are observed, they should be noted on the Water Levels form, Well Development 
Data form or Water Sampling Data form (Attachments 6.1, 6.2, and 6.3, respectively) as appropriate. 
Lower the electric sounder of equivalent (product probe or steel tape) into the well until the water 
surface is encountered. If air is observed to be entering flowing out of the casing, the sounder should 
not be placed inside the well until the air flow stops and pressure equalizes. 

4.3.5 Measure the distance from the water surface to the permanent reference point. For 
aboveground "stickup" completions, the reference point is usually a groove cut into the north side of 
the casing. If no permanent reference point is available for an aboveground completion, measure 
from another permanently fixed structure or from ground level. The point of measurement should 
then be noted on the FADL and the appropriate form on which the water level is recorded. For flush 
mount completions, such as street boxes, the water level measurement should be referenced to the 
rim of the street box. Any aboveground completions without permanent reference points or marks 
should be brought to the attention of the appropriate supervisory personnel per the project-specific 
work plan. 

4.3.6 Collect measurements until two consecutive measurements are identical or within the 
specified tolerance of the project-specific work plans (usually 0.01 ft.). Record all appropriate 
information on either the Water Levels form, Well Development Data form, or the Water Sampling 
Data form, depending upon the task being performed. At a minimum, the following information 
must be recorded: 

Project name and number; 
Unique well identification number; 
Date and time of measurement collection; 
Depth to water; and, 
Any problems encountered. 

4.3.7 If product or other non-aqueous liquid is encountered, follow the procedures outlined in 
SOP 5.2. 

4.3.8 Cap and re-lock the well. 

5.0 RECORDS 

Records generated as a result of this SOP will be controlled and maintained in the project records 
files in accordance with SQP 4.2. 
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6.0 ATTACHMENTS 

6.1 Water Levels Form 

6.2 Well Development Data Form 

6.3 Water Sampling Data Form 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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WATER LEVELS FORM 
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WELL DEVELOPMENT DATA FORM 
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Project Name Project Location 
Weather Conditions Job No. 
Well ID'Nurnber Date 
Development Method(s) BY 
Depth to Water Before Development (ft) Reference Elevation 
Well D i m .  (in.) Screened Interval (ft) Well Depth (ft) 

Time 

Well Development Summary 
Depth to Water During Pumping (ft) Approximate yield 
Depth to Water after Development Average Pumping Rate (gpm) 
Sounded Depth After Development Pumping Rate Range (gpm) 
Total Pumping Time (min) Total H20 Injected (gals) 
Total Amount Evacuated (gals) Well Development Observer 

OWeiss Associates 6/96 

Comments (water clarity, odor, methods, sounded depth, etc.) 

Flow 
Rate 

(gpm) 

Depth 
to 

Water 

(ft) 

Gallons 
Pumped 
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WATER SAMPLING DATA FORM 
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WATER SAMPLING DATA 
Well Name Date  Time of Sampling 
Job Name Job  Number Initials 

iple Point Description (M = Monitoring Well) 
~ o c a t i o n  
WELL DATA: Depth to Water f t  (static, pumping) Depth to Product f t .  
Product Thickness Well Depth - f t  (spec) Well Depth ft(sounded) Well Diameter i n  

Init ial  Height of Water in Casing - f t .  = volume gal. 
Casing Volumes to be Evacuated. Total to be evacuated gal. 

EVACUATION METHOD: Pump # a n d  type Hose # and type 
Bailer# and  type Dedicated ( Y / N )  
Other  

Evacuation Time: Stop 
Start  Formulas/Conversions 

Total  Evacation Time r = well radius in i t .  

Total  Evacuated Prior to Sampling gal. h = h t  of water COI in ft. 

Evacuation Rate  gal. per minute "01. in C ~ I .  = nr2h 

Depth to Water during Evacuation f t .  time 7.48 g a ~ / f t 3  

Depth to Water a t  Sampling f t. time v2- casing = 0.163 gaI/ft 

Evacuated Dry? After  gal. Time v3- casing = 0.367 ga!/ft 

80% Recovery = V,," casing = 0.653 gaI/ft 

Oh Recovery a t  Sample Time Time v,,, 5" casing = 0.826 galfit 

V6" casing = 1.47 gal/ft 

CHEMICAL DATA: Meter Brand/Number V8 casing = 2.61 gaI/ft 

Calibration: - 4.0 7.0 10.0 
~ s u r e d :  SC/pmhos pH T ° C  Time Volun~e  Evacuated (gal.) 

SAMPLE: Color Odor 
Description of matter in sample: 
Sampling Method: 
Sample Port: Rate gpm Totalizer gal. 

Time 

% of Sample 
Cont. ID 

Cont. vo12 ~ i l ~  ~ e f ~  Preservative 
Type1 (specify) 

Analytic 
Method 

rnple Type Codes: W = Water, S = Soil, Describe Other 
,ntainer Type Codes: V = VOAfTeflon Septa, P = Plastic, C or B = Clear/Brown Glass, Describe Other 

Gap Codes: PT = Plastic, Teflon lined; 
2 = Volume per container; 3 = Filtered (Y/N);  4 = Refrigerated (Y/N) 
5 Turnaround [N = Normal, W = 1 week, R = 24 hour, HOLD (spell)] 
ADDITIONAL COMMENTS, CONDITIONS, PROBLEMS: 

  urn' LAB 
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NON-AQUEOUS PHASE LIQUID 
MEASUREMENT IN MONITORING WELLS 

- 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines for field personnel to use in 
determining the thickness of non-aqueous phase liquid in monitoring wells. The details within this 
SOP should also be used in conjunction with project work plans. 

2.0 REFERENCES 

2.1 EPA, 1986, RCRA Groundwater Monitoring Technical Enforcement Guidance 
Document, OSWER-9950.1, U.S. Govemment Printing OfJice, Washington, D. C. 

2.2 EPA, 1991, Environmental Comuliance Branch, Standard Oueratinn Procedures and 
Q u a l i ~  Assurance Manual, Region N, Environmental Services Division, Athens, Georgia, 
U.S. Govemment Printing Ofice, Washington, D. C. 

2.3 SQP 4.2 - Records Management 

2.4 SOP 6.1 - Sampling Equipment and Well Material Decontamination 

3.0 DEFINITIONS 

3.1 Product 

For the purposes of this procedure, product refers to liquid that is petroleum based (e.g., gasoline, 
diesel, or petroleum byproducts) or chlorinated hydrocarbon based (e.g., trichloroethene, 
tetrachloroethene, etc.). 
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4.0 PROCEDURE 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that non-aqueous phase liquid in monitoring 
wells is properly measured and documented. This will be accomplished by staff training and by 
maintaining quality assurance/quality control (QAfQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for the periodic review of documentation 
associated with this SOP and the periodic review and audit of field personnel as they perform the 
work. If perceived variances occur, the PQAS is also responsible for issuing notices of 
nonconformance and requests for corrective action. 

4.1.3 Field sampling personnel are responsible for the proper measurement and documentation of 
the non-aqueous phase liquid measurement in monitoring wells. All staff are responsible for 
reporting derivations from procedures to the Field Coordinator or the PQAS. 

4.2 Equipment Selection 

4.2.1 This procedure addresses the operation of two types of equipment used to measure non- 
aqueous phase liquids (NAPLs) in monitoring wells: product probes and clear bailers. Clear bailers 
include both single- and double-check valve bailers. Single check valve bailers can only be used for 
measuring light non-aqueous phase liquids (LNAPLs) or floating products. Double check valve 
bailers can be used for measuring both LNAPLs and dense non-aqueous phase liquids (DNAPLs) or 
sinking product. 

4.2.2 Several problems can arise in measuring product thickness with either product probes or clear 
bailers. Product probes can malfunction, particularly when measuring degraded or weathered 
product that sticks to the probe sensors. When the thickness of the product layer in a well is greater 
than the length of the bailer, the product layer cannot be accurately measured with the bailer. 
Consequently, it is recommended that both methods be used (one to check the other) to measure 
product thicknesses in wells. The project work plans will identify the specific equipment to be used. 

4.3 Product Probe Procedure 

4.3.1 The product probe, sometimes called an immiscible layer probe, is a device that can detect 
the presence of both LNAPLs and DNAPLs (both "floating" and "sinking" layers) in water wells. 
The device detects the difference in conductivity or specific gravity between the aqueous and non- 
aqueous phases in the well. The device is generally a probe connected to a measuring tape with a 
reel. The device contains a receiver with an audio andlor visual signal that indicates when phase 
changes occur. The standard procedure for using a petroleum product probe is described below. 

4.3.2 Check the accuracy of the measuring tape of the petroleum product probe according to the 
manufacturer's specifications. Measuring tapes should be checked at least every six months against a 
surveyor's tape to determine if shrinking or stretching has occurred. 
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4.3.3 Prior to taking a measurement and between wells, decontaminate the probe and tape measure 
according to the procedures outlined in SOP 6.1. It is extremely important to conduct thorough 
decontamination to prevent cross-contamination between wells. During decontamination, all 
measuring tapes should be inspected for kinks, cracks, or tears and, if present, repaired or replaced 
with undamaged equipment. 

4.3.4 Visually inspect the well to ensure that it is undamaged, properly labeled and secured. Any 
damage or problems with the well head should be noted on the Field Activity Daily Log (FADL) 
(SOP 1.1) and notify the Site Coordinator per the project work plans. 

4.3.5 Uncap the well and monitor the air space immediately above the open casing following the 
appropriate health and safety procedures. Observe if any air is flowing into or out of the casing. In 
the event such conditions are observed, they should be noted on the Water Levels form (SOP 5.1), 
Well Development Data form (SOP 5.1), or Water Sampling Data form (SOP 5.1) as appropriate. If 
air is observed to be flowing into or out of the casing, the probe should not be placed inside the well 
until the air flow stops and pressure equalizes. Lower the probe into the well until the liquid surface 
is encountered. Continue lowering the probe, recording the depths at which any audio or visual 
changes in the device indicate a phase change. When measuring for DNAPL, continue lowering the 
probe to the bottom of the well. When measuring for LNAPL, there is no need to lower the probe 
further once the productlwater interface is encountered and measured. 

4.3.6 While lowering the probe, measure the distances to the encountered phaselphases from the 
permanent reference point. For aboveground "stick-up" completions, the reference point is usually a 
groove cut into the north side of the casing. If no permanent reference point is available for an 
aboveground completion, measure from another permanently fixed structure or from ground level. 
The point of measurement should then be noted on the FADL and the appropriate form on which the 
water level is recorded. 

4.3.7 For flush mount completions, such as street boxes, the water level measurement should be 
referenced to the rim of the street box. Any aboveground completions without permanent reference 
points or marks should be brought to the attention of the Site Supervisor per the project work plans. 

4.3.8 Collect measurements until two consecutive measurements are identical or within tolerances 
specified in the project work plans. Record all appropriate information on either the Water Levels 
form, Well Development Data form, or the Water Sampling Data form, depending upon the task 
being performed. At a minimum, the following information must be recorded: 

Project name and number; 
Well identification number; 
Date and time of measurement collection; 
Depth to water to the specified tolerance; 
Depth to and description of any non-aqueous phase liquid encountered; and, 
Comments, including any problems encountered. 

4.3.9 Cap and relock the well. 
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4.4 Bailer Procedure 

4.4.1 A single check-valve bailer is a cylindrical tube, open at the top and containing a floating ball 
at the bottom. Lowering the bailer into liquid allows the bottom ball to float, allowing floating 
product or water to enter the bailer. The design of this type of bailer only allows collection of a 
floating product (LNAPL) sample. 

4.4.2 A double check-valve bailer is an enclosed cylindrical tube containing a floating ball at both 
the top and the bottom. Lowering the bailer into liquid causes both balls to float allowing water or 
product to enter the cylinder. Raising the bailer through the water causes both balls to settle, 
effectively trapping a discrete section of the water so that it can be brought to the surface. Since the 
double check-valve bailer is capable of collecting a discrete sample at any depth within the well, it 
can be used on both "floating" and "sinking" non-aqueous liquids. 

4.4.3 The bailers must be constructed of clear material so that any product can be visibly measured. 
Some are also available with graduated markings on the side to allow easier measurement. 
The standard procedure for using bailers to measure non-aqueous phase liquids in monitoring wells is 
described below. 

4.4.4 Bailers are commonly used with a thin nylon line or "cord" made of similar material. Some 
are supplied with a connectable measuring tape. 

4.4.5 Check the accuracy of the measuring tape to be used with the bailer according to the 
manufacturer's specifications. Measuring tapes should be checked a minimum of every six months 
against a surveyor's tape to determine if shrinking or stretching has occurred. 

4.4.6 Prior to taking a measurement and between wells, decontaminate the bailer and tape measure 
according to the procedures outlined in SOP 6.1, Sampling Equipment and Well Material 
Decontamination. If a bailer line is used, it is advised to cut and dispose of any line run inside a 
previous well. Bailers used for product sampling should never be used for purging or collecting 
water samples. 

4.4.7 If product probe measurements are to be used in conjunction with a bailer, the probe 
measurements should first be made, recorded, and noted by field personnel taking the measurements. 

4.4.8 If bailer measurements are to be taken before or without product probe measurements, 
visually inspect and document well head conditions per 4.3.4 above. Uncap the well and monitor and 
observe the well head per 4.3.5 above. 

4.4.9 Lower the bailer into the well until the liquid surface is encountered. Use the measuring tape 
if available to determine the depth to which the bailer should be lowered to recover either the 
LNAPL or DNAPL product. 

4.4.10 If using bailer cord and attempting to recover DNAPL ("sinking") product, a double check- 
valve bailer may simply be run to the bottom of the well. If attempting to recover LNAPL 
("floating") product using bailer cord, it is advisable to first note the depths to product and water 
made with the product probe and mark the depths on the bailer cord with a rubber band or twine. 

J:U)OE\4000U)3\SQ&OPS\WASOPS\SOP05~2.DOC Weiss Associates Project Number: 128-4000 



Standard Operating Procedures SOP NO. 5.2 
LEHR Environmental Restoration / Waste Management Rev. 0 3/98 
DOE Contract No. DE-AC03-96SF20686 Page 5 of 5 

The bailer (either single or double check-valve) should then be lowered such that the bailer retrieves 
product and does not run completely through the product layer, thereby retrieving only water. 

4.4.1 1 If no product probe measurements are available, the person attempting to retrieve the bailer 
product sample will then have to "feel" for first contact with the liquid while the bailer is descending 
inside the well. Once the contact is felt, the bailer descent should be halted. The bailer should then 
be slowly lowered no more than 3/4 of its total length to avoid overtopping. Retrieve the bailer and 
visually inspect for product. Measure the amount of product contained in the bailer with the 
measuring tape. Note any appropriate conditions observed in the bailer such as: 

Color and clarity of the product; 

Length of product column in bailer compared to overall length of bailer; 

Evidence of any problems with the bailer valves; and, 

Evidence of overtopping or complete run through the product column. 

4.4.12 Record all appropriate information on either the Water Levels form, Well Development Data 
form, or the Water Sampling Data form, depending upon the task being performed. At a minimum, 
the following information must be recorded: 

Project name and number; 

Well identification number; 

Date and time of measurement collection; 

Depth to water, if available, to the appropriate tolerance specified in the project 
work plans; 

Measurement and description of any non-aqueous phase liquid encountered; 

Any observations made in 4.3.5 above; and, 

Comments, including any problems encountered. 

4.4.13 Cap and relock the well. 

5.0 RECORDS 

Records generated as a result of this SOP will be controlled and maintained in the project record files 
in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form 
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SAMPLING EQUIPMENT AND WELL 
MATERIAL DECONTAMINATION 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for use by field 
personnel in the decontamination of sampling equipment and well construction materials. Proper 
equipment decontamination is essential in ensuring the quality and integrity of samples collected 
during a given sampling event. Additional specific sampling equipment and well material 
decontamination procedures and requirements will be provided in the project work plans. 

REFERENCES 

EPA, September 1987, EPA Comuendium of  Superfund Field Ouerations Methods, 
EPA 54O/P-87/OOl a, OSWER 9355.0-14 

EPA, August 1988, EPA Guidelines for Conducting Remedial Investigation and 
Feasibilitv Studies under CERCLA, Interim Final OSWER Directive 9355.3-01 

SOP 6.2 - Drilling and Heavy Equipment Decontamination 

SQP 4.2 - Records Management 

DEFINITIONS 

Deionized Analyte-Free Water 

Ion-free, analyte-free water produced on site or purchased from a supplier with a deionization 
chamber equipped with a carbon filter. 

3.2 Potable Water 

Treated municipal water, or other drinking-grade water. 
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3.3 Laboratory Grade Detergent 

A standard brand of laboratory-grade detergent, such as "Alconox" or "Liquinox." 

3.4 Methanol 

Laboratory-grade methanol alcohol, CAS #67-56- 1. 

3.5 Hexane 

Laboratory-grade hexane, CAS #110-54-3. 

3.6 HPLC Water 

High performance liquid chemotrgraphy-grade water. 

4.0 PROCEDURE 

This section contains responsibilities, requirements, and procedures for sampling equipment and well 
material decontamination. The decontamination is required to maintain proper quality and integrity 
of collected samples. 

The details within this SOP should be used in conjunction with the project work plans. The project 
work plans will provide the following information: 

Types of equipment requiring decontamination under this SOP; 

Specific materials to be used for the decontamination; and 

Additional decontamination requirements and procedures beyond those covered 
in this SOP, as necessary. 

All field personnel associated with decontamination of sampling equipment or well materials must 
read both this SOP and the project work plans prior to implementation of related decontamination 
activities. Information and requirements for the decontamination of any and all drilling and heavy 
equipment is provided in SOP No. 6.2. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all sampling equipment and well 
material decontamination activities are conducted and documented in accordance with this SOP and 
any other appropriate procedures. This will be accomplished through staff training and by 
maintaining quality assurancelquality control (QAIQC). 
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4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this SOP. The PQAS is also responsible for the implementation of 
corrective action (i.e., retaining personnel, additional review of work plans and SOPS, variances to 
decontamination requirements, issuing nonconformances, etc.) if problems occur. 

4.1.3 Field personnel assigned to sampling equipment and well material decontamination activities 
are responsible for completing their tasks according to specifications outlined in this SOP and other 
appropriate procedures. All staff are responsible for reporting deviations from the procedures to the 
Field Coordinator or the PQAS. 

4.2 Decontamination Facility 

If possible, sampling equipment decontamination will take place in an area designed exclusively for 
decontamination. This area will ideally be located within the contamination reduction zone on the 
project site. Well materials may be decontaminated at the facility set up for decontamination of 
drilling and heavy equipment (see SOP No. 6.2). 

Each decontamination facility will be constructed so that the equipment, as well as all wastes 
generated during decontamination (e.g., soil, rinsate, liquid spray, debris, etc.), are contained to the 
extent appropriate. In addition, chemical products used in the decontamination process must be 
properly containerized and labeled. 

4.3 Decontamination of Non-Dedicated Sampling Equipment 

Each piece of reusable, non-dedicated sampling equipment will be decontaminated before each 
sampling event. The standard procedure will be performed as described below. 

4.3.1 Suitable personal protective equipment (specified by the project work plans) must be worn by 
all personnel involved with the task to reduce personal exposure. 

4.3.2 Heavily caked soil andlor other material will be scraped or brushed from equipment. Steam 
cleaning of equipment may be required to remove material from samplers. 

4.3.3 Equipment that will not be damaged by water should be placed into a wash tub containing a 
laboratory-grade detergent solution and scrubbed with a brush or clean cloth. Rinsing will then be 
conducted with fresh, potable water, followed by deionized water. 

4.3.4 Methanol, hexane, and HPLC water rinses may then follow-for some sampler components 
when specified by the project work plans. 

4.3.5 Any equipment that may be damaged by submersion into water will be wiped clean using a 
sponge and detergent solution. Cleaning will be followed by wiping the equipment with deionized 
water. 

4.3.6 Air dry the rinsed equipment. Soil organic vapor (SOV) sampling equipment should be 
flushed dry with bottled air of known quality and/or as per the project work plans. 
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4.3.7 Place decontaminated equipment on clean plastic sheeting to prevent contact with 
contaminated soil. If equipment is not used immediately, cover or wrap the equipment in clean 
plastic sheeting to minimize airborne contamination. 

4.3.8 Decontamination activities will be documented on the Field Activity Daily Log (FADL) 
(SOP 1.1) or other appropriate form(s), as specified by the project work plans. 

4.4 Decontamination of Dedicated Sampling Equipment 

Dedicated sampling equipment, such as submersible pumps, will be decontaminated prior to 
installation inside monitoring wells. At a minimum, the procedure outlined below must be 
performed. If factory-cleaned, hermetically sealed materials are used, no decontamination will be 
necessary, provided that laboratory decontamination certification is submitted with the equipment. 

4.4.1 Suitable personal protective equipment will be worn by all personnel involved in the task, in 
accordance with the project work plans. 

4.4.2 Pumping lines will be washed with a laboratory-grade detergent solution. 

4.4.3 The equipment will then be rinsed twice with tap water, followed by a rinse with deionized 
water. 

4.4.4 Air dry. 

4.4.5 Place decontaminated equipment on clean plastic sheeting to prevent contact with 
contaminated soil. If equipment is not used immediately, cover or wrap the equipment in clean 
plastic sheeting to minimize airborne contamination. 

4.4.6 Decontamination activities will be documented on the FADL or the appropriate form(s), as 
specified by the project work plans. 

4.5 Decontamination of Well Materials 

Well materials including well casing, well screens, centralizers, and end caps will be decontaminated 
prior to use in constructing monitoring wells. (If factory-cleaned, hermetically sealed material are 
used, no decontamination will be necessary, provided that laboratory decontamination certification is 
submitted with the equipment.) The standard procedure outlined below must be performed when 
decontaminating well materials. 

4.5.1 Appropriate personal protective equipment will be worn by all personnel involved in the task, 
in accordance with the project work plans. 

4.5.2 Materials will be thoroughly sprayed and washed with water using a high pressure steam 
cleaner. 

4.5.3 Air dry. 
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4.5.4 Decontaminated materials will be placed on clean metal racks or clean plastic sheeting. If 
equipment is not used immediately, cover or wrap the equipment in clean plastic sheeting to 
minimize airborne contamination. 

4.5.5 Decontamination activities will be documented on the FADL or other appropriate form(s), as 
specified by the project work plans. 

5.0 RECORDS 

Records generated as a result of this SOP will be maintained in the Project Records file in accordance 
with SQP No. 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form 
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DRILLING, DEVELOPMENT AND HEAVY 
EQUIPMENT DECONTAMINATION 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines for use by field personnel in the 
decontamination of drilling, development and heavy equipment. The details within this SOP are 
applicable as general requirements for drilling, development and heavy equipment decontamination, 
and should also be used in conjunction with project work plans. 

2.0 REFERENCES 

2.1 EPA, September 1987, EPA Com~endium o f  Su~erfund Field O~erations Methods, 
EPA 54O/P-87/OOl a, OSWER 9355.0-1 4 

2.2 EPA, August 1988, EPA Guidelines for Conducting Remedial Investigation and 
Feasibilitv Studies under CERCLA, Interim Final OSWER Directive 9355.3-01 

2.3 SQP 4.2 - Records Management 

2.4 SOP 6.1 - Sampling Equipment and Well Material Decontamination 

3.0 DEFINITIONS 

3.1 Laboratory Grade Detergent 

A standard brand of laboratory-grade detergent, such as "Alconox" or "Liquinox." 

3.2 Potable Water 

Water dispensed from a municipal water system, or other drinking-grade water. 
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4.0 PROCEDURE 

4.1.1 Compliance with this procedure is the responsibility of project management and field 
personnel. This SOP and the project work plans should be reviewed before implementing drilling, 
development, and heavy equipment decontamination at the project field area. 

4.1.2 The Project Manager has the responsibility for ensuring that the decontamination of drilling, 
development and heavy equipment is properly performed through staff training and by maintaining 
quality assurancelquality control (QAIQC). 

4.1.3 The Project QA Specialist (PQAS) has the responsibility for periodic review of procedures 
and documentation associated with the decontamination of drilling, development and heavy 
equipment. If perceived variances occur, the PQAS is also responsible for issuing notices of 
nonconformances and requesting corrective actions. Additionally, helshe will perform inspections 
and may monitor the decontamination activities. 

4.1.4 The project staff assigned to drilling, development, trenching, or construction activities are 
responsible for ensuring that subcontractors or equipment operators properly decontaminate the 
drilling, development, and heavy equipment associated with those tasks. The project staff are also 
responsible for documenting the decontamination activities on the Field Activity Daily Log (FADL) 
(SOP 1.1) and/or appropriate form(s) as specified in the project work plans. 

4.2 General 

4.2.1 This section provides requirements for the set up of a decontamination facility for drilling, 
development, and heavy equipment and the decontamination procedures to be followed. The project 
work plans will provide specific information regarding: 

Types of equipment requiring decontamination under this SOP; 

Location of the decontamination station; 

Types and/or specifications on materials to be used in the fabrication of the 
decontamination station; and, 

Types of materials and additional details on the procedures to be used in the 
decontamination process. 

4.2.2 All field personnel associated with either the fabrication of the decontamination station or the 
decontamination of drilling, development or heavy equipment must read both this SOP and the 
project work plans prior to implementation of related decontamination activities. Information and 
requirements for the decontamination of any and all equipment used specifically for sampling is 
presented in SOP 6.1. 
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4.3 Decontamination Facility 

4.3.1 A decontamination station will be set up in an area exclusively for decontamination of 
drilling, well development, and/or heavy equipment. The location of the decontamination station 
will be specified in the project work plans. All decontamination of drilling, development, and heavy 
equipment will be conducted within the station. 

4.3.2 At a minimum, the station will be constructed such that all rinsates, liquid spray, soil, debris, 
and other decontamination wastes are contained as appropriate and, if necessary, may be collected 
for appropriate waste management and disposal. If containment is required, the station may be as 
simple as a bermed, impermeable polyethylene sheeting of sufficient thickness. More sophisticated 
designs involving self-contained metal decontamination pads in combination with bermed 
polyethylene sheeting may also be used, depending on project-specific requirements. These 
requirements along with specific equipment and construction specifications for the decontamination 
station will be provided in the project work plans. 

4.4 Decontamination of Downhole Equipment 

4.4.1 All downhole drilling and development equipment (including but not limited to drill pipe, 
drive casing, drill rods, bits, tools, bailers, etc.) will be thoroughly decontaminated before 
mobilization onto each site and between borings or wells at each site or as required in the project 
work plans. Decontamination will be performed in accordance with this SOP and the project work 
plans. The standard procedure will be performed as described below. 

4.4.2 Appropriate personal protective equipment (as specified in the project work plans) must be 
worn by all personnel involved with the task to limit personal exposure. 

4.4.3 Equipment caked with drill cuttings, soil, or other material will initially be scraped or 
brushed. 

4.4.4 Equipment will then be sprayed with potable water. 

4.4.5 Washed equipment will then be rinsed with potable water. 

4.4.6 Decontaminated downhole equipment (such as drill pipe, drive casing, bits, tools, bailers, 
etc.) will be placed on clean plastic sheeting to prevent contact with contaminated soil and allowed to 
air dry. If equipment is not used immediately, it may be covered or wrapped in plastic sheeting to 
minimize airborne contamination. 

4.4.7 Decontamination activities will be documented by the Site Superintendent, lead geologist, or 
lead engineer on the FADL and/or appropriate form(s), as specified in the project work plans. 

4.5 Decontamination of Heavy Equipment 

4.5.1 Heavy equipment (e.g., drill rigs, development rigs, backhoes, and other earthmoving 
equipment) will be decontaminated between drilling sites or inside the contaminant reduction area 
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prior to entering and leaving an exclusion zone. Decontamination will be performed in accordance 
with this SOP and the project work plans. The standard procedure will be performed as described 
below. 

Appropriate personal protective equipment (as specified in the project work 
plans) will be worn by all personnel involved in the task, in order to limit 
personal exposure. 

Equipment caked with drill cuttings, soil, or other material will be initially 
scraped or brushed. 

Equipment will then be sprayed with potable water. 

Clean equipment will then be rinsed with potable water. 

4.5.2 During the decontamination effort, fluid systems should be inspected for any leaks or 
problems that might potentially result in an inadvertent release at the site, thereby contributing to the 
volume of waste or contamination. Any identified problems should be immediately repaired and 
documented on the FADL. Decontamination should then be completed before moving the equipment 
onto the site or exclusion zone. 

4.5.3 Decontamination activities will be documented by the Site Coordinator, lead geologist, or 
lead engineer on the FADL andlor appropriate form(s), as specified in the project work plans. 

4.5.4 Between boreholes at the same site, the back-end of the drilling rigs will be washed with 
potable water until surfaces are visibly free of soil buildup. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form 
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SURFACE AND SUBSURFACE GEOPHYSICS 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for acquiring 
surface geophysical data. This includes the direct use of surface geophysical equipment by 
contractor personnel themselves, or the supervision of subcontractors conducting surface geophysical 
surveys. Additional specific surface geophysical procedures and requirements will be provided in 
the project work plans. 

Surface geophysical surveys image into the subsurface using measuring equipment that is placed or 
located upon or above the ground surface. Common applications of surface geophysics for 
environmental projects include utility clearance, buried waste delineation, plume delineation, and 
geologic or hydrologic characterization. The most common surface geophysical techniques used for 
environmental applications and therefore, covered in this SOP, include: electrical resistivity, seismic 
refraction, electromagnetics (EM), ground penetrating radar (GPR), metal detectors, and 
magnetometry. 

2.0 REFERENCES 

2.1 SQP 4.2 - Records Management 

3.0 DEFINITIONS 

3.1 Electromagnetic Induction (EM or EMI) 

A method of sending electromagnetic waves into the ground and measuring the responding 
secondary electromagnetic wave. The secondary wave is generated in the proportion to the 
conductivity of the earth or objects therein. EM may be used to reveal utility lines, buried waste 
dumps, former excavations, and in some specific cases, changes in groundwater conductivity. 

3.2 Ground Penetrating Radar 

A method utilizing radar waves generated and propagated into the ground surface. The reflected 
(backscattered) waves are received back as data. GPR is typically used to reveal buried manmade 
objects, such as tanks, pipes, drums, etc. It may also at times be used to delineate backfilled 
excavations and waste cells. 
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3.3 Magnetic Survey 

The process of accurately measuring the earth's magnetic field (on the order of 10/50,000 of the total 
field). The survey reveals magnetic anomalies that may result from buried metal objects or rock-type 
differences. 

3.4 Metal Detector 

An EM tool with a specialized sensor to detect metallic objects. 

3.5 Resistivity Survey 

A geophysical method of determining the resistivity of the earth's layers. The survey is conducted by 
inducing electrical currents into the subsurface and measuring electrical potential differences at 
points of secondary electrical fields generated in the earth in response to the input of electrical 
current. Resistivity surveys are typically used to provide information on subsurface lithologies and, 
in certain instances, plume distributions. 

3.6 Seismic Methods 

Seismic surveys are conducted by inducing seismic (acoustic) waves into the ground and recording 
the arrival times at varying distances of the reflected or refracted waves. They are typically used to 
reveal buried geologic structures and contacts between rock units. 

4.0 PROCEDURE 

This section contains responsibilities, requirements and procedures for conducting surface 
geophysical surveys. Selection and design of the geophysical surveys to be used on a site must be 
based upon several factors. These include, but are not limited to, the following: 

Specific objectives or anticipated use of the survey (e.g., surface clearance, 
buried object identification, waste cell delineation, etc.); 

Known or expected site-specific conditions; 

Targeted parameters and overall surface areas to be evaluated; 

Potential site-induced effects which may limit specific survey methods; and, 

Applicability of specific survey methods in meeting above objectives given the 
site-induced effects. 

Consequently these factors must be considered and the tests designed well before generation of the 
project work plans and implementation in the field. The project work plans will specify all necessary 
details to complete the geophysical surveys at a particular site. Surface geophysical survey 
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information and specifications to be included in the project work plans will include, at a minimum, 
the following: 

Objectives of the surveys; 

Type(s) of surveys to be conducted; 

Equipment to be used; 

Lay-outs of survey grids at each site or location, including sample point spacing; 

Type, duration and frequency of measurements to be made; and, 

Additional procedures or requirements beyond those covered in this SOP. 

Subcontracted geophysical surveys will also be directed by specifications defined in Statements of 
Work for sub-contractor services, as well as the project work plans. 

At a minimum the requirements, responsibilities and procedures described in the following section 
must be incorporated into the surface geophysical activities to be conducted at each site. 

4. I Responsibilities 

4.1.1 The Project ManagerIField Coordinator is responsible for ensuring that all surface 
geophysical activities are conducted and documented in accordance with this SOP and any other 
appropriate procedures. This will be accomplished through staff training and by maintaining quality 
assurance/quality control (QAIQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this SOP. The PQAS is also responsible for the implementation of 
corrective action (i.e., retaining personnel, additional review of work plans and SOPS, variances to 
surface geophysics requirements, issuing nonconformances, etc.) if problems occur. 

4.1.3 Field personnel assigned to surface geophysical activities are responsible for completing their 
tasks according to specifications outlined in this SOP and other appropriate procedures. All staff are 
responsible for reporting deviations from the procedures to the Field Coordinator or the PQAS. 

4.2 General Requirements 

The following requirements apply to all surface geophysical surveys and should be performed as 
required by the project work plans and the conditions present at each survey site. 

4.2.1 Inspect all equipment and supplies to ensure that they are in proper working order, using the 
equipment manuals provided by the equipment manufacturer. 

4.2.2 Assure that annual calibration/service by the manufacturer has been conducted as 
recommended by the manufacturer. Calibrationlservice records should be maintained in the office 
where the instrument is stored between investigations. A copy of the calibration records should be 
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kept with the equipment at all times. More frequent calibrationlservices may be necessary if field 
measurements indicate possible instrument malfunction. 

4.2.3 Prior to mobilization to the site, conduct appropriate decontamination as and if required by 
the project work plans. 

4.2.4 Perform field calibration checks where required by instrument manufacturer or the project 
work plans. Perform calibration (accuracy and reproducibility) checks in accordance with 
manufacturer's specifications or the project work plans. 

The calibration checks should be entered on a Test Equipment Calibration Log Book or other 
document as specified in the project work plans. At a minimum, this document should contain the 
following information: 

Make and model number of the geophysical instrument; 

Serial number of the instrument; 

The date and time of calibration or instrument check; 

All calibration or instrument check measurements; and, 

The name and signature of the person conducting the calibration or instrument 
check. 

4.2.5 Establish grid and stake locations or set up traverses for locations of sampling stations as 
necessary. 

4.2.6 Make sure all survey or sampling locations are properly staked and the location ID is readily 
visible on the location stake. 

4.2.7 Include a diagram of the measurement locations with the data records on a daily basis. The 
diagram should include grid alignment, station numbering (if used), and base station location(s). 

4.2.8 At the termination of each survey, ensure that all equipment is accounted for and 
decontaminated as required by project work plans. 

4.2.9 Any unusual conditions or problems encountered during the survey must be recorded on the 
Field Activity Daily Log (SOP 1.1) and brought to the attention of the Site Superintendent. 

4.2.10 When the activity is completed, or at the end of the day, return the instrument(s) to a secure 
area. Equipment requiring electrical charging should be placed on charge. 

4.2.11 It is recommended that surface geophysical survey data be stored on diskette for retrieval and 
management. The following information should be included for each stored data field: 

Site Location; 
Location ID (or station); 
Date; and, 
Time. 
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Base station values and calibration measurements do not necessarily need to be recorded on the 
diskette. However, they must accompany the diskette record in paper copy. 

4.3 Surface Geophysical Surveying 

4.3.1 Electrical Resistivity - The electrical resistivity method uses an instrument to measure the 
apparent electrical resistivity of the subsurface. This includes the underlying soil, rock, and 
groundwater. An electrical current is introduced into the ground through surface electrodes. The 
resulting potential field (voltage) is measured at the surface between a second pair of electrodes. The 
procedure below requires the following elements, in addition to the general requirements listed in 
Section 4.2. 

Set up and operate the geophysical electrical resistivity instrument according to 
manufacturers operating instructions. Record the readings and other pertinent 
information on the appropriate forms per the project work plans. 

Calculate apparent resistivities and review plots in the field as a means of 
quality control. Sounding curves should be relatively smooth. Abrupt changes 
commonly occur in sounding and profiling data. Unwanted noise may be 
caused by near-surface inhomogeneities, electrode contact problems, or changes 
in hydrogeology. Any changes or noise should be identified. Corrective actions 
may be taken and the survey re-run if significant improvement to the survey 
may be attained. 

Identified noise problems, corrective actions taken, and re-runs should be noted 
in the FADL (SOP 1.1). 

4.3.2 Seismic Refraction - Seismic refraction techniques use instruments to determine the travel 
time or velocity of seismic waves within layers and interpret the thickness and depth of geologic 
units and other subsurface features. Other potential applications include the location of the water 
table and definition of burial pits and trenches. The procedure below requires the following 
elements, in addition to the general requirements listed in Section 4.2. 

Verify that factory maintenance and calibration has been conducted as 
recommended by the equipment manufacturer. Manufacturer maintenance 
should include the electronic calibration of the seismograph timing circuits. 

Check the seismic signal and noise conditions on the instrument display to 
verify the proper functioning of the source geophones and trigger cables. 

If possible, obtain or install boring logs before the survey in order to detect 
hidden layers or velocity inversions. 

Set up and operate the geophysical seismic refraction instrument according to 
operating instructions supplied by the manufacturer. Record the readings and 
other pertinent information on the appropriate forms. 

Where possible, collect seismic data where known geologic information is 
available to establish background responses. This information is useful for 
evaluating complex site conditions. 
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Make a hard copy of the data if the data output is on paper records. 

In cases where paper records are not produced, plot arrival time picks made 
from the electronic display on a timeldistance graph in the field. Problems with 
improper picks are often discovered through an early inspection of these plots. 

Review all output and records of the survey, identifying any potential problems 
requiring corrective actions. 

Implement corrections and re-run the survey as appropriate and if significant 
improvement to the survey may be attained. 

Any identified problems, corrective actions taken, and re-runs should be noted 
in the FADL (SOP 1.1). 

4.3.3 Electromagnetics - The EM survey detects lateral and vertical variations of electrical 
conductivity in the subsurface environment. EM is used for the assessment of hydrogeologic 
conditions, and identification and mapping of contaminant plumes, trench boundaries, buried 
conductive wastes, steel drums, and metallic utility lines. The procedure below requires the 
following elements, in addition to the general requirements listed in Section 4.2. 

Establish a local standard site in the field. This will provide a reference base 
station to check the instrument's performance and allow correlation between 
instruments. 

Check the signal and noise conditions on the instrument display to verify proper 
functioning and assure the correct setting of the instrument. 

Before conducting the survey, select a temporary site on location for daily base 
station measurements and calibration checks. Calibration checks should be 
made twice daily, before and after conducting daily survey operations. 

Note: Do not make calibration checks in the presence of sources of cultural 
interference like power lines or buried utilities. Make them on a relatively flat 
surface outside of topographic lows and away from areas that may include 
subsurface waste materials. 

Operate the EM instrument according to operating instructions supplied by the 
manufacturer. Record instrument sensitivity settings, readings and all other 
pertinent information on the appropriate forms. When using an automatic 
recording device, enter the readings from the first and last stations of each 
traverse. Compare these data to data from the automatic recorder at the end of 
each day. Recorded data and field transcribed data must agree to within +5 
percent to meet acceptability requirements. 

Instrument stability should be checked by the field operating party when there is 
local or distant thunderstorm activity. Electromagnetic radiation from 
thunderstorms can generate noise in the EM system. Operations may have to be 
postponed during thunderstorms. 
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Review all output and records of the survey, identifying any potential problems 
requiring corrective actions. 

Implement corrections and re-run the survey as appropriate and if significant 
improvement to the survey may be attained. 

Any identified problems, corrective actions taken, and re-runs should be noted 
in the FADL (SOP 1.1). 

4.3.4 Ground Penetrating Radar - GPR uses high frequency radio waves to acquire subsurface 
information. The method produces a continuous cross-sectional image or profile of shallow 
subsurface conditions. The procedure below requires the following elements in addition to the 
general requirements listed in Section 4.2. 

Calibration and calibration checks of the radar system requires the process described below: 

Accurately determine the total time window (range) set by the operator. 

Determine or estimate the electromagnetic velocity (or travel time) of the local 
soil/rock condition. 

Calibrate the time window picked for the survey by using a signal calibrator in 
the field. This device is used to produce a series of time marks on the graphic 
display measured in nanoseconds. These pulses are counted to determine the 
total time of the radar unit. A calibration curve can be designed for each radar 
system. 

If possible, use known trenches, buried pipes, and road culverts to provide a 
radar target of known depth. The depth of a known target, a radar record taken 
over the known target, and a time scale provided by the signal calibrator will 
provide a basic calibration record. From these data, a velocity can be accurately 
determined at the given target location from the following equation: 

The average dielectric constant of the soil is then calculated using 

2 ~r = c2/vf  = 1/v2 
where: 

V I  = Average electromagnetic wave velocity, feethanosecond 
t = Two-way travel time, nanoseconds 
d = Distance of antenna to the buried object, feet 
Er = Average relative dielectric constant of the soil (unitless) 
c = Velocity of light in air equal to 1 foothanosecond 
V2 = Average electromagnetic wave velocity of the soil, feetlnanosecond 

Note: The above assumes a soil with a relative magnetic permeability of 1 (unitless). If 
significant changes in soil type or moisture content occur with depth, velocity will not be the 
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same throughout the vertical radar profile. Therefore, the vertical radar depth scale will be 
nonlinear. 

This approach will provide calibration at a specific site, however, this assumes that 
conditions in other areas are the same as the calibration area. Calibration should be repeated 
at each new site: 

Repeat a short GPR traverse twice daily over a known feature before and after 
conducting daily operations to insure that readings are caused by changing soil 
conditions, rather than the electronics. 

Conduct the GPR traverse at the sites or locations specified in the project work 
plans. 

Record calibration, instrument settings, measurements and all other pertinent 
information on the appropriate forms. 

Print out and review all hardcopies and records of the survey, identifying any 
potential problems requiring corrective actions. 

Implement corrections and re-run the survey as appropriate and if significant 
improvement to the survey may be attained. 

Any identified problems, corrective actions taken, and re-runs should be noted 
in the FADL (SOP 1 .I). 

4.3.5 Metal Detection - Metal detectors are electromagnetic devices designed to locate metallic 
objects buried near the surface. In hazardous waste site investigations, metal detectors are invaluable 
for detecting utility lines, survey markers, steel drums buried at shallow depths, and delineating areas 
that may potentially include metallic waste materials. 

Metal detectors respond to nearby metallic objects in a relative way. For instance, closer or large 
metallic objects create a greater output level than more distant or smaller ones. An experienced 
operator can usually make a reasonably accurate estimate of target size and depth. Metal detection 
survey requirements, at a minimum, include: 

Set up and operate the metal detector according to operating instructions 
supplied by the manufacturer. 

Record the readings and all other pertinent information on the appropriate forms 
as outlined in the project work plans. 

Review all data and records of the survey, identifying any potential problems 
requiring corrective actions. 

Implement corrections and re-run the survey as appropriate and if significant 
improvement to the survey may be attained. 

Any identified problems, corrective actions taken, and re-runs should be noted 
in the FADL (SOP 1.1). 
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4.3.6 Magnetometer - Magnetometer surveys are used to locate metallic objects buried near the 
surface such as well casings, utility lines, steel drums, and tanks. They may also be used to delineate 
trenches and landfills. Ferrous metal objects carried by the operator will have a detrimental effect on 
the accuracy of the magnetometer data. Therefore, metal items like rings, watches, belt buckles, 
coins, and steel-toed boots should not be worn by the survey team. 

Total field and vertical field measurements may be corrected for the diurnal variation of the earth's 
magnetic field by employing a reference base station magnetometer. Changes in the earth's field are 
removed by adding or subtracting variations of fixed base station readings from the moving survey 
data. Gradiometers do not require the use of a base station because they inherently eliminate time 
variation in the data. Requirements are as follows: 

Conduct a swing sensor test with the proton precision magnetometer before 
initiating operations at a site and at least once more during the day. Four 
readings with the sensor oriented 90° to the other readings should be taken with 
the operator moving with the sensor. Variations greater than one gamma should 
not be observed. Correct any directional bias by washing the sensor with 
ordinary soap and water and maintaining an adequate distance between the 
sensors and battery pack. 

Obtain a daily background reading in the immediate vicinity of the site to be 
surveyed. This reading should be outside the influence of all possible sources of 
cultural magnetic fields (e.g., power lines or pipelines). This daily background 
reading should repeat to within reasonable diurnal variations in the earth's 
magnetic field. 

Take base station readings to remove the effects of the diurnal variation of the 
earth's magnetic field from the data as outlined in the project work plans. 
Periods of rapid variation may be documented at a permanent base station, set 
up at the site, where continuous readings are automatically recorded 
approximately every 10 to 15 minutes. Alternatively, a base station(s) may be 
reoccupied during the survey at intervals of 45 to 60 minutes. 

Collect survey data and record on the appropriate form per the project work 
plans. Site locations influenced by cultural magnetic fields should be recorded 
in the logbook. Take three to four sequential readings and record time when 
recording data manually. In the absence of magnetic storms, the readings 
should compare within several tenths of a gamma. Repeatability during 
magnetic storms may degrade to one gamma or more. 

The use of automatic recording magnetometers requires recording the 
magnetometer readings for the first and last station of each traverse in a 
logbook. Compare the data recorded in the logbook with data from the 
automatic recording device. Data recorded in the logbook should be within one 
gamma of the values derived from the recording device. 

During cold weather, maintain the battery pack for a fluxgate magnetometer at a 
relatively warm temperature. This is most easily accomplished by surveying 
with the battery pack beneath the operator's coat or jacket. 
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5.0 RECORDS 

Records generated as a result of implementation of this SOP will be maintained in the Project 
Records file in accordance with SQP No. 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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MONITORING WELL INSTALLATION 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) provides procedures and requirements for the installation 
of monitoring wells using rotary, dual-tube percussion, or hollow-stem auger drilling techniques. 
The details within this SOP should be used in conjunction with specific project work plans. 

REFERENCES 

SOP 6.1 - Sampling Equipment and Well Material Decontamination 

SOP 6.2 - Drilling and Heavy Equipment Decontamination 

SOP 14.1 - Hollow Stem Auger Drilling 

SOP 14.2 - Mud Rotary Drilling 

SOP 14.3 - Air Rotary Drilling 

SOP 14.4 - Dual Tube Percussion Drilling 

SOP 15.1 - Lithologic Logging 

SOP 16.1 - Filter Pack and Well Screen Slot Size Determination 

SQP 4.2 - Records Management 

SQP 8.2 - Calibration and Maintenance of Measuring and Test Equipment 

U.S. Environmental Protection Agency (EPA), Manual o f  Water Well Construction 
Practices, U.S. Environmental Protection Agency, Ofice of Water Supply, U S .  
Government Printing Ofice, Washington D. C. 
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2.12 U.S. Environmental Protection Agency (EPA), 1986, Resource Conservation and 
Recoverv Act (RCRA) Ground Monitoring Technical Enforcement Guidance 
Document, OSWER-9950.1, U.S. Environmental Protection Agency, Office of Solid 
Waste and Emergency Response, US.  Government Printing Ofice, Washington D. C. 

2.13 US.  Environmental Protection Agency (EPA), 1987, A Compendium o f  Superfund 
Field Operations Methods, EPA-500/P-87/00], U.S. Government Printing Office, 
Washington D. C. 

3.0 DEFINITIONS 

3.1 Cuttings 

Pieces of soil, sediment, or rock cut by a bit in the process of drilling borings. 

3.2 Borehole 

Any hole drilled into the subsurface for the purpose of identifying lithology, collecting soil samples, 
andfor installing groundwater wells. 

3.3 Grout 

For the purposes of this SOP, the term "grout" consists of a neat cement grout generally containing 
three to five percent bentonite powder to water by weight. The grout is emplaced as a slurry, and 
once properly set and cured, is capable of restricting movement of water. 

3.4 Hollo w-Stem Auger Drilling 

A drilling method using augers with open centers. The augers are advanced with a screwing or 
rotating motion into the ground. Cuttings are brought to the surface by the rotating action of the 
augers, thereby clearing the borehole. 

3.5 Air Rotary Casing Hammer Drilling 

A drilling method using a nonrotating drive casing that is advanced simultaneously with a slightly 
smaller diameter rotary bit attached to a string of drill pipe. The drive casing is a heavy-walled, 
threaded pipe that allows for pass-through of the rotary drill bit inside the center of the casing. Air is 
forced down through the center drill pipe to the bit, and then upward through the space between the 
drive casing and the drill pipe. The upward return stream removes cuttings from the bottom of the 
borehole. 
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3.6 Mud Rotary Drilling 

For the purposes of this monitoring well installation SOP, the term "mud rotary drilling" refers to 
direct circulation (as opposed to reverse circulation) mud rotary drilling. Mud rotary drilling uses a 
rotating drill bit which is attached to the lower end of a string of drill pipe. Drilling mud is pumped 
down through the inside of the drill pipe and out through the bit. The mud then flows upward in the 
annular space between the borehole and the drill pipe, carrying the cuttings in suspension to the 
surface. 

3.7 Dual-tube Percussion Drilling 

A drilling method using nonrotating drive casing with a bit on the bottom of the casing string. A 
smaller diameter tube or drill pipe is positioned inside the drive casing. The drive casing is advanced 
by the use of a percussion hammer, thereby causing the bit to cut or break up the sediment or soil at 
the bottom of the boring. Air is forced down the annular space between the drive casing and inner 
drill pipe, and cuttings are forced up the center of the inner drill pipe. 

3.8 Monitoring Well 

A well that provides for the collection of representative groundwater samples, the detection and 
collection of representative light and dense non-aqueous phase organic liquids, and the measurement 
of fluid levels. 

3.9 Annular Space 

The space between: 

Concentric drill pipes; 

An inner drill pipe and outer drive casing; 

Drill pipe or drive casing and the borehole wall; or 

Well screen or casing and the borehole wall. 

3.1 0 Filter Pack 

Granular filter material (sand, gravel, etc.) placed in the annular space between the well screen and 
the borehole to increase the effective diameter of the well and prevent fine-grained material from 
entering the well. 

3.11 Well Screen 

A perforated, wire wound, continuous wrap or slotted casing segment used in a well to maximize the 
entry of water from the producing zone and to minimize the entrance of sand. 
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A tubular device or pipe used to place grout, bentonite, or filter pack in the annular space. 

4.0 PROCEDURE 

This section contains both main responsibilities and procedures for monitoring well installation 
activities. The procedures described herein are applicable as requirements for monitoring well 
installations using mud rotary, air rotary, air rotary casing hammer, dual tube percussion, or hollow- 
stem auger drilling techniques. Site-specific factors need to be considered in the selection of well 
construction and completion materials, specification of well designs, and choosing well drilling 
methods. These factors will be incorporated in project planning activities and the compilation of 
specific project work plans. The project work plans will contain the following information related to 
monitoring well installation: 

Objectives of the monitoring well; 

Specific location of the well to be installed; 

Zone or depth well is to be installed; 

Drilling method(s) to be used; 

Well construction materials to be used; 

Specification of anticipated well design(s) ; and, 

Additional procedures or requirements beyond this SOP. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all monitoring well installation activities 
are conducted and documented in accordance with this and any other appropriate procedures. This 
will be accomplished through staff training and by quality assurance/quality control (QAIQC) 
monitoring activities. 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of well installation 
activities to assure implementation of this SOP. The PQAS is also responsible for the review and 
approval of corrective action (i.e., retraining personnel, additional review of work plans and SOPS, 
variances to monitoring well installation requirements, issuing nonconformances, etc.) identified 
during the performance of these activities. 

4.1.3 Field personnel assigned to monitoring well installation activities are responsible for 
completing their tasks according to specifications outlined in this SOP and other appropriate 
procedures. All staff are responsible for reporting deviations from the procedures to the Field 
Coordinator, Project Manager, or the PQAS. 
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4.2 Well Installation Procedures 

4.2.1 Before mobilization of a rig to the well site, ensure that the monitoring well location has been 
appropriately cleared of all underground utilities and buried objects, and drill permits have been 
issued per the project work plans. Review all forms and diagrams documenting the location of the 
cleared monitoring well site and the location of any identified underground utility lines or other 
buried objects. 

4.2.2 Decontaminate all downhole equipment and well construction materials before monitoring 
well installation, as described in SOP 6.1. Decontaminate the drilling rig and all drilling equipment 
before monitoring well installation per SOP 6.2. 

4.2.3 Clear the work site of all brush and minor obstructions and then mobilize the rig to the 
monitoring well location. The rig geologist or engineer should then review with the driller the 
proposed well design and details of the well installation including any anticipated potential drilling or 
completion problems. 

4.2.4 Calibrate health and safety monitoring equipment according to the instrument manufacturer's 
specifications. Document the calibration results on the appropriate form(s), as specified by SQP 8.2. 
Instruments that cannot be calibrated according to the manufacturer's specifications will be removed 
from service and tagged. 

4.2.5 Workers will be provided with, and don, the appropriate personal protective equipment as 
specified by the project work plans. Typically, the minimum personal protection will include a hard 
hat, safety glasses, gloves, steel-toed boots, hearing protection, and coveralls. 

4.2.6 Commence drilling and advance the borehole while conducting health and safety monitoring 
according to the project work plans. Perform readings as often as necessary to ensure the safety of 
workers. Record all measurements on the Field Activity Daily Log (FADL) (SOP 1.1) and/or other 
appropriate form(s) as specified in the project work plans. Record all other pertinent information 
(date, site, well or boring number, and location) on the FADL and/or other appropriate form(s) as 
specified by the project work plans. Also note and record observed field conditions, any unusual 
circumstances, and weather conditions. Drilling of the borehole should be conducted in conformance 
with SOPS 14.1, 14.2, 14.3, or 14.4, as appropriate. 

4.2.7 During drilling, collect representative cutting and soil samples as required by the project 
work plans. Compile a boring or lithologic log from the cuttings and samples per SOP 15.1. 

4.2.8 At total depth, remove soil cuttings through circulation or rapidly spinning the augers prior to 
constructing the well. Review logs and notes with the driller for any zones or depths exhibiting 
drilling problems which may affect the well installation. Condition the hole or take other actions 
mutually agreed upon by the rig geologist (or engineer), lead technical personnel, and the driller to 
ensure or aid in the well development. 

4.2.9 Remove the drill pipe and bit if using rotary techniques, or remove the center bit boring if 
using the hollow-stem auger technique. The well construction materials will then be installed inside 
the open borehole or through the center of the drive casing or augers. 

J:\DOE\4000\D3\SQ&OPS\WASOPS\SOP08-I .DOC Weiss Associates Project Number: 128-4000 



Standard Operating Procedures SOP NO. 8.1 
LEHR Environmental Restoration / Waste Management Rev. 0 3/98 
DOE Contract No. DE-AC03-96SF20686 Page 6 of 8 

4.2.10 Measure the total depth of the completed boring using a weighted sounding line. The 
borehole depth is checked to assure that formation material has not heaved to fill the borehole. If 
heaving has taken place, options for cleaning, redrilling, or installation in the open section of the 
boring should be discussed with lead technical personnel. , 

4.2.1 1 In the event that the hole was over-drilled, grout, bentonite pellets, or bentonite chips (as 
specified in the project work plans) may be added to the bottom of the boring to raise the bottom of 
the hole to the desired depth. The grout should be pumped through a tremie pipe and fill from the 
bottom of the boring upward. During grouting, the trernie pipe should be submerged below the top 
of the grout column in the borehole to prevent free-fall and bridging. If bentonite is used, it should 
be added gradually to prevent bridging. Grout or bentonite addition will stop when its level has 
reached approximately one foot below the desired base of the well string (casing, screen, end plug or 
sump, etc.). The bentonite plug will be hydrated for at least one hour before installation of a filter 
pack. 

4.2.12 Calculate volumes of filter pack, bentonite pelletslslurry, and grout required, based on 
borehole and well casing dimensions. If required by the project work plans, determine the filter pack 
and well screen slot size for the monitoring well per SOP 16.1. 

4.2.13 Place a layer of filter pack (one to two feet, unless otherwise specified in the project-specific 
work plans) at the bottom of the borehole. The filter pack will be installed through the center of the 
drive casinglaugers. Filter pack will be added slowly while withdrawing the drive casinglaugers. 

4.2.14 Inspect the casing, screen, and any other well construction materials prior to installation to 
assure that no damage has occurred during shipment and decontamination activities. 

4.2.15 Connect and carefully lower the well string through the open borehole, drive casing, or inside 
of the augers until the well string is at the desired depth. The well string should be suspended by the 
installation rig and should not rest on the bottom of the boring. In the event the well string was 
dropped, lowered abruptly, or for any other reason suspected of being damaged during placement, the 
string should be removed from the boring and inspected. In certain instances, the well string may 
rise after being placed in the borehole due to heaving sands. If this occurs, the driller must not place 
any drilling equipment (drill pipe, hammers, etc.) to prevent the casing from rising. The amount of 
rise should be noted by the rig geologist or engineer who should then consult lead technical 
personnel for an appropriate course of action. 

4.2.16 Record the following information on the Borehole~Well Construction Log (Attachment 6.1) 
and/or other appropriate forms per the project work plans: 

Length of well screen; 

Total depth of well boring; 

Depth from ground surface to top of grout or bentonite plug in bottom of 
borehole (if present); 

Depth to base of well string; and, 

Depth to top and bottom of well screen. 
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4.2.17 When using the mud rotary drilling technique, tremie the filter pack into the annular space 
around the screen. Clean, potable water may be used to assist with the filter pack tremie operation. 
For all other drilling techniques, the filter pack may be allowed to free fall or be trernied per the 
project work plans. If using drive casing or augers, the drive casing or augers should be pulled 
slowly during filter pack installation in increments no greater than five feet. 

4.2.18 Filter pack settlement should be monitored by initially measuring the sand level (before 
beginning to withdraw the drive casindaugers). In addition, depth soundings using a weighted tape 
shall be taken repeatedly to continually monitor the level of the sand. The top of the well casing 
shall also be monitored to detect any movement due to settlement or from drive casindauger 
removal. If the top of the well casing moves upwards at any time during the well installation 
process, the driller should not be allowed to set drilling equipment (downhole hammers, drill pipe, 
etc.) on the top of the casing to prevent further movement. 

4.2.19 Filter pack should be added until its height is approximately two feet above the top of the 
screen (unless otherwise specified in the project work plans), and verification of its placement (by 
sounding) should be conducted. The filter pack should then be gently surged using a surge block or 
swab in order to settle the pack material and reduce the possibility of bridging. 

4.2.20 The height of the filter pack will then be re-sounded and additional filter pack placed as 
necessary. Once the placement of the filter pack is completed, the depth to the top of the pack is 
measured and recorded on the Borehole/Well Construction Log (Attachment 6.1) or other appropriate 
forms per the project work plans. 

4.2.21 A three-foot thick (unless otherwise specified in the project work plans) bentonite seal is then 
installed on top of the filter pack. If pellets or chips are used, they should be added gradually to 
avoid bridging. Repeated depth soundings will be taken using a weighted tape to ascertain the top of 
the bentonite seal. The seal should be allowed to hydrate for at least one hour before proceeding with 
the grouting operation. 

4.2.22 After hydration of the bentonite seal, grout is then pumped through a tremie pipe and filled 
from the top of the bentonite seal upward. The bottom of the tremie pipe should be maintained 
below the top of the grout to prevent free fall and bridging. When using drive casing or hollow-stem 
auger techniques, the drive casinglaugers should be raised in incremental intervals, keeping the 
bottom of the drive casinglaugers below the top of the grout. Grouting will cease when the grout 
level has risen to within approximately one to two feet of the ground surface, depending on the 
surface completion type (flush mount versus aboveground). Grout levels should be monitored to 
assure that grout taken into the formation is replaced by additional grout. If settling of the grout 
occurs, additional topping off of the grout may be necessary. 

4.2.23 For aboveground completions, the protective steel casing will be centered on the well casing 
and inserted into the grouted annulus. Prior to installation, a 2-inch deep temporary spacer may be 
placed between the PVC well cap and the bottom of the protective casing cover to keep the protective 
casing from settling onto the well cap. 
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4.2.24 After the protective casing has set, a drainage hole may be drilled into the protective casing if 
required by the project work plans. The drainage hole is positioned approximately two inches above 
ground surface. The protective casing will be painted with a rust-preventive colored paint. 

4.2.25 The well head will be labeled to identify, at a minimum, the well number, depth, and date of 
installation. 

4.2.26 A minimum of 24 hours after grouting should elapse before installation of the concrete pad 
and steel guard posts for aboveground completions, or street boxes or vaults for flush mount 
completions. 

4.2.27 For aboveground completions, a concrete pad, usually 3-foot by 3-foot by 4-inch thick, is 
constructed at ground surface around the protective steel casing. The concrete is sloped away from 
the protective casing to promote surface drainage from the well. 

4.2.28 For aboveground completions, where traffic conditions warrant extra protection, three steel 
bucking posts may be embedded to a depth approximately 1.5 feet below the top of the concrete pad. 
The posts will be installed in concrete filled post holes spaced equally around the well at a distance 
of approximately 1.5 feet from the protective steel casing. Where removal of bucking posts is 
required for well access, mounting sleeves should be imbedded into the concrete. 

4.2.29 For flush mount (or subgrade) completions, a street box or vault is set and cemented in 
position. The top of the street box or vault will be raised slightly above grade and the cement sloped 
to grade to promote surface drainage away from the well. 

4.2.30 Following well completion and demobilization of the rig, the well site should be cleared of 
all debris and trash and restored to a neat and clean appearance per the project work plans. All 
investigation-derived waste generated at the well site should be appropriately contained and managed 
per the project work plans. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

6.1 BoreholelWell Construction Log 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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MONITORING WELL DEVELOPMENT 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines for specifying, assessing and 
documenting the well development process. Additional specific well development procedures and 
requirements will be provided in the project work plans. 

REFERENCES 

SOP 5.1 - Water Level Measurements in Monitoring Wells 

SOP 6.1 - Sampling Equipment and Well Material Decontamination 

SOP 6.2 - Drilling and Heavy Equipment Decontamination 

SQP 4.2 - Records Management 

SQP 8.2 - Calibration and Maintenance of Measuring and Test Equipment 

US .  Environmental Protection Agency (EPA), August 1988, Guidance for 
Conducting Remedial Investination and Feasibility Studies under CERCLA, Interim 
Final OSWER Directive 9355.3-01 

US.  Environmental Protection Agency (EPA), 1987, A Comuendium o f  Suuerfund 
Field Ouerations Methods, EPA-540/P-87/001a, U S .  Government Printing Ofice, 
Washington D. C. 

ASTM, 1988, Standards Technolonv Training Program - Groundwater and Vadose 
Zone Monitorin5 Nielsen, et al. 
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3.0 DEFINITIONS 

3.1 Well Development 

The act of removing fine grained sediment and drilling fluids from the sand pack and formation in 
the immediate vicinity of the well, thus increasing the porosity and permeability of the materials 
surrounding the intake portion of the well. 

3.2 Educator Pipe 

The pipe used to transport well discharge water to the surface. 

4.0 PROCEDURE 

4.1 General 

4.1.1 The most common methods used to develop monitoring wells consist of surging and bailing, 
surging and pumping, or combinations of all these. 

4.1.2 The project work plans will identify the specific well development procedure to be followed. 
The standard procedure for field personnel to use in assessing and documenting well development is 
described below and is intended only for development methods listed above. 

4.2 Responsibilities 

4.2.1 The Project Manager is responsible for ensuring that monitoring wells are properly developed 
and that the development process is properly documented in accordance with this and any other 
appropriate procedures. This will be accomplished through staff training and by maintaining quality 
assurance/quality control (QNQC). 

4.2.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with well development. If deviations from project requirements occur, the 
PQAS is also responsible for issuing notices of nonconformances and requests for corrective action. 

4.2.3 Field personnel are responsible for conducting monitoring well development and 
documentation in accordance with the specifications outlined in this SOP and by the project work 
plans. All staff are responsible for reporting deviations from the procedures to the Field Coordinator, 
Project Manager, or the PQAS. 

4.3 Well Development 

4.3.1 Decontaminate the rig and development equipment in accordance with SOPS 6.1 and 6.2, 
respectively. 
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4.3.2 Calibrate all field analytical test equipment (pH, temperature, conductivity, turbidity) 
according to the instrument manufacturer's specifications and SQP 8.2. Specific test equipment to be 
used should be identified in the project-specific work plans. Instruments that cannot be calibrated 
according to the manufacturer's specifications will be removed from service, tagged with an out of 
calibration label, and segregated (when possible) from the calibrated equipment area. 

Water level meters will be calibrated at the beginning of the project and then every six months using 
a steel surveyor's tape. 

4.3.3 Visually inspect the well to ensure that it is undamaged, properly labeled and secured. Any 
observed problems with the well head should be noted in the Field Activity Daily Log (FADL) 
(SOP 1.1) and reported to the Site Superintendent. 

4.3.4 Unlock the well and obtain a depth to water level measurement according to the procedures 
outlined in SOP 5.1. Calculate the volume of water in the well (cased well volume) as follows: 

d 
m(- ) x (h, - h 2) x 7.48 = gallons per cased well volume 

2 

where: 

x: = 3.14 (dimensionless) 
d = inside diameter of well casing (in feet) 
hl = depth of well from top of casing (in feet) 
hZ = depth to water from top of casing (in feet) 

4.3.5 The depth to the bottom of the well should be sounded and then compared to the completion 
form or diagram for the well. If sand or sediment are present inside the well, it should first be 
removed by bailing. Do not insert bailers, pumps, or surge blocks into the well if obstructions, 
parting of the casing, or other damage to the well is suspected. Instead report the conditions to the 
Site Superintendent and obtain approval to continue or cease well development activities. 

4.3.6 Begin development by first gently surging followed by bailing or pumping. This is then 
continued with alternate surging and bailing or pumping. At no time should the surge block be 
forced down the well if excessive resistance is encountered. During development, the bailer should 
not be allowed to free-fall or descend rapidly such that it becomes lodged in the casing or damages 
the end cap or sediment trap at the bottom of the well. 

4.3.7 While developing, take periodic water level measurements (at least one every five minutes) 
to determine if drawdown is occurring and record the measurements on the Well Development Data 
form (Attachment 6.1). 

4.3.8 While developing, calculate the rate at which water is being removed from the well. Record 
the volume on the Well Development Data form. 
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4.3.9 While developing, water is also periodically collected directly from the eductor pipe or bailer 
discharge and readings taken of the indicator parameters: pH, specific conductance, and temperature. 
Development is considered complete when the indicator parameters have stabilized (i.e., three 
consecutive pH, specific conductance, and temperature readings are within tolerances specified in the 
project work plans) and a minimum of three well volumes of water have been removed. In certain 
instances, for slow recharging wells, the parameters may not stabilize. In this case, well development 
is considered complete upon removal of the minimum of three well volumes. In some cases, the 
project work plans may also specify a maximum turbidity requirement for completion of 
development. 

4.3.10 Obtain a water level and turbidity measurement at the completion of development. 

4.3.1 1 Complete documentation of the well development event on the Well Development Record 
form. At a minimum this record must contain: 

Project name and number; 

Well identification number; 

Well depth, casing size, and completion date; 

Method of development; 

Volume of water removed; 

Water levels (including the time of measurement); 

Physical description of the water (e.g., discoloration, turbidity, odor, etc.) and 
solids removed from the well; 

Test equipment readings for pH, conductivity, temperature and turbidity 
(including the time of collection); and, 

Signature of the well development observer. 

4.3.12 Collect and appropriately transport and dispose of water removed from the well in 
accordance with criteria listed in the project-specific work plans and regulatory requirements. 

4.3.13 Allow the well to recover for at least 24 hours prior to sampling. 

5.0 RECORDS 

Records generated as a result of implementing this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 
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6.0 ATTACHMENTS 

6.1 Well Development Form 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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WELL DEVELOPMENT DATA FORM 
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BOREHOLE AND WELL ABANDONMENT 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for field personnel 
to use in the supervision of borehole or soil boring abandonment and groundwater monitoring well 
abandonment (destruction) activities. Additional specific borehole and well abandonment procedures 
and requirements will be provided in the project work plans. 

REFERENCES 

California Department of Water Resources (CDWR), 1981, Water Well Standards: 
State o f  California, Bulletin 74-81, December 1981 

California Department of Water Resources (CDWR), 1988, Drafi Monitoring Well 
Standards: State o f  California, Bulletin 74-88, September 1988 

California Department of Water Resources (CDWR), 1991, Drafi California Well 
Standards, Bulletin 74-90, June 1991 

SQP 4.2 - Records Management 

DEFINITIONS 

Borehole Abandonment 

The process whereby boreholes or soil borings are grouted or sealed following completion of drilling, 
sampling and/or logging. 

3.2 Well Abandonment 

For the purposes of this SOP, "well abandonment" will refer to the abandonment of groundwater 
monitoring wells only. Well abandonment is the process of formally destroying the well such that it 
may never be used again. Well abandonment generally consists of two basic methods: 

Abandoning the well in-place; or 
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Drilling the well out. 

The exact type of methodology that is used at a site is dependent upon specific regulatory 
requirements, and may actually be negotiated with the applicable regulatory agencies. 

Abandoning the well in place basically consists of cementing the sand pack, well screen and casing 
in place, usually with a cement bentonite grout. The grout is commonly pumped through a tremie 
pipe inside the well. At certain sites the regulators may require perforating the casing across low 
permeability zones, excess sand pack interval (i.e., behind blank casing), andlor intervals of poor 
cement seal (as determined from a cement bond log run inside the casing). The grouting is then 
conducted in successive stages across the perforated intervals. In other instances, the regulatory 
agencies may require in-place abandonment be conducted using pressure grouting techniques. 

Drilling the well out is most commonly conducted using a hollow stem auger. In certain instances a 
rotary wash might also be used. The auger size is selected so that the inside diameter of the augers is 
slightly greater than the well casing and screen. The auger is then centered over the casing with the 
center plug and pilot bit removed, or a small guide plug inserted in the casing. The cement seal, 
bentonite seal, and sand pack is then drilled out with the augers as they are advanced or washed over 
the well casing and screen. Once the cement seal, bentonite seal, and sand have been drilled out and 
circulated to the surface, the well casing and screen are then pulled from the hole. The remaining 
boring is then usually sealed with a trernied cement grout. 

The above methodologies also commonly incorporate the removal of the well head and surface 
completion materials down to a pre-specified depth. The surface is then sealed and a permanent 
marker or monument may also be emplaced at the surface. 

Any of the above methodologies are effective in rendering the wells inoperable and preventing them 
from becoming conduits for enhanced vertical transport. 

4.0 PROCEDURE 

This section contains responsibilities, procedures and requirements for borehole and well 
abandonment. Abandonment procedures to be used at a particular site must incorporate project- 
specific regulatory requirements. Consequently, the project work plans will identify the following: 

Abandonment objectives; 

Boreholes to be abandoned; 

Monitoring wells to be abandoned; 

Applicable site-specific regulatory requirements for monitoring well 
abandonment; and, 

Specific procedures for borehole and well abandonment beyond those covered 
in this SOP. 
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4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all abandonment activities are 
conducted and documented in accordance with this SOP and any other appropriate procedures. This 
will be accomplished through staff training and by maintaining quality assurance/quality control 
(QAIQc). 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this SOP. The PQAS is also responsible for the implementation of 
corrective action (i.e., retraining personnel, additional review of work plans and SOPS, variances to 
the abandonment requirements, issuing nonconformances, etc.) if problems occur. 

4.1.3 Field personnel assigned to borehole and well abandonment activities are responsible for 
completing their tasks according to specifications outlined in this SOP and other appropriate 
procedures. All staff are responsible for reporting deviations from the procedures to the Field 
Coordinator, Project Manager or the PQAS. 

4.2 Abandonment of Boreholes 

After drilling, logging and/or sampling, boreholes should be backfilled by the method described in 
the project work plans. This typically consists of backfilling to the surface with a bentonite-cement 
grout . 

4.2.1 Bentonite should be thoroughly mixed into the grout and within the percentage range 
specified in the work plans. The grout is usually tremied into the hole; however for selected 
boreholes (e.g., shallow borings well above the water table) at certain sites, the grout may be allowed 
to free fall. In either case, care must be taken to ensure the grout does not bridge, forming gaps or 
voids in the grout column. 

4.2.2 The volume of the borehole should be calculated and compared to the grout volume used 
during grouting to aid in verifying that bridging did not occur. 

4.2.3 When using a tremie to place grout in the borehole, the bottom of the tremie should be 
submerged into the grout column and withdrawn slowly as the hole fills with grout. If allowing the 
grout to free fall (and not using a tremie), the grout should be poured slowly into the boring. The rise 
of the grout column should also be visually monitored or sounded with a weighted tape. 

4.2.4 If the method used to drill the boring utilized a drive casing, the casing should be slowly 
extracted during grouting such that the bottom of the casing does not come above the top of the grout 
column. 

4.2.5 During the grouting process, the personnel performing the task should be supervised to assure 
that potentially contaminating material (oil, grease, or fuels from gloves, pumps, hoses, et. al) does 
not enter the grout mix and that personnel are properly wearing personal protective equipment as 
specified in the Project Health and Safety Plan. 
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4.2.6 Following grouting, barriers should be placed over grouted boreholes as the grout is likely to 
settle in time, creating a physical hazard. Grouted boreholes will typically require at least a second 
visit to "top off' the hole. 

4.2.7 The surface hole condition should match the pre-drilling condition (asphalt, concrete, or 
smoothed flush with native surface), unless otherwise specified in the project work plans. 

4.3 Pre-Abandonment Activities 

The abandonment of monitoring wells should be done in compliance with applicable state and local 
regulations. Permits should be obtained from the county, or any other agency which requires one, 
prior to well abandonment. 

4.3.1 For sites in California, well abandonment standards have been developed by the California 
Department of Water Resources (CDWR, 198 1, 1988, and 1991). An abandonment report should be 
filed with the CDWR (DWR Form 188, Rev. 12.86). An example form is included as 
Attachment 6.1. The form ID numbers are unique, and an original form must be obtained from the 
CDWR. A supply of these forms is usually available at WA. In addition, only a California-licensed 
drilling contractor possessing a valid C-57 State license should be contracted to perform 
abandonment activities at sites in California. The California Department of Toxic Substances 
Control (DTSC) may also have additional abandonment requirements for sites in which they are the 
lead agency. In the past they have required a well abandonment workplan be compiled and approved 
before conducting abandonment activities. 

4.3.2 Even if not required by the regulatory agencies, it is advisable to compile a well 
abandonment plan to be included in the project work plans for use by the well-site geologistlengineer 
and the driller. The procedures for the abandonment within the plan should be consistent with the 
above applicable regulatory requirements. The plan should be reviewed by the field crew prior to the 
abandonment of a well. 

4.3.3 Certain information may be required to appropriately complete the plans and is important in 
planning and ensuring that effective abandonment of the well will be completed. This information 
may include the following: 

The subsurface lithology/soil types in the immediate vicinity of the well, as 
derived from the boring, soil core andlor borehole geophysical logs compiled 
from the particular well; 

The well condition information based upon historical or operations records 
(including sample collection forms) and previous inspection activities (e.g., tape 
soundings, video camera logging, borehole geophysical logging, etc.); 

The well construction information, including type and diameter of casing and 
well screen, and depths, composition and thicknesses of sand packs, bentonite 
seals and cement seals; and 
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Past analytical results of groundwater samples collected from the well. 

4.4 In- Place Well Abandonment Activities 

This section describes basic requirements for abandoning (cementing) monitoring wells in place as 
discussed in Section 3.2 above. 

4.4.1 Upon initiation of abandonment activities, all downhole sampling (e.g., dedicated purge 
pumps, sample pumps, etc.) and monitoring equipment must be removed from the well. 

4.4.2 Obtain a measurement of the total depth of the well and compare to the existing well 
construction information. If granular material ( e g ,  sand pack, formation sediment, etc.) is believed 
present inside the well based upon the sounding, a bailer may be run to bottom to attempt to ascertain 
the type of debris. 

4.4.3 The granular well debris should then be removed fiom the well by bailing, pumping or other 
appropriate techniques. 

4.4.4 If the condition of the well casing is suspect or of concern, it may be advisable to run a video 
log of the well, if it has not already been done. However, judgement and caution will need to be 
exercised to prevent sticking the camera inside the well during the video logging. 

4.4.5 If significant scaling or encrustation of the well is observed, the well should then be brushed 
and cleaned. 

4.4.6 If perforation across low permeability zones or voids in the cements seal (as determined from 
a cement bond log) is required by the appropriate regulatory agency, the perforation is conducted 
using a perforation gun with explosive charges. The intervals to be perforated are predetermined and 
specified in the well abandonment or project work plans or may also be based upon field evaluation 
of a cement bond log run inside the well. The perforating should be conducted: 

using either wireline or tubing conveyed guns; 

by an experienced driller or wireline company; and, 

following all applicable requirements of the Project and/or Site-Specific 
Health and Safety Plan. 

4.4.7 A mills knife may also potentially be used instead of a perforation gun if the well conditions 
are conducive to its use (e.g., where no cement seal exists behind the casing). 

4.4.8 Upon completion of the perforating, the screen interval and sand pack is then grouted with 
cement grout. The type and composition of the grout mixture will be specified in the abandonment 
and/or project work plans. The grout will be emplaced as required by the abandonment andor 
project work plans. 

4.4.9 The remainder of the well casing and the perforated intervals are then grouted in successive 
stages as specified in the abandonment and/or project work plans. 
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4.4.10 If the well is abandoned in-place without perforating, the well is sealed with cement grout 
after any necessary brushing and cleaning (see Section 4.3.2.5). The type and composition of the 
grout mixture will be specified in the abandonment andor project work plans. If tremieing is 
required, the grout should be pumped via a tremie pipe or equivalent placed near the bottom of the 
well with the tremie pipe or equivalent progressively removed as grouting progresses. 

4.4.1 1 In all cases while grouting the well, special care should be used to restrict the flow of 
groundwater into the well if subsurface pressure producing the flow is significant. During the 
grouting process, the personnel performing the task should be supervised to assure that potentially 
contaminating material (oil, grease, or fuels from gloves, pumps, hoses, et. al) does not enter the 
grout mix and that personnel are properly wearing personal protective equipment as specified in the 
Project Health and Safety Plan. 

4.4.12 Quantities of grout used are to be recorded on a Field Activity Daily Log (FADL) (SOP 1.1). 
It should be verified that the volume of the grout placed during destruction operations equals or 
exceeds the volume to be filled and sealed. This is to help determine whether the well has been 
properly destroyed and that no jamming or bridging of the grout has occurred. 

4.4.13 The final well surface disposition should be completed as stated in the abandonment andor 
project work plans. 

4.4.14 Any problems or unusual conditions observed during the entire abandonment process should 
be recorded on the FADL (SOP 1 . I ) .  A Well Abandonment Log (Attachment 6.2) should also be 
completed for the well during and upon completion of abandonment activities to provide appropriate 
documentation. 

4.5 Well Removal Abandonment Activities 

This section describes basic requirements for monitoring well abandonment by drilling the well out. 
As hollow-stem auger drilling techniques are most commonly employed, they will be described in 
this section. 

4.5.1 Upon initiation of abandonment, conduct equipment and debris removal activities. 

4.5.2 If the condition of the well casing or screen is suspect (e.g. parting is suspected), a video log 
may be run inside the well. If parting of the casing or screen is evident, drilling the well out may not 
be feasible and abandoning the well in-place may need to be considered as a more viable option. 

4.5.3 For drilling out the well, the site should be prepared and the rig centered over the well per the 
project work plans and appropriate drilling method SOPs. The lead auger is positioned such that it 
will wash over the well casing during drilling. A small guide plug may then be positioned through 
the inside of the auger and into the casing. 

4.5.4 The cement seal and sand pack are then drilled out by advancing the augers and adding auger 
joints to the drill string. Drilling should be conducted following procedures specified in applicable 
drilling method SOPs and the project work plans. 
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4.5.5 Once the targeted total depth is reached, the hole is cleaned by circulating out all cement, 
sand pack and cuttings by spinning the augers. 

4.5.6 The well casing is then removed using casing jacks, drill line or other appropriate methods. 
If the casing is disconnected during removal, it is advisable to suspend and hold the casing with slips. 
Care should be taken to prevent the remaining casing from falling back into the hole. 

4.5.7 The remaining boring is then sealed following procedures specified in Section 4.2 and the 
abandonment and/or project work plans. 

4.5.8 The final well surface disposition should be completed as stated in the abandonment and/or 
project work plans. 

4.5.9 Any problems or unusual conditions observed during the entire abandonment process should 
be recorded on the FADL (SOP 1.1). A Well Abandonment Log (Attachment 6.2) should also be 
completed for the well during and upon completion of abandonment activities to provide appropriate 
documentation. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be maintained in the Project 
Records file in accordance with SQP No. 4.2. 

6.0 ATTACHMENTS 

6.1 D WR Form 188, Rev. 12.86 (example only) 

6.2 Well Abandonment Log 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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CASING CUT-OFF DEPTH - 
OMRDRILL DEPTH - 

WELL TYPE: 

PERFORATION ZONE 1 - 
DEPTH (IT. B.G.S.): - 

DATE/TIME: - 
TOP OF SEAL - 

PERFORATION ZONE - 

TOP OF SCREEN - 

MEASURED CASED 
WELL DEPTH - 

(SCREEN BOllOM) 

TOTAL DRllLED DEPTH - 
(M-BUILT SPEC.) 

W f L L  ABANDONMENT COMPLETED: 

RIG CEOLOGIST/ENGINEER DATE 

FD-WAOIA(FD1) 

- BACKFILL MATERIAL. 

TREMMIE PIPE LENGTH: 

GROUT MIXTURE VOLUME ESTIMATED: 

BENTONlTE (Ibs.) MIX 1 MIX 11 MIX m 
WATER (gol.) 

CEMENT (bogs X y) 
TOTAL VOLUME (gal.) 

CROVT PUMPED CALLONS 

DATE: 

START TIME 

STOP nME 

TURN OFF TIME: 

TOTAL VOLUME USED: 

ANTICIPATED VOLUME (CALCULATED): 

PERFORATION ZONES 

AS-BUILT 

tihH TOTAL PERFORATIONS: 1-  
(PER SPEC.) 

TOTAL PERFORATIONS 
PER ZONE 

(TWO PER FOOT) 
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GROUND WATER SAMPLING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for use by field 
personnel in the collection and documentation of ground water samples for chemical analysis. 
Proper collection procedures are necessary to assure the quality and integrity of all ground water 
samples. Additional specific procedures and requirements will be provided in the project work plans, 
as necessary. 

REFERENCES 

EPA, September 1987, Compendium o f  Su~erfund Field Operations Methods, EPA 
54O/P-87/OOl a, OSWER 9355.0-1 4 

EPA, August 1988, EPA Guidance for Conductinn Remedial Investigation and 
Feasibility Studies Under CERCLA, Interim Final OSWER Directive 9355.3-01 

ASTM, 1988, Standards Technolonv Training Program - Ground Water and Vadose 
Zone Monitoring, Nielsen, et al. 

SOP 1.1 - Chain-of-Custody 

SOP 2.1 - Sample Handling, Packaging and Shipping 

SOP 5.1 - Water Level Measurements in Monitoring Wells 

SOP 6.1 - Sampling Equipment and Well Material Decontamination 

SOP 17.1 - Sample Labeling 

SOP 17.2 - Sample Numbering 

SOP 19.1 - On-Site Sample Storage 

SQP 4.2 - Records Management 
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3.0 DEFINITIONS 

3.1 Bladder Pump 

A bladder pump is an enclosed cylindrical tube containing a flexible membrane bladder. Well water 
enters the bladder through a one-way check-valve at the bottom. Gas is forced into the annular space 
(positive displacement) surrounding the bladder through a gas supply line. The gas displaces the well 
water through a one-way check-valve at the top. The water is brought to the surface through a water 
discharge line. Gas (air or nitrogen) is provided by compressors or cylinders. 

3.2 Peristaltic Pump 

A peristaltic pump is a self-priming, low volume pump consisting of a rotor and ball bearing rollers. 
Tubing placed around the rotors is squeezed by the rotors as they revolve. The squeezing produces a 
wavelike contractual movement which causes water to be drawn through the tubing. The peristaltic 
pump is limited to sampling at depths of less than 25 feet. 

3.3 Electric Submersible Pump 

An electric submersible pump is an enclosed cylindrical tube containing a motor with rotary 
attachments. Well water enters the cylinder through a one-way check valve. Electrical power to the 
motor causes rotors or impellers to turn and displace the ground water. 

3.4 Bailer 

A bailer is an enclosed cylindrical tube containing a floating ball check-valve at the bottom. 
Lowering the bailer into water causes the ball to float, allowing water to enter the cylinder. Raising 
the bailer through the water causes the ball to settle, creating a seal to trap the water so that it can be 
brought to the surface. 

3.5 Dedicated Ground Water Monitoring Equipment 

Dedicated ground water monitoring equipment is used to purge and sample only one well. The 
equipment is installed and remains in the well for the duration of the monitoring program. Dedicated 
equipment does not need to be decontaminated between sampling events. 

4.0 PROCEDURE 

This section contains both the responsibilities and procedures involved with ground water sampling. 
Proper ground water sampling procedures are necessary to insure the quality and integrity of the 
samples. The details within this SOP should be used in conjunction with project work plans. The 
project work plans will generally provide the following information: 

Sample collection objectives; 

Locations of ground water samples to be collected; 
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Numbers and volumes of samples to be collected; 

Types of chemical analyses to be conducted for the samples; 

Specific quality control (QC) procedures and sampling required; and, 

Any additional ground water sampling requirements or procedures beyond those 
covered in this SOP, as necessary. 

At a minimum, the procedures outlined in this SOP for ground water sampling 
will be followed. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all sample collection activities are 
conducted in accordance with this SOP and any other appropriate procedures. This will be 
accomplished through staff training and by maintaining quality assurance/quality control (QCIQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this SOP. The PQAS is also responsible for implementation of 
corrective action (i.e., retraining personnel, additional review of work plans and SOPS, variances to 
QC sampling requirements, issuing nonconformances, etc.) if problems occur. 

4.1.3 Field personnel assigned to ground water sampling activities are responsible for completing 
their tasks according to specifications outlined in this SOP and other appropriate procedures. All 
staff are responsible for reporting deviations from procedures to the Field Coordinator, Project 
Manager or the PQAS. 

4.2 Ground Water Sampling Requirements 

4.2.1 Equipment Selection and Sampling Considerations 

Purging and sampling equipment is constructed from a variety of materials. The most inert material 
(e.g., Teflon, stainless steel), with respect to known or anticipated contaminants in the well(s), should 
be used whenever possible. The project work plans will describe the type of equipment to be used. 

If non-dedicated sampling is to be used and the contaminant histories of the wells are known, it is 
advisable to establish a sampling order starting with the least contaminated well and progressing to 
the most contaminated last. 

4.2.2 Ground Water Purging and Sampling with a Bladder Pump 

Pre-sample purging and sampling will be conducted in accordance with the project work plans. The 
standard procedure for ground water purging and sampling using a bladder pump is described below. 

a. Inspect the equipment to ensure that it is in good working order. 

b. Calibrate all field analytical test equipment ( e g ,  pH, temperature, conductivity) 
according to the instrument manufacturer's specifications. Calibration results 
will be recorded on the appropriate form(s) as specified by the project work 
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plans. Instruments that cannot be calibrated according to the manufacturer's 
specifications will be removed from service and tagged. 

Water level meters will be calibrated at the beginning of the project and then 
every six months using a steel surveyor's tape. 

c. If non-dedicated equipment is being used, decontaminate according to SOP 6.1. 
During decontamination, the equipment should again be inspected for damage 
and, if present, repaired or replaced with undamaged equipment. 

d. Visually inspect the well to ensure that it is undamaged, properly labeled and 
secured. Damage or other conditions that may affect the integrity of the well 
will be recorded on the Field Activity Daily Log (SOP 1.1) and brought to the 
attention of the Field Coordinator. 

e. Uncap the well and monitor the air space immediately above the open casing per 
the health and safety plan. Observe if any air is flowing into or out of the 
casing. In the event such conditions are observed, they should be noted on the 
Water Sampling Data Form (SOP 5.1). 

f. Obtain a depth to water level measurement according to the procedures outlined 
in SOP 5.1. Calculate the volume of water in the well (cased well volume) as 
follows: 

n x - x (h, - h, )x 7.48 =cased well volume (in gallons) K 1 
where: 

d = inside diameter of well casing (in feet) 
hl = depth of well from top of casing (in feet) 
hZ = depth to water from top of casing (in feet) 

Record static water level measurement and calculations on the Water Sampling 
Data Form (SOP 5.1). 

If using non-dedicated equipment lower the pump and associated tubing andlor 
lines into the well. 

g. Attach the compressor or cylinder to the controller and the controller to the gas 
supply line, making sure that the compressor is downwind of the monitoring 
well. Attach the sampling tube to the discharge supply line. Adjust the 
pressureldischarge cycle on the controller. 

h. Begin purging. Collect, transport, and dispose of purge water in accordance 
with the criteria specified by the project work plans. 

i. Physical parameters (pH, specific conductance, and temperature) of the purge 
water will be measured when purging begins and then periodically throughout 
the purging procedure. These measurements will be recorded on the Water 
Sampling Data Form (SOP 5.1). Purging is considered complete when a 
minimum of three casing volumes have been removed and pH, specific 
conductivity, and temperature measurements have stabilized (i.e., three 
consecutive pH, specific conductance, and temperature readings are within 
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tolerances specified in the project work plans). If stability is not reached within 
the removal of three well volumes, then purging is continued until a maximum 
of five. cased well volumes have been removed. 

For slowly recharging wells, the parameters may not stabilize. In this case, 
purging will be considered complete upon removal of a minimum three well 
volumes. 

Allow the well to recover to at least 80 percent of the initial cased well volume 
prior to sampling. 

Inspect the sampling bottles (obtained from the analytical laboratory prior to the 
sampling event) to be used to ensure that they are appropriate for the samples 
being collected, are undamaged, and have had the appropriate types and 
volumes of preservatives added. The types of sample containers to be used and 
sample preservation requirements will be provided in the project work plans and 
will comply with SOP 20.1. 

Turn on the pump and adjust the pressureldischarge cycle on the pump 
controller so that the water will flow smoothly and without agitation into the 
sample containers. 

Collect the sample directly into the provided sample bottle (container), allowing 
the discharge to flow gently down the inside of the bottle, minimizing aeration 
of the sample. Completely fill the bottle; however, samples collected for metals 
and general water chemistry analysis should be filled to the base of the bottle 
neck. 

The samples should be collected in the order of volatility, collecting the most 
volatile samples first, followed by the least volatile samples. The volatile 
samples should be collected during one full discharge cycle. Do not partially fill 
a volatile sample during one cycle and complete the filling during the next 
cycle. 

Samples that require filtering should be collected last. The samples should 
preferably be filtered using a disposable vacuum filterization unit. The required 
filter mesh should be stipulated in the project work plans. 

Cap the bottle. Custody seals may be used for additional sample security. Fill 
out and attach the sample label to the bottle per SOP 17.1. The sample will be 
assigned a sample number per SOP 17.2. 

Document the sampling event on the Field Activity Daily Log (FADL) 
(SOP 1.1). 

As soon as possible after sample collection, place the sample container(s) in a 
separate, appropriately sized, airtight, seam sealing, polyethylene bag (i.e., 
ziplock). Seal the bag, removing any excess air. Place the bagged sample inside 
the shipping container. 

Handle and ship the sample according to the procedures outlined in SOP 2.1, 
following appropriate custody procedures described in SOP 1 .l. Samples stored 
temporarily on site will be maintained per SOP 19.1. 
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4.2.3 Ground Water Purging and Sampling with a Peristaltic Pump 

Pre-sample purging and sampling will be conducted in accordance with the 
project work plans. The standard procedure for ground water purging and 
sampling using a peristaltic pump is described below. 

Inspect the equipment to ensure that it is in good working order. 

Conduct all field analytical test equipment (pH, temperature, conductivity) 
calibration. 

Conduct equipment decontamination. However, the old  on on^^ tubing should 
not be decontaminated. New tubing should be used for each well. 

Conduct wellhead inspection and air space monitoring. 

Obtain a water level measurement and calculate the cased well volume. 

Connect new  on on^^ tubing to the rotor head of the pump motor and tighten 
until snug. 

Run a short section of the tubing from the discharge side of the pump head to a 
collection vessel. 

Insert the free end of the influent tubing into the well and lower it to the middle 
of the well screen. 

Begin and conduct purging. 

Purging will be considered complete. Once purging is completed, allow the 
well to recover to at least 80 percent of the initial cased well volume prior to 
sampling. 

Inspect the sampling bottles to be used. 

Turn on and adjust the rotor speed of the pump so that the water will flow 
smoothly and without agitation into the sample bottles. 

Collect the sample directly into the provided sample bottle (container), allowing 
the discharge to flow gently down the inside of the bottle, minimizing aeration 
of the sample. Completely fill the bottle; however, samples collected for metals 
and general water chemistry analyses should be filled to the base of the bottle 
neck. 

The samples should be collected in the order of volatility. 

Samples that require filtering should be collected last. The samples should 
preferably be filtered using a disposable vacuum filterization unit. The required 
filter mesh should be stipulated in the project work plans. 

Appropriately cap, label, and number the samples. 

Document the sampling event on the FADL (SOP 1.1). 

Appropriately seal, store, handle, and ship the samples. 
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4.2.4 Ground Water Purging and Sampling with an Electric Submersible Pump 

Pre-sample purging and sampling will be conducted in accordance with the 
project work plans. The standard procedure for ground water purging and 
sampling using a submersible pump is described below. 

Inspect the equipment to ensure that it is in good working order. 

Conduct field analytical test equipment (pH, temperature, conductivity) 
calibration. 

Conduct equipment decontamination. 

Conduct wellhead inspection and air space monitoring. 

Obtain a water level measurement and calculate the cased well volume. 

If using non-dedicated equipment, lower the pump and associated lines into the 
well. 

Place the generator downwind of the well. Start the generator, and then plug the 
pump into the generator. 

Begin and conduct purging. 

Purging will be considered complete. Once purging is completed, allow the 
well to recover to at least 80% of the initial cased well volume prior to 
sampling. 

Inspect the sampling bottles to be used. 

Turn on and adjust the flow rate of the pump by using the check-valve on the 
discharge line so that the water will flow smoothly and without agitation into the 
sample bottles. 

Collect the sample directly into the provided sample bottle (container), allowing 
the discharge to flow gently down the inside of the bottle, minimizing aeration 
of the sample. Completely fill the bottle; however, samples collected for metals 
and general water chemistry analyses should be filled to the base of the bottle 
neck. 

The samples should be collected in the order of volatility. An electric 
submersible pump is not recommended for collecting volatile organic samples. 

Samples that require filtering should be collected last. The samples should 
preferably be filtered using a disposable vacuum filterization unit. The required 
filter mesh should be stipulated in the project work plans. 

Appropriately cap, label, and number the samples. 

Document the sampling event on the FADL (SOP 1 .I) .  

Appropriately seal, store, handle and ship the samples. 
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4.2.5 Ground Water Purging and Sampling with a Bailer 

Pre-sample purging and sampling will be conducted in accordance with the 
project work plans. The standard procedure for ground water purging and 
sampling with a bailer is described below. 

Inspect the equipment to ensure that it is in good working order. 

Conduct field analytical test equipment (pH, temperature, conductivity) 
calibration. 

Conduct equipment decontamination. 

Conduct wellhead inspection and air space monitoring. 

Obtain a water level measurement and calculate the cased well volume. 

Secure the bailer to bailing line or chain. 

Begin purging by slowly lowering the bailer into the ground water. Allow the 
floating ball valve to seat, and slowly retrieve the bailer. Repeat this procedure 
to purge the well. Collect, transport, and dispose of purge water in accordance 
with the criteria specified in the project work plans. 

During purging, the descent of the bailer should be controlled to prevent freefall 
inside the well. In the event the bailer encounters an obstruction inside the well, 
no attempts may be made to push the bailer beyond the obstruction. If the bailer 
becomes lodged in the well, the line should not be pulled with such force that it 
would part from the bailer. Such conditions should also be noted in the FADL 
(SOP 1.1) and brought to the immediate attention of the Field Coordinator. 

Purging will be considered complete. Once purging is completed, allow the 
well to recover to at least 80% of the initial cased well volume prior to 
sampling. 

Inspect the sampling bottles to be used. 

Lower the sample collection bailer and submerge into the water column as 
above. Retrieve the bailer and insert a bottom emptying device into the bailer so 
that the water will flow smoothly and without agitation into the sample bottles. 

Collect the sample water directly into the provided sample bottles (containers), 
allowing the discharge to flow gently down the inside of the bottles, minimizing 
aeration of the sample. Completely fill the bottles; however, samples collected 
for metals and general water chemistry analyses should be filled to the base of 
the bottle neck. 

The samples should be collected in the order of volatility. 

Samples that require filtering should be collected last. The samples should 
preferably be filtered using a disposable vacuum filterization unit. The required 
filter mesh should be stipulated in the project work plans. 

Appropriately cap, label, and number the samples. 

Document the sampling event on the FADL (SOP 1.1). 

Appropriately seal, store, handle, and ship the samples. 
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5.0 RECORDS 

Records generated as a result of this SOP will be controlled and maintained in the project record files 
in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

None 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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SOIL ORGANIC VAPOR SAMPLING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines for collecting soil organic vapor 
(SOV) samples and documenting the collection process. The details within this SOP should also be 
used in conjunction with project work plans. 

None. 

REFERENCES 

Schuring, D.G., 1989, Soil Gas Testing: A Possible Alternative to Conventional 
Monitoring Methods, Hazmat World - Feature Report: Water Issues 

Nadeau, R.J., T.S. Stone, and G.S. Klinger, March 1985, Sampling Soil Vapors to 
Detect SubsulLface Contamination: A Technique and Case Study 

Marrin, D. L., and H.B. Ke foot, 1988, Soil Gas Surveying Techniques, Environmental 
Science and Technology, Vol. 22, No. 7, pp. 740- 745 

SOP 2.1 - Sample Handling, Packaging and Shipping 

SOP 6.1 - Sampling Equipment and Well Material Decontamination 

SOP 13.1 - Indoor Air Quality Sampling Using SUMMA@ Canisters 

SQP 4.2 - Records Management 

DEFINITIONS 
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4.0 PROCEDURE 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that SOV samples are properly collected and 
the sampling event is properly documented in accordance with this and any other appropriate 
procedure. This will be accomplished through staff training and by maintaining quality 
assurance/quality control (QAIQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with SOV sampling. If perceived variances occur, the PQAS is also 
responsible for issuing notices of nonconformances and requests for corrective action. 

4.1.3 Field personal assigned to SOV sampling activities are responsible for completing their tasks 
according to the specifications outlined in the HSOP and other appropriate procedures. All staff are 
responsible for reporting deviations from procedures to the Field Coordinator or the PQAS. 

4.2 Sample Collection 

A number of devices are available for the collection of SOV samples. The analytical requirements, 
the sample depth, the material through which the sample probes are to be driven, and whether the 
sampling points are to be temporarily or permanently installed must be taken into account when 
determining the proper SOV sampling equipment to use. The project work plans will identify, as 
applicable: 

SOV sampling objectives; 

Depths and locations of sampling points; 

Sampling equipment to be used; 

Numbers and volumes of samples to be collected; 

Types of chemical analyses to be conducted for the samples; 

Specific quality control (QC) sampling and procedures required; 

Drilling or installation requirements (for permanent points), as required; and, 

Specific procedures to be performed in addition to those covered in this SOP. 

The project work plans and this SOP should therefore be reviewed and understood before conducting 
SOV sampling at the site. 

The standard procedure for field personnel to use in the collection of SOV samples is described 
below. 

4.2.1 Prior to drilling or driving SOV sampling points, ensure that the sample locations have been 
appropriately cleared for all underground utilities per the project work plans. Review all forms and 
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diagrams documenting the location of the cleared SOV points, as well as that of any underground 
utility lines or other obstructions. 

4.2.2 Inspect all SOV sampling equipment to ensure that it is in good working order. 

4.2.3 Refer to the project work plans to determine the appropriate instrument(s) needed to screen 
the borehole for volatile organic compounds (VOCs). Calibrate all field analytical and health and 
safety monitoring equipment according to the instrument manufacturer's specifications. Calibration 
results will be documented on the appropriate form(s), as specified by the project work plans. 
Instruments that can not be calibrated according to the manufacturer's specifications will be removed 
from service and tagged. 

4.2.4 Don the appropriate personal protective equipment as specified in the project work plans and 
health and safety plan. 

4.2.5 The sampling points should be surveyed or mapped and clearly marked prior to sampling. 
The sample should be collected at the marked location. If the collection point must be moved, 
significantly, the new location must be approved by the Site Superintendent. 

4.2.6 Clear the area to be sampled of surface debris and vegetation using appropriate equipment as 
specified in the project work plans. Sampling equipment should not be used for this purpose. 

4.2.7 Prior to sampling and between sampling locations, decontaminate the sampling equipment 
according to the procedures outlined in SOP 6.1. Record the decontamination activities on the Field 
Activity Daily Log (FADL) (SOP I.]), and/or the appropriate form(s) as specified by the project 
work plans. 

. Note: Some projects may require the collection of QC samples after decontamination of the 
sampling equipment. This sampling must be conducted as required by the project work plans. 

4.2.8 Drive the sample probe to the appropriate depth (hydraulically, electrically, or manually), as 
specified in the project work plan. 

1.1.9 If probe refusal is encountered, document the time and depth of refusal on the FADL and 
report the refusal to the Site Superintendent; refer to the project work plans to determine the proper 
course of action. 

4.2.10 Once the probe has been driven to the target depth, connect the sampling port on the probe to 
a low volume pump with a piece of dedicated ~ e f l o n ' ~  tubing. Using the low volume pump, purge a 
measured volume of air from the probe (as specified in the project work plans). 

4.2.1 1 Collect the sample by drawing a measured aliquot of air through the probe and into the 
designated sample container (as specified in the project work plans). Typical sample containers 

, include ~ e d l a ?  and MylarB bags, glass bulbs, syringes, adsorption tubes, and SUMMA@ canisters. 

(Refer to SOP 13.1 for guidelines on use of SUMMA@ canisters.) Sample containers may be reused 
if they are decontaminated and analyzed for contaminants prior to use per the project work plans. 
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4.2.12 Seal the sample container and handle the sample according to the procedures outlined in 
SOP 2.1. 

4.2.13 Label the sample appropriately (date and time sample was collected, sample location, sample 

team members and signatures, etc.). For SUMMA@ canisters, do not apply adhesive label to 
canister; use the tag provided. Document the sampling event on the FADL (SOP 1. I). 

4.2.14 Handle the sample according to the procedures outlined in SOP 2.1, Sample Handling, 
Packaging and Shipping. For samples submitted to a laboratory for analysis, Chain-of-Custody 
Record (SOP 1.1) shall be completed and maintained per the SOP and project work plans. 

.w 

4.2.15 Remove the sample probe (if temporary) and abandon the hole in the manner specified in the 
project work plans. For permanent sampling installations, cap and secure the sample point as 
required in the project work plans. 

5.0 RECORDS 

Records generated as a result of this SOP will be controlled and maintained in the project record files 
in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the hbstitute form contains equivalent information as the referenced form. 
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CONE PENETRATION TESTING AND 
HYDROPUNCH@ GROUND WATER SAMPLING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines for conducting cone penetration 
testing (CPT), soil sampling using a CPT rig, and ~ ~ d r o ~ u n c h @  ground water sampling. The details 
within this SOP should also be used in conjunction with project work plans. 

REFERENCES 

ASTM, 1988, Standard Method for Deeu, Ouasi-Static, Cone and Friction-Cone 
Penetration Tests o f  Soil, Designation: D 3441-86, Volume 4.08 Soil and Rock, 
Building Stones: Geotextiles, pp. 409-414 

Manchon, B., 1992, Introduction to Cone Penetrometer Testing and Ground Water 
Samplers, Sixth National Outdoor Action Conference on Aquifer Restoration, Ground 
Water Monitoring and Geophysical Methods, May 1992 

SOP 1.1 - Chain of Custody 

SOP 2.1 - Sample Handling, Packaging and Shipping 

SOP 6.1 - Sampling Equipment and Well Material Decontamination 

SOP 6.2 - Drilling and Heavy Equipment Decontamination 

SQP 4.2 - Records Management 

DEFINITIONS 

Cone 

The cone-shaped point of the penetrometer tip, upon which the end-bearing resistance develops. 
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3.2 Cone Penetrometer 

An instrument in the form of a cylindrical rod with a conical point, designed for penetrating soil and 
soft rock and for measuring the end-bearing component of penetration resistance. 

3.3 Cone Resistance or End-Bearing Resistance 

The resistance to penetration developed by the cone, equal to the vertical force applied to the cone 
divided by its horizontally projected area. 

A device used to collect ground water samples using CPT or drill rig technology. Various forms of 
the ~ ~ d r o ~ u n c h @  exist; they vary in the method used for sample collection. HydroPunch I@ uses 
the body of the hydropunch to collect and retrieve the sample. HydroPunch 11@ allows for the 
collection of water samples using a bailer lowered within the CPT rods or drill stem. 

3.5 Sounding 

The entire series of penetration tests performed at one location. 

3.6 Friction Ratio 

The ratio of friction resistance to cone resistance, expressed in percent. 

3.7 Friction Resistance 

The resistance to penetration developed by the friction sleeve, equal to the vertical force applied to 
the sleeve divided by its surface area. This resistance consists of the sum of friction and adhesion. 

3.8 Differential Pore Pressure Ratio 

A calculated parameter equal to the excess pore pressure measured behind the tip divided by the sum 
of the tip resistance (corrected for pore pressure effects and the total overburden stress). Used in 
combination with the end-bearing resistance to infer lithology. 

3.9 Pore Pressure 

Water pressure in the formation. 
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3.10 Push Rods 

The thick-walled tubes, or other suitable rods, used for advancing the penetrometer tip or 
Hydrohnch@ to the required test depth. 

4.0 PROCEDURE 

Depending on the sampling activities to be performed, ~ ~ ' / ~ ~ d r o h n c h @  testing may require 
multiple runs to complete the desired tests. The first run is generally conducted to generate 
stratigraphic or hydrogeologic information. The stratigraphic or hydrogeologic data is then evaluated 
to determine optimum depth intervals to obtain soil and ground water samples, which will be 
collected in subsequent runs. 

CPT soundings, and soil and ground water sampling will be performed by an experienced contractor 
under the direction of the prime contractor or their subcontractors. All CPT, soil sampling, and 
~ ~ d r o ~ u n c h @  techniques covered in this SOP will be performed in accordance with the project work 
plans. The project work plans will identify the following: 

Testing and sampling objectives; 

Locations and depths of CPT and sampling points; 

Numbers and volumes of soil or ground water samples to be collected; 

Types of chemical analyses to be conducted for the samples; 

Specific quality control (QC) procedures and sampling required; and, 

Specific procedures to be performed in addition to those covered in this SOP 

At a minimum, the procedures outlined below for CPT, soil sampling, and Hydro~unch@ ground 
water sampling will be followed. 

4. I Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all CPT, soil sampling, and 
HydroPunch@ activities are conducted and documented in accordance with this and any other 
appropriate procedures. This will be accomplished through staff training and by maintaining quality 
assurancelquality control (QAIQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field activities and 
documentation associated with this SOP. The PQAS is also responsible for the implementation of 
corrective action (i.e., retraining personnel, additional review of work plans and SOPS, generation of 
variances to CPT and sampling requirements, issuing nonconformances, etc.) if problems occur. 

4.1.3 Field personnel assigned to CPT, soil sampling, and ~ ~ d r o ~ u n c h @  activities are responsible 
for completing their tasks according to this and' other appropriate procedures. All staff are 
responsible for reporting deviations from the procedure to the Field Coordinator or the PQAS. 
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4.2 Preparation Procedures 

4.2.1 Prior to commencement of CPT activities, ensure that all CPT, soil sampling, and 
~ ~ d r o ~ u n c h ~  locations have been appropriately cleared of all underground utilities and buried 
objects per the project work plans. Review all forms and diagrams documenting the location of the 
cleared sampling and CPT locations, as well as that of any underground utility lines or other buried 
objects. 

4.2.2 Perform a specific calibration of air monitoring equipment required for air space monitoring 
according to the instrument manufacturer's specifications. Calibration results will be recorded on the 
appropriate form(s), as specified in the project work plans. Instruments that cannot be calibrated 
according to the manufacturer's specifications will be removed from service and tagged. 

4.2.3 Don the appropriate personal protective equipment specified in the project work plans and 
health and safety plan. 

4.3 Cone Penetration Testing 

In general, the CPT is the first run to be conducted. The CPT rig is normally truck-mounted and 
contains a hydraulic push system (20 ton is typical). The depth of investigation will typically be less 
than 100 feet below ground surface (bgs). Lighter weight rigs can be utilized for shallow surveys up 
to approximately 15 feet bgs. 

Some CPT rigs are equipped with an automatic decontamination system featuring an enclosed 
chamber that may be mounted beneath the CPT rig (project-specific decontamination requirements 
are specified in the project work plans). This chamber contains scrubbers and spray nozzles for 
pressure washing of the CPT probe as it is retrieved from the ground. In this type of system, all 
activities are conducted within the enclosed CPT rig. 

The standard procedure for conducting stratigraphic and hydrogeologic investigations is described 
below. 

4.3.1 Obtain specifications on the type and dimensions of the probes and equipment, along with the 
results of current shop calibrations from the CPT subcontractor. 

4.3.2 With the CPT subcontractor, inspect all equipment to ensure that it is in proper working 
order. 

4.3.3 Examine data from adjacent soil borings, if available. Initial correlation of the CPT data with 
site lithologies will be accomplished by comparison with existing boring logs, geophysical logs, and 
CPT logs. 

4.3.4 Before moving onto the site, decontaminate the outside of the rig per SOP 6.2 and the project 
work plans. For those rigs that do not have an automatic decontamination system, the CPT probe and 
rods should also be decontaminated per SOP 6.2. 
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4.3.5 Calibrate the CPT cones at zero load reading in air and water, shielding the cone from direct 
sunlight before commencement of testing at each location. 

4.3.6 Commence the test and advance the CPT probe into the subsurface at a consistent, controlled 
rate of 0.03 to 0.07 feet per second (1 to 2 centimeter per second), unless conditions prevent that rate. 

4.3.7 Record real-time field plots consisting of depth, cone tip resistance, sleeve friction resistance, 
and friction ratio. Pore pressure and differential pore pressure ratio may be included in some cases. 

4.3.8 Pore pressure dissipation tests may be conducted to determine relative flow rates at specific 
depths. The CPT probe is held stationary at a given depth and data are recorded for a set time 
interval. The time interval is dependent on the lithology of the zone being tested. 

4.3.9 Once the CPT is pushed to the maximum desired depth, data collection is terminated. The 
CPT is retracted from the hole and the tip and rods are wiped down during extraction. 

4.3.10 Upon completion of a test, calibrate the piezocone again to zero load reading and compare 
this to the initial reading. 

4.3.1 1 Abandon the hole in accordance with the project work plans. 

4.3.12 All pertinent information observed during the investigations will be recorded by the rig 
geologist or engineer. Information will be recorded on the Field Activity Daily Log (FADL) 
(SOP 1.1) and/or appropriate form(s) as specified in the project work plans. Any and all problems or 
unusual conditions encountered should also be noted on the above forms and brought to the attention 
of the Site Superintendent. 

4.4 Soil Samples 

If required, soil sampling will follow the CPT analysis run. Soil sampling locations will be placed 
up-dip relative to the location of the previous CPT testing run. The standard procedure is described 
below. 

4.4.1 Assemble and check the necessary sampling equipment before soil sampling. Decontaminate 
all downhole sampling equipment before sampling, as described in SOP 6.1. The rig should also be 
decontaminated per SOP 6.2. 

4.4.2 Deploy and advance the soil sampling probes with the CPT rods to collect soil samples at the 
sample intervals specified in the project work plans. The sample intervals may be identified from the 
adjacent CPT data and any other subsurface data available. The sampling device contains removable 
liners that fit inside the drive tip mechanism. 

4.4.3 Retrieve the sampler and remove the liners containing the soil. Cover the ends of each liner 
to be submitted for chemical analysis with Teflon film and then cap with plastic end caps. 

4.4.4 Each liner to be submitted for analysis will be appropriately labeled. The label will be filled 
out using waterproof ink and will contain, at a minimum, the following information: 
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Project number; 
Sample point (or boring) number; 
Bottom depth of liner; 
Date and time of sample collection; 
Parameters for analysis; and, 
Sampler's initials. 

4.4.5 As soon as possible after sample collection, place the sample in an appropriately sized, 
airtight, seam-sealing polyethylene bag (e.g., ziplock). Seal the bag, removing any excess air. 

4.4.6 Document the sampling event on the FADL (SOP 1.1) or an equivalent form as specified in 
the project work plans. 

4.4.7 Handle the sample according to the procedures outlined in SOP 2.1. For samples submitted 
to a laboratory for analysis, a Chain-of-Custody Record (SOP 1 . l )  shall be completed and maintained 
per SOP 1.1 and the project work plans. 

4.4.8 Abandon the hole following the procedure outlined in the project work plans. 

4.5 ~ ~ d r o ~ u n c h @  Ground Water Samples 

The Hydro~unchB sample locations, if conducted in conjunction with CPT data collection, will be 
located a few feet in the estimated upgradient direction from the previous CPT location. 

Hydro~unch@ sampling will be conducted in accordance with the project work plans. The standard 
procedure for Hydro~unchB sampling is described below. 

4.5.1 Decontaminate the Hydro~unch@ probe and pushldrive rods in accordance with SOP 6.1. If 

the Hydro~unchB model is being used with a small diameter bailer, the bailer and associated 
equipment must also be decontaminated in accordance with SOP 6.1. 

4.5.2 Advance the probe to the target depth, which will commonly be a permeable layer as defined 
from the adjacent CPT or other stratigraphic information. Depth control is maintained by counting 
the number of whole and partial push or drive rods used. The Hydro~unch@ is measured at the tip of 
the tool and zeroed at the ground surface. 

4.5.3 To obtain a ground water sample, retract the outer jacket of the Hydro~unch@ probe to allow 
ground water inflow into the sample chamber. An optional technique, used to determine when the 
sample chamber is full, is as follows: 

Place a surgical glove over the end of the push rod before the outer jacket of the 
sampler is retracted. 

As water enters the sample chamber and displaces air, the glove will inflate. 

Once the glove stops inflating, water has ceased flowing into the chamber and 
the sample may be retrieved. 

Weiss Associates Project Number: 128-4000 



Standard Operating Procedures SOP NO. 10.2 
LEHR Environmental Restoration I Waste Management Rev. 0 3/98 
DOE Contract No. DE-AC03-96SM0686 Page 7 of 8 

The length of time required for the sample chamber to fill is a function of the relative permeability of 
the formation and the presence or absence of materials which may clog the filter screen, thereby 
inhibiting the flow of water. 

4.5.4 Retract the probe from the hole, disconnect the push rods from the Hydrohnch@, and 
remove the upper valve. Replace the upper valve with a ~ e f l o n ~  stop cock valve and a disposable 
tube (HydrohnchB I). Turn the sampler upside down, open the cock valve and decant the sample 
into the sample container. 

4.5.5 If using the ~ ~ d r o h n c h @ 1 1  model with a small diameter bailer, the water sample is retrieved 
by lowering the bailer through the inside of the push rod into the sample chamber. The water 
recovered in the bailer is then decanted directly into the appropriate sample containers. 

4.5.6 If collecting samples for analysis of volatile organic compounds (VOCs), first completely fill 
the VOC sample vials. Each filled, capped vial will be inverted to ensure no air bubbles are present. 
If an air bubble is present, the vial will be opened and refilled with an additional sample. The vial 
will be immediately capped and checked again for bubbles. If air bubbles are still present, the VOC 
sample vial will be discarded and a new vial used. The VOC sample vial filling procedure is then 
repeated until no air bubbles are present. 

4.5.7 If other sample analyses are required, fill the other sample containers after the VOC sample 
vials are filled. Samples collected for metals and general minerals analysis will be filled to the base 
of the bottle neck. Care will be taken not to aerate the sample during transfer from the bailer to the 
sample bottles and not to overfill bottles containing preservatives. All samples shall be appropriately 
preserved per the project work plans. Each sample container to be submitted for analysis will be 
appropriately labeled. The label will be filled out using waterproof ink and will contain, at a 
minimum, the following information: 

date and time sample was collected; 

sample location; 

the initials of the individual conducting the sampling; and, 

any additional required information. 

4.5.8 Document the sampling event on the FADL (SOP 1.1) or an equivalent form as specified in 
the project work plans. 

4.5.9 Place the labeled vials in seam-sealing plastic bags (i.e., ziplock). Seal the bag, removing 
any excess air. 

4.5.10 Conduct a visual inspection of the turbidity of samples and record on the FADL (SOP 1.1) to 
provide a qualitative record of results. 

4.5.1 1 Handle the samples according to procedures outlined in SOP 2.1. For samples submitted to a 
laboratory for analysis, a Chain-of-Custody Record (SOP 1.1) shall be completed and maintained per 
SOP 1.1 and the project work plans. 
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4.5.12 After samples are collected, water levels may be measured. For water level measurements 

using the ~ ~ d r o ~ u n c h @ ,  allow enough time for ground water to fill the sample chamber and the push 
rods. After static water level conditions are achieved, an electric tape is lowered through the push 
rods and the water level is measured. Document results on the appropriate form, as specified by the 
project-specific work plans. 

4.5.13 Abandon the hole following the procedure outlined in the project work plans. 

4.6 Reporting 

The CPT contractor should provide a field survey report of the test data before demobilizing from 
each location. The CPT contractor should record on the survey report the operator's name, date of 
the survey, and the CPT location number. The report should include the following: 

descriptions of the various probes and equipment, and the results of calibrations 
performed; 

profiles of cone tip resistance, sleeve friction resistance, friction ratio, 
inclination, pore pressures, and differential pore pressure ratio versus depth; and, 

a list of the derived geotechnical parameters related to the subsurface conditions, 
including soil types, standard penetration test blow counts, relative density, and 
shear strengths. 

The report should then be reviewed, approved, and signed by the rig geologist, rig engineer, or other 
responsible individual as identified in the project work plans. The report should be maintained per 
Section 5.0. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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SAMPLE COLLECTION, HANDLING AND DATA 
DOCUMENTATION FOR FIELD ANALYSIS 

USING GAMMA SPECTROMETER AND BETA 
SCINTILLATION DETECTOR 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure has been developed for sample preparation, handling, transport, 
and data documentation when using a field gamma spectrometer and/or beta scintillation detector. 

REFERENCES 

SOP 2.1 - Sample Handling, Packaging and Shipping 

SOP 17.1 - Sample Labeling 

SQP 4.2 - Records Management 

PROCEDURE 

Responsibilities 

The Project Task Leader is responsible for ensuring that samples for field analysis using the High 
Priority Germanium Detector (HPGe) and Beta Scint Detector (BSD) are properly collected and the 
sampling event is properly documented in accordance with this procedure. This will be 
accomplished through staff training and by maintaining quality assurance/quality control (QAIQC). 

The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this sampling. If perceived variances occur, the PQAS is also 
responsible for issuing notices of nonconfonnances and requests for corrective action. 

Field personal assigned to these sampling activities are responsible for completing their tasks 
according to the specifications outlined in this SOP and other appropriate procedures. All staff are 
responsible for reporting deviations from procedures to the Field Coordinator or the PQAS. 
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The Laboratory Technician is responsible for analyzing the samples in accordance with the 
established procedures. 

3.2 Sample Preparation and Handling 

Table 1 describes the sample specifications, including required weight, volume, quality and container 
types, needed for each Gamma Spectrometry (GS) using a High Purity Germanium Detector (HPGe) 
and Beta Scint Detector (BSD) analysis. 

Table 1. Sample Specifications for HPGe and BSD Analysis 

Parameter Gamma Spectromety Beta Scint Detector 
Using HPGe Detector (Strontium-90) 

(Radium-226lCesium-137) 

Sample Container Marinelli Beaker 1 gallon Ziploc Bag 

Sample Volumelweight 1 liter beaker16 pounds 1 gallon bag16 pounds 

Other Requirements No voids in container No objects > %" mesh or organic matter 

3.3 Gamma Spectrometer Sample Preparation 

Procedures that will be followed during sample preparation for the gamma spectrometer analysis are 
presented below. 

Place soil directly in the Marinelli beaker with minimal disturbance to soil; 

Ensure that no voids are present in the beaker; 

Seal the top of the beaker using electrical tape; 

Place sample label on the top cover of the beaker; 

Sample labels shall be in accordance with SOP 17.1 and shall include the Weiss 
Associates (WA) sample ID, sampling time and date, requested analyses, and 
the sampler's initials; 

If appropriate, ensure that the sample container is frisked by the Radiological 
Control Technician (RCT) in accordance with SOP 2.1 if samples are collected 
from within a Controlled Area (CA); and, 

If appropriate, deliver the sample to the "courier" outside of the CA within five 
minutes of collection or hand carry sample within 5 minutes of sample 
collection to gamma spectrometer operator. 
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3.4 Beta Scintillation Detector Sample Preparation 

Procedures that will be followed during sample preparation for the BSD are presented below. 

Place soil to be analyzed in the sifting device with a minimum of !A" Mesh 
screen; 

Sift the sample and remove any other visible debris and organic matter; 

Collect the sifted soil sample and place it in a 1 gallon ziploc bag; 

Seal and label the bag; 

Sample labels shall include the WA sample ID, sampling time and date, 
requested analyses, and the sampler's initials; 

If appropriate, ensure that the sample container is frisked by the rad tech if the 
sample was collected from within a controlled area; and 

If appropriate, deliver the sample to the "courier" outside of the CA or hand 
carry the sample to the BSD operator. 

3.5 Sample Transport 

Once the samples have been cleared out of the CAY either the field sampler or a designated courier 
will transport the samples to the Animal Hospital No. I (AH-1) where the field analytical instruments 
have been setup. Sample transport from a CA shall follow the procedures described below. 

Place soil samples received from the CA inside a transport container; 

Transport container shall consist of a cooler or other rigid box; 

Each sample received from the CA shall be logged in the Sample Transport Log 
by the courier (sample of the log is attached); 

The sample ID, sample time, delivery time at the laboratory, and the 
transporter's initials shall be included on each Sample Transport Log; 

Upon arrival at the laboratory, samples shall be placed in the pre-designated 
"SAMPLE DROP-OFF" area; and, 

The Laboratory Technician shall be notified by radio 5-10 minutes prior to each 
sample drop-off. 

3.6 Sample Documentation 

Sample documentation will consist of recording the sample ID, sampler ID, field sample location, 
depth, soil type, time and date of sample collection, and resultant concentration as determined from 
the HPGe and/or BSD and are shown on the Gamma Spectrometry and Beta Scintillation Detector 
Sampling and Analysis Log (Attachment 5.1). 
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3.7 Sample Storage~isposal 

Once the samples have been analyzed, the Laboratory Technician will place the soil samples in their 
original container, seal each container, and place the container in a predetermined "ANALYSIS 
COMPLETE" area. 

Depending on the analytical results of each sample, it will either be temporarily stored or disposed. 
Samples selected for storage will be placed in the "STORAGE AREA." The Construction Engineer 
will determine whether samples need to be stored. 

At the completion of analytic testing, the sample will be returned to its point of origin by a field 
technician, sampler, andlor pre-designated courier. Each sample will be disposed of at its original 
location. The courier will note the fate of each sample on the Sample Transport Log. 

3.8 Analytical Result Documentation 

The Laboratory Technician will submit to the Weiss Associate (WA) Project Task Leader (PTL) or 
field geologist the analytical results at the completion of each day. The Laboratory Technician will 
tabulate analytical results in the Field Screening Analytical Results Form (attached). 

4.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 

5.0 ATTACHMENTS 

5.1 Field Screening Sampling and Analysis Log 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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Attachment 5.1 

Field Screening Sampling and Analysis Form 
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RADIUM9226 ANALYSIS BY 
GAMMA SPECTROMETER 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This procedure describes the steps for operating the gamma spectrometer for radium-226 (Ra-226) 
analysis. 

REFERENCES 

Final Quality Assurance Project Plan, Section 14, "Calibration and Maintenance of 
Measuring and Test Equipment" 

Standard Quality Procedure No. 8.1, "Calibration and Maintenance of Measuring 
and Test Equipment" 

Draft Pacific Northwest national Laboratory Technical Procedure, GEA-001, "Assay 
of Radium-226 in Soil Using High-Resolution Gamma-Ray Spectrometry," May 1998 

Standard Operating Procedure No. 10.3, "Sample Collection, Handling and Data 
Documentation for Field Analysis Using Gamma Spectrometer and Beta Scintillation 
Detector" 

Health and Safety Procedure No. 8.1, "Use of Liquid Nitrogen" 

ABBREVIATIONS 

Controlled Area 

WEISS ASSOCIATES Project Number: 128-4004 



Standard Operating Procedures 
LEHR Environmental RestorationlWaste Management 
DOE Contract No. DE-AC03-96SF20686 

SOP NO. 10.4 
Rev. 3 7/9/01 

Page 2 of 5 

Identification 

High Voltage 

3.4 LEHR 

Laboratory for Energy-Related Health Research 

3.5 MCA 

Multi-channel analyzer 

3.7 RPD 

Relative Percent Difference 

4.0 OPERATING PROCEDURES 

1. Prior to switching on the digital spectrometer, verify that the High Voltage Bias is set to 3,000 
positive volts (each diode requires its own energy level; +I- Voltage). 

2. Turn on the computer. Bring up MS-DOS from the Start menu. Use Alt-Tab to toggle back 
between windows and DOS. 

3. Open Maestro 32 located in the Program Groups folder. Double-click on Maestro for Windows. 

4. Verify that the toolbar reads "1 DSPEC-306" in the window on the right side of the screen. 

5. Under the Acquire menu, select Pre-set Limits- Acquisition Presets. Set the Live Time to 600 
seconds and leave the rest of the window blank. 

6. Under the Acquire menu, select ADC Setup. Set the Lower Level Disc at 30, the Conversion 
Gain at 4096, and the Gating to Off. 
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7. The pre-set limits and ADC Setup only need to be entered the first time program is used. 

8. Under the Acquire menu, select Adjust Controls. The Bias High Voltage (HV) must match the 
Bias HV on the metallic sticker on the diode. In the box labeled Bias HV, check the On box. . 

This will gradually increase the voltage. Place the thorium check source in the lead cave and 
close the door. Make certain that the marker notch on the top of the lead cave aligns with the 
marker notch on the Marinelli beaker check source. In the shaping box, click Optimize; this sets 
pole zero. Then click the OK box. 

9. Each morning the check source should be counted for 600 seconds. Under the Acquire menu, 
select Clear. Under the Services menu, select Job Control and the Run Job File window will 
appear. In the multi-channel analyzer (MCA) folder, select Calib and then click Open. 

10. Thorium has 3 peaks around channels 238,911 and 2,614.5. Examine the 238 and 91 1 peaks. If 
the peaks are not in their respective locations, adjust the amplifier gain using the following 

DesiredChannel 
formula: x EffectiveGain = AdjustedGain( EffectiveGain ) 

Actualchannel 

11. After adjusting the Amplifier Gain, under the Services menu select Job Control, then select Run 
Job File. In the MCA folder, select Calib and then click Open. 

12. When the Maestro program is finished counting the check source, a report will automatically 
print. 

13. Once the results of the thorium source check are printed, check them against the sheets in the 
binder labeled 'Controls for Diode #39-TP40788A'. The net number of counts must fall within 
the high and low for channels 238 and 91 1. If the counts do not fall within that range, adjust the 
Amplifier Gain and rerun for 600 seconds. For a full description of the thorium checksource 
print-out procedure, refer to Section 4.0, Documentation. 

14. After a satisfactory thorium source check has been run, the blank soil sample provided by Pacific 
Northwest National Laboratory should be loaded into the lead cave. 

15. Under the Acquire menu, select Clear. Press the Go icon along the top of the screen and the 
program will begin counting the sample. 

16. Under the File menu, select Save As. Save the spectrum in the Data folder on the "C" drive. 
Save the file as an integer CHN file in the following format: year, month, day, sample number 
(i.e., 00061901 for Sample 1 analyzed on June 19,2000). 

17. Press Alt-Tab to enter into MS-DOS. If the C:\DATA> prompt does not appear, type 
CD\DATA. At the C:\DATA> prompt, type SOIL 00061901(the file name you want to print) 
and press return. 
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18. A report will print with concentrations shown in microcuries per gram. The program assumes 
the sample weighs one gram. Therefore you must weigh the soil-filled Marinelli beaker on the 
digital scale and enter the information into the Excel workbook entitled '2000 Gamma Spec. 
Results.xls', the spreadsheet will automatically subtract the weight of an empty Marinelli beaker. 
Follow the instructions on the PROCEDURE sheet of that workbook. 

19. Do one re-count for every ten samples (at least one per day). 

20. The thorium source check should be run at the beginning and end of each day. 

21. Upon completion of the day's tasks, go to the Acquire menu; select Adjust Controls and click the 
Bias HV switch from On to Off. Under the Start menu, select Shutdown and turn the power off 
on the CPU, the monitor, and Dspec. 

22. The liquid nitrogen tank (dewar) on the gamma spectrometer should be filled about twice a 
week. The liquid nitrogen level should be checked every day with the long wooden dowel. 
When the level is at half-full, the dewar should be filled to capacity. Fill the gamma 
spectrometer tank from the large tank located just outside of the Controlled Area (CA) with the 
hose. Personal protective equipment, including insulated gloves and a face shield, should be 
worn when handling liquid nitrogen. 

23. For each day of operation, follow the analysis sequence listed below: 

(1) Conduct a thorium source check. 
Criteria (Peaks 238 and 9 1 1) 
Peak centroid: Within 20.5 channel 
Net Counts: Channels 238 and 911 within high and low values (see "Gamma Daily 
Controls for Detector Ser. #39-TP40788A" binder) 
If the number of net counts for Channels 238 and 91 1 are not within their high and low 
values, the Amplifier Gain will be adjusted accordingly (see steps. 10- 13) and the 
thorium check source will be reanalyzed. 

(2) Analyze a "blank" (Laboratory for Energy-Related Health Research [LEHR] background) 
soil sample. 

(3) Analyze environmental samples. 

(4) Perform a duplicate analysis. 
Perform after every 10 samples (at least once per day) 
Re-count a sample that was already counted at the beginning of the day 
Calculate the Relative Percent Difference (RPD = Difference + Mean x 100%) 

(5) Conduct a thorium source check. 
Perform at the end of the day, per step (1) above. 
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If the number of net counts for Channels 238 and 91 1 are not within their high and low 
values, the gain will be adjusted and the samples will be reanalyzed the following day. 

5.0 DOCUMENTATION 

Thorium source check print-outs are three-hole punched and filed in the binder labeled "Gamma 
Daily Controls for Detector Ser. #39-TP40788A." From the print-outs, write the date, net 
counts, Full Width Half Maximum and the operator's initials for channels 238, 91 1 and 2,614.5 
on the "Daily Gamma-Ray Spectrometer Control Check Source" form (see Attachment 5.1). On 
the top column of each sheet, also list the voltage, channel high, channel low and the count time 
in seconds. This binder remains in the CA for daily reference. 

All samples that are run in Maestro get recorded in the bound lab book labeled "Maintenance 
and Run Log". Within this book, record the sample identification (ID) number, the 
corresponding computer file name, the gross and tare weights and any information regarding the 
adjustment of the gain andlor zero. It should also include any observed abnormalities. This lab 
book remains in the CA for daily reference. 

Analysis print-outs are stored in the file cabinet located next to the CA. From these print-outs, 
type the information including sample ID and weight, dateltime collected, dateltime counted, 
length of count, cesium-137 activity, lead-214 activity, bismuth-214 activity, Ra-226 activity (for 
each activity and include % error underneath it), and computer sample ID into the Excel 
workbook entitled '2000 Gamma Spec. Results.xls' located in C:Wy Documents. In our on-site 
laboratory, the actual Ra-226 activity is quantified by taking the average of two of its daughter 
products, lead-214 and bismuth-214. The reported Ra-226 activity is inaccurate due to 
interference from the uranium-238 spectral peak. At the end of each day, print the workbook 
sheets that were completed that day. Three-hole punch the sheets and put them into a binder 
called LEHR Gamma Spectrometer Data Summary. This binder remains in the CA for 
daily reference. 

All samples analyzed will be saved on the hard drive in C:Data. 

6.0 ATTACHMENTS 

6.1 Daily Gamma-Ray Spectrometer Control and Check Source 

6.2 Summary of LEHR Gamma-Ray Spectrometry Data 
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DAILY GAMMA-RAY SPECTROMETER CONTROL 
AND CHECK SOURCE 
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SUMMARY OF LEHR GAMMA-RAY SPECTROMETRY DATA 
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STRONTIUM-90 ANALYSIS BY 
BETA SCINTILLATION SENSOR 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This desktop procedure describes the steps for operating the beta scintillation sensor for strontium-90 
(Sr-90) analysis. 

REFERENCES 

Final Quality Assurance Project Plan, Section 14, "Calibration and Maintenance of 
Measuring and Test Equipment" 

Standard Quality Procedure No. 8.1, "Calibration and Maintenance of Measuring 
and Test Equipment " 

Standard Operating Procedure No. 10.3, "Sample Collection, Handling and Data 
Documentation for Field Analysis Using Gamma Spectrometer and Beta Scintillation 
Detector" 

ABBREVIATIONS 
AC 

Alternating current 

3.2 DC 

Direct current 

3.3 ID 

Identification 
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PicoCuries per gram 

4.0 OPERATING PROCEDURES 

4.1 Sensor Startup 

1) Remove all necessary components from the padded storage container: 

BetaScint sensor 
DC power supply (plus power cord) 
Power supply-to-sensor cable 
Compaq laptop computer running MS Windows 
Power supply for laptop 
Computer-to-sensor serial null-modem DB9 femalelfemale cable 

2) Connect the power cord to the back of the DC power supply and plug into an AC outlet (ensure 
that the unit is turned OFF prior to plugging into the AC power source). 

3) Connect the power cable to the sensor and the DC power supply. A screw-type bayonet 
connector is attached to the sensor (connector orientation is restricted by positioning tabs) and 
the power leads are connected to RED and WHITE plugs on the DC power supply (BLACK plug 
is not used). Ensure that the positive (+) and negative (-) leads are not reversed (if this occurs 
inadvertently, the in-line fuse will blow when the DC power supply is turned on and must be 
replaced). 

4) Connect the laptop computer to the sensor using a serial cable. The null-modem adapter connects 
to the back of the laptop. Verify that connections are secure. 

5) Ensure that the VOLTAGE knob on the DC power supply is on the minimum setting (full 
counter-clockwise position) and that the CURRENT knob is at maximum setting (full clockwise 
position) before turning on the power. Turn the unit by pushing the switch on the front of the 
unit and increase the voltage slowly by turning the VOLTAGE knob clockwise until 18 volts are 
indicated on the right (voltage) meter. Current should automatically stabilize at 4 amps on the 
left (current) meter. Allow electronics to warm up and stabilize for 15 minutes. 

6) Meanwhile, ensure that the laptop computer has an adequate battery supply or connect it to the 
AC power via the unit's AC-DC converter. Turn on computer. Following the warm-up period 
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(see #5 above), the system will be ready to initiate measurements. In the Windows Start menu, 
select Programs, then MS-DOS Prompt. The computer will switch to the DOS mode and display 
the prompt C:\WINDOWS>. Type CDWeta and press the ENTER key. The computer will 
change directories and display the prompt C:\BETA>. The BetaScint sensor is now ready to 
initiate measurements. 

4.2 Sensor Operation 

1) Following warm up, initiate individual measurements by typing go and pressing the ENTER key 
at the C:\BETA> prompt. This command calls up a batch file (go.bat) that includes the user- 
specified measurement parameters* and an executable file (betacon.exe). .It is assumed at this 
point that the sensor is calibrated for the soils being analyzed (if not, refer to the Sensor 
Calibration section below). 

*Note: The user-specified parameters may be changed by typing edit go.bat (Note the space 
between edit and go.bat) at the C:\BETA> prompt and pressing the ENTER key, which places 
the user into the computer's editing function. The user will then see and be able to modify the 
following command line: 

"BETACON.EXE" calls the aforementioned executable file -- this portion of the batch file 
should NOT be changed. 

The "lt300" segment is used to set the individual count times in units of SECONDS (in this 
example, the default count time is 300 seconds). The "1~1.0" and "1iO.O" segments are for 
indicating the slope and intercept values of the unique calibration for the measurements at hand 
(see Sensor Calibration section below). The "hO.0" segment is for indicating the site-specific 
background count rate (in counts per second). The "IdNo-Ident" segment is for establishing a 
sample identifier and is not normally used. 

Changes are made to this batch file by moving the cursor (using ARROW keys) to the numerical 
portions of the file, deleting the old values, and typing in the new values while maintaining the 
existing file format. When the changes have been made, access the File menu. Save the new 
settings, then exit the file function. The user is then returned to the C:\BETA> prompt. 

Upon initiating a count, a new screen is displayed-this screen identifies the existing default 
parameter settings and a count-up timer that indicates the status of the current measurement. 
When the count is complete, this screen will automatically display the measurement results in 
units of picocuries per gram (pCi1g). 

2) Repeat this procedure to initiate subsequent counts. 
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4.3 Sensor Calibration 

1) Prior to calibrating the sensor, the batch file (go.bat) must be modified as follows: change count 
time to 900 seconds (a minimum of 15 minutes per measurement is recommended for calibration 
counts which can also be accomplished by making three sequential measurements for 300 
seconds each), set slope to 1.0, and set the intercept and background to 0.0. To modify this file, 
refer to the note in Section 4.2, Sensor Operation. 

2) Set up the sensor at the location where analyses are to be performed. Initiate a location-specific 
background measurement by typing go and pressing the ENTER key at the C:\BETA> prompt. 
Record results (Note: results will be indicated in units of pCi/g, which is the default setting, 
although true units are "counts per second"). Repeat twice, for a total of three background 
measurements, and calculate the average of these values. Record the average value. 

3) Place an "uncontaminated" soil sample (i.e., one that contains 0 pCi/g above background, of the 
contaminant in question) in a tray directly below the sensor, initiate a measurement, and record 
the results. Initiate measurements on a series of spiked soils (i.e., samples with known quantities 
of the contaminant in question) and record results. At least four spiked samples whose 
concentrations span the anticipated range of contamination levels, are recommended for a viable 
calibration. Using a linear least-squares method, calculate the slope and intercept values of the 
resulting linear calibration curve. 

4) Modify the batch file (go.bat) by substituting the new values for slope, intercept, and background 
as described in the note under Section 4.2, Sensor Operation. The sensor is now calibrated and 
ready to measure samples with unknown contaminant concentrations. 

4.4 Sensor Shutdown 

1) When counting is complete, turn the VOLTAGE knob on the DC power supply down (full 
counter clockwise) and turn the unit off by pushing the button. 

2) Disconnect all cables and place individual components in a padded storage container to preclude 
damage. 

3) If desired, the computer can be returned to Windows mode by typing exit at the C:\BETA> 
prompt and pressing ENTER. 

4.5 Sample Preparation and Handling 

1) Samples of potentially contaminated soil should be treated as contaminated until proven 
otherwise. While handling the samples, the operator must wear protective gloves. Some 
installations also require a respiratory filter to prevent inhalation of sample dust. Do not handle 
contaminated samples if skin lesions, cuts or open sores could be exposed to the soil. Use a 
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plastic liner bag in the sample tray to completely collect and enclose the sample after 
measurements are complete. After completing the measurements, invert the plastic bag and seal 
the liner opening with tape. 

An adequate sample for the BetaScint sensor requires sufficient soil to fill the sample tray with 
an even layer not less than one centimeter in thickness and not more than the depth of the tray. 
This may require between one and three kilograms of soil depending on the soil type and 
moisture content. Clumps of soil larger than one centimeter in diameter should be broken. 
Stones or other non-soil particles larger than one centimeter in diameter must also be removed. 
Remove any sharp particles that might puncture the sensor's plastic window covering if it comes 
in contact with the soil. 

Excess moisture content in the sample can interfere with the accuracy of the measurements. The 
soil must be dry enough to break larger particles by hand. A moisture content testing device may 
be used to determine relative moisture content (On a scale of 1 to 4, 1 represents the dry end of 
the scale, and a measurement between 1 and 2 should be sufficiently dry for good results). If the 
moisture content is too high, spread the sample in the tray and allow to dry as long as necessary 
before taking readings. 

Record the sample identification information (collection location and date, the name of the 
person collecting the sample, and a unique sample ID number), the date and time of testing, and 
the measurement results in pCi1g. Also record any unusual laboratory conditions or other facts 
related to the measurement. 

4.6 Daily Operating Procedures 

1) Turn on the sensor to warm it up: 

- Follow the operating procedures described in Section 3.1. 

2) Check and record the lab conditions: 

- Temperature: Record at the same time daily. If large variances occur, record multiple 
readings. 

- Background Radiation: Set BETACON.EXE (It300 Is1.0 1iO.O 1bO.O IdNo-Indent). Record 
results in counts per second (cps). Results must fall between 4.0 and 5.0 cps. 

- Other Lab Conditions: Record any unusual circumstances. 

3) Perform a quality assurance check: 
- Set BETACON.EXE: Default settings (It300 Is1.5 1 Ii-1.36 h4.5 IdNo-Ident) 

- Record Sample 25-4 (the spike sample) as first Sample ID on the BetaScint Daily Results 
form. Record all data on this form. 
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4) Test samples as directed: 

- Ensure that the sample is properly sized, screened and dried before reading. 

- Record a full data set on each sample, and calculate the 1-sigma error. 

5) Shut down the lab: 

- Turn off the power to the sensor and the laptop computer. 

- Wipe down the entire area (including the black bottom sensor) to remove dust. 

- Protect the equipment and any remaining samples. 

4.7 Daily Analysis Sequence 

For each day of operation, follow the analysis sequence listed below: 

(1) Background Counting (empty tray) 
Criteria: between 4.0 and 5.0 cps. If the criteria is not met, corrective actions (such as 
cleaning the lab table) will be implemented. 

(2) Sample 25-4 (Sr-90 at 23.9 pCi/g) 
Criteria: within +.lo% (between 21.51 and 26.3 pCi/g) If the criteria is not met, corrective 
actions (such as homogenizing the sample) will be implemented. 

(3) Environmental Samples 

(4) Duplicate Analysis 
Perform after every 10 samples (at least one per day). 
Re-count a sample counted at the beginning of the day. 
Calculate the relative percent difference (RPD = Difference't Mean x 100%). 

(5) Sample 25-4 (Sr-90 at 23.9 pCi/g) 
Criteria: within 210% (between 21.51 and 26.3 pCi/g) If the criteria is not met, corrective 
actions (such as homogenizing the sample) will be implemented and the samples will be 
reanalyzed the following day. 

5.0 DOCUMENTATION 

5.1 BetaScint 

1) Each day, fill out a new BetaScint daily result worksheet in the workbook entitled "BetaScint 
1og.xls" located in C:Wy Document. The date, lab hours, and lab conditions (including 
temperature and beta background), as well as any comments on abnormalities, must be entered 
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into the worksheet. On this worksheet, write the sample ID, start time, count time (seconds), 
number of triples (the number used to quantify activity), activity (pCi/g), sigma error (%), 
relative percent difference (RPD), and percent difference (%D) for applicable samples. . 

2) At the end of each day, print out the worksheet that was completed for that day and place it into a 
binder labeled "BetaScint Daily Results Log." 

6.0 ATTACHMENTS 

6.1 Daily Field kboratory  Report 
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AQUIFER TESTING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for conducting 
aquifer testing. Proper testing guidelines and procedures are necessary to ensure effective evaluation 
of aquifer parameters and characteristics. Additional specific aquifer testing procedures and 
requirements will be provided in the project work plans. 

2.0 REFERENCES 

2.1 F. G. Driscoll, 1986, Groundwater and Wells, Johnson Filtration Systems Inc., St. 
Paul, Minnesota 

2.2 C. W. Fetter, 1988, Auulied Hvdroneolon~ Second Edition, Merrill Publishing Co., 
Columbus, Ohio 

2.3 R.C. Heath, 1987, Basic Ground-Water Hvdrolonv, US .  Geological Survey Water- 
Supply Paper 2220, Denver, Colorado, pp 34-50 

2.4 S. W. Lohman, 1979, Ground- Water Hvdraulics, US .  Geological Survey Professional 
Paper 708, Denver, Colorado, pp 1 1-56 

2.5 SOP 5.1 - Water Level Measurements in Monitoring Wells 

2.6 SOP 6.1 - Sampling Equipment and Well Material Decontamination 

2.7 SOP 8.2 - Monitoring Well Development 

2.8 SQP 4.2 - Records Management 

2.9 U.S. Department of the Interior Water and Power Resources Service, 1981, Ground 
Water Manual, New York, New York, pp 225-246 
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3.0 DEFINITIONS 

3.1 Aquifer Testing 

Refers to physical testing methods used to determine the hydrologic characteristics of confined or 
unconfined aquifers. Slug, specific capacity, step-drawdown and constant rate pump tests are 
commonly used testing methods. Slug tests are conducted by instantaneously changing the water 
level in a well by adding, removing or displacing a known volume of water and then monitoring the 
water level recovery in the well. 

Specific capacity tests are short-term single-well pump tests that are useful in highly transmissive 
units, which preclude slug testing. The method consists of measuring the stabilized drawdown in the 
well while pumping at a constant discharge. Specific capacity tests can be conducted immediately 
after well development, utilizing the pump used for the development. While less accurate than long- 
term multi-well pumping tests, the tests provide fast and easy to interpret data for estimating 
hydraulic conductivity and transrnissivity. 

Step-drawdown tests are used to estimate well performance, determine a sustainable optimum 
pumping rate for the well, and estimate aquifer properties. The test is conducted by pumping the 
well at several successively higher rates and measuring the corresponding water level drawdown. 

The constant rate pump test method involves discharging water at a constant rate from a well by 
pumping and monitoring the corresponding water level drawdown. The recovery of water levels in 
the well may also be monitored after pumping is terminated (recovery test). Water level monitoring 
during a pumping and recovery test commonly includes the pumping well and one or more nearby 
observation wells. In certain instances, observation wells are not available and water level 
monitoring is limited to only the pumping well. 

3.2 Cone of Depression 

A depression in the ground water table or potentiometric surface that has the shape of an inverted 
cone around a well from which water is being withdrawn. 

3.3 Confined or Artesian Aquifer 

An aquifer that is overlain and underlain by confining layers of lower hydraulic conductivity and, at a 
given point, the total head of the aquifer is higher than the base of the upper confining layer. 

3.4 Drawdown 

The difference between the height of the static water level and that of the water level in a well during 
pumping or water withdrawal. Or, in a confined aquifer, the reduction of the pressure head as a 
result of the withdrawal of free water. 
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3.5 Discharge 

Volume of water removed per unit of time 

3.6 Electric Well Tape or Electric Tape 

A water level measuring device that uses a light, or sounds a buzzer, to show that the end of the tape 
has entered the water. The water in the well completes an electric circuit that turns on the light or 
sounds a buzzer. The tape is graduated to show the depth. 

3.7 Flow Regulutor 

Flow regulators (flow controllers) are used to control the discharge rate (in volumeltime) of water 
from the well while pumping. The discharge from the mechanical pump is normally set at a constant 
rate. 

3.8 Hydraulic Conductivity 

A quantitative measure of the ability of a porous material to transmit a fluid. Also defined as the 
volume of water that will flow through a unit cross-sectional area of porous material per unit time 
under a unit hydraulic gradient. Hydraulic conductivity is dependent upon properties of the material 
and fluid. 

3.9 Measuring Point 

A fixed and clearly identified point of reference from which water levels in a monitoring well may be 
measured. It is generally established on the upper rim of the outer protective well casing and has a 
surveyed location and elevation. 

3.10 Mechanical Pump 

An electric-powered water pump used to withdraw water from the well during a pumping test. 

3.11 Observation Well 

A non-pumping well used to observe the ground water levels during pump testing. 

3.12 Potentiometric Surface 

The surface defined by water levels from multiple tightly cased wells that penetrate an aquifer or 
hydrogeologic unit. Also, a map of the hydraulic head of an aquifer. 
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3.13 Pressure Transducer and Data Logger 

An electric sensor that can accurately measure hydrostatic pressure. By relating hydrostatic pressure 
to depth below the water level, the water level can be electronically measured as the transducer is 
held in the water. Periodic water level measurements can be stored by the data logger for later recall 
and data evaluation. 

3.14 Recovery 

The time rate of return to the static water level during a slug test or after cessation of pumping. This 
is related to the aquifer's response to the change in water level during the aquifer test. After the water 
level has been raised or lowered by raising or lowering the slugging rod, or after the pump is turned 
off during a pumping test, the water will return to static conditions (static water level). 

3.15 Saturated Thickness 

For unconfined aquifers, the interval between the water table and base of the unconfined water 
bearing unit. For confined aquifers, the interval between the base of the upper confining unit and the 
top of the lower confining unit. 

3.16 Slugging Rod 

A large metallic or PVC rod (or cylinder) of known volume that is lowered into the well to displace 
the water during a slug test. Sometimes called a "pig". 

3.1 7 Specific Capacity 

Discharge per unit of drawdown in a pumping well. 

3.18 Specific Yield 

The ratio of the volume of water that saturated soil or rock will yield under the influence of gravity, 
per unit volume of the saturated soil or rock. Specific yield is dimensionless. 

3.19 Storage Coefficient or Storativity 

The volume of water that an aquifer releases from, or takes into storage per unit area of aquifer, per 
unit change in head. Storage coefficient is dimensionless. 

3.20 Transmissivity 

A quantitative measure of the ability of an aquifer to transmit water. It is the product of the hydraulic 
conductivity and saturated thickness. 
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3.21 Unconfined Aquifer 

An aquifer in which the water table forms the upper boundary. 

3.22 Water Level 

The position of the air-water interface in a well. The water level is usually measured as the depth to 
the water from a measuring point (such as the top of the outer protective well casing) by the use of a 
weighted measuring tape or electric sounder. Changes in the water level over time may also be 
monitored by a pressure transducer installed at a known depth within the water column inside the 
well. The water level is called the static water level when it is not influenced by well drilling 
activities, aquifer testing, well development, or ground water sampling. 

3.23 Water Table 

The saturated zone surface at which the pore water pressure is equal to atmospheric pressure. The 
water table is the potentiometric surface for an unconfined aquifer. 

3.24 Wellhead Flow Meter 

A meter installed in the water discharge line near the well head to measure the discharge (in 
volumeltime) of water by the mechanical pump and controlled by the flow regulator. 

4.0 PROCEDURE 

This section contains responsibilities, requirements and procedures for conducting aquifer testing. 
Slug, specific capacity, and pump tests are commonly used testing methods to determine the 
hydrologic characteristics of confined and unconfined aquifers. Consequently, these methods are 
covered in this section. 

All aquifer testing to be conducted at a site must incorporate and be tailored to: 

Known or expected site-specific conditions; 

Targeted parameters to be evaluated; and, 

Analysis methodology(ies) to be conducted with the test data. 

Consequently these factors must be considered and the tests designed well before generation of the 
project work plans and implementation in the field. The project work plans will specify all necessary 
details to complete the aquifer testing at the particular site. Aquifer testing information and 
specifications to be included in the project work plans will include, at a minimum, the following: 

Objectives of the aquifer testing; 

Aquifer parameters to be evaluated; 
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Type(s) of aquifer tests to be conducted; 

Exact wells to be used for aquifer testing; 

Equipment to be used; 

Type, duration and frequency of measurements to be made; and, 

Additional procedures or requirements beyond those covered in this SOP. 

At a minimum the requirements, responsibilities and procedures described in the following section 
must be incorporated into the aquifer testing to be conducted at each site. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all aquifer testing activities are 
conducted and documented in accordance with this SOP and any other appropriate procedures. This 
will be accomplished through staff training and by maintaining quality assurancelquality control 
(QAJQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this SOP. The PQAS is also responsible for the implementation of 
corrective action (i.e., retaining personnel, additional review of work plans and SOPS, variances to 
aquifer testing requirements, issuing nonconformances, etc.) if problems occur. 

4.1.3 Field personnel assigned to aquifer testing activities are responsible for completing their tasks 
according to specifications outlined in this SOP and other appropriate procedures. All staff are 
responsible for reporting deviations from the procedures to the Field Coordinator or the PQAS. 

4.2 Slug Test Method 

A slug test is an aquifer test in which the water level in a well is instantaneously changed by 
removing, adding, or displacing a known volume of water. The water level response is monitored 
over a period of time in the slugged well. The water level response is generally proportional to 
aquifer transmissivity and hydraulic conductivity. 

A known volume of water can be removed relatively rapidly from the well with a submersible pump 
or bailer. Potable water can be added rapidly to a well by directly dumping from barrels or ~ a k e r ~ ~  
tanks. However, the most common method used in environmental projects involves the insertion and 
removal of a solid slugging rod (or pig) which instantaneously displaces the water level inside the 
well. 

During testing, water levels may be measured with an electric tape if the wells recharge slowly. 
However, pressure transducers (with associated data loggers) are more commonly used to measure 
water levels as they can record a large number of measurements on a more rapid basis. Many brands 
of transducerldata logger packages have the ability to pre-program the rate of measurement, 
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obtaining frequent measurements during the initial portions of the test and less frequent 
measurements near the end of the test as the water level slowly stabilizes. 

The procedures described below are written for use with a slugging rod and pressure transducerldata 
logger during slug testing. The procedures also cover both slug insertion and slug withdrawal 
portions of slug testing. In certain instances only the slug withdrawal test data are used for analysis. 
However, it is advisable to still conduct the slug insertion test even if only using the withdrawal test 
data for evaluation of aquifer parameters. The slug insertion test can provide information to make 
necessary adjustments to the withdrawal test in the field. 

The procedures described below are readily adaptable for the other slug testing methods. The project 
work plans will outline specific slug testing methods and procedures to be used. 

4.2.1 Any newly installed wells to be slug tested must be developed before commencement of slug 
testing activities. 

4.2.2 Inspect the equipment to ensure that it is in good working order. Aquifer slug test equipment 
will vary widely depending on the formation, other site conditions, the diameter and depth of the 
wells, and the number of the wells to be tested. The project work plans will outline the type of 
equipment to be used. 

4.2.3 All measuring and testing equipment (M&TE) used for field activities will be calibrated by 
the equipment manufacturer or an approved calibration laboratory using standards which are 
traceable to the National Institute of Standards and Technology (NIST). Certificates of calibration 
for M&TE will be obtained from the M&TE supplier and kept in the project files. No M&TE will be 
utilized without verification of calibration certification. 

4.2.4 Decontaminate all downhole equipment according to SOP No. 6.1. In the event that the 
contaminant histories of the wells to be tested are known or anticipated, the slug tests should be 
performed starting with the least contaminated well and ending with the most contaminated. Also, i t  
is recommended to cut and remove braided rope or line that has been submerged during slug testing 
of one well before moving on to another well. These practices will reduce the potential for cross- 
contamination between wells. 

4.2.5 Visually inspect and access the wellhead per SOP No. 5.1. 

4.2.6 Obtain a water level depth measurement and sound the bottom of the well according to the 
procedures outlined in SOP No. 5.1. Compare the measured total depth to the bottom of the well 
with the well construction diagram to determine if sediment is in the bottom of the well. It is 
important not to set the pressure transducer in the sediment. 

4.2.7 Calculate the height of the water column in the well as follows: 

(hl - hZ) = height of water column in well 
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where: 

hl = total depth of well from top of casing (in feet) 
h2 = depth to water from top of casing (in feet) 

The height of the water column should be sufficient to totally immerse the slugging rod and also 
allow concurrent use of a pressure transducer or other measuring equipment during the testing. 

4.2.8 Connect the pressure transducer to the data logger. Install the pressure transducer in the 
water column to a depth that will not interfere with the insertion or withdrawal of the slugging rod 
during testing, but also not exceed the maximum head limitation of the transducer. 

4.2.9 Obtain a barometric pressure measurement if testing (recovery of water level) is expected to 
take longer than 30 minutes. Station barometric pressure may be recorded from on-site equipment or 
obtained from a local weather station. 

4.2.10 Turn on the pressure transducerldata logger and set the recording frequency (frequency that 
recorder stores data measured from the transducer and displays a reading) for pre-test monitoring to 
that specified by the project work plans. 

4.2.1 1 Measure the water level with an electric tape (or equivalent) and record along with the 
measurement time. Commence pre-test monitoring with the pressure transducerldata logger. The 
total length of time over which the pre-test measurements are made will be specified in the project 
work plans. In general, the total time should be roughly equal to or greater than twice the length of 
time expected to run the slug test. 

4.2.12 Once the pre-test monitoring period is ended, remeasure the water level using the electric 
tape and record along with the measurement time. 

4.2.13 Change the recording frequency on the data logger for the slug-in test as specified in the 
project work plans. Lower the slugging rod to just above the static water level. Concurrently start 
the data logger and lower the slugging rod as quickly as possible to a depth below the static water 
level. Record the time of initiation of the test on the appropriate form as outlined in the project work 
plans. 

The slugging rod should be completely submerged. However, it is best to lower the rod only enough 
to make sure it is submerged and not more. This will reduce the chance of pinching the transducer 
cables, dragging the transducer, or sticking the rod. 

4.2.14 Continue to monitor water level decline with the pressure transducerldata logger, taking 
periodic water level measurements with the electric tape. Data logger and tape readings should be 
conducted in accordance with the schedule outlined in the project work plans. 

4.2.15 The slug-in test may be terminated once the water level has declined to within 90 percent of 
the pre-test static, or as specified in the project work plans. Once the slug-in test is terminated, take a 
physical water level measurement with the electric tape. Record the measurement and time on the 
appropriate form. Continue on to the slug withdrawal ("slug-out") test. 
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4.2.16 The slug withdrawal test should not be initiated until the water level has recovered to within 
90 percent of static or as specified in the project work plans. 

4.2.17 Re-measure the water level using the electric tape and record along with the time. 

4.2.18 Change the recording frequency on the data logger to the appropriate frequency of data 
recording for the slug withdrawal test. The recording frequency will be specified in the project work 
plans, but may be modified based upon a review of the slug-in test data. Concurrently with starting 
the data logger, immediately raise the slugging rod as quickly as possible such that the rod is 
completely out of the water column and above the static water level. Record the test initiation time 
on the appropriate form as outlined in the project work plans. 

4.2.19 Continue to monitor water level rise with the pressure transducerldata logger, taking periodic 
water level measurements with the electric tape. Data logger and tape readings should be conducted 
in accordance with the schedule outlined in the project work plans andlor based upon a review of the 
slug-in test data. 

4.2.20 The slug-out test may be terminated once the water level has risen to within 90 percent of the 
pre-test static or as specified in the project work plans. Once the slug-out test is terminated, take a 
physical water level measurement with the electric tape. Record the measurement and time on the 
appropriate form. 

4.2.21 The data should be reviewed in the field to help ensure the validity of the test. Complete all 
documentation on the appropriate form as outlined in the project work plans. 

4.2.22 The slug-in and slug-out tests may be repeated as necessary, and as required by the project 
work plans. 

4.2.23 Once all tests are satisfactorily completed for the well, all downhole equipment may be 
removed and the wellhead secured. 

4.3 Specific Capacity Testing 

Specific capacity tests are short-term single-well aquifer tests that are useful in highly transmissive 
units, which preclude slug testing. The method consists of measuring the stabilized drawdown in the 
well while pumping at a uniform rate. The tests may be conducted in monitoring, extraction and 
injection wells. Specific capacity tests can be conducted at the end of well development, using the 
pump utilized for development. While less accurate than long-term multiple well pumping tests, 
specific capacity tests provide fast and easy to interpret data for estimating hydraulic conductivity 
and transmissivity in the immediate vicinity of the well being tested. 

4.3.1 Newly installed wells to be specific capacity tested must be developed before commencement 
of testing activities. 

4.3.2 Inspect the equipment to ensure that it is in good working order. Specific capacity test 
equipment may vary widely depending on the formation and site conditions, the diameter and depth 
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of the wells, and the number of the wells to be tested. The project work plans will outline the type of 
equipment to be used. This step may be skipped if the specific capacity testing is to be conducted 
immediately after development, using the development equipment. 

4.3.3 All measuring and testing equipment (M&TE) used for field activities will be calibrated by 
the equipment manufacturer or an approved calibration laboratory using standards, which are 
traceable to the National Institute of Standards and Technology (NIST). Certificates of calibration 
for M&TE will be obtained from the M&TE supplier and kept in the project files. No M&TE will be 
utilized without verification of calibration certification. 

4.3.4 Decontaminate all downhole equipment according to SOP No. 6.1. If specific capacity 
testing is to be conducted immediately after development using the same equipment, and the 
equipment has not been removed from the well site, then the equipment may not have to be 
decontaminated for the testing. 

In the event that the contaminant histories are known or suspected for the wells to be tested, the tests 
may then be performed starting with the least contaminated and ending with the most contaminated. 
This will reduce the potential for cross-contamination between wells. 

4.3.5 Visually inspect and access the well per SOP No. 5.1. 

4.3.6 Obtain a water level depth measurement and sound the bottom of the well according to the 
procedures outlined in SOP No. 5.1. Compare the measured total depth to the bottom of the well to 
the well construction diagram to determine if sediment is in the bottom of the well. 

4.3.7 Install the mechanical pump in the well using the manufacturer's instructions. Place the 
pump in the well so that the pump intake is near the bottom of the well screen or location of water 
entry into the well. Note the height of the water column from the static water level to the pump 
motor housing and intake. Record all information on the appropriate form as specified by the project 
work plans. During testing, the drawdown should not be so great as to cause the pump to cavitate. 

4.3.8 Immediately prior to turning on the pump, physically measure the water level in the well. 
Start the mechanical pump and adjust the valve or flow regulator to maintain a constant discharge 
specified by the project work plan, or as determined from the well development records (see SOP 
No. 8.2). It is advisable that the discharge rate be sufficient to maintain a stabilized sustainable 
drawdown of at least 0.1 feet. Record the time of the start of the specific capacity test on forms 
specified in the project work plans. 

4.3.9 Once pumping starts, physically measure the water level decline with the electric well tape 
(or equivalent) as directed at time intervals specified by the project work plans. Observe and record 
the wellhead flow meter readings at intervals specified by the project work plan. Record these 
measurements and the time on the appropriate form. 

4.3.10 Once the drawdown appears to stabilize (i.e., the water level under pumping is relatively 
stable), continue pumping for a sufficient length of time as specified in the project work plans. The 
criterion for stabilization of water levels and drawdown will be specified in the project work plans. 

J:U)OE\4000U)3\SQ&OPS\WASOPS\SOPI 1-1 .DOC Weiss Associates Project Number: 128-4000 



Standard Operating Procedures SOPNO. 1 1 . 1  
LEHR Environmental Restoration I Waste Management Rev. 0 3/98 
DOE Contract No. DE-AC03-96SF20686 Page 11 of 17 

During this time period, continue to physically measure and record the water levels at intervals stated 
in the project work plans. 

4.3.1 1 Once the specified time period has elapsed, take a physical water level measurement with the 
electric tape and shut the pump down. Record the measurement and time on the appropriate fonn. 

4.3.12 The data should be reviewed in the field to ensure that the valid data have been collected. 
This includes verification that discharge was maintained at a constant rate, and the drawdown 
stabilized at the minimum required magnitude. Complete all documentation on the appropriate form 
as outlined in the project work plans. 

4.3.13 The specific capacity tests may be repeated as necessary, and as required by the project work 
plans. 

4.3.14 Once all tests are satisfactorily completed for the well, all downhole equipment may then be 
removed and the wellhead secured. 

4.4 Aquifer Pump Test Methods 

The pump test methods covered in this section include step-drawdown tests and constant rate pump 
tests. A step-drawdown test is conducted for the pumping well and is recommended prior to 
initiation of any constant rate pump test. The data provided by the step drawdown test is used to 
evaluate well performance and determine the optimum discharge for the subsequent constant rate 
test. 

The step drawdown test entails conducting three or more steps of increased discharge while 
monitoring water level drawdown. This effectively produces successive stepped drawdown curves. 
Aquifer testing may potentially be discontinued at a well after the step-drawdown pumping test if: 1) 
only a single well pumping test is planned; and 2) the step-drawdown test provides all the necessary 
data of a single well pumping test. 

The constant rate pump test method involves the pumping of water from a well at a constant rate, and 
monitoring the water level drawdown in response to the pumping. Water level recovery may also be 
monitored after the pumping is discontinued. 

Water level monitoring may be limited to the pumping well (single well pumping test) or include one 
or more nearby observation wells (multiple well pumping test). The single well pumping test utilizes 
a single well (the pumped well) and a mechanical pump to remove water at a constant rate from the 
water bearing unit. The same well is used to measure water level drawdown and recovery in the 
formation. 

The multiple well test utilizes one or more observation wells at selected distances and locations 
relative to the pumping well. Water levels are monitored in the pumping and observation wells 
throughout the duration of the test. 
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The remaining discussion provides the requirements and procedures for step-drawdown tests and 
single and multiple well constant rate pump tests. These represent minimum requirements as site- 
and project-specific information and criteria must be incorporated in planning and conducting pump 
tests. The project work plans will provide the necessary additional requirements and procedures for 
the specific pump tests to be conducted. 

The procedures below describe the use of pressure transducersldata loggers to monitor water levels 
during the pump testing. However, other water level measurement techniques may be substituted 
and the procedures may be modified as appropriate in the project work plans. 

4.4.1 Step-Drawdown Testing 

Step-drawdown testing should be conducted before other pump testing. All newly installed wells 
should be developed before conducting step-drawdown tests. 

Inspect the equipment to be used to ensure that it is in good working order. 
Equipment used for the step-drawdown testing will vary widely based upon site- 
specific conditions. The project work plans will outline the type of equipment 
to be used. 

Measuring and test equipment (M&TE) used for field activities will be 
calibrated by the equipment manufacturer or an approved calibration laboratory 
using standards that are traceable to the National Institute of Standards and 
Technology (NIST). Certificates of calibration for M&TE will be obtained from 
the M&TE supplier and kept in the project files. No M&TE will be utilized 
without verification of calibration certification. 

Decontaminate all downhole equipment according to SOP No. 6.1. 

Visually inspect and access the well per SOP No. 5.1. 

Obtain a depth to water level measurement and sound the bottom of the well 
with the electric tape according to the procedures outlined in SOP No. 5.1. 
Compare the measured total depth to the bottom of the well to the well 
construction diagram to determine if sediment is in the bottom of the well. 

Install the mechanical pump in the well using the manufacturer's instructions. 
The position of the pump intake inside the well should be based upon well 
construction and site specific factors stipulated in the project work plans. The 
criteria for placement of the pump in the well should also be contained on the 
project work plans. Note the height of the water column from the static water 
level to the pump intake. Record all information on the appropriate form as 
specified by the project work plans. During testing, the drawdown should not be 
so great as to cause the pump to cavitate. 

Connect the pressure transducer to the data logger. Lower the pressure 
transducer inside the pumping well to a depth below the bottom of the 
anticipated drawdown. The transducer should be installed at a level that: 1) 
eliminates effects from the pump intake; 2) is below the anticipated water level 
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during maximum drawdown; and 3) does not exceed the maximum transducer 
head limitation. In addition, the transducer must be secured inside the pumping 
well in such a manner that the transducer will not be effected by turbulence from 
the pump. Record the depth of the transducer. 

Turn on the pressure transducerldata logger, set the recording frequency for pre- 
test monitoring to that specified by the project work plans. (Data loggers should 
be placed in a secure location to prevent tampering.) 

Physically measure the water level with the electric tape and record along with 
the time. Commence pre-test monitoring with the pressure transducerldata 
logger. The total length of time over which the pre-test measurements are made 
will be provided in the project work plans. Generally water levels are recorded 
for a period before the step-drawdown test that is at least twice as long as the 
time expected for the step-drawdown test and the recovery period. Record the 
information, including times of measurements, on the appropriate form as 
specified by the project work plans. 

Once the pre-test monitoring period is ended, remeasure the water level using 
the electric tape and record along with the time. 

Change the recording frequency on the data logger to the appropriate frequency 
of step-drawdown data entry as required by the project work plans. Begin 
recording water level measurements with pressure transducerldata logger as 
required by the project work plans for the initial pumping phase of the step- 
drawdown test. Start the mechanical pump and adjust the valve or flow 
regulator to maintain the constant rate of discharge specified by the project- 
specific work plan. This rate will be the first step in the step-drawdown test. 
Record the time of the start of the step-drawdown test as specified in the project 
work plans. 

Continue to monitor water level decline during the first step with the pressure 
transducerldata logger, taking periodic water level measurements with the 
electric tape. Data logger and tape readings should be conducted in accordance 
with the schedule outlined in the project work plans. As the first step continues, 
review the water level data and, if necessary, adjust the recording frequency of 
the data logger. Observe and record the wellhead flow meter readings as 
required by the project work plans. 

Continue pumping and recording water levels and flow meter readings in the 
first step as long as required by the project work plans. 

Once the first step is ended, measure the water level with the electric tape and 
record depth and time. Adjust the data logger as necessary (based upon review 
of data from the first step) or specified in the project work plans for 
commencement of the second step of the test. 

Without turning the mechanical pump off, initiate the second step of the test by 
changing the pumping rate with the valve or flow regulator to the rate specified 
by the project work plans. 
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Monitor the water levels and flow meter readings and continue the second step 
as described in 4.4.1.13 and 4.4.1.14 above. 

Repeat the cycles of changing pumping rate and recording depth of water as 
often as is required (for each step of the step-drawdown test) by the project work 
plans and as described in 4.4.1.15 and 4.4.1.16 above. 

Once the last step is completed, re-set the data logger for the recovery period 
measurement duration and frequency as specified in the project work plans. 
Obtain a water level measurement with the electric well tape and record the 
measurement and time. Shut down the mechanical pump. Record the time (to 
the nearest 10 sec) that the pump was shut down on the appropriate form. 

Continue to measure and record the water level recovery with the pressure 
transducerldata logger as long as is required by the project work plans or until 
the water level has recovered to within 90 percent of the level expected !?om the 
pretest trends. Also, continue to take physical water level measurements 
periodically during recovery. Once the recovery period is ended, take a physical 
water level measurement at the end of the test. Record the measurement and 
time on the appropriate form. 

The data should be reviewed in the field to help ensure the validity of the test. 
The field data review may also be used to determine the discharge rate to be 
used during the subsequent single or multiple well pump testing. Complete all 
documentation on the appropriate form as outlined in the project work plans. 

Once the step-drawdown test is satisfactorily completed for the well, the 
equipment may be left in the well for subsequent single or multiple well pump 
testing. If the subsequent testing will not be conducted then all downhole 
equipment may be removed and the wellhead secured. 

4.4.2 Single and Multiple Well Constant Rate Pump Testing 

The procedures in this section are written as if multiple well pump test is being conducted. However, 
these procedures are directly applicable to single well testing. The only difference is that testing and 
measuring equipment are installed only in the pumping well, and water level measurements are also 
only collected from this well. 

Inspect the equipment to be used to ensure that it is in good working order. 
Equipment used for the pump testing will vary widely based upon site-specific 
conditions. The project work plans will outline the type of equipment to be 
used. 

Measuring and test equipment (M&TE) used for field activities will be 
calibrated by the equipment manufacturer or an approved calibration laboratory 
using standards that are traceable to the National Institute of Standards and 
Technology (NIST). Certificates of calibration for M&TE will be obtained from 
the M&TE supplier and kept in the project files. No M&TE will be utilized 
without verification of calibration certification. 
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Decontaminate all downhole equipment according to SOP No. 6.1. Equipment 
maintained inside the pumping well from the step-drawdown test and to be used 
directly for the subsequent pumping test does not need to be re-decontaminated. 

Visually inspect and access the wells to be used during the pumping test per 
SOP No. 5.1. 

Obtain a depth to water level measurement and sound the bottom of each well to 
be used with the electric tape according to the procedures outlined in SOP No. 
5.1. Compare the measured total depths to the bottom of the wells to their 
respective construction diagrams to determine if sediment is in the bottom of the 
wells. 

If necessary, install the mechanical pump in the pumping well as described in 
Section 4.4.1. 

If a multiple well test is being conducted, connect the pressure transducers to 
their respective data loggers. Install the transducers inside the observation wells 
at this time. The transducers should be installed at a position inside each well 
that is below the anticipated water level during maximum drawdown, and does 
not exceed the maximum head limitation. Set up another pressure transducer in 
an outlying well (outside of the suspected influence of the pumping well) to 
record station barometric effects, if required. If not already installed from the 
step-drawdown test, set the pressure transducer inside the pumping well as 
described in Section 4.4.1. Record the depth(s) of the transducer(s). 

If any transducer cables are run across traffic areas, they must be appropriately 
protected. Data loggers should also be placed in a secure location to prevent 
tampering. 

Turn on the pressure transducersldata loggers, set the recording frequencies for 
pre-test monitoring to that specified by the project work plans. It is also 
important before initiating pre-test monitoring for the pumping test to ensure 
that water levels from any previous step-drawdown testing have completely 
recovered. 

Physically measure the water levels in the pumping and observation wells with 
the electric tape and record along with the time. Separate data sheets should be 
used for each well. 

Commence pre-test monitoring with the pressure transducersldata loggers. The 
total length of time over which the pre-test measurements are made will be 
provided in the project work plans. Generally water levels are recorded for a 
period before the pumping test that is at least as long as the time expected for 
the pumping and recovery period. Record the information, including times of 
measurements, on the appropriate form as specified by the project work plans. 

Once the pre-test monitoring period is ended, re-measure the water levels in the 
wells using the electric tape and record along with time. 
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Change the recording frequencies in the data loggers for the pumping test as 
required by the project work plans. Just before starting the pump, begin 
recording the pressure transducer measurements. 

Start the mechanical pump and adjust the valve or flow regulator to maintain a 
constant rate of discharge as determined from the step-drawdown test andlor 
specified by the project work plans. Record pump start time on the appropriate 
form. 

Continue to monitor water levels during pumping with the pressure 
transducersfdata loggers, taking periodic water level measurements in each of 
the wells with the electric tape. Data logger and tape readings should be 
conducted in accordance with the schedule outlined in the project work plans. 
However, the water level data should be evaluated during the test and, if 
necessary, the recording frequencies of the data loggers adjusted. 

Observe and record the wellhead flow meter readings as required by the project 
work plans. 

The project hydrogeologist or designee will determine the time that the 
mechanical pump should be shut down as specified in the project work plans 
and/or based on review of field generated drawdown versus time plots from the 
pumping and observation wells. 

Once the pumping phase is completed, re-set the data loggers for the recovery 
period recording duration and frequencies as specified in the project work plans. 
Obtain a water level measurement in each of the wells with the electric well tape 
and record the measurements and times. Shut down the mechanical pump. 
Record the time (to the nearest 10 sec) that the pump was shut down on the 
appropriate form. 

Continue to record the water level recovery in the wells with the pressure 
transducersfdata loggers as long as is required by the project work plans or until 
the water levels have recovered to within 90 percent of the level expected from 
the pretest trends. Also, continue to take physical water level measurements 
periodically during recovery. Once the recovery period is ended, take a physical 
water level measurement in each well at the end of the test. Enter the 
measurements and times on the appropriate form. 

The project work plans may require additional depth to water measurements to 
be physically taken following complete well recovery in order to monitor post 
test trends in water level. The project work plans will specify the frequency of 
measurements, and the length of time that the measurements must be taken. 

The data should be reviewed in the field to help ensure the validity of the test. 
Complete all documentation on the appropriate form as outlined in the project 
work plans. 

Once the pump test is satisfactorily completed for the wells, all downhole 
equipment may be removed and the wellheads secured. 
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5.0 RECORDS 

Records generated as a result of this SOP will be maintained in the project records file in accordance 
with SQP No. 4.2. 

6.0 ATTACHMENTS 

None 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval . 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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SOIL STOCKPILING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines for stockpiling of excavated soils. 
The details within this SOP should be used in conjunction with project work plans. The work plans 
may present additional project-specific requirements and procedures for'soil stockpiling. 

2.0 

2.1 

3.0 

None. 

4.0 

4.1 

4.1.1 

REFERENCES 

SQP 4.2 - Records Management 

DEFINITIONS 

PROCEDURE 

Responsibilities 

The Project Manager is responsible for ensuring that all soil stockpiling activities are 
conducted and documented in accordance with this and any other appropriate procedure. This will 
be accomplished through staff training and by maintaining quality assurancelquality control 
(QAJQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for the periodic review of field generated 
documentation associated with soil stockpiling. If perceived variances occur, the PQAS is also 
responsible for issuing notices of nonconformance and requests for corrective action. 

4.1.3 Field personnel assigned to this task are responsible for performing the task according to this 
SOP and other appropriate procedures identified in the project work plans. All staff are responsible 
for reporting deviations from the procedures to the Field Coordinator or the PQAS. 

4.2 General 

4.2.1 Stockpiling of soils is overseen by various regulatory agencies. Prior to initiating excavation 
activities, ensure that the procedures and requirements for compliance with applicable federal, state, 
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and local regulations regarding stockpiling of soils have been reviewed and understood. The 
standard procedures for short-term and long-term stockpiling are described below. The project work 
plans will also present the following information pertaining to soil stockpiling: 

Any additional requirements or procedures to be followed; 

Equipment to be used; and, 

Stockpile locations. 

4.3 Short- Term Soil Stockpiling 

4.3.1 Upon initiation of excavation activities, soil will be segregated on a site-specific basis. 
Potentially clean soils will be stored in a separate short-term stockpile at the site. Soil that is 
suspected or known to be contaminated will be short-term stockpiled at the site separately from the 
clean soil. 

4.3.2 The short-term stockpiles will be placed upon two layers of impermeable sheeting (such as 
polyvinyl chloride, polyethylene, etc.). For short-term storage, the separated soils may also be placed 
in bins or drums for subsequent transport to long-term stockpiles, per the project work plans. 

4.3.3 Each pile will be covered with impermeable sheeting at the end of each work day. The 
covering will be secured at both the top and base of the stockpile. Plastic sheeting will be utilized to 
limit soil aeration and the release of windborne dust and particulates. The cover will also limit 
access by rainwater, thus preventing possible contamination of surface water runoff from the 
stockpile. If bins or drums are used for short-term storage, impermeable sheeting should be used to 
cover the bins and the covers to the drums should be secured and seated at the end of each work day. 

4.3.4 Short-term stockpiling activities will be documented by the Field Coordinator, lead geologist, 
or lead engineer on the Field Activity Daily Log (FADL) (SOP 1 . l )  and/or other appropriate form, as 
specified by the project work plans. 

4.4 Long-term Soil Stockpiling 

4.4.1 When space and logistics allow, long-term stockpiles will be constructed on a concrete or 
asphalt base. Two layers of impermeable sheeting will be placed on top of the concrete or asphalt. 
All sheeting will be folded at joining edges with a three-foot overlap to prevent seepage. 

4.4.2 A berm will be erected around each long-term stockpile. Boards or hay bales can be used to 
construct the berm. The material used to construct the berm will be placed under the two layers of 
impermeable sheeting to provide containment of any liquids that might leach from the soil. 

4.4.3 Soil will be segregated by contaminant type (i.e., separate stockpiles for storage of soils 
impacted by gasoline, diesel, halogenated hydrocarbons, metals, etc.). 

4.4.4 Each stockpile will be visibly labeled. 
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4.4.5 Covering of each pile with impermeable sheeting will be completed at the end of each work 
day. The covering will be secured at both the top and base of the stockpile. The sheeting will be 
utilized to limit soil aeration and the release of windborne dust and particulates. This cover will also 
limit access by rainwater, thus preventing possible contamination of surface water runoff from the 
stockpile. 

4.4.6 Long-term stockpiling activities will be documented by the Field Coordinator, lead geologist, 
or lead engineer on the FADL (SOP 1.1) and/or other appropriate form, as specified by the project 
work plans. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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AMBIENT AIR MONITORING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for use by field 
personnel in the collection and documentation of ambient air monitoring samples for chemical 
analysis and meteorological data. Proper collection procedures are necessary to assure the quality 
and integrity of all ambient air monitoring samples and meteorological data. Additional specific 
procedures and requirements will be provided in the project work plans, as necessary. 

REFERENCES 

Graseby, 1988, Instruction and Operation Manual - Model PS-I PUF Sam~ler,  
Graseby Inc., Smyma, Georgia, July 1988 

Graseby, GPS-I, Operator's and Instruction Manual - High Volume PM-10 Sampler, 
Graseby-GMW, Village of Cleves, Ohio 

EPA-600/4-89-017, Compendium of Methods for the Determination of Toxic Organic 
Compounds in Ambient Air, US .  Environmental Protection Agency, Research 
Triangle Park, June 1988 

SOP I .  I - Chain-of-Custody 

SOP 2.1 - Sample Handling, Packaging and Shipping 

SQP 4.2 - Records Management 

SOP 13.1 - Indoor Air Quality Sampling Using ~ u m m a @  Canisters 

SOP 17.1 - Sample Labeling 

SOP 17.2 - Sample Numbering 
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3.0 DEFINITIONS 

3.1 Air Monitoring 

Air monitoring includes the collection of continuous and 24-hr ambient air samples and the 
collection of meteorological data from the LEHR Site meteorological station. Ambient air samples 
include particulate, air moisture and volatile contaminant sample collection for both radiological and 
non-radiological analysis. Air monitoring also includes required maintenance and calibration 
activities required to operate the air sampling stations and the LEHR Site meteorological station. 

4.0 PROCEDURE 

This section contains both the responsibilities and procedures involved with the ambient air 
monitoring program. Proper air monitoring procedures are necessary to insure the quality and 
integrity of the samples and meteorological data. The details within this SOP should be used in 
conjunction with project work plans. The project work plans will generally provide the following 
information: 

Sampling objectives; 

Locations of sampling points or areas; 

Numbers and volumes of samples to be collected; 

Length of sampling periods; 

Additional sampling equipment to be used; 

Types of chemical analyses to be conducted for the samples; 

Specific quality control (QC) sampling required; and, 

Specific procedures to be performed in addition to those covered in this SOP. 

The project work plans and this SOP should therefore be reviewed and understood before conducting 
ambient air monitoring at the Site. As a minimum, the procedures outlined below will be followed. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all air monitoring activities are 
implemented in accordance with this and any other appropriate procedures. This will be 
accomplished by staff training and by maintaining quality assurance/quality control (QNQC). The 
project managers responsibilities will include: 

Development and updating of sampling procedures; 

Training of LEHR Technical Staff; 

Preparation of sampling schedules; 
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Preparation of sampling media; 

Arrange for sample collection and meteorology measurements according to 
schedule; 

Schedule air sample calibrations and maintenance; and, 

Ensure that sample collection and measures are in accordance with procedures 
described in this manual. 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this SOP. The PQAS is also responsible for the implementation of 
corrective action (i.e., retraining personnel, additional review of work plans and SOPS, variances to 
indoor air quality sampling requirements, issuing nonconformances, etc.) if problems occur. 

4.1.3 Field personnel assigned to indoor air quality sampling activities are responsible for 
completing their tasks according to this and other appropriate procedures. All staff are responsible 
for reporting deviations from the procedure to the Field Coordinator or the PQAS. The field 
personnel responsibilities will include: 

Collection of air samples; 

Calibration and maintenance of air samplers; and, 

Shipment of samples to analytical laboratories. 

4.2 Air Sampling Procedures 

Air sampling procedures described herein are based on procedures supplied with the air sampler 
manufacturers. The manufacturers procedures are cited directly whenever possible. 

All original calibration and sample collection data sheets are considered to be project records and 
will be maintained in the project files at LEHR. Photocopies of trip sheets (combined data and 
chain-of-custody) and calibration sheets will be sent to Weiss Associates and photocopies of the 
chain-of-custody sheets (where applicable) will be sent to the analytical laboratories. 

The calibration equipment must be handled carefully and must be transported and stored in their 
respective cases. Any nicks or chips to the air intake of the orifices for the GPS-1 or PM10 samplers 
will require their recalibration at the manufacturer. 

4.2.1 Continuous Monitoring of Particulate Radionuclides and Tritium 

This procedures governs the continuous collection of particulate air samples using air filters (2-week 
samples) and tritium as water vapor collected on silica gel columns (4-week samples). Figure 1 
provides a schematic of the particulate radionuclideltritium monitoring assembly. 

The total beta and total alpha measurements are made on individual filters after a holding time to 
allow for the decay of naturally occurring radon and thoron decay products. Individual filters from 
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each location are composited and analyzed for gamma-emitting radionuclides and other specific 
radionuclides, including Sr., U. and Ra. 

Tritium samples are analyzed by distillation of the water from the silica gel, followed by liquid 
scintillation counting. 

A. Equipment: The following equipment will be needed: 

Particulate Samding Eaui~ment  

Filter heads with filters installed by the analytical lab 
Filter holder shipping cooler with metal lids for covers 
Rain guards for filter holders 
Air flow calibrator with current calibration label 
Sample labels 
Sample trip sheet (chain-of-custody) 
Masking tape 
Permanent marker (Sharpie) 

Silica Gel Sampling Equipment 

Silica gel column assemblies for tritium sampling 
Caps for the silica gel columns 
47-mm glass fiber filter holders 
Calibration rotameter for silica gel columns 
Extra 47-mm glass fiber filters for tritium sampler 
Masking tape 
Permanent marker (Sharpie) 

Miscellaneous 

Plastic tubing 318 and 112 inch ID 
Hose clamps and quick connect fittings 
Spare sampling system 
Assorted tools (pliers, screwdriver, wrench, Teflon tape, etc.) 

B. Sample Collection Procedure 

1. Filter heads and silica gel columns assemblies will be loaded by the analytical lab 
and shipped to LEHR in a reusable cooler. 

2. Leave the air pump turned on during sampling and sample changes. 

3. As Found Observations: 

a. Note on the trip sheet any conditions near the sampler that may have affected 
the air sample, such as construction or farm activities. 

b. Note on the trip sheet any problems with the sampling system. 
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c. Before disturbing the system in any way, observe the as found tritium flow 
rate by reading the in-line rotameter. If the sample is scheduled for 
collection, record the as found flow rate on the trip sheet (note tritium 
samples are collected on a 4-week basis, air filters are collected every 2- 
weeks). If the tritium is not scheduled for collection, record the as found 
flow rate in the comment section of the trip sheet. 

4. Removal of Exposed Particle Filter 

a. Calibrate (measure the flow rate) the air sampler every time a filter head is 
changed. Write and identify the number of the calibrator on the trip sheet. 
Ensure that the calibrator has a valid calibration label. The calibrator will be 
re-calibrated annually and must not be used if the recalibration date has 
passed. 

b. Measure the as found flow rate for particle samples as follows: 
- Remove the exposed filter head and install the flow calibrator; 
- Reinstall the exposed filter head into the calibrator inlet; 
- Hold the calibrator level and read the flow rate; 
- Record the flow rate as the end flow reading on the trip sheet; and, 
- Read and record the exposure hours from the running time meter. 

c. Remove the exposed filter head from the calibrator. 

d. Examine the exposed filter. Record any abnormalities, such as excessive 
moisture, unusual particle loading, clogging due to ice or snow, wrinkles, and 
tears. 

e. Attach the sample label to the side of the filter holder, then place the exposed 
filter into the shipping container and place a metal cap over the exposed 
filter. Secure the metal cover with two pieces of masking tape. 

5 .  Installation of New Particle Filter 

a. Check to see that the overall sampling system is operating properly. Replace 
any worn, brittle, or cracked tubing. Check for lose fittings, bad quick 
disconnect fittings, etc. 

b. Attach a fresh filter head (new filter) to the calibrator inlet. Adjust the flow 
to 1.5 ft3/min using the controller on the pump. 

c. Record the flow rate in the "next flow" column on the trip sheet. Record the 
location, time on and date on onto masking tape and place on the side of the 
new filter holder. 

d. Remove the calibrator. 

e. Reset the running time meter (if possible). Complete the Running Time 
Meter Log located inside the door of the sampler (see worksheet section). 

f. Re-install the new filter head and cover with a rain guard. 
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6. Removal of Exposed Silica Gel Columns (Tritium Samples) 

a. Silica gel columns are only changed once every 4-weeks. Do not remove 
unless the labels and trip sheets indicate that it is scheduled for removal. 

b. Ensure that all columns are tightly sealed and capped. Recheck fittings on 
tubing for a tight fit. 

c. Observe the silica gel column assemble in use. The silica gel near the air 
inlet should be lighter in color (whiting or a light blue), while silica gel near 
the outlet should remain dark blue. Note in the comment section how much 
of the silica gel has changed color (example: one column white or light blue, 
second column 50% white or light blue). Also note if dirt is collecting in the 
silica gel, as this may indicate a problem with the air flow, pre-filter, or the 
column seal. 

d. Before disturbing the system in any way, record the as-found flow rate 
observed on the rotameter on the trip sheet (this should have already have 
taken place as part of the AS FOUND OBSERVATION section). 

e. Record the exposure hours by using the running time meter log on the inside 
of the sampling hutch. Since the tritium samples are collected over two, 2- 
week particulate sampling periods, the exposure hours for the tritium sample 
will be the sum of the running time for the previous particle sampling period 
plus the running time for the current 2-week particle sampling period. If the 
running time meter log at the hutch is incomplete the exposure hours can be 
found from the previous trip sheet (stored at the LEHR Site). 

f. Remove all existing column assembly from the pumping system by loosening 
the metal hose clamps on the inlet and outlet nipples and slipping the tubing 
off the columns. 

g. Place the yellow caps on the assembly inlet and outlet nipples. If caps are not 
available, seal the openings with several layers of Teflon tape. 

h. Attach the sample label to the exposed sample. Masking tape can be first 
applied to the column and then label attached to the masking tape, if needed. 

7. Installation of New Tritium Column Assembly 

a. Record location, date, and time on onto masking tape on the new sample 
assembly. 

b. Calibrate (measure using calibrated air flow meter) the pump air flow before 
attaching the tubing to the outlet of the third column. Proceed if reading is 
200 mumin. Adjust flow with hutch rotameter if reading is different. 

c. Calibrate (measure using calibrated air flow meter) the tritium sampler flow 
to insure a reading of 200 mllmin. If a different flow rate is observed then 
this is an indication of a leak in the tritium column assembly. Typically, the 
leak will be located at the lids. Remove one lid at a time and then replace, 
tighten and re-check the air flow. Continue with all three columns until the 
flow reads 200 mL/min. 
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d. Change the 47-rnm pre-filter. The exposed filter is not analyzed and can be 
discarded. 

e. Ensure that: 
- Hose clamps are reconnected and tight; 
- Columns are in a vertical position; 
- Rotameter is in a vertical position; and, 
- Rotameter is set at 200 mumin adjustments are made using the needle 

valve on the rotameter. 

f. Complete the trip sheet by entering the exposure hours, time off, and next 
flow sections of the sheet. Verify that the on date, time on, start flow, and 
end flow are on the trip sheet. Note any unusual observations on the trip 
sheet. 

8. Equipment Problems (Unusual Conditions) 

a. If the air pump or the running time meter is not operating: 
- Install the backup sampling system; 
- If the running time meter has stopped, but the pump is operating, then 

calculate the exposure hours from the information on the trip sheet; 
- If the sample has more than 168 hours, submit the sample in the normal 

manner; and, 
- If the sampling period is less than 168 hours, contact the Air Monitoring 

Project Manager to for instruction on submitting the sample. 

b. Notify the air project manager if the following tritium sampling problems 
occur: 
- No color change is observed; 
- The entire column length for all 3 columns has color change; and, 
- The color change pattern is unusual (example: only the 3rd column has 

changed color, indicates a probable air leak). 

C. Shipping for Radiological Particulate and Tritium Samples 

The original copy of the trip sheet will be maintained in the project files at LEHR as an 
official project record. Photocopies will be sent to the analytical lab and to Weiss Associates 
(Emeryville). 

Following sample collection, LEHR staff places the sampling media (filter holder and silica 
columns) into their original shipping containers along with a photocopy of the trip sheet. 
Carefully re-pack the shipping container with the original packing material, and ship the 
samples 2nd Day Federal Express, or equivalent) to the air monitoring project analytical 
laboratory. 

4.2.2 Metals and PMlo Using PMlo Hi-Vol Sampler. 

A Graseby PMlo particle size selective inlet high-volume sampling system will be used to collect 
airborne particulate for metal and dust analysis. Air will be pulled through high purity glass fiber 
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filters at a flow rate of approximately 1.13 m3/min. The air monitoring program project analytical 
laboratory will load the filter holders with tared glass fiber filters and ship them to the LEHR Site. 
LEHR field personnel will collect and document the samples, then ship the samples to the project 
analytical laboratory for analysis. 

A. Calibration: The PMlo Hi-Volume air sampling system will be calibrated according to the 
manufacturer's specifications and procedures (Graseby, 1988). 

B. Materials Required: Preloaded filter holder, recorder chart, PMlo Data Sheet. 

C. Sampling Starting Procedure: 

Fill out the site location, sample date, sample serial number, sample model number, 
motor number, volumetric flow controller number, filter ID number, average 
operating pressure drop, PS (station barometric pressure), and TS (station 
temperature). 

On the backside of the flow event recorder chart, record the sampler SIN, sampler 
location, date and person collecting the sample. 

Raise the sample inlet (large dome cover). Lock the inlet open using the shelter pan 
support struts. Inspect the filter screen, remove any dust or foreign material. 

Inspect the filter for any holes, tears, or creases. One "extra" filter per sample set is 
included as the trip blank, if a damaged filter is found, use the damaged filter for the 
blank. 

Remove the snap on cover on the filter holder. Center the filter holder on the inlet 
screen. Tighten the four comer wing nuts using alternating pressure. 

Open the shelter door and recorder door. Install the recorder chart by raising the pen 
arm and placing the chart center hole over the recorder slotted drive. Lower the pen 
arm. The chart is advanced by rotating the slotted drive clockwise, until the desired 
sampling start time is beneath the pointed indicator on the right side of the recorder. 

Make sure the flow recorder is connected to the motor housing pressure tap and it is 
properly zeroed (pen rests on the inner most circle of the chart). Adjust the zero by 
rotating the small set of screws located at the bottom right of the recorder. 

Turn on the pump motor. Note and record the starting time. Ensure that the recorder 
pen is inking and indicates that the sampler is operating at its correct set point. No 
adjustments can be made to the volumetric flow controller sampling rate. If the 
recorder indicates that the sampler is not operating within three chart divisions of the 
correct point, check the recorder connections. If the problem persists, call the LEHR 
Air Project Manager. Appendix D of the Graseby Manual provides additional 
information on the chart recorder. 

Reset the running time meter to zero. 

Close the recorder and shelter doors. 

Use the direction and math equations given in the look-up table to calculate the 
actual flow rating. Record the on date, on time, on flow, and complete the trip sheet. 
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Post Sampling Steps: 

Raise the sampler inlet. 

2. Remove the filter cartridge and replace snap on cover. 

3. Open the shelter door. Open the recorder door and remove the chart. Examine the 
chart. The trace should be stable without peaks or interruptions. If possible, provide 
an explanation of any unusual trace in the comment section on the trip sheet. 

4. Record in the comment section of the trip sheet any conditions or activities around 
the site that may affect the result (construction, farming, extreme weather, etc.). 

5 .  Calculate the samplers operational flow rate: 

a. Calculate the average filter pressure differential (Pa) 
b. Calculate the Pressure Ratio (PJP,) 

c. Use the Look Up Table and Equations to Calculate Flow 

SQ,, at T,, and PdP, 
SQ, is the samplers seasonally adjusted flow rate (m3/min) 
T, is the mean of the on and off temperature ("C) 
Pa is the mean of the on and off barometric pressure (mm Hg) 

d. Complete both the field data sheet and the trip sheet (chain-of-custody 
associated with the sample labels). 

The original copy of the trip sheet will be maintained in the project files at LEHR as an 
official project record. Photocopies will be sent to the project analytical lab and to Weiss 
Associates (Emeryville). 

The metals and PMlo samples must be stored in a dry secure location until shipment. 

The sampling modules and photocopies of the data will be placed in a cooler and shipped 
next day air express to the air monitoring project analytical laboratory. 

Chlordanes Using GPS-1 Sampler (U.S. EPA TO-4) 

Samples will be collected using EPA Method TO-4. A Graseby GPS-1 high volume air sampler will 
be used to pull ambient air through a glass fiber filter followed by a PUF cartridge at flow rates of 
200-280 Umin. Field Personnel will collect and document the samples and ship the samples to the 
analytical laboratory. 

A. Calibration and Maintenance: The high-volume chlordane sampling system will be 
calibrated and maintained according to the manufacturer's specifications and procedures 
(Graseby, GPS- I). 

B. Materials Required: Preloaded sampling head, data sheet (trip sheet), blue-ice, cooler, 
plastic bags, aluminum foil. 
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C. Sample Collection 

1. Use the trip sheet for recording the sample collection information. All portions of the 
sheet must be completed including air sampler number, date, on-time, on-flow, off- 
time, off-flow, elapsed time-on, elapsed time-off, and signature. 

2. Open the cover of the GPS-1 housing. Remove the sampling head from its plastic- 
shipping bag. Remove aluminum foil from the bottom of the sampling head and 
store in plastic shipping bag. Install the sampling head on GPS-1 intake (pipefitting). 
Push down on the release levers to lock the sampling head to the GPS-1. 

3. Release the three swing bolts of the top of the 4" filter holder and remove the 
aluminum cover plate using care not to touch the clean filter. Inspect the filter for 
damage and change, if necessary. Place the cover into the plastic shipping bag and 
store inside the sampler housing. Re-tighten the three swing bolts using sufficient 
pressure to prevent air leaks. Close the cover of the GPS-1 housing. 

4. Turn on the air sampler. Record the on-time and elapsed timer readings. Gradually 
adjust the ball valve to obtain a reading of 50" on the magnehelic gauge. Allow the 
system at least 5 minutes, then record the magnehelic gauge reading. 

5 .  The magnehelic gauge, date, elapsed time, and time of day of the readings should be 
documented at least once every day that the sampler is running. 

6 .  At the end of the sampling period the final magnehelic gauge reading, date, elapsed 
timer, and off-time must be documented. Turn the power off. Re-install the 
aluminum cover plate on the sampling head. Remove the sampling head by pulling 
up on the release levers. Cover the bottom of the sampling head with the stored 
aluminum foil and place the sampling head into the plastic bag. 

7.  Place the plastic bag containing the sampling head into a cooler filled with blue-ice. 
Sample heads must be stored on blue-ice or in a freezer. 

8. The sampling heads will be disassembled by Weiss staff. PUF plugs will be placed 
into clean wide-mouthed jars, labels will be attached to the jars. Filters will be 
placed into oven-baked aluminum foil packets, the foil packet and the label will be 
placed into a ZipLock bag. The samples will be placed into a cooler with blue- or 
dry ice and shipped next day air express to the air monitoring project analytical 
laboratory. 

D. Shipping for Chlordane Samples 

The original copy of the trip sheet will be maintained in the project files at LEHR as an 
official project record. Photocopies will be sent to the analytical lab and to Weiss Associates 
(Emeryville). 

The chlordane samples are affected by heat (volatilization of material may occur) and must 
be stored in a dry secure location near 0°C unless they are immediately shipped. 

The sampling modules and photocopies of the data sheets will be placed in a cooler 
containing blue-ice and shipped next day airmail to the air monitoring project analytical 
laboratory. 
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4.2.4 Volatile Organic Compounds Using U.S. EPA TO-14 (Summa Cans) 

Samples will be collected using a method similar to U.S. EPA Method TO-14. The analytical 
laboratory will ship pre-cleaned Summa canisters and airflow controllers to the LEHR Site. Field 
personnel will collect and document the samples and ship the sampling canisters to the laboratory. 

A. Calibration and Maintenance: The TO-14 sampling system should require no field 
calibration or maintenance. 

B. Materials Required: Project analytical laboratory supplied 6-liter Summa canisters, flow 
controllers and pre-filters. 

C. Sample Collection 

1. Flow controllers and pre-filters will be attached to the Summa canisters according to 
the instructions of the analytical laboratory using Swagelok fitting. 

2. The VOC samples can be easily contaminated from site activity so begin the VOC 
sampling at the end of the ON visit to the station and end the VOC sampling at the 
beginning of the OFF visit to the station. Do not operate an automobile near the 
sampling station. 

3. Sampling canister will be placed on the sampling deck with the flow controllers 
attached. The flow controller valve will be opened and the time, date, and estimated 
flow ON will be noted on the trip sheets 

4. Leave the site following beginning of sampling. 

5. After 24 hours, return to the site and close the sampling valve before conducting any 
other sampling activity. Record the time, date, and estimated flow OFF on the trip 
sheet. 

6.  Disconnect the flow controllers and re-pack and the Summa canisters in their original 
shipping containers. 

D. Shipping 

The original copy of the trip sheet will be maintained in the project files at LEHR as an official 
project record. Photocopies will be sent to the analytical lab and to Weiss Associates (Emeryville). 

These samples will be sent 2nd Day Federal Express to the Air Monitoring Project Analytical 
Laboratory. 

4.2.5 Radon Alpha Track Passive Samplers 

Air samples for radon will be collected using Landauer Radtrak DRNF radon detectors. These 
detectors are purchased directly from Landauer and the analytical cost is included in the initial 
purchase price. Samples will be collected over a 3-month period, with the duplicate samples at each 
location. In addition, one Radtrak out of each lot will be submitted as a blank. 
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A. Calibration and Maintenance 

There should be no field calibration or maintenance required for the Radtrak detectors. 
Security and custody inspection should be made on the Radtrak devices using the same 
procedures and documentation as for the LEHR Site external radiation detector (TLD). 

B. Materials Required: Radtak detectors from Landauer in sealed aluminum bags. 

C. Deploying Detectors 

1. Radtrak detectors are supplied in sealed aluminum bags to prevent radon exposure 
(DO NOT OPEN THE ALUMINUM BAG PRIOR TO THE SAMPLING EVENT). 

2. Open the aluminum bag and remove a clear plastic cup containing the Radtrak 
fastened to the bottom. There should be five Radtrak detector per bag. 

3. Fill in the Landauer supplied Detector Log Sheet and the Weiss Associates supplied 
trip sheet with: 

a. Air Sampling Station Number (AM-2, AM-3, AM-5, or AM-6; use AM-10 
for the blank samples); 

b. Date and time installed; and, 

c. Radtrak serial number (this is the number beside the bar code). 

4. Install the plastic cup into the field canister. The cup is placed upside down with the 
Radtrak exposed to the ambient air. Secure the cup in place using the retaining 
system designed by Dames and Moore. 

Note: The field canisters (holders for the plastic cups) should be installed at a 
uniform height at each air station with the inlets as close to 2-m as practical. 
The field canister can be attached to the existing posts, or attached near the 
LEHR Site external radiation detectors (TLD), if TLD are deployed at the air 
sampling location. 

D. Removal of Deployed Detectors 

1 .  At the end of the monitoring period (3 months exposure), remove the Radtrak 
detector from the plastic cup. Peel off the gold seal provided from Landauer and use 
the gold seal to cover all the holes on top of the detector. This stops the monitoring 
period. 

2. Record the ending date and time on the Landauer supplier Detector Log Sheet and 
the Weiss Associates supplied trip sheet. 

E. Collection of Blank Samples 

1. One Radtrak detector out of each lot of five detectors will be stored and analyzed as a 
blank sample. 

2. Carry out the blank Radtrak detector along with the rest of the detectors during 
deployment of the actual samples. 
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3. Remove the blank Radtrak detector and place the Landauer supplied gold seal on top 
of the detector (covering all the holes). 

4. Place the gold-sealed Radtrak into an air tight screw-cap jar. Apply custody tape. 

5. Label the jar with the date, time, Radtrak serial number. 

6 .  Store the blank Radtrak in the jar during the 3 month sampling period. 

7. At the end of 3 months, remove the Radtrak and ship to Landauer with the actual 
samples. 

F. Shipping 

Keep the original copies of both the Landauer supplied Detector Log Sheet and the Weiss Associates 
supplied trip sheet in the Project Records at the LEHR Site. Ship photocopies of the data sheets. 

Ship to Radtrak detectors, a copy of the Landauer supplied Detector Log Sheet, a copy of the Weiss 
Associates supplied trip sheet to: 

Landauer, Inc. 
2 Science Road 
Glenwood, Illinois, 60425- 1586 

There should be a Landauer supplied shipping label. 

A copy of the Weiss Associates supplied trip sheet and the Landauer supplied Detector Log sheet 
should be forwarded to Weiss Associates. 

4.2.6 Meteorological Tower Data Download Procedure 

These procedures will be used to transfer data from the data logger connected to the meteorology 
tower to a lap top computer containing MicroMet Report Software. 

A. Equipment needed: 

Data logger (attached at the stationary Met station); 

Windows 95 compatible computer; 

MicroMet Report Software; 

RS232 serial cable (9 pin x 25 pin); and, 

3.5 inch, 1.4 Mb floppy disk 
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B. Downloading Data from Met One Station to a Lap Top Computer 

Meteorological data should be downloaded on a monthly basis. Sometime during the first week of 
each month, download all new data from the meteorological station and send the data file to Weiss 
Associates (Emeryville). 

1. Before powering up the laptop, plug the RS-232 cable (9-pin) into the serial port of 
the laptop computer. Attach the other end of the cable (25-pin) to the data logger 
port. Use a 9-pin to 25-pin adapter if needed. Power up the laptop with the pre- 
installed MicroMet Report Software. 

2. Launch the MicroMet Plus V2.2 Console Program. Go to the "Connect" sheet tab, 
and click the "Monitor" button on the right handcenter of the screen. Real-time data 
should be displayed. If there is no response double check the cable connections. If 
this doesn't work, there may be a problem with the "System" sheet. In that case, 
contact the air monitoring project manager. 

3. Once it has been determined that the laptop is communicating with the met station, 
click the "Retrieve" button. This should be all that is required to retrieve the data. 

4. To confirm the data download, go to the "Data" tab-sheet. On the right side of the 
page is the "Short Period Average" spreadsheet. At the top of that spreadsheet, click 
the "Fast-Forward" icon to jump to the last record, and confirm that data has been 
collected for the whole month. Disconnect the laptop and close-up the met-station. 

C. Exporting Met Data 

1. Upon returning to the office, launch the MicroMet Plus V2.2 Console Program. 

2. Go to the "Data" tab-sheet. On the right side of the page is the "Short Period 
Average" spreadsheet. At the top of that spreadsheet, click the icon that looks like a 
floppy-disk to Export Data. 

3. Using the calendar button, select the date range "From:" the first day of the previous 
month, "To:" the last day of the previous month (For data collected the first week in 
January you would select "From:" 1997/12/1 "To:" l997/12/3 1). Click "OK". 

4. There will probably be a "Text greater than 32k" error. Click "OK" and ignore it. 

5. Go to the "C:\MICROMET\WEISSl\EXPORT\" subdirectory. The file name will 
correspond to the date of the data saved (i.e. 97120131 .txt for December 1-3 1, 1997). 
This file should be sent to the air monitoring project manager via email. 

6. The meteorological data should be exported to Weiss Associates (Emeryville) on a 
quarterly basis for backup Use a compression program, such as "WinZip", to save 
both the "Weissl" and the "System" folders, together with the three "Deisl*.isu" 
(*=1,2, & 3), into a single file. Then email that file to the air monitoring program 
manager. 
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5.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

6.1 Example Air Monitoring Chain-of-Custody 

6.2 Air Sampling Station Meter Log 

6.3 Alpha Track Passive Sampler Chain-of-Custody 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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EXAMPLE AIR MONITORING CHAIN-OF-CUSTODY 
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* * EXAMPLE * * 
W A  Weiss Associates, Emerville office 

CHAIN OF CUSTODY # 
Analyses Requested: Alphaeta  

CONTACT: Pleasant McNeel 

Emeryville: (510) 450-6147 

Media: Air Filter 

Type: Air Particulate 

ANALYSES LAB: GEL 

I LEHR I Data I Comments 

I Sample ID: ~ ~ o o o  / SCFM I METER READING: I I * ON DATE/lIMEIFLOW RATE: I Previous: P I ** OFF DATErrlMEIFLOW RATE: 

New Filter Flow Rate 

TOTAL HOURS: I 1 Filter color: I 
METER READING: Sample ID: AAOOO 

I I 

* ON DATE/TIME/FLOW RATE: I 
I I 

SCFM 

Previous: I 
TOTAL HOURS: s ** OFF DATElTIMEIFLOW RATE: I 1 1 

I I I 

Filter color: I 

New Filter Flow Rate 

I Sample ID: AAooo 

1 I 

METER READING: I 
1 * ON DATE/TIME/FLOW RATE: I Previous: _I 
I OFF DATE/llME/FLOW RATE: I TOTAL HOURS: I 1 New Filter Flow Rate I 

Filter color: 

Sample ID: AAOOO I SCFM METER READING: 

* ON DATE/lIME/FLOVV RATE: 
I 

Previous: 

** OFF DATE/TIME/FLOW RATE: TOTAL HOURS: s Filter color: I 
New Filter Flow Rate 

Sampled byldate: 

Received byldate: 

Received byldate: 

1 

Relinquished byldate: I 
Relinquished byldate: 1 
Relinquished byldate: / 

Return  N e w  Fi l ters to: 
Attention: Kim Warren-WA, or John Wolf-WA PHONE: (530) 752-1 348 or 8794 

Institute of Toxicology & Environmental Health FAX: (530) 752-691 8 

University of California, Old Davis Rd., 1 Shields Ave., Davis, CA 956-8615 

ON DATE/TIME/FLOW RATE: New filter IS ~nstalled, flow rate is documented. 
.. OFF DATE/TIME/FLOW RATE: flow rate IS documented before 2 week sample is removed. 

rev. 311 5/98 
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ATTACHMENT 6.2 

AIR SAMPLING STATION METER LOG 
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LEHR AIR SAMPLING METER LOG: Alpha/Beta Sampling 

Station # 
Sample Time 

Date End Time I.D.# AAOOO Meter Comments 
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ATTACHMENT 6.3 

ALPHA TRACK PASSIVE SAMPLER CHAIN-OF-CUSTODY 
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Radtrak Alpha Track COC 

Company Weiss Associates 

(708) 755-79 1 1 

Landauer, Inc. 

2 Science Road 

Glenwood. IL 60425- 1586 

Billing 5500 Shellrnound Streef 

Address Emeryville. CA 94608 

Phone 530-752-7777 

Contact Kim Warren 

Account # 0408904 (LEHR Task 128-4001 -272) 

Page 1 

. - 

Detector Starting Date Ending Date 

MOIDAYNR 

L 

MOIDAYNR 

Exposure 

Days 

Defector L.ocation/Cornments 

T m e  of Exchangernew Detector Number 

A 
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HOLLOW STEM AUGER DRILLING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for field personnel 
to use during the supervision of drilling operations involving hollow stem auger techniques. 
Additional specific hollow stem auger drilling procedures and requirements will be provided in the 
project work plans. 

2.0 REFERENCES 

2.1 SOP 3.2 - Subsurface Soil Sampling While Drilling 

2.2 SOP 6.1 - Sampling Equipment and Well Material Decontamination 

2.3 SOP 6.2 - Drilling and Heavy Equipment Decontamination 

2.4 SOP 8.1 - Monitoring Well Installation 

2.5 SOP 8.3 - Borehole and Well Abandonment 

2.6 SOP 10.1 - Soil Organic Vapor Sampling 

2.7 SOP 10.2 - Cone Penetration Testing and HydroPunch Ground Water Sampling 

2.8 SOP 15.1 - Lithologic Logging 

2.9 SQP 4.2 - Records Management 

3.0 DEFINITIONS 

3.1 Hollow Stem Auger Drilling 

3.1.1 A drilling method using rotating auger flights (typically in 5 foot joints) with a bit on the 
bottom of the lead flight (sometimes called the "lead auger"). The flights consist of a hollow pipe 
and an outer spiral plate, which when rotated, forces soil cuttings upward along the borehole wall to 
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the surface. The auger string is advanced by rotation, with pressure exerted by the rig, forcing the bit 
to cut the soil at the bottom and direct cuttings to the augers. 

3.1.2 A retractable plug with a pilot bit is placed at the bottom of the auger string to prevent 
cuttings from entering the hollow stem. When the plug is retracted, a sampler may be sent through 
the hollow center to sample soil at the bottom of the borehole without requiring the augers to be 
removed. A wireline sampler may also be attached to the inside of the lead auger for coring as the 
borehole is advanced. 

3.1.3 This method is commonly used for drilling and sampling of soil borings, collection of soil 
gas and screening-level water samples, and installation of some smaller diameter wells. The well 
casing string may be placed through the hollow stem. 

3.1.4 The hollow stem auger drilling method has advantages over other drilling techniques in 
certain circumstances, and disadvantages in others. This method is highly suitable for 
unconsolidated and consolidated fine-grained soils. Hollow-stem auger drilling can achieve the most 
rapid rates of penetration in soft sticky clay-dominated soils. However, coarse and consolidated 
gravels and hard bedrock may be too dense for adequate drill penetration. Soil cuttings are typically 
disaggregated and remolded, making bedding, fabric, and soil property determination difficult. 

3.1.5 The most reliable method for logging of soils during hollow stem auger drilling is by 
collecting relatively intact samples through the hollow stem. An advantage of the hollow stem auger 
method is that soil samples can be readily obtained from the bottom of the hole without requiring the 
removal of the auger string (unlike air or mud rotary methods). 

3.1.6 This drilling method may be used to install monitoring wells (limited by diameter) as there is 
good depth control, and the auger can be progressively pulled as well construction materials are 
added to the borehole. The methodology may also be used to drill out monitoring wells for 
abandonment. 

3.1.7 Another advantage of the hollow stem auger method is that air or mud are not required as 
circulating media. Therefore, there is limited to no potential for flushing of soil samples collected 
for chemical analyses, and a reduction in volumes of investigated derived wastes requiring costly 
handling and management procedures. Auger-type rigs can be significantly smaller than other types 
of rigs, making them the most suitable for some jobs with significant space constraints, including 
overhead clearance. 

3.1.8 Additional disadvantages of the hollow stem auger method include a typical maximum depth 
of 100 to 200 feet (may be less depending on soil conditions). Hard soil horizons or very coarse 
gravel (cobbles and boulders) may be impenetrable with this method. 

4.0 PROCEDURE 

This section contains responsibilities, procedures and requirements for hollow stem auger drilling. 
The selection and implementation of hollow stem auger drilling techniques must incorporate site 
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specific conditions and requirements. Consequently, the project work plans will identify the 
following: 

0 The purpose of each borehole (e.g., to install monitoring well, soil sampling, 
well abandonment, etc.) 

Specific methodology for drilling, including equipment and cuttingslfluid 
containment 

Specific locations, depths, and diameters of boreholes 

Objectives and types of sampling andlor logging of borehole 

Details of mobilization/demobilization and decontamination of equipment 

Appropriate health and safety guidelines and personnel protective equipment 

Additional procedures or requirements beyond those covered in this SOP 

4.1 Responsibilities 

4.1.1 The Field Coordinator is responsible for ensuring that all hollow stem auger drilling 
activities are conducted and documented in accordance with this SOP and any other appropriate 
procedures. This will be accomplished through staff training and by maintaining quality 
assurance/quality control (QAIQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this SOP. The PQAS is also responsible for the implementation of 
corrective action (i.e., retraining personnel, additional review of work plans and SOPS, variances to 
hollow stem auger drilling requirements, issuing nonconformances, etc.) if problems occur. 

4.1.3 Field personnel assigned to hollow stem auger drilling activities are responsible for 
completing their tasks according to specifications outlined in this SOP and other appropriate 
procedures. All staff responsible for reporting deviations from the procedures to the Field 
Coordinator or the PQAS. 

4.2 Rig Decontamination and Preparation 

4.2.1 All drilling and sampling equipment should be decontaminated before drilling as per SOP 
Nos. 6.2 and 6.1, and the project work plans. 

4.2.2 The driller and rig geologistlengineer should inspect the drilling equipment for proper 
maintenance and appropriate decontamination prior to each time the rig is mobilized to a site. All 
clutches, brakes and drive heads should be in proper working order. All cables and hydraulic hoses 
should be in good condition. All auger joints and bits should also be in good condition (e.g., no 
cracked or bent blades, bits are not excessively worn, etc.). 

4.2.3 Any observed leakage of fluids from the rig should be immediately repaired and the rig 
decontaminated again before it is allowed to mobilize. 
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4.3 Site Preparation 

4.3.1 The logistics of drilling, logging, sampling, cuttingslfluid containment, andlor well 
construction should be determined before mobilizing. The site should be prepared as per the project 
work plans. 

4.3.2 Before mobilization, the Field Coordinator and/or the rig geologistlengineer should assess 
the drilling site with the driller. This assessment should identify potential hazards (slip/trip/fall, 
overhead power lines, etc.), and determine how drilling operations may impact the environment 
(dust, debris, noise). Potential hazards should be evaluated and corrected, or the borehole location 
changed or shifted, as per the project work plans. 

4.3.3 The Field Coordinator or appropriate designee should ensure that all identifiable 
underground utilities around the drilling location have been marked, and the borehole location 
appropriately cleared per the project work plans. At a minimum, copies of the site clearance 
documents should be kept on-site. 

4.4 Mobilization and Set- Up 

4.4.1 Once the site is prepared, the rig is mobilized to the site and located over the borehole 
location. The rig is leveled with a set of hydraulic pads attached to the front and rear of the rig. The 
driller should always raise the mast slowly and carefully to prevent tipping or damaging the rig, and 
avoiding obstructions or hazards. 

4.4.2 Appropriate barriers and markers should be in place prior to drilling, as per the site health 
and safety plan. Visqueen (plastic) may be required beneath the rig. 

4.4.3 Appropriate cuttings and other investigation-derived waste containment should be set on site 
prior to commencement of drilling. 

4.5 Health and Safety Requirements 

4.5.1 Tailgate Safety Meetings should be held in the manner and frequency stated in the health and 
safety plan. All Contractor and subcontractor personnel at the site should have appropriate training 
and qualifications as per the health and safety plan. 

4.5.2 During drilling all personnel within the exclusion zone should pay close attention to rig 
operations. The rotating auger blades can snag or catch loose clothing and literally screw someone 
into the ground. 

4.5.3 Establishing clear communication signals with the drilling crew is mandatory since verbal 
signals may not be heard during the drilling process. The entire crew should be made aware to 
inform the rig geologistlengineer of any unforeseen hazard, or when anyone is approaching the 
exclusion zone. 
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4.6 Breaking Ground 

4.6.1 Prior to the commencement of drilling, all safety sampling and monitoring equipment will be 
appropriately calibrated per the project work plans. 

4.6.2 The rig geologistlengineer should inform the driller of the appropriate equipment (e.g., 
cookie cutter, etc.) to be used for penetration of the surface cover (e.g., asphalt, concrete, cement, 
etc.). In the event of breaking ground where a shallow subsurface hazard may exist (unidentifiable 
utility, trapped vapors, etc.), the driller should be informed of the potential hazard and drilling should 
commence slowly to allow continuous visual inspection andlor monitoring, and if necessary, stop for 
probing. 

4.7 Borehole Drilling 

4.7.1 During drilling operations, and as the borehole is advanced, the rig geologistlengineer will 
generally: 

Observe and monitor rig operations; 

Conduct all health and safety monitoring and sampling, and supervise health 
and safety compliance; 

Prepare a lithologic log from soil samples or cuttings; 

Supervise the collection of, and prepare soil, soil vapor, and ground water 
samples; and, 

As drilling progresses the rig geologistlengineer should observe and be in 
frequent communication with the driller regarding drilling conditions. This 
includes relative rates of penetration (indicative of fast or slow drilling) and 
chattering or bucking of the rig. These conditions, including the relative drilling 
rate, should be recorded on the boring log per SOP 15.1. Drilling should not be 
allowed to progress faster than the rig geologistlengineer can adequately 
observe conditions, compile boring logs, and supervise safety and sampling 
activities. 

4.7.2 The rig geologistlengineer should also observe the rig operations, including the make-up and 
tightening of connections as additional auger joints are added to the auger string. Any observed 
problems, including significant down time, and their causes are recorded on the Field Activity Daily 
Log (FADL) (SOP 1.1) .  

4.7.3 Cuttings and fluids containment during drilling should be observed and supervised by the rig 
geologistlengineer, as per specifications in the project work plans. 

4.7.4 The rig geologistlengineer will oversee or conduct appropriate health and safety sampling 
and monitoring. If any potentially unsafe conditions are evident from the above drilling observations 
and the health and safety sampling and monitoring, the rig geologistlengineer may suspend drilling 
operations at any time and take appropriate actions as per the health and safety plan. In the event 
suspension of drilling activities occur: 
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The Field Coordinator or Project Task Leader must be informed of the situation; 

Appropriate corrective action must be implemented before drilling may be 
continued; and, 

The observed problem, suspension, and corrective action are entered on the 
FADL. 

4.7.5 During drilling the rig geologistlengineer will compile a boring log as per SOP No. 15.1. 
The log will be compiled preferably from soil samples recovered while drilling as directed in the 
project work plans. Observations of drilling conditions are also entered on the log as discussed 
above and in SOP No. 15.1. If total depth was reached prematurely due to refusal, the cause of 
refusal should be noted on the boring log and the FADL. 

4.7.6 Subsurface soil samples may be collected with a split spoon sampler or Shelby tube during 
drilling per SOP No. 3.2. The sampling will be supervised by the rig geologistlengineer. Soil 
samples (drive samples) can be readily obtained at discrete intervals with these methods. 

4.7.7 Soil organic vapor (SOV) sampling may be conducted at discrete intervals during hollow 
stem auger drilling. This is done by stopping at the desired depth and driving a sample probe 
through the hollow stem into the soil ahead of the bit and then collecting a vapor sample. The 
sampling should be supervised by the rig geologistlengineer following procedures in SOP No. 10.1. 

4.7.8 Ground water screening (grab) samples can be obtained at discrete intervals during drilling. 
One method is to auger to the bottom of the selected interval or zone and pull the auger back to the 
top of the interval, allowing ground water through the open borehole. A water sample is then 
collected with a bailer run through the inside of the augers. Another method is to stop the augers at a 
selected interval or zone and advance a hydropunch sampler beyond the lead auger to retrieve a 
water sample. The ground water screening sampling procedures should essentially follow those 
described in SOP No. 10.2. 

4.7.9 Borehole Abandonment: If the borehole is to be abandoned once drilling is completed, the 
abandonment will follow procedures outlined in SOP No. 8.3. The abandonment will be supervised 
by the rig geologistlengineer. 

4.7.10 Monitoring Well Completion: If a monitoring well is to be installed in the borehole, the well 
completion will follow procedures outlined in SOP No. 8.1. The well installation activities will be 
supervised by the rig geologistlengineer. 

4.8 Demobilization/Site Restoration 

After drilling, sampling, well installation or borehole abandonment is completed the hollow stem rig 
is rigged down and removed from the borehole location. The demobilizationlsite restoration will be 
supervised by the rig geologistlengineer or appropriate designee. 

4.8.1 All debris generated by the drilling operation will be appropriately disposed. 
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4.8.2 The site should be cleaned (ground washed if necessary) and surface conditions restored as 
per the project work plans. 

4.8.3 All abandoned borings should be topped off and completed as per the project work plans. 
All monitoring wells will also have their surface completions finished as per the project work plans. 

4.8.4 Any remaining hazards as a result of drilling activities will be identified and appropriate 
barriers and markers put in place, as per the health and safety plan. 

4.8.5 All soil cuttings and fluids will be properly contained, clearly labeled, and maintained as per 
the project work plans. 

4.8.6 The Field Coordinator or appropriate designee should inspect the site to make sure that post- 
drilling site conditions are in compliance with the project work plans. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be maintained in the Project 
Records file in accordance with SQP No. 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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MUD ROTARY DRILLING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for field personnel 
to use during the supervision of drilling operations involving mud rotary techniques. Additional 
specific mud rotary drilling procedures and requirements will be provided in the project work plans. 

REFERENCES 

SOP 3.2 - Subsu$ace Soil Sampling While Drilling 

SOP 6.1 - Sampling Equipment and Well Material Decontamination 

SOP 6.2 - Drilling and Heavy Equipment Decontamination 

SOP 8.1 - Monitoring Well Installation 

SOP 8.3 - Borehole and Well Abandonment 

SOP 15.1 - Lithologic Logging 

SQP 4.2 - Records Management 

DEFINITIONS 

Mud Rotary Drilling 

A drilling technique that uses a fluid, usually water with bentonite or polymer, pumped down 
through drill pipe and out through a rotating drill bit attached to the lower end of the drill string. 
This "mud" mixture cools the drill bit, jets cuttings away from the bit face and flows upward in the 
annular space between the borehole and the drill pipe, carrying the cuttings in suspension to the 
surface. 

Weiss Associates :Project Number: 128-4000 



Standard Operating Procedures SOP NO. 14.2 
LEHR Environmental Restoration / Waste Management Rev. 0 3/98 
DOE Contract No. DE-AC03-96SF20686 Page 2 of 9 

3.1.2 A similar drilling technique referred to as "reverse circulation mud rotary" involves 
circulating mud down the annular space of the wellbore and back up through the drill pipe. This 
technique is not specifically discussed in this SOP. 

3.1.3 A variety of different drill bits are available for mud rotary drilling. The type of bit used for 
a particular borehole depends upon the type of subsurface formation encountered. Button or cone 
type drilling bits are typically used to drill through granular soils, including coarse gravels. Bladed 
"drag" or "fishtail" type bits are commonly used to penetrate through clayey and silty soils. Some 
consolidated gravels and hard bedrock may require diamond bits or be too dense for adequate 
penetration rates. 

3.1.4 Advantages: Mud rotary drilling advantages include rapid penetration of most hard soils, 
hardpans and gravelly soils, and penetration to depths in excess of 100 feet. Mud rotary drilling may 
be the technique of choice where depth requirements are beyond the range of auger drilling, drive 
casing methods are not feasible, or mud is required to maintain hole stability. Mud rotary methods 
are generally suitable for unconsolidated and consolidated soils and casing is usually not required for 
borehole stability. The open fluid-filled wellbore is ideal for borehole geophysical logging. Soil 
sampling is reliable and continuous core can be taken in most subsurface geologic units. 

3.1.5 Disadvantages: Mud rotary drilling disadvantages are related to the use of drilling mud as a 
circulating medium. Drilling mud is usually a suspension of bentonite, water and additives requiring 
regular monitoring to maintain fluid weight, density, and viscosity. The mud invades pore spaces 
and mixes with formation fluids in the process of drilling, thereby causing "formation damage" and 
reducing well yield. Mud invasion makes identification of the water table and water bearing zones 
particularity difficult during drilling. Drilling muds can degrade groundwater and may provide a 
pathway for contamination across aquifers. Very loose soils may cave during drilling and continual 
mud circulation may cause excessive wellbore enlargement or "washouts". Bentonite complicates 
chemical analyses, particularity for metals, and may clog the sand packs in monitoring wells. 
Drilling fluids must be contained during drilling and require analysis after completion to determine 
disposal methods. 

3.1.6 Additional Considerations: Soil cuttings are disaggregated by drilling making bedding and 
fabric determination difficult at best. The cuttings are typically saturated or coated with mud, 
requiring washing with water in a screen or sieve. See SOP 15.1 for additional remarks related to 
lithologic logging of soil cuttings. 

3.1.7 Soil samples can be obtained from the bottom of the hole but sampling typically requires 
removing the entire drill string and sending the sampler through drilling mud. Mud rotary methods 
are not recommended when significant soil sampling or sampling for analytical parameters are 
required. This method can be used to install monitoring and pumping (extraction) wells. However, 
wells installed by this method require extensive development and may still have relatively low 
specific capacities due to formation damage. 
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4.0 PROCEDURE 

This section contains responsibilities, requirements, and procedures for mud rotary drilling. The 
selection and implementation of mud rotary drilling techniques must incorporate site-specific 
conditions and requirements. Consequently, project work plans will identify the following: 

The purpose of each borehole (e.g., monitoring well installation, geophysical 
logging, coring or soil sampling, etc.); 

Specific methodology for drilling, including equipment, mud type(s), and 
cuttings/fluid containment; 

Specific locations, depths, and diameters of boreholes; 

Type of sampling andlor logging of borehole; 

Details of mobilization~demobilization and decontamination of equipment; 

Appropriate health and safety guidelines and personal protective equipment; 
and, 

Additional mud rotary drilling requirements or procedures beyond those 
covered in this SOP. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all mud rotary drilling is conducted and 
documented in accordance with this and any other appropriate procedures. This will be 
accomplished by staff training and by maintaining quality assurance/quality control (QAIQC). 

4.1.2 The Project Quality Assurance Specialist (PQAS) is responsible for periodic review of field 
activities and the resulting documentation generated from this SOP. The PQAS is also responsible 
for the implementation of corrective action (retraining personnel, additional review of work plans 
and SOPS, variances to mud rotary drilling supervision requirements, issuing nonconformances, etc.) 
if problems occur. 

4.1.3 Field personnel assigned to supervise mud rotary drilling are responsible for completing their 
tasks according to this and other appropriate procedures. All staff are responsible for reporting 
deviations from the procedures to the Field Coordinator or the PQAS. 

4.2 Equipment Requirements and Considerations 

4.2.1 Rigs used for mud rotary drilling shall be of sufficient horsepower, torque and hoisting 
capacity to drill boreholes of anticipated diameter to anticipated maximum depths, as specified in the 
project work plans. 

4.2.2 Drill rigs should preferably be self propelled or capable of accessing anticipated site field 
conditions. 
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4.2.3 Mud pits should be of sufficient volume to allow for adequate circulation of the drilling 
fluids. Portable mud pits with a "U" shaped arrangement or comprised of two separate tanks are 
preferred. 

4.2.4 The drilling fluid conveyance system from the mud pits to the drill pipe should be entirely 
enclosed and fluid tight to minimize exposure of the drill crew to contaminated drilling mud. 

4.2.5 Return drilling mud should be conveyed from the borehole to a shaker by a method that is 
fluid tight and does not allow cuttings to settle along the way. This shall be an entirely enclosed 
hose or pipeline. 

4.2.6 The shaker is to be constructed and set up at each drilling site such that a field representative 
can easily reach across the top of the shaker screen to collect cuttings samples. The shaker screen 
should be of the correct type and mesh. Window screen is not acceptable. 

4.2.7 Only preapproved additives may be used in the drilling mud. The additives must also meet 
regulatory requirements specific to the site and described in the project work plans. 

4.2.8 Only ~ e f l o n ~  based thread compound may be used to lubricate drill pipe threads. No other 
compound may be used. 

4.2.9 Drill bit bearings and teeth should be in first class operating condition. Proper types of bits, 
slips, collars and subs are to be available at sizes needed to drill the desired diameters in the 
formation to be encountered. 

4.3 Rig Decontamination and Preparation 

4.3.1 All drilling and sampling equipment should be decontaminated before drilling as per 
SOPS 6.1 and 6.2, and the project work plans. 

4.3.2 The driller and the rig geologistJengineer should inspect the drilling equipment for proper 
maintenance and appropriate decontamination. All clutches, brakes, rotary tables, swivels, kellys and 
drive heads should be in proper working order. All cables, hydraulic hoses, mud pumps and shakers 
should be in good condition. All pipe joints and bits should be in good condition with no worn 
threads, cracked tool joint connections or excessive wear etc. 

4.3.3 Any excessive leakage of fluids from the rig or fluid circulation system (e.g., portable mud 
pits, mud pumps, hoses, etc.) should be immediately repaired and the rig or circulation equipment 
decontaminated again before it is allowed to mobilize to the site. 

4.4 Site Preparation 

4.4.1 The logistics of drilling, logging, sampling, cuttingslfluid containment, andlor well 
construction should be determined before mobilizing. The site should be prepared as per project 
work plans. 
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4.4.2 Before mobilization, the Site Superintendent and/or the rig geologistlengineer should assess 
the drilling site. This assessment should identify potential hazards (slip/trip/fall, overhead, etc.), and 
determine how drilling operations may impact the environment (dust, debris, noise). Potential 
hazards should be evaluated and corrected, or the borehole location changed or shifted as per the 
project work plans. 

4.4.3 The Site Superintendent or appropriate designee should ensure that all identifiable 
underground utilities around the drilling location have been marked and the borehole location 
cleared as per project work plans. At a minimum, copies of the site clearance documents should be 
kept on-site in a common accessible location. 

4.5 Mobilization and Set-up 

4.5.1 Once site preparation is completed, the rig is mobilized to the site and positioned over the 
identified borehole location. The rig is then leveled with a set of hydraulic pads at the front and rear 
of the equipment. Once the rig is leveled, the mast should be raised slowly and carefully to prevent 
tipping or damaging the rig and to avoid hitting any obstructions or hazards. 

4.5.2 Appropriate bamers and markers should be in place prior to drilling, as per the site health 
and safety plan. Visqueen (plastic) may be required beneath the rig and mud circulation system. 

4.5.3 Appropriate fluids, cuttings, and other investigation-derived waste containment should be set 
up on site prior to the commencement of drilling. 

4.6 Health and Safety Requirements 

4.6.1 Tailgate Safety Meetings should be held in the manner and frequency stated in the health and 
safety plan. All Contractor and subcontractor personnel at the site should have appropriate training 
and qualifications as per the health and safety plan. Documentation should be kept readily available 
in the project files on site. 

4.6.2 During drilling, all personnel within the exclusion zone should pay close attention to all rig 
operations. Rapidly rotating drill tools can catch or snag loose clothing causing serious injury. 

4.6.3 Establishing clear communication signals with the drilling crew is mandatory since verbal 
signals may not be heard during the drilling process. 

4.6.4 The entire crew should be made aware to inform the site supervisor of any unforeseen 
hazard, or when anyone is approaching the exclusion zone. 

4.7 Drilling Procedures 

4.7.1 Breaking Ground and Surface Hole Drilling 
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4.7.2 Prior to the commencement of drilling, all safety sampling and monitoring equipment will be 
appropriately calibrated as per the project work plans. The rig geologistlengineer should inform the 
driller of the appropriate equipment (cookie cutter etc.) to be used for penetrating the specific surface 
cover (asphalt, concrete cement etc.) at the drilling location. 

4.7.3 The upper or "surface hole" portion (first 5-20 feet below ground surface) of a mud rotary 
borehole is commonly drilled with the auger or air rotary drilling method in order to set a temporary 
conductor casing. The conductor casing is used to keep the upper portion of the hole open and to 
prevent drilling mud from channeling to the surface through shallow unconsolidated soils. The 
length of the conductor casing depends in part on the consolidation and permeability of the shallow 
subsurface soils. If geophysical logging is planned, the conductor pipe should only be as long as is 
necessary to keep the upper part of the hole open. 

4.7.4 In the event of breaking ground where a shallow subsurface hazard may exist (unidentifiable 
utility, trapped vapors, etc.), the driller should be informed of the potential hazard. Drilling of the 
surface hole should commence slowly to allow continuous visual inspection and, if necessary, any 
interruptions for probing until the anticipated maximum depth of any suspected obstructions is 
exceeded. 

4.7.5 Once the surface hole is drilled to the necessary depth, the conductor casing is then set in the 
borehole and the mud rotary drilling equipment is then set up for further drilling. Before 
commencement of mud rotary drilling, the drilling fluid or mud should be "made up" in the mud pits. 
The drilling mud properties (as specified in the project work plans) should then be verified to the 
satisfaction of the rig geologistlengineer before allowing drilling to proceed. These observations 
should also be documented by the rig geologistlengineer on the Field Activity Daily Log (FADL) 
(SOP 1.1). 

4.8 Mud Rotary Borehole Drilling 

4.8.1 During mud rotary drilling operations, as the borehole is advanced beyond the conductor 
casing, the rig geologistlengineer will generally: 

Observe and monitor rig operations; 

Conduct all health and safety monitoring and sampling, and supervise health 
and safety compliance; 

Prepare a lithologic log from cuttings, core or soil samples; 

Document drilling progress and other appropriate observations on the FADL 
(Attachment 6.1); 

Supervise the collection and preparation of any soil, soil vapor or groundwater 
samples; and, 

Supervise any borehole geophysical logging conducted in the wellbore. 
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4.8.2 As drilling progresses, the rig geologistlengineer should observe and be in frequent 
communication with the driller regarding drilling operations. Conditions noted should include 
relative rates of penetration (as indicated by fast or slow drilling), rotation speeds, chattering and 
bucking of the rig, lost returns, lost circulation zones, hard or sticky drilling, drilling refusal, etc.. 
These conditions, including penetration rates, should be recorded on the boring log as per SOP 15.1. 
Drilling should not be allowed to progress faster than the rig geologistlengineer can adequately 

observe conditions, compile cuttings logs and supervise safety and sampling activities. 

4.8.3 The rig geologistlengineer should also observe the make-up and tightening of connections as 
additional pipe joints are added to the drill string. Any observed problems and causes, including 
significant down time, should be recorded on the FADL (SOP 1. I). 

4.8.4 Cutting and fluid containment during drilling should be observed and supervised by the rig 
geologistlengineer as per specifications in the project work plans. The mud circulation system 
should be inspected periodically for leaks. 

4.8.5 The rig geologist/engineer will continue to oversee or conduct appropriate health and safety 
sampling and monitoring during drilling. If any potentially unsafe conditions are evident from 
drilling observations or health and safety monitoring, the rig geologistlengineer may suspend drilling 
operations at any time and take appropriate actions as per the health and safety plan. In the event of 
a suspension of drilling activities: 

The Field Coordinator or Project Task Leader must be informed of the situation; 

Appropriate corrective action must be implemented before drilling may 
continue; and, 

The observed problem, suspension and corrective action must be entered on the 
FADL (SOP 1.1). 

4.8.6 During drilling the rig geologist/engineer will compile a boring log as per SOP 15.1. The 
boring log should include: 

The borehole location with survey and map reference points; 

The name of the drilling company and drilling team; 

The dates and times of drilling events including when drilling began, the total 
depth and when it was reached, intermediate milestones (additional casing, 
geophysical logs etc.) and any changes in equipment (bits, drill pipe, tools etc.); 

weight, viscosity, yield point and additives; 

Relative drilling rate and presence of drill chatter. These parameters may 
confirm lithologic boundaries; 

Lithologic data from cuttings, core or soil samples including depths, frequency 
and quality; 

Intermediate sampling points for core or soil samples; 
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0 Premature total depth due to refusal and the cause of refusal; and, 

Any other observed drilling conditions. 

4.8.7 The rig geologistlengineer will also enter pertinent drilling information on the FADL 
(SOP 1.1). This includes but is not limited to the following: 

The dates and times of drilling events including when drilling began, the total 
depth and when it was reached, intermediate milestones (additional casing, 
geophysical logs etc.) and any changes in equipment (bits, drill pipe, tools etc.); 

The dates, times and causes of any significant down time; and, 

Premature total depth due to refusal and the cause of refusal. 

4.8.8 Subsurface soil sampling with a drive sampler can be done at discrete intervals while drilling 
with mud rotary methods. However, driven samples typically require the removal of the drill pipe to 
advance the sampler beyond the bit. Depending on the drilled depth and the number of intervals to 
sample, this may not be efficient. Because the sampler passes through a mud medium, this method is 
not recommended for sampling soil for analytical parameters. Drive sampling conducted during 
mud rotary drilling should follow requirements in SOP 3.2. Representative soil vapor and 
groundwater (grab) samples are also generally not obtained during mud rotary drilling. 

4.8.9 Borehole geophysical logs may be run at various depths or prior to completing the well. The 
rig geologistlengineer should note the type(s) of logs run, logging conditions, distribution of log 
copies and originals, and any observed problems on the FADL (SOP 1.1). 

4.9 Borehole Abandonment 

If the borehole is to be abandoned once drilling is completed, the abandonment should follow 
procedures outlined in SOP 8.3. The abandonment will be supervised by the rig geologistlengineer. 

4. I 0  Monitoring Well Completion 

Mud rotary boreholes can be used for monitoring well installation. However, installation of a 
monitoring well through drilling mud is difficult and may compromise the integrity of the well. A 
mud rotary drilled well will also require significantly more time for development. If a monitoring 
well is to be installed in the borehole, the procedures outlined in SOP 8.1 should be followed. The 
well installation will be supervised by the rig geologistlengineer. 

4.11 Demobilization/Site Restoration 

4.1 1.1 After drilling, sampling, and well installation or borehole abandonment is completed, the 
drill pipe and tools are laid down, the mast is lowered and the rig is moved off of the location. 
Demobilizationlsite restoration will be supervised by the rig geologistlengineer or appropriate 
designee. 
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4.1 1.2 All debris generated by the drilling operation should be appropriately disposed of. 

4.11.3 The site should be cleaned, the ground washed as necessary, and the site conditions restored 
as per the project work plans. 

4.1 1.4 All abandoned borings should be topped off and completed as per the project work plans. 
All monitoring wells should also have their surface completions finished as per the project work 
plans. 

4.1 1.5 Any hazards remaining as a result of drilling activities should be identified and appropriate 
barriers and markers are put in place, as per the site health and safety plan. 

4.1 1.6 All soil cuttings and fluids should be properly contained, clearly labeled and maintained in 
compliance with the project work plans. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be maintained in the Project 
Records file in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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AIR ROTARY DRILLING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for use during the 
drilling operations involving air rotary and air rotary casing hammer techniques. Additional specific 
drilling procedures and requirements will be provided in the project work plans. 

REFERENCES 

SOP 3.2 - Subsur$ace Soil Sampling While Drilling 

SOP 6.1 - Sampling Equipment and Well Material Decontamination 

SOP 6.2 - Drilling and Heavy Equipment Decontamination 

SOP 8.1 - Monitoring Well Installation 

SOP 8.3 - Borehole and Well Abandonment 

SOP 10.1 - Soil Organic Vapor Sampling 

SOP 10.2 - Cone Penetration Testing and Hydropunch Ground water Sampling 

SOP 15.1 - Lithologic Logging 

SQP 4.2 - Records Management 

DEFINITIONS 

Air Rotary Drilling 

Any method of drilling that employs a rotating drill pipe and bit to advance the borehole and 
uses air as a circulating medium. Air is forced down through the center of the drill pipe, out through 
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the bit at the bottom of the borehole, and then upward in the annular space between the borehole 
wall and drill pipe. The upward return stream removes cuttings from the bottom of the borehole. 

3.1.2 Air rotary drilling is commonly limited in environmental projects to drilling in hard 
consolidated rock for coring and installing wells. It may at times be used to drill consolidated 
sediment or soil. Air rotary drilling achieves some of the fastest penetration rates, compared to other 
drilling methods, in hard rock terrain. 

3.1.3 Air rotary drilling commonly has problems in drilling unconsolidated coarse sediment or 
soil. The air does not provide sufficient density or viscosity to keep the borehole open while drilling 
through these deposits and the borehole collapses, binding the bit in the hole. In addition the air 
circulation is lost through invasion into coarse permeable beds. 

3.1.4 Foam additives have been developed to combat these problems but are not allowed by 
regulatory agencies for use on environmental projects. The air rotary casing hammer drilling method 
was developed to surmount these problems and is covered below. 

3.1.5 A variety of drilling bits may be used to penetrate various formations encountered. Cone 
type bits and down-hole hammers with button bits are typically used to drill through consolidated 
rock and granular soils. Drag (fishtail) type bits are commonly used to progress through clayey and 
silty soils. 

3.1.6 Cuttings produced by this method are typically disaggregated making bedding and fabric 
determination difficult at best. Soil samples can be obtained from the bottom of the hole; however, it 
typically requires removing the entire drill string. 

3.1.7 Additional considerations in using air rotary drilling techniques include the potential of 
pushing vapor phase contaminants into the surrounding soil/rock matrix and flushing samples, and 
the possibility of vapors exiting the borehole. 

3.2 Air Rotary Casing Hammer Drilling 

3.2.1 This drilling method is similar to the air rotary method in that it uses an air rotary drill string 
(drill pipe and bit) contained inside a slightly larger diameter drive casing. The drive casing is a 
heavy-walled, threaded pipe that allows for pass-through of the rotary drill bit inside the center of the 
casing. The drive casing is used to maintain borehole stability, temporarily isolate multiple 
contaminated zones, and reduce lost circulation of the subsurface air stream. 

3.2.2 During drilling the hole is deepened with the air rotary drill string. The drive casing is 
advanced simultaneously with the air rotary bit, using a rig-mounted hydraulic or air hammer. The 
drive casing is not rotated. 

3.2.3 Air is forced down through the center drill pipe to the bit, and then upward through the space 
between the drive casing and the drill pipe. The upward return stream removes cuttings from the 
bottom of the borehole. 
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3.2.4 This method is highly useful in drilling coarse unconsolidated sediment and soils. 
Consequently, it is used far more commonly in environmental projects than the air rotary method 
above. The method is also commonly used to install monitoring wells as there is good depth control, 
and the drive casing can be progressively pulled as well construction materials are placed in the 
borehole. 

3.2.5 The air rotary casing hammer method is also used to drill through consolidated rock and 
large boulder beds. For these types of formations a eccentric underreaming bit assembly (such as the 
O D E X ~  or ST RAT EX^ systems) is attached to the inner rotary drill string. The eccentric 
underreamer drills a slightly larger diameter borehole than the drive casing. This allows the casing 
to be advanced while drilling through boulders and bedrock. 

3.2.6 Cuttings produced by this method are typically disaggregated, like the air rotary method 
above. Soil samples can be obtained from the bottom of the hole; however, it typically requires 
removing the entire inner rotary drill string for each sample run. 

4.0 PROCEDURE 

4.1.1 This section contains responsibilities, requirements, and procedures for air rotary casing 
hammer drilling. As stated above, the air rotary casing hammer method more commonly used for 
environmental projects than just air rotary alone. Consequently, air rotary casing hammer drilling is 
covered in the remainder of this document. The procedures and requirements for air rotary drilling 
would essentially be similar to those outlined for the air rotary casing hammer technique. 

4.1.2 The selection and implementation of air rotary casing hammer drilling techniques must 
incorporate site specific conditions and requirements. Consequently, the project work plans will 
identify the following: 

The purpose of each borehole (e.g., to install monitoring well, soil sampling, 
soil vapor sampling, etc.). 

4.1.3 Specific methodology for drilling, including equipment to be utilized and cuttingslfluid 
containment requirements 

Specific locations, depths, and diameters of boreholes; 

Type of sampling andlor logging of borehole; 

Details of mobilization/demobilization and decontamination of equipment; 

Appropriate health and safety guidelines and personnel protective equipment 
requirements; and, 

Additional procedures or requirements beyond those covered in this SOP. 
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4.2 Responsibilities 

4.2.1 The Field Coordinator is responsible for ensuring that all air rotary casing hammer drilling 
activities are conducted and documented in accordance with this SOP and any other appropriate 
procedures. This will be accomplished through staff training and by maintaining quality 
assurance/quality control (QAIQC). 

4.2.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this SOP. The PQAS is also responsible for the implementation of 
corrective action (i.e., retaining personnel, additional review of work plans and SOPS, variances to 
air rotary casing hammer drilling requirements, issuing nonconfomances, etc.) if problems occur. 

4.2.3 Field personnel assigned to air rotary casing hammer drilling activities are responsible for 
completing their tasks according to specifications outlined in this SOP and other appropriate 
procedures. All staff are responsible for reporting deviations from the procedures to the Field 
Coordinator or the PQAS. 

4.3 Equipment Requirements and Considerations 

4.3.1 Rigs used for air rotary casing hammer drilling shall have the hammer handling system 
integrally built into the mast assembly. The use of retrofitted drilling rigs without a swing-out, 
independently operated drive hammer will not be allowed. A rig which requires personnel to climb 
onto the mast to attach or detach the hammer is unacceptable for safety reasons. 

4.3.2 The drill rigs should preferably be self-propelled and capable of accessing anticipated site 
field conditions. Each rig should have a mechanical draw-works capable of holding roughly 30,000 
lbs (minimum) and be equipped with a water injection pump. 

4.3.3 The casing hammer shall be a drill-through, pneumatic type with a minimum rated energy 
force of 7,200 ft. lbs. The casing hammer will have a rotary drilling rod packing assembly to 
pressurize the system for an air tight seal, ensuring that all cuttings, water and air are discharged 
through the hammer exit spout. 

4.3.4 The hammer spout will have attached a removable discharge hose of sufficient size and 
length to reach the cyclone when the hammer is raised to the top of the mast. The hose shall be 
properly anchored and attached to a cyclone that effectively decelerates cuttings from the air stream. 

4.3.5 An air compressor or combination of compressors will be made available and meet minimum 
discharge requirements at specified pressures. An example dischargelpressure combination for 300 
foot borings through interbedded cobble and silt strata is 750 cfm at 250 psi. In-line 0.3 micron 
filters will be installed in the air stream from the compressor(s) for reducing oil content. The filters 
will be inspected and changed on a regular basis to prevent the passage of oil into the subsurface. 

4.3.6 Drive casings should have a minimum tensile strength of 100,000 psi, and will have external 
and internal flush threads on each pin and box for connecting. The use of rope thread drive casing 

J :\DOE\4000~3\SQ&OPS\WASOPS\SOP 14-3.DOC Weiss Associates Project Number: 128-4000 



Standard Operating Procedures SOP NO. 14.3 
LEHR Environmental Restoration 1 Waste Management Rev. 0 3/98 
DOE Contract No. DE-AC03-96SF20686 Page 5 of 10 

with dissimilar metal threaded end pieces attached to mild steel casing bodies will not be allowed. 
The drive casing shall have uniform wall thickness, tensile strength, and threaded ends machined 
directly to the casing. A hardened drive shoe with the same internal and external dimensions of the 
drive casing will be threaded to the bottom of the first joint of the drive casing. 

4.3.7 Only ~ e f l o n ~  based thread compound may be used to lubricate drill pipe and drive casing 
threads. No other thread compound may be used. 

4.3.8 Drive casings of various lengths should be provided by the subcontractor to facilitate 
emplacement of sand pack, bentonite seal, and grout. One 3-foot, two 5-foot and two 10-foot 
lengths, besides a sufficient number of standard length drive casing joints, are recommended for each 
rig. 

4.3.9 A hydraulic casing extractor must be used to remove the drive casing from the borehole. 
Extraction of the casing by "hammering-up" with the casing hammer will not be allowed. The 
hydraulic casing extractor should have a minimum pulling capacity of 250 tons and be constructed as 
a single unit with hydraulic cylinders, pulling arms, base plate, valves, hoses, slips and spiders, safety 
bypass valves, back-up wrench, and break-out tongs. The slips and spiders should be of sufficient 
size to grip the outside of the drive casing and withstand the lifting force of 250 tons. 

4.4 Rig Decontamination and Preparation 

4.4.1 All drilling and sampling equipment should be decontaminated before drilling as per SOP 6.1 
and 6.2 and the project work plans. 

4.4.2 The driller and rig geologistlengineer should inspect the drilling equipment for proper 
maintenance and appropriate decontamination prior to each time the rig is mobilized to a site. All 
clutches, brakes and drive heads should be in proper working order. All cables and hoses should be 
in good condition. All drill pipe, drive casing and bits should also be in good condition (e.g., no 
damaged threads on the drive casing or drill pipe, no damaged or excessively worn bits, etc.). 

4.4.3 Any observed leakage of fluids from the rig should be immediately repaired and the rig 
decontaminated again before it is allowed to mobilize. 

4.5 Site Preparation 

4.5.1 The logistics of drilling, logging, sampling, cuttingslfluid containment, and/or well 
construction should be determined before mobilizing. The site should be prepared as per the project 
work plans. 

4.5.2 Before mobilization, the Field Coordinator and/or the rig geologistlengineer should assess 
the drilling site with the driller. Drill site space requirements commonly include not only area for 
the rig, but also swing-out clearance for the cyclone and access for a pipe truck or fork lift carrying 
pipe. This assessment should identify potential hazards (slipltriplfall, overhead power lines, etc.), 
and determine how drilling operations may impact the environment (dust, debris, noise). Potential 

J:\DOE\4000~3\SQ&OPS\WASOPS\SOP 14-3 .DOC Weiss Associates Project Number: 128-4000 



Standard Operating Procedures SOP NO. 14.3 
LEHR Environmental Restoration 1 Waste Management Rev. 0 3/98 
DOE Contract No. DE-AC03-96SF20686 Page 6 of 10 

hazards should be evaluated and corrected, or the borehole location changed or shifted, as per the 
project work plans. 

4.5.3 The Field Coordinator or appropriate designee should ensure that all identifiable 
underground utilities around the drilling location have been marked, and the borehole location 
appropriately cleared per the project work plans. At a minimum, copies of the site clearance 
documents should be kept on-site. 

4.6 Mobilization and Set- Up 

4.6.1 Once the site is prepared, the rig is mobilized to the site and located over the borehole 
location. The rig is leveled with a set of hydraulic pads attached to the front and rear of the rig. The 
driller should always raise the mast slowly and carefully to prevent tipping or damaging the rig, and 
avoiding obstructions or hazards. The cyclone should be positioned so that cuttings can be easily 
collected as they drop out of the bottom opening. 

4.6.2 Appropriate barriers and markers should be in place prior to drilling, as per the site health 
and safety plan. Visqueen (plastic) may be required beneath the rig per the project work plans. 

4.6.3 Appropriate cuttings and other investigation-derived waste containment should be set on site 
prior to commencement of drilling. If drilling is to be conducted in the saturated zone, provisions 
should be made to ensure adequate containment of formation water produced during drilling 
operations. 

4.7 Health and Safety Requirements 

4.7.1 Tailgate Safety Meetings should be held in the manner and frequency stated in the health and 
safety plan. All Contractor and subcontractor personnel at the site should have appropriate training 
and qualifications as per the health and safety plan. 

4.7.2 During drilling all personnel within the exclusion zone should pay close attention to rig 
operations. The drill pipe and drive casing are quite heavy, and dangerous if dropped. Other 
equipment on the rig can easily snag clothing and crush fingers or limbs. In addition, heavy 
equipment such as pipe trucks and fork lifts may be operated at the drill site. 

4.7.3 The casing hammer is quite noisy when the drive casing is being advanced. In addition, the 
rig can generate considerable noise when drilling through gravel and cobbles. Therefore, 
establishing clear communication signals with the drilling crew is mandatory since verbal signals 
may not be heard during the drilling process. The entire crew should be made aware to inform the 
rig geologistlengineer of any unforeseen hazard, or when anyone is approaching the exclusion zone. 
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4.8 Breaking Ground 

4.8.1 Prior to the commencement of drilling, all safety sampling and monitoring equipment will be 
appropriately calibrated per the project work plans. 

4.8.2 The rig geologistlengineer should inform the driller of the appropriate equipment (e.g., 
cookie cutter, etc.) to be used for penetration of the surface cover (e.g., asphalt, concrete, cement, 
etc.). In the event of breaking ground where a shallow subsurface hazard may exist (unidentifiable 
utility, trapped vapors, etc.), the driller should be informed of the potential hazard. Drilling should 
commence slowly to allow continuous visual inspection and/or monitoring, and if necessary, stop for 
probing or hand excavation and clearance. 

4.9 Borehole Drilling 

4.9.1 During drilling operations, and as the borehole is advanced, the rig geologist/engineer will 
generally: 

Observe and monitor rig operations; 

Conduct all health and safety monitoring and sampling, and supervise health 
and safety compliance; 

Prepare a lithologic log from soil samples or cuttings; and, 

Supervise the collection of, and prepare soil, soil vapor, and ground water 
samples. 

4.9.2 As drilling progresses the rig geologistlengineer will be in frequent communication with the 
driller and be cognizant of drilling conditions which may provide lithologic or chemical information. 
This includes relative rates of penetration (indicative of fast or slow drilling) and chattering or 
bucking of the rig. These conditions should be recorded on the boring log per SOP No, 15.1. 

4.9.3 The rig geologistlengineer should know the total depth of the borehole at all times during 
drilling. Drilling should not be allowed to progress faster than the rig geologistlengineer can 
adequately observe conditions, compile boring logs, and supervise sampling and safety activities. 

4.9.4 The rig geologistlengineer should also observe the rig operations, including the make-up and 
tightening of connections as additional drill pipe and drive casing are added to the drill string. No 
leaks should be evident in the air system on the rig. This includes the drill pipe extending from the 
top head drive through the casing hammer. Any observed problems, including significant down 
time, and their causes are recorded on the Field Activity Daily Log (FADL) (SOP 1.1). 

4.9.5 Cuttings and fluids containment during drilling should be observed and supervised by the rig 
geologistlengineer, as per specifications in the project work plans. 

4.9.6 The rig geologistlengineer will oversee or conduct appropriate health and safety sampling 
and monitoring. If any potentially unsafe conditions are evident from the above drilling observations 
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and the health and safety sampling and monitoring, the rig geologistlengineer may suspend drilling 
operations at any time and take appropriate actions as per the health and safety plan. In the event 
suspension of drilling activities occur: 

The Site Superintendent must be informed of the situation; 

Appropriate corrective action must be implemented before drilling may be 
continued; and, 

The observed problem, suspension, and corrective action are entered on the 
FADL. 

4.9.7 In some instances water may need to be added to the air stream to circulate cuttings to the 
surface. This should be done only if absolutely necessary, following specifications for the water 
source andor any sampling and analysis requirements per the project work plans. Foam additives 
should not be used and are commonly prohibited by regulatory agencies for environmental 
applications. If water is injected into the borehole it should be noted on the boring log and the 
FADL. 

4.9.8 During drilling the rig geologistlengineer will compile a boring log as per SOP No. 15.1. 
The log will be compiled preferably from soil samples recovered while drilling. Logs should only be 
compiled solely from cuttings if this is the only available option. The cuttings are obtained by a fine 
mesh basket or other appropriate container held under the bottom opening of the cyclone. 

4.9.9 Observations of drilling conditions and responses are also entered on the log as discussed 
above and in SOP No. 15.1. If total depth was reached prematurely due to refusal, the cause of 
refusal should be noted on the boring log and the FADL. 

4.9.10 Subsurface soil samples may be collected with a split spoon sampler or Shelby tube during 
drilling per SOP No. 3.2. This will require tripping out (removing) the inner rotary drill string. The 
sampling will be supervised by the rig geologistlengineer. Soil samples (drive samples) can be 
readily obtained at discrete intervals with these methods. 

4.9.1 1 Soil organic vapor (SOV) sampling may be conducted at discrete intervals during air rotary 
casing hammer drilling. This is done by stopping at the desired depth, tripping out the inner rotary 
drill string, and driving a sample probe through the drive casing into the soil ahead of the drive shoe. 
The vapor sample is then collected through the sample probe using a vacuum pump at the surface. 
The sampling should be supervised by the rig geologistlengineer following procedures in SOP No. 
10.1. 

4.9.12 Ground water screening (grab) samples can be obtained at discrete intervals during drilling. 
One method is to drill to the bottom of the selected interval or zone and pull the drive casing back a 
selected distance, allowing ground water through the open borehole. The inner rotary drill string is 
tripped out of the hole and a water sample is then collected with a bailer run through the inside of the 
drive casing. 
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4.9.13 Another method is to stop the drill string at a selected interval or zone, trip out the inner 
rotary drill string, and advance a hydropunch sampler beyond the drive casing to retrieve a water 
sample. The ground water screening sampling procedures should essentially follow those described 
in SOP 10.2. 

4.10 Borehole Abandonment 

If the borehole is to be abandoned once drilling is completed, the abandonment will follow 
procedures outlined in SOP 8.3. The abandonment will be supervised by the rig geologistlengineer. 

4.1 1 Monitoring Well Completion 

If a monitoring well is to be installed in the borehole, the well completion will follow procedures 
outlined in SOP 8.1. The well installation activities will be supervised by the rig geologistlengineer. 

4.12 Demobilization/Site Restoration 

4.12.1 After drilling, sampling, well installation, or borehole abandonment is completed the air 
rotary casing hammer rig is rigged down and removed from the borehole location. The 
demobilization/site restoration will be supervised by the rig geologistlengineer or appropriate 
designee. 

4.12.2 All debris generated by the drilling operation will be appropriately disposed. 

4.12.3 The site should be cleaned (ground washed if necessary) and surface conditions restored as 
per the project work plans. 

4.12.4 All abandoned borings should be topped off and completed as per the project work plans. 
All monitoring wells will also have their surface completions finished as per the project work plans. 

4.12.5 Any remaining hazards as a result of drilling activities will be identified and appropriate 
barriers and markers put in place, as per the health and safety plan. 

4.12.6 All soil cuttings and fluids will be properly contained, clearly labeled, and maintained as per 
the project work plans. 

4.12.7 The Field Coordinator or appropriate designee should inspect the site to make sure that post- 
drilling site conditions are in compliance with the project work plans. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be maintained in the Project 
Records file in accordance with SQP 4.2. 
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6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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DUAL TUBE PERCUSSION DRILLING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for field personnel 
to use during the supervision of drilling operations involving dual tube percussion techniques. 
Additional specific dual tube percussion drilling procedures and requirements will be provided in the 
project work plans. 

REFERENCES 

SOP 3.2 - Subsuiface Soil Sampling While Drilling 

SOP 6.1 - Sampling Equipment and Well Material Decontamination 

SOP 6.2 - Drilling and Heavy Equipment Decontamination 

SOP 8.1 - Monitoring Well Installation 

SOP 8.3 - Borehole and Well Abandonment 

SOP 10. I - Soil Organic Vapor Sampling 

SOP 10.2 - Cone Penetration Testing and HydroPunch Ground Water Sampling 

SOP 15.1 - Lithologic Logging 

SQP 4.2 - Records Management 

DEFINITIONS 

A drilling method using nonrotating drive casing with a bit on the bottom of the casing. A smaller 
diameter tube or drill pipe is positioned inside the drive casing and the drive casing is advanced by 
the use of a percussion hammer, thereby causing the bit to cut or break up the sediment or soil at the 
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bottom of the boring. Air is forced down the annular space between the drive casing and inner drill 
pipe, and cuttings are forced up the center of the inner drill pipe. 

3.1.1 Advantages: Dual tube percussion drilling advantages include rapid penetration rates, 
accurate water table location and representative subsurface sampling. This method is suitable for 
unconsolidated and consolidated soils but some consolidated gravels and hard bedrock may be too 
dense for adequate drill penetration. Unlike mud rotary, or air rotary methods, soil samples can be 
readily obtained from the bottom of the hole without removing the drill pipe. Loose or soft soil 
cuttings are disaggregated, but consolidated materials and gravel are often retrieved in sizable 
chunks, up to 6 inches in diameter, making bedding and fabric determination possible. See SOP No. 
15.1 for additional remarks related to lithologic logging of soil cuttings. Dual tube percussion 
drilling is commonly used to install monitoring wells because depth control is good and the drive 
casing can be progressively pulled as well construction materials are added to the borehole. 

3.1.2 Disadvantages: Dual tube percussion drilling disadvantages are related to the use of air in 
the process of drilling. Air compressors are generally noisy and may pose problems ranging from 
nuisance complaints in populated areas to health risks without adequate hearing protection in an 
exclusion zone. Air from the compressors contains oils and must be filtered. The casing hammer 
must be retrofitted to exclude diesel fuel venting and potential contamination of the work area 
toward the back of the rig. Rapid drilling requires a large container for cuttings. Large quantities of 
potentially contaminated formation water can also be produced and must be contained. 

3.1.3 Additional Considerations: Additional considerations for using dual tube percussion 
methods include the potential of pushing vapor phase contaminants into the surrounding soil and the 
possibility of vapors exiting the hole. Dual tube percussion rigs are typically larger than auger-type 
rigs and may be subject to size constraints, including overhead clearance. The impact of the casing 
hammer is loud and sharp and may limit operations in populated areas. 

4.0 PROCEDURE 

This section contains responsibilities, requirements, and procedures for dual tube percussion drilling. 
The selection and implementation of dual tube percussion drilling techniques must incorporate site- 
specific conditions and requirements. Consequently, project work plans will identify the following 
as applicable: 

The purpose of each borehole (e.g., to install a monitoring well, soil sampling, 
ground water screening sampling, etc.); 

Specific methodology for drilling, including equipment and cuttingslfluid 
containment requirements; 

Specific locations, depths, and diameters of boreholes; 

Type of sampling andlor logging of the borehole; 

Details of mobilization/demobilization and decontamination of equipment; and, 
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Appropriate health and safety guidelines and personal protective equipment 
requirements. 

4.1 Responsibilities 

4.1.1 The Field Coordinator is responsible for ensuring that all dual tube percussion drilling is 
conducted and documented in accordance with this and any other appropriate procedures. This will 
be accomplished by staff training and by maintaining quality assurancelquality control (QAIQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field activities and 
the resulting documentation generated as a result of implementing this SOP. The PQAS is also 
responsible for the implementation of corrective action (retraining personnel, additional review of 
work plans and SOPS, variances to dual tube percussion drilling supervision requirements, issuing 
nonconformances, etc.) if problems occur. 

4.1.3 Field personnel assigned to supervise dual tube percussion drilling are responsible for 
completing their tasks according to this and other appropriate procedures. All staff are responsible 
for reporting deviations from the procedures to the Field Coordinator or the PQAS. 

4.2 Equipment Requirements and Considerations 

4.2.1 Rigs used for dual tube percussion drilling shall have the hammer handling system integrally 
built into the mast assembly. The use of retrofitted drilling rigs without a swing-out, independently 
operated drive hammer will not be allowed. A rig which requires personnel to climb onto the mast 
to attach or detach the hammer is unacceptable for safety reasons. 

4.2.2 The drill rigs should preferably be self-propelled and capable of accessing anticipated site 
field conditions. Each rig should have a mechanical draw-works capable of holding roughly 30,000 
lbs. (minimum) and be equipped with a water injection pump. 

4.2.3 The pile drive hammer should be a link belt diesel hammer with a minimum rated energy 
force of 8,200 ft-lbs. The dual tube system must be completely water and air tight from drill bit to 
cyclone, ensuring that all cuttings, water and air are discharged through a cyclone separator at a 
single location near the rig. 

4.2.4 The hammer spout will have attached a removable discharge hose of sufficient size and 
length to reach the cyclone when the hammer is raised to the top of the mast. The hose shall be 
properly anchored and attached to a cyclone that effectively decelerates cuttings from the air stream. 

4.2.5 An air compressor or combination of compressors will be made available and meet minimum 
discharge requirements at specified pressures. An example dischargelpressure combination for 200 
foot borings through interbedded cobble and silt strata is 750 cfm at 250 psi. In-line 0.3 micron 
filters will be installed in the air stream from the compressor(s) for reducing oil content. The filters 
will be inspected and changed on a regular basis to prevent the passage of oil into the subsurface. 
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4.2.6 Drive casings should have a minimum tensile strength of 100,000 psi, and will have external 
and internal flush threads on each pin and box for connecting. The use of rope thread drive casing 
with dissimilar metal threaded end pieces attached to mild steel casing bodies will not be allowed. 
The drive casing shall have uniform wall thickness, tensile strength, and threaded ends machined 
directly to the casing. A hardened bit with the same external dimensions of the drive casing will be 
threaded to the bottom of the first joint of the drive casing. 

4.2.7 Only ~ e f l o n ~  based thread compound may be used to lubricate drill pipe and drive casing 
threads. No other thread compound may be used. 

4.2.8 Drive casings of various lengths should be provided by the subcontractor to facilitate 
emplacement of sand pack, bentonite seal, and grout. One 3-foot, two 5-foot and two 10-foot 
lengths, besides a sufficient number of standard length drive casing joints, are recommended for each 
rig. 

4.2.9 A hydraulic casing extractor must be used to remove the drive casing from the borehole. The 
hydraulic casing extractor should have a minimum pulling capacity of 250 tons and be constructed as 
a single unit with hydraulic cylinders, pulling arms, base plate, valves, hoses, slips and spiders, safety 
bypass valves, back-up wrench, and break-out tongs. The slips and spiders should be of sufficient 
size to grip the outside of the drive casing and withstand the lifting force of 250 tons. 

4.3 Rig Decontamination and Preparation 

4.3.1 All drilling and sampling equipment must be decontaminated before drilling as per SOPS 6.1 
and 6.2, and the project work plans. 

4.3.2 The driller and the rig geologistlengineer should inspect the drilling equipment for proper 
maintenance and appropriate decontamination. All clutches, brakes and drive heads should be in 
proper working order. All cables and hydraulic hoses should be in good condition. All tool joints 
and bits should be in good condition with no worn threads, cracked tool joint connections or 
excessive wear etc.. 

4.3.3 Any excessive leakage of fluids from the rig should be immediately repaired and the rig 
decontaminated again before it is allowed to mobilize to the site. 

4.3.4 Filters for the air stream from the compressor should be inspected to ensure they are the right 
type and properly installed as per the project work plans. 

4.4 Site Preparation 

4.4.1 The logistics of drilling, logging, sampling, cuttingslfluid containment, andlor well 
construction should be determined before mobilizing. The site should be prepared as per the project 
work plans. 
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4.4.2 Before mobilization, the Field Coordinator andlor the rig geologist/engineer should assess 
the drilling site. This assessment should identify potential hazards (slipltriplfall, overhead, etc.), and 
determine how drilling operations may impact the environment (dust, debris, noise). Potential 
hazards should be evaluated and corrected, or the borehole location changed or shifted as per the 
project work plans. 

4.4.3 The Field Coordinator or appropriate designee should ensure that all identifiable 
underground utilities around the drilling site have been located and marked and the borehole location 
cleared as per project work plans. 

4.5 Mobilization and Set-up 

4.5.1 Once site preparation is completed, the rig is mobilized to the site and positioned over the 
identified borehole location. The rig is then leveled with a set of hydraulic pads at the front and rear 
of the equipment. Once the rig is leveled, the mast should be raised slowly and carefully to prevent 
tipping or damaging the rig and to avoid hitting any obstructions or hazards. 

4.5.2 Appropriate barriers and markers should be in place prior to drilling, as per the site health 
and safety plan. Visqueen (plastic) may be required beneath the rig and fluid circulation system. 

4.5.3 Appropriate cuttings and other investigation-derived waste containment should be set up on 
site prior to the commencement of drilling. 

4.6 Health and Safety Requirements 

4.6.1 Tailgate Safety Meetings must be held in the manner and frequency stated in the health and 
safety plan. All Contractor and subcontractor personnel at the site will have appropriate training and 
qualifications as per the health and safety plan. Documentation should be kept readily available in 
the project files on site. 

4.6.2 During drilling, all personnel within the exclusion zone should pay close attention to all rig 
operations. The drillpipe and drive casing are heavy and can be dangerous if dropped. The drive 
hammer can easily crush fingers or limbs. Other equipment can snag loose clothing causing serious 
injury. 

4.6.3 Establishing clear communication signals with the drilling crew is mandatory since verbal 
signals may not be heard during the drilling process. The air compressor and casing hammer 
generate considerable noise, especially when drilling through harder sediments. Hearing protection 
must be worn when working around the rig as per the health and safety plan. 

4.6.4 The entire crew should be made aware to inform the rig geologistlengineer of any unforeseen 
hazard, or when anyone is approaching the exclusion zone. 
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4.7 Breaking Ground 

4.7.1 Prior to the commencement of drilling, all safety sampling and monitoring equipment will be 
appropriately calibrated as per the project work plans. 

4.7.2 The rig geologistlengineer should inform the driller of the appropriate equipment (cookie 
cutter etc.) to be used for the specific surface cover (asphalt, concrete cement etc.) present. In the 
event of breaking ground where a shallow subsurface hazard may exist (unidentifiable utility, 
trapped vapors, etc.), the driller should be informed of the potential hazard and drilling should 
commence slowly to allow continuous visual inspection and, if necessary, any interruptions for 
probing. 

4.8 Borehole Drilling 

4.8.1 During drilling operations, as the borehole is advanced, the rig geologistlengineer will 
generally: 

Observe and monitor rig operations; 

Conduct all health and safety monitoring and sampling, and supervise health 
and safety compliance; 

Prepare a lithologic log from soil samples or cuttings; 

Prepare a Field Daily Activity log (FADL); and, 

Supervise the collection and preparation of any soil, soil vapor, and ground 
water samples. 

4.8.2 As drilling progresses, the rig geologistlengineer should observe and be in frequent 
communication with the driller regarding drilling operations. Conditions noted may include relative 
rates of penetration (as indicated by fast or slow drilling), lost returns or lost circulation zones, sticky 
drilling, first encountered water, relative yield of formation water, drilling refusal, etc. These 
conditions, including penetration rates, should be recorded on the boring log as per SOP 15.1. 
Drilling should not be allowed to progress faster than the rig geologistlengineer can adequately 
observe conditions, compile cuttings logs and supervise safety and sampling activities. 

4.8.3 The rig geologistlengineer should also observe rig operations including the make-up and 
tightening of connections as additional joints are added to the drill string. Any observed problems 
and causes, including significant down time, should be recorded on the Field Activity Daily Log 
(FADL) (SOP 1.1 ). 

4.8.4 Cutting and fluid containment during drilling should be observed and supervised by the rig 
geologistlengineer as per specifications in the project work plans. If significant amounts of moist, 
fine-grained materials are encountered, the driller may need to add water to the air stream to prevent 
clogging. This addition of water should also be noted on the boring log. 
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4.8.5 The rig geologist/engineer will oversee or conduct appropriate health and safety sampling 
and monitoring. If any potentially unsafe conditions are evident from drilling observations or health 
and safety monitoring, the rig geologist/engineer may suspend drilling operations at any time and 
take appropriate actions as per the Health and safety plan. In the event of a suspension of drilling 
activities: 

The Field Coordinator or Project Task Leader must be informed of the situation; 

Appropriate corrective action must be implemented before drilling may 
continue; and, 

The observed problem, suspension and corrective action must be entered on the 
FADL. 

4.8.6 During drilling the rig geologist/engineer will compile a boring log as per SOP 15.1. The 
boring log should include: 

The borehole location with survey and map reference points; 

The name of the drilling company and drilling team; 

The dates and times of drilling events including when drilling began, the total 
depth of the boring and when it was reached, intermediate milestones 
(additional casing, sampling points etc.) and any changes in equipment (bits, 
drillpipe, tools etc.); 

Relative drilling conditions as noted in Section 4.4.2.1 above. These parameters 
may confirm lithologic boundaries and other important subsurface conditions; 

Lithologic data from cuttings, core or soil samples including depths, frequency 
and quality; 

Intermediate sampling points for core or soil samples; 

Depths, frequency and relative quality of soil vapor, and ground water samples; 
and, 

Premature total depth due to refusal and the cause of refusal. 

4.8.7 The rig geologistJengineer will also prepare a Field Daily Activity Log (FADL) (SOP 1.1) 
that should include: 

The dates and times of drilling events including when drilling began, the total 
depth of the boring and when it was reached, intermediate milestones 
(additional casing, sampling points etc.) and any changes in equipment (bits, 
drillpipe, tools etc.); 

The dates, times and causes of any significant down time; and, 

Premature total depth due to refusal and the cause of refusal. 
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4.8.8 Subsurface soil samples may be collected with a split spoon sampler during drilling per 
SOP 3.2. This is commonly accomplished with the sampler attached to a set of jars. The 
jarslsampler assembly is suspended on a wireline from the rig and run inside the inner drill pipe to 
the bottom of the boring. The sampler is then driven into the soil ahead of the bit with the jars. 
Once sufficient penetration into the soil is achieved, the sampler is retrieved with the wireline. The 
sampling will be supervised by the rig geologist/engineer. 

4.8.9 Soil organic vapor (SOV) sampling may be conducted at discrete intervals during dual tube 
percussion drilling. This is done by stopping at the desired depth and running a sample probe 
through the inner drill pipe to the bottom of the boring. The probe is then driven past the bit into the 
underlying soil. The vapor sample is then collected through the sample probe using a vacuum pump 
at the surface. The sampling should be supervised by the rig geologist/engineer following 
procedures in SOP 10.1. 

4.8.10 Ground water screening (grab) samples can be obtained at discrete intervals during drilling. 
One method is to drill to the bottom of the selected interval or zone and pull the drive casing back a 
selected distance, allowing ground water through the open borehole. A water sample is then 
collected with a bailer run through the inside of the inner drill pipe. 

4.8.1 1 Another method is to stop the drill string at a selected interval or zone. A hydropunch 
sampler is then run inside the inner drill pipe and beyond the drive casing (into the underlying soil) 
to retrieve a water sample. The ground water screening sampling procedures should essentially 
follow those described in SOP 10.2. 

4.9 Borehole Abandonment 

If the borehole is to be abandoned once drilling is completed, the abandonment will follow 
procedures outlined in SOP 8.3. The abandonment will be supervised by the rig geologistlengineer. 

4.10 Monitoring Well Completion 

If a monitoring well is to be installed in the borehole, the well completion will follow procedures 
outlined in SOP 8.1. The well installation activities will be supervised by the rig geologidengineer. 

4.11 Demobilization/Site Restoration 

4.1 1.1 After drilling, sampling, well installation or borehole abandonment the drilling tools are laid 
down, the mast is lowered and the rig is moved off of the location. Demobilization/site restoration 
will be supervised by the rig geologistlengineer or appropriate designee. 

4.1 1.2 All debris generated by the drilling operation should be appropriately disposed. 

4.1 1.3 The site is cleaned, the ground is washed if necessary and the site conditions restored as per 
project work plans. 
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4.1 1.4 All abandoned borings are topped off and completed as per the project work plans. All 
monitoring wells will also have their surface completions finished as per the project work plans. 

4.1 1.5 Any hazards remaining as a result of drilling activities are identified and appropriate barriers 
and markers are put in place, as per the site health and safety plan. 

4.1 1.6 All soil cuttings and fluids are properly contained and clearly labeled and maintained in 
compliance with the project work plans. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be maintained in the Project 
Records file in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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LITHOLOGIC LOGGING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This procedure describes the basic methods for logging soil using the USCS visual method. Use of 
visual examination and simple manual tests associated with the USCS procedure gives standardized 
criteria and processes for describing and identifying soils. Logging soil assures that data, 
information, and descriptions generated from each borehole or excavation are properly collected and 
documented. Furthermore, proper documentation and logging of soil allows direct comparison of 
lithology between different boreholes. This document describes: 

the methods for describing soil samples; 

what information is necessary to complete the lithologic log; 

the required forms on which field observations are logged; and, 

the equipment necessary for logging and visual classification of soil samples. 

2.0 

2.1 

2.2 

3.0 

This 

REFERENCES 

U.S. Department of the Interior, Bureau of Reclamation (USBR), 1986, Procedures 
for Determining Unified Soil Classification (Visual Method), USBR 5005-86 

SOP 2.1 - Sample Handling, Packaging, and Shipping (Appendix A )  

DEFINITIONS 

section presents definitions of some of the common basic terminology utilized in soil 
classification. These definitions do not substitute for the training and experience required in learning 
the multitude of definitions used in soil classification. 

3.1 Gravel 

Particles of rock that will pass a 3-inch sieve and be retained on a No. 4 sieve. Criteria to distinguish 
coarse and fine is provided in Section 5.2.1 of Reference 2.1. 
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3.2 Sand 

Particles of rock that will pass a No. 4 sieve and be retained on a No. 200 sieve. Criteria to 
distinguish coarse, medium, and fine is provided in Section 5.2.2 of Reference 2.1. 

3.3 clay 

Soil passing the No. 200 sieves that exhibits plasticity (putty-like properties) within a range of 
moisture contents, and which exhibits considerable dry strength when air-dry. Criteria to distinguish 
inorganic and organic clay are provided in Section 5.2.5 and 13.6 through 13.7.2 of Reference 2.1. 

3.4 Silt 

Material passing the No. 200 sieve that is non-plastic or very slightly plastic and exhibits little or no 
strength when air-dry. Criteria to distinguish inorganic and organic silt are provided in Sections 
5.2.6, 13.7.3, and 13.7.4 of Reference 2.1. 

3.5 Dry Strength 

This is the resistance of a 114-inch air-dry ball made from the test material to crushing between the 
fingers. Dry strength is described with the terms None, Low, Medium, High, and Very High. Dry 
strength testing procedures are presented in Sections 13.2 of Reference 2.1. 

3.6 Penetration Resistance 

Penetration resistance is based on blow counts recorded per foot while driving a Standard Penetration 
Sampler with a 140-pound hammer. A larger diameter sampler will have higher blow counts. 

3.7 Dilatancy 

This is a measure of the ability of a 112- to 1-inch-long pat made from the test material to yield water 
when shaken horizontally. Dilatancy is described with the terms None, Slow, and Rapid. Dilatancy 
testing procedures are presented in Section 13.3 of Reference 2.1. 

3.8 Toughness 

This is a measure of the test material's ability to be rolled into a 118-inch-diameter thread. Toughness 
is described with the terms Low, Medium, and High. Toughness testing procedures are presented in 
Section 13.4 of Reference 2.1. 
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3.9 Plasticity 

This is a description of the test sample behavior derived during the performance of the toughness test. 
Plasticity is described with the terms Nonplastic, Low, Medium, and High. Plasticity testing 
procedures are presented in Section 13.5 of Reference 2.1. 

3.10 Color 

3.6.1 There are two approaches to identifying the color of samples. Either the Rock Color Chart 
can be used. Or the logger can subjectively judge the color using a set of standard colors. For this 
Work Plan the logger should subjectively judge the color using the following colors in combination: 

Brown; 
Yellow; 
Blue; 
Orange; 
Red; 
Grey; and, 
Olive. 

No more than two colors should be combined, with the more dominant color being preceded by the 
secondary color and separated by a hyphen, e.g. "brown-gray". The color description may be 
additionally modified by the terms "light" and "dark" as appropriate. For brevity, and to also 
distinguish subjective color descriptions from those of the Rock Color Chart, the "ish" suffix should 
be avoided. 

Frequently, a sample has spots or patches which are colored differently from the bulk of the sample. 
This is called mottling. Where it occurs, the proper description includes the color of the bulk sample 
followed by the word "mottled," followed by one or more of the color descriptions, e g ,  "dark brown 
mottled tan." 

This is a description of the test sample behavior derived during the performance of the toughness test. 
Plasticity is described with the terms Nonplastic, Low, Medium, and High. Plasticity testing 
procedures are presented in Section 13.5 of Reference 2.1. 

3.11 Moisture Content 

The terms used to describe moisture content are dry, damp, moist, and wet, The moisture content is 
determined by feel. Dry is an unusual condition where the sample is completely desiccated as if it 
were baked in an oven. A damp sample will have enough moisture to keep the sample from being 
brittle, dusty or cohesionless and is darker in color that the same material in the dry state. A moist 
sample will leave moisture on your hand but displays no free water. A wet sample is one which is 
saturated and displays free water. 
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3.12 Estimated Grain Size Percents 

The method of determining the percent composition of various grain sizes is largely visual except in 
distinguishing between silt and clay. When noting percentages, if all the fractions of all sizes in the 
sample are listed, they should total 100%. 

When estimating percent of fines, because of the difficulties in distinguishing silt from clay, only the 
percent total fines should be estimated. 

When describing gravel, the size of the clasts should be noted in inches, using "in." to symbolize 
inches. If the range of clasts begins just above coarse sand, then specify the largest size in a range of 
clasts, e.g. 20% gravel and cobbles to 5 inches. 

When describing sand sizes, the terms fine, medium, and coarse are to be used. 

3.13 Estimated Relative Permeability 

Relative permeabilities are given as very low, low, low to moderate, moderate, moderate to high, 
high, and very high. It is extremely difficult to estimate the hydraulic permeability visually. Very 
high permeability materials are rare and usually occur as very well sorted gravels and sands with 
very little fine sediment. Generally, permeability decreases with degree of consolidation and amount 
of clay. 

3.14 Odor 

Odor is not usually mentioned unless a particular odor is detected. The absence of odor is only 
reported where the lack of it is diagnostic. 

IMPORTANT: When contamination is severe enough to produce an odor without having to directly 
sniff the sample, i.e., free floating odors from around the borehole or an unbroken sample, all 
workers should put on respirators and halt work until the office has been contacted. 

4.0 PROCEDURE 

This section provides both the responsibilities and procedures involved with soil logging. The details 
within this SOP will be used in conjunction with the Final Work Plan for Western Dog Pens, 
Background, and Off-site Investigations. 

4.1 Responsibilities 

4.1.1 The Field Coordinator (FC) will be responsible for ensuring that all sample collection 
activities are conducted in accordance with this SOP and any other appropriate procedures. This will 
be accomplished through staff training and by maintaining quality assurance/quality control 
(QAIQC). 
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4.1.2 The Project Quality Assurance Specialist (PQAS) will be responsible for periodic review of 
field generated documentation associated with this SOP. The PQAS will also be responsible for 
implementation of corrective action (i.e., retraining personnel, additional review of work plans and 
procedures, variances to QC sampling requirements, issuing non-conformances, etc.) if problems 
occur. 

4.1.3 Field personnel assigned to sampling activities will be responsible for completing their tasks 
according to specifications outlined in this SOP and other appropriate procedures. All staff will be 
responsible for reporting deviations from procedures to the FC, Weiss Associates Project Manager, 
or the PQAS. 

4.2 Soil Boring Logs 

The Borehole~Well Construction Log Form is included as Attachment 1 to this SOP. Field personnel 
recording lithologic information during drilling will use this form. The procedures which will be 
followed in completing the Borehole/Well Construction Log Form, are outlined below. 

As applicable, the following information will be filled in completely at the top of the first page of 
eachboring log: 

Project Number; 
Project Name; 
Project Location; 
Rough Sketch with scale and north arrow depicting the approximate location of 
boring to structures, or other field landmarks; 
Boring Number; 
Name of Drilling Contractor; 
Name of Driller(s); 
Name of Field Geologist completing the form; 
Date and time drilling is started and completed; 
DrillingISampling Method; 
Type of Drill Rig used in collecting the samples; 
Driller's C57 License Number; and, 
Borehole Diameter. 

Each subsequent page of the Borehole/Well Construction Log should include: 

Photoionization (PID) or flame ionization detector (FID) readings recorded at 
the appropriate sample depth in units of parts per million (ppm); 

The instrument number of the PID used in the field; 

Borehole Completion and Sample Information (total borehole depth in feet, 
sample depth, sample description, blow counts, inches driven, inches recovered, 
sample condition); 
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Borehole abandonment/completion information such as conductor casing(s) 
(interval and diameter), depth of sand pack and grout, well casing and screen 
depth; and, 

All depth or particle size numbers recorded as a decimal integer. 

A daily field activity log will record the start of fieldwork and will be updated throughout the day by 
the field geologistlengineer. The daily field activity log will include: 

Datemime and field activity description; 

Hours spent on field activity; and, 

A diary of daily activities, inspections, problems, conversations, visitors, 
weather conditions, and any other information relevant to the field activity. 

Samples collected for purposes other than soil classification are subject to 
handling, packaging, and shipping procedures described in SOP 2.1, Sample 
Handling , Packaging and Shipping. 

4.3 Borehole Logging Procedures 

The Borehole/Well Construction Log Form will be filled out accurately for each soil boring drilled 
andor each soil boring attempted. Sample depths, locations and types will be recorded on the form. 
Boreholes that are logged entirely from cuttings and are not sampled must be indicated as such. 

The log will contain a detailed description of the soil strata encountered and all pertinent information 
regarding drilling operations and estimated soil and ground water properties. 

Soil will be classified according to the Unified Soil Classification System 
(USCS) (Reference 2.1). The textural name for the soil will be written in the 
appropriate column using the USCS symbol. 

The format description for fine-grained sediments will include: textural 
classification (Silt, Sandy Silt, Clayey Silt, Sandy Clay, Silty Clay, Clay, 
Organic Silt, or Organic Clay); color, penetration resistance, moisture content, 
particle size distribution, estimated permeability, odor, miscellaneous 
(cementation, geologic origin, formation name, etc.). 

The format description of coarse-grained sediments will include: textural 
classification (Sand, Clayey Sand, Silty Sand , Gravelly Sand, Gravel, Clayey 
Gravel, Sandy Gravel); color, penetration resistance, moisture content, particle 
size distribution, grain shape, grain size, estimated permeability, odor, 
miscellaneous. 

A solid horizontal line and the appropriate depth in the USCS symbol column 
will mark abrupt soil changes. A dashed line will mark an apparent soil change. 
Diagonal lines will mark gradational changes. (Field personnel are best 
qualified to estimate the depth of changes. This task will not be delegated to 
office personnel, who have not observed the drilling operation.) 
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Abbreviations will be used on the logs to save space for editing purposes. 

Comments on the field log are extremely important. Some important aspects of the drilling operation 
that will be recorded are: 

The organic content of the soil and the depth of topsoil and roots; 

Any sudden change in the speed, sound, or penetration rate of the drill rig; 

If sampling is not continuous, drill cuttings will be used to complete the log; 
and, 

Any sample that is suspected of being disturbed, contaminated, or chemically or 
physically altered during the drilling process. 

4.4 Surface Soil Lithologic Logs 

Surface soil lithologic logs will be recorded on the daily field activity log and on the Sample 
Collection Log contained in SOP 3.1, Surface and Shallow Subsurface Soil Sampling, Attachment 1. 
This requires the FC/Field Geologist to make an illustration of the shallow sample location and 
record the: 

Project Number; 
Project Name; 
Project Location; 
Trench Number or Description; and, 
FCIGeologist Identity. 

The following information will be recorded on the Sample Collection Log: 

Complete an accurate location sketch with dimensions to landmarks. Important 
features such as road intersections, comers of large buildings, or other man- 
made structures are best used. A north arrow will be included. 

Samples collected for purposes other than soil classification are subject to handling, packaging, and 
shipping procedures as described in SOP 2.1. 

Upon completion of shallow sample location, a completion note will be placed at the bottom of the 
last page of the Sample Collection Log, which will include: 

Sampling Completion at (Depth) Feet on (Date); 

Sampling Area Backfilled to Ground Surface on (Date); and, 

All depth numbers will be recorded in decimals. 

4.5 Surface Soil Lithologic Logging Procedures 

On the daily field activity log and Sample Collection Log in which the shallow boreholes or 
trenching are recorded, the following information will be included if appropriate: 
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The sampler type. The abbreviations for sampler types are TW for thin-wall, P 
for piston, ST for Shelby Tube, and SS for standard split spoon. These 
abbreviations, or notations as to other sampler types, will be used in the 
"sampler type" column. 

Origin of sample. Specify if it is collected directly from the boring, a trench 
wall, or from an excavator bucket or shovel. 

The depth and location from which the sample originated. The sample depth is 
always measured to the top of the sample. A sample attempt where no sample is 
recovered will not be numbered, but the fact that a sampling attempt was made 
must be noted. 

The sample number. 

The log will contain a detailed description of the soil strata encountered and all pertinent information 
regarding trenching operations and estimated soil and ground water properties. 

Soil will be classified according to the Unified Soil Classification System 
(USCS) (Reference 2.1). The textural name for the soil will be written on the 
excavation illustration at the appropriate depth interval. 

The format description for fine-grained sediments will include: textural 
classification (Silt, Sandy Silt, Clayey Silt, Sandy Clay, Silty Clay, Clay, 
Organic Silt, or Organic Clay); color, penetration resistance, moisture content, 
plasticity, particle size distribution, estimated permeability, odor, miscellaneous 
(cementation, geologic origin, formation name, etc.). 

The format description of coarse-grained sediments will include: textural 
classification (Sand, Clayey Sand, Silty Sand, Gravelly Sand, Gravel, Clayey 
Gravel, Sandy Gravel); color, penetration resistance, moisture content, particle 
size distribution, grain shape, grain size, estimated permeability, odor, 
miscellaneous. 

If abrupt soil changes are present, a solid horizontal line and the appropriate 
depth in the USCS symbol column will mark them. A dashed line will mark 
gradational soil changes. Diagonal lines should not be used. (Field personnel 
are best qualified to estimate the depth of changes. This task will not be 
delegated to office personnel, who have not observed the excavation operation.) 

Abbreviations will be used on the logs to save space for editing purposes. 

Comments on the field log are extremely important. Some important aspects of the excavation 
operation that will be recorded follow: 

The organic content of the soil and the depth of topsoil and roots; 

Any sudden change in the speed, sound, or penetration rate of the excavation; 
and, 
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Any sample that is suspected of being disturbed, contaminated, or chemically or 
physically altered during the excavation process. 

5.0 RECORDS 

Records generated as a result of this SOP will be controlled and maintained in the project record 
files. 

6.0 ATTACHMENTS 

6.1 Borehole/Well Construction Log 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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BOREHOLEIWELL CONSTRUCTION LOG 
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SAMPLE LABELING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for sample labeling. 
Sample labeling is required to identify, track and trace samples from the time of collection until the 
time of disposal. Additional specific procedures and requirements will be provided in the project 
work plans. 

REFERENCES 

EPA, September 1987, Compendium o f  Superfund Field Operations Methods, 
EPA 54O/P-87/OOl a, OSWER 9355.0-1 4 

EPA, August 1988, EPA Guidance for Conducting Remedial Investigation and 
Feasibilitv Studies Under CERCLA, Interim Final OSWER Directive 9355.3-01 

SQP 4.2 - Records Management 

DEFINITIONS 

Sample Label 

Sample labels include all 
to samples collected and 
work plans. An example 

forms of sample identification (labels or tags) that are physically attached 
provide, at a minimum, the information required by this SOP and project 
sample label is shown as Attachment 6.1 

4.0 PROCEDURE 

This section contains both the responsibilities and procedures involved with sample labeling. 
Sample labeling is required to identify, track and trace samples from the time of collection until the 
time of disposal. The details within this SOP should be used in conjunction with the project work 
plans. The project work plans will commonly provide the following information: 

Sample collection objectives; 

Numbers, types and locations of samples to be collected; and, 
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Any additional sample labeling requirements or procedures beyond those 
covered in this SOP, as necessary. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all sample collection and labeling 
activities are conducted and documented in accordance with this SOP and any other appropriate 
procedures. This will be accomplished through staff training and by maintaining quality 
assurance/quality control (QAIQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this sample labeling SOP. The PQAS is also responsible for the 
implementation of corrective action (i.e., retraining personnel, additional review of work plans and 
SOPS, variances to sample labeling requirements, issuing nonconformances, etc.) if problems occur. 

4.1.3 Field personnel assigned to sampling and sample labeling activities are responsible for 
completing their tasks according to specifications outlined in this SOP and other appropriate 
procedures. All staff are responsible for reporting deviations from the procedures to the Field 
Coordinator or the PQAS. 

4.2 Sample Labeling 

4.2.1 Document all the information necessary on the sample label and ensure that the label is 
physically attached to each respective sample. Each sample label must contain at a minimum the 
following information: 

Project name; 
Project number; 
Date and time of collection; 
Sample identification number; and, 
Collector's name. 

Additional information may also be required per the project work plans and must accordingly be 
included on all sample labels. 

4.2.2 Indelible ink should be used in filling out all sample labels. 

4.2.3 Ensure that each sample collected has a sample label. 

4.2.4 Ensure that the information documented on the sample label corresponds with the 
information documented on the Sample Collection Log (SOP 1.1), Water Sampling Data Form 
(SOP 5.1) and Chain-of-Custody Record (SOP 1.1). 
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5.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record file in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

6.1 Example Sample Label 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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EXAMPLE SAMPLE LABEL 
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SAMPLE NUMBERING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for sample 
numbering. Sample numbering is required to identify, track and trace samples from the time of 
collection until the time of disposal. Additional specific procedures and requirements will be 
provided in the project work plans. 

REFERENCES 

EPA, September 1987, Compendium o f  Superfund Field O~erations Methods, EPA 
54O/P-87/OOl a, OSWER 9355.0-14 

EPA, August 1988, EPA Guidance for Conductinn Remedial Investigation and 
Feasibilitv Studies Under CERCLA, Interim Final OSWER Directive 9355.3-01 

SOP 17.1 - Sample Labeling 

SQP 4.2 - Records Management 

DEFINITIONS 

Sample Number 

A sample number is a unique alphanumeric identification assigned to each and all physical samples 
collected as part of any given project. 

4.0 PROCEDURE 

This section contains both the responsibilities and procedures involved with sample numbering. 
Sample numbering is required to provide a means by which samples can be identified, tracked and 
traced from the time of collection until the time of disposal. The details within this SOP should be 
used in conjunction with project work plans. The project work plans will generally provide the 
following information: 
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Sample collection objectives; 

Numbers, types, and locations of samples to be collected; 

Project-specific character string to be used for the sample numbering; 

Person responsible for issuing sample numbers to field personnel conducting 
sampling activities; and, 

Any additional sample numbering requirements or procedures beyond those 
covered in this SOP, as necessary. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all sample collection and numbering 
activities are conducted and documented in accordance with this SOP and any other appropriate 
procedures. This will be accomplished through staff training and by maintaining quality 
assurancelquality control (QAIQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this SOP. The PQAS is also responsible for implementation of 
corrective action (i.e., retraining personnel, additional review of work plans and SOPS, variances to 
sample numbering requirements, issuing nonconformances, etc.) if problems occur. 

4.1.3 Field personnel assigned to sampling and sample numbering activities are responsible for 
completing their tasks according to specifications outlined in this SOP and other appropriate 
procedures. All staff are responsible for reporting deviations from the procedures to the Field 
Coordinator or the PQAS. 

4.2 Sample Numbering 

4.2.1 The alphanumeric character string will be determined on a project-specific basis and stated 
in the project work plans. The sample numbers should be as simple and preferably as short as 
possible; however, they should also be compatible with the laboratory analytical tracking system and 
the data management system to be used for the project sample data. 

4.2.2 A unique sample number will be assigned in the field to each sample to be submitted for 
analysis. 

4.2.3 Both environmental (soil, sediment, ground water, air, etc.) and QC samples will be assigned 
sample numbers with the same prefix so that the laboratory will be unable to distinguish between the 
QC and non-QC samples. 

4.2.4 The sample number will be recorded, using indelible ink, directly on the sample label 
attached to each sample per SOP 17.1. Prenumbered tape may also be used and affixed to each 
sample; however, their use is not mandatory for this SOP. When used, the sample number on the 
preprinted tape must also be recorded on the sample label. 
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4.2.5 The sample number 
Sampling Information Form 
(SOP 1.1). 

must also be recorded on the Sample Collection Log (SOP l.l) ,  
for ground water samples (SOP 5.1), and Chain-of-Custody Record 

4.2.6 It is recommended that one person (either the Field Coordinator or other designee) be 
responsible for issuing sample numbers to field sampling personnel and ensuring that the sample 
sequence numbers are applied to samples in the sequence in which they are collected. 

4.2.7 It is also recommended the Field Coordinator or designee be responsible for keeping a master 
sample log listing the sample numbers and a brief description of the samples collected. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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FIELD QC SAMPLING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for conducting field 
quality control (QC) sampling. Field QC sampling is required to assist in verifying the quality and 
integrity of samples collected during a given sampling event. Additional specific field QC sampling 
procedures and requirements will be provided in the project work plans. 

REFERENCES 

EPA, September 1987, Compendium o f  Superfund Field Operations Methods, EPA 
54O/P-87/OOl a, OS WER 9355.0-1 4 

EPA, August 1988, EPA Guidance for Conductina Remedial Investigation and 
Feasibilitv Studies Under CERCLA, Interim Final OSWER Directive 9355.3-01 

SOP 1 .I - Chain-of-Custody 

SOP 2.1 - Sample Handling, Packaging and Shipping 

SOP 9.1 - Ground Water Sampling 

SOP 17.1 - Sample Labeling 

SOP 17.2 - Sample Numbering 

SOP 19.1 - On-Site Sample Storage 

SOP 20.1 - Sample Collection, Preservation, and Holding Times 

2.1 0 SQP 4.2 - Records Management 
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3.0 DEFINITIONS 

3.1 Field QC Sample 

A field QC sample is a physical sample collected during or for a specific sampling event. The 
purpose of this sample is to evaluate the quality and integrity of original samples collected during the 
specific sampling event. 

4.0 PROCEDURE 

This section contains both responsibilities and requirements for field QC sampling. Field QC 
sampling is required to provide data to verify the quality and integrity of environmental samples 
collected during a given sampling event. 

The details within this SOP should be used in conjunction with project work plans. The project 
work plans will generally provide the following information: 

Sample collection objectives; 

Numbers, types and locations of environmental (non-QC) samples to be 
collected; 

Numbers and types of supportive QC samples to be collected; and, 

Any additional QC sampling requirements or procedures beyond those covered 
in this SOP, as necessary. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all sample collection activities are 
conducted in accordance with this SOP and any other appropriate procedures. This will be 
accomplished through staff training and by maintaining quality assurancelquality control (QAIQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this SOP. The PQAS is also responsible for implementation of 
corrective action (i.e., retraining personnel, additional review of work plans and SOPS, variances to 
QC sampling requirements, issuing nonconformances, etc.) if problems occur. 

4.1.3 Field personnel assigned to environmental and QC sampling activities are responsible for 
completing their tasks according to specifications outlined in this SOP and other appropriate 
procedures. All staff are responsible for reporting deviations from procedures to the Field 
Coordinator or the PQAS. 

Weiss Associates Project Number: 128-4000 



Standard Operating Procedures 
LEHR Environmental Restoration I Waste Management 
DOE Contract No. DE-AC03-96SF20686 

SOP NO. 18.1 
Rev. 0 3/98 
Paee 3 of 4 

4.2 Quality Control Sampling Requirements 

4.2.1 Field QC samples may consist of different media. Typical QC samples are as follows: 

Trip blank (TB); 
Equipment rinsate (ER); 
Field blank (FB); and, 
Field duplicate (FD). 

4.2.2 Trip blanks are analyte-free water, shipped from and returned unopened to the laboratory in 
the same shipping containers for volatile organics. The blanks are prepared at the laboratory using 
ASTM Type I1 DI Water, sent to the project location, camed with the sampling team(s) during 
sampling, and shipped to the laboratory for analysis with the environmental samples. 

4.2.3 Trip blank samples are commonly collected and analyzed at a rate of one per sample cooler 
containing samples for volatile organic analyses. The number or rate of trip blanks to be collected 
and the specific analyses to be conducted for the trip blanks will be provided in the project work 
plans. 

4.2.4 Equipment rinsate samples are collected from the final rinse water during decontamination of 
ground water, soil, or waste sampling equipment. This type of equipment includes bailers, 
splitspoon samplers, soil sample sleeves, hand augering equipment, surface soil sampling equipment, 
purge and sample pumps, etc. 

4.2.5 Rinsate samples are generally collected at a rate of one per day per sampling team during the 
sampling event. Equipment rinsates are usually collected from re-usable sampling equipment only. 
The number or rate of equipment rinsate samples to be collected for a particular project will be 
specifically developed and documented in the project work plans. The specific chemical analyses to 
be conducted for the rinsate samples will also be developed and documented in the project work 
plans. 

4.2.6 Field blanks are prepared from the water which is used for decontamination. One sample 
from each sampling event and each water source or lot number is generally collected and analyzed 
for all parameters of interest for the project. Upon collection, a description of the water source for 
the field blank sample should be documented in the Sample Collection Log (SOP 1. I). 

4.2.7 The number or rate of field blank samples to be collected for a particular project will be 
specifically developed and documented in the project work plans. The specific chemical analyses to 
be conducted for the field blank samples will also be developed and documented in the project work 
plans. 

4.2.8 For soils, field duplicate samples are generally collected by co-located sampling ( e g ,  using 
successive sample tubes from the same split spoon sampling run) or by splitting samples. Field 
duplicate water samples are commonly collected by retaining consecutive samples from the sampling 
device (e.g., bailer or sample pump discharge line). Field duplicate water samples may also be 
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generated by splitting a collected volume; however, this practice may lead to a loss in volatile 
organic compounds and is not common practice for volatile analyses. 

4.2.9 Field duplicate samples are commonly collected at a rate of 5 to 10 percent per media 
sampled. However, the number or rate of field duplicate samples to be collected for a particular 
project will be specifically developed and documented in the project work plans. The specific 
chemical analyses to be conducted for the field duplicates will also be developed and documented in 
the project work plans. 

4.2.10 The type and number of QC samples collected for a particular project is based on 
specifications provided in project specific documents, i.e., the project work plans. Field QC samples 
are to be collected at appropriate times during a sampling event. 

4.2.1 1 All field QC samples will be collected in proper containers with appropriate preservation per 
SOP 20.1 and the project work plans. 

4.2.12 The collection of field QC samples consisting of various media (e.g., soil, ground water, etc.) 
will follow procedures in sample collection SOPs for the respective media and any other applicable 
procedures in the project work plans. For example, the collection of a ground water field duplicate 
QC sample will follow procedures specified in the ground water sampling SOP (SOP 9.1). 
Equipment rinsate samples are collected directly while rinsing the sampling equipment following 
appropriate procedures in SOP 9.1 and the project work plans. Field blank samples are collected by 
pouring decontamination water directly into sample containers following appropriate protocol in 
SOP 9.1 and the project work plans. 

4.2.13 Field QC samples will be labeled and numbered as described in SOPs 17.1 and 17.2 
respectively and the project work plans. 

4.2.14 The field QC samples will also be maintained under custody per SOP 1.1, and be 
appropriately stored, handled and shipped per SOPS 19.1 and 2.1, respectively. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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ON-SITE SAMPLE STORAGE 
~p 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for on-site sample 
storage. On-site sample storage may be required for samples collected during a given project. 
Additional on-site sample storage procedures and requirements will be provided in the project work 
plans. 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

3.0 

3.1 

REFERENCES 

EPA, September 1987. Comuendium o f  Superfund Field Operations Methods, EPA 
54O/P-87/OOl a, OS WER 9355.0-1 4 

EPA, August 1988. EPA Guidance for Conducting Remedial Investination and 
Feasibility Studies Under CERCLA, Interim Final OSWER Directive 9355.3-01 

SOP I. I - Chain-of-Custody 

SOP 2.1 - Sample Handling, Packaging and Shipping 

SOP 17.1 - Sample Labeling 

SOP 17.2 - Sample Numbering 

SOP 20.1 - Sample Collection, Preservation, and Holding Times 

SQP 4.2 - Records Management 

DEFINITIONS 

Field Sample 

A sample that has been collected at a project site, during the execution phase of the project, and for 
the purposes of the project, as defined in the project work plans. 
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3.2 On-Site 

For purposes of this SOP, "on-site" is defined as any area within the project site. 

3.3 On-Site Sample Storage 

For purposes of this SOP, "on-site sample storage" applies to samples stored within the project site 
for a temporary period of time. Typically, samples may be stored on-site if they are in transit 
between the project site and a designated laboratory. 

4.0 PROCEDURE 

This section contains both responsibilities and requirements pertaining to on-site sample storage. 
Proper storage is essential to maintain the quality and integrity of samples collected during a field 
project. 

The details within this SOP should be used in conjunction with project work plans. At a minimum, 
the project work plans will provide the following information: 

Sample collection objectives; 

Numbers, types and locations of samples to be collected; and, 

Any additional on-site sample storage requirements or procedures beyond those 
covered in this SOP, as necessary. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all on-site sample storage activities are 
conducted in accordance with this SOP and any other appropriate procedures. This will be 
accomplished through staff training and by maintaining quality assurance/quality control (QAIQC). 

4.1.2 The Project QA Specialist (PQAS) is responsible for periodic review of field generated 
documentation associated with this SOP. The PQAS is also responsible for Implementation of 
corrective action (i.e., retraining personnel, additional review of work plans and SOPS, variances to 
sample storage requirements, issuing nonconformance, etc.) if problems occur. 

4.1.3 Field personnel assigned to sample storage activities are responsible for completing their 
tasks according to specifications outlined in this SOP and other appropriate procedures. All staff are 
responsible for reporting deviations from procedures to the Field Coordinator or the PQAS. 

4.2 On-Site Sample Storage Requirements 

1.1.1 Samples of all types of media may required to be stored on-site. The manner in which these 
samples are stored will be appropriate for individual samples or each sample type. 
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1.1.2 Samples collected for chemical analysis are typically required to be stored at approximately 
4" Centigrade ("C). Therefore, such samples should either be preserved using water ice, and/or in a 
"Sample-only" refrigerator until received by the assigned laboratory. Blue ice is not recommended 
for on-site sample storage as it does not maintain the 4°C temperature necessary for regulatory 
compliance. If a refrigerator is used to store samples at the project site, this refrigerator will be 
dedicated for the sole use of samples; no food, drinks or other personal items will be allowed in this 
refrigerator. 

1 . l .3  Samples that do not require refrigeration (e.g. air samples and samples for geotechnical or 
radionuclide analysis) should be stored on-site in a designated, marked area. 

1.1.4 Samples that are stored on-site must be stored in appropriate containers per SOP 20.1 and the 
project-specific work plans and be maintained under custody per SOP 1.1. 

1.1.5 Samples that are stored on-site must not be stored in a manner in which they may threaten 
the integrity of other samples in the holding location. 

1.1.6 All samples that are stored on-site must be labeled per SOP 17.1, numbered per SOP 17.2, 
and appropriately handled per SOP 2.1. 

1.1.7 It is recommended the Field Coordinator or other designee be responsible for maintaining a 
master sample log listing sample numbers and a brief description of samples collected. The master 
log should be reviewed regularly for samples that are under storage on site. The samples should then 
be appropriately shipped, following procedures per SOP 2.1, to ensure that holding time are not 
missed. 

1.1.8 Samples that are not shipped to the assigned laboratory should be disposed of in a timely 
manner following appropriate disposal practices for the media from which the samples were initially 
obtained. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be maintained in the project 
records file in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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SAMPLE CONTAINERS, PRESERVATION AND 
HOLDING TIMES 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This standard operating procedure (SOP) provides guidance on the selection of suitable containers 
for samples, volume requirement, holding times, and recommended preservation techniques for 
water, wastes, sediments, sludges and soil samples. 

REFERENCES 

Korte, N. and P. Kearl, 1985. Protection for the Collection and Preservation o f  
Ground Water and Surface Water Samples and for the Installation o f  monitor in^ 
Wells, znd ed., US .  Department of Energy, GJ/TMC-08, Technical Measurements 
Center, Grand Junction Projects Ofice. 

RCRA, 1986. Ground Water Monitorinn Technical Enforcement Guidance 
Document, OSWER-9950.1, September 1986. 

SOP 1.1 - Chain-of-Custody 

SOP 2.1 - Sample Handling, Packaging and Shipping 

SOP 6.1 - Sampling Equipment and Well Material Decontamina 

SOP 9.1 - Ground Water Sampling 

SOP 17.1 - Sample Labeling 

SOP 17.2 - Sample Numbering 

U.S. Environmental Protection Agency, 1985. Practical Guide for Ground Water 
Sampling, EPA/600/2-85/104, Washington, D. C. 
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U.S. Environmental Protection Agency, 1984. Test Methods for Evaluation o f  Solid 
Waste, EPA-S W-846. 2nd ed., Washington, D. C. 

U S .  Environmental Protection Agency, 1983. Manual o f  Ground Water Oualitv 
Samplinn Procedures, EPA/600/2-85/104, Washington, D. C. 

US .  Environmental Protection Agency, 1983. Methods for Chemical Analvsis o f  
Water and Wastes, EPA-600/4- 79-020, Washington, D. C. 

U.S. Environmental Protection Agency, 1982. Handbook for Sam~lina and Sample 
Preservation o f  Water and Wastewater, EPA-600/2-85/104, Washington, D.C. 

DEFINITIONS 

Field Sample 

A sample that has been collected at a project site, during the execution phase of the project, and for 
the purposes of the project, as defined in the project work plans. 

4.0 PROCEDURE 

As a general guide in choosing a sample container, the ideal construction material should be non- 
reactive with the sample, especially with the particular analytical parameter to be tested. 

Glass, polyethylene, or brass containers must be used when analyzing samples for organic 
compounds to prevent introduction of extraneous organic compounds, such as those that might be 
leached from plastic containers. The rigid plastic screw caps for the bottles and polyethylene caps 
for brass core tubes must be Teflon-lined to prevent contamination. 

Once a sample has been collected, steps must be taken to preserve the sample's chemical and 
physical integrity during transport and storage prior to analysis. The type of sample preservation 
required will vary according to the sample type and the parameter to be measured. 

4.1 Preparation 

4.1.1 Office: The LEHR QAPP and task-specific work plans will establish the number, type and 
analyses of field samples, including field analyses. Calculations should then be made to determine 
the number and type of containers required for the sampling effort. Sample containers will vary 
according to the matrix and nature of the sample to be collected. Wide-mouth containers are 
generally used for wastes, narrow-mouth vials for water and brass core tubes for sediments/soils. 
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4.1.2 Container Type: 

Identify the containers required for all analyses by matrix as shown in 
Attachments 6.2 and 6.3 (e.g., one amber glass, narrow-mouth bottle for PCB 
analysis of water samples). 

Calculate the number of each type of container required by including duplicates, 
blanks, and tares with the number of samples as specified in the task work plan. 

4.1.3 Container Cleaning: Containers are usually obtained from suppliers pre-cleaned to EPA 
specifications. 

4.1.4 Sample Volume: The volume of sample collected should be sufficient to perform all the 
required analyses plus an additional amount to provide for any quality control needs, split samples, or 
repeat examination. The volumes presented in Attachments 6.2 and 6.3 are intended as general 
guidance only. The laboratory receiving the sample should be consulted for specific volume 
requirements. 

4.1.5 Sample Preservation: Preservation required for specific analyses requested may be 
determined from Attachments 6.2 and 6.3. 

4.1.6 Field: The appropriate number and type of pre-cleaned containers along with preservatives, 
equipment and packaging containers should be ready for field sampling. 

4.2 Operation 

4.2.1 Wastes/Sludges Sample Collection. 

While wearing tale-free surgical gloves, fill the bottle as full as possible with the 
sample. Wet wastes should have enough headspace to allow for expansion. 

Extreme care must be taken to avoid contamination of the bottles or caps. The 
cap should be removed just prior to filling and replaced as soon as possible after 
filling. Any contact with the inside of the bottle or cap by anything other than 
the sample must be avoided. Gloves should be discarded after packaging of 
each sample. 

Clean exterior of bottle with a wipe moistened with deionized water. Affix a 
sample label completed per SOP 17.1, Sample Labeling, and cover with clear 
tape. The tape should extend at least lh inch beyond the edges of the label. 

Preservation of soil samples is usually accomplished by protecting the sample 
from UV light by the use of an amber bottle and keeping the sample cool. 

Place sample containers in Ziplock-type plastic bags. Place container in cooler, 
if required. Maintain -4°C temperature; avoid freezing the sample. 

If samples are not delivered to the laboratory on a daily basis, ice chests and 
insulated boxes should be checked every 24 hours and thawed ice replaced with 
ice, as needed. 
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Even if no specific preservation is recommended, avoid exposing the sample to 
extreme hot or cold temperatures and intense sunlight. 

Use and discard gloves for each sample. 

4.2.2 SedimentsISoils Sample Collection: Specific methods to be used for drilling for the sample 
vary, depending on whether the sample is retrieved from saturated or unsaturated zones. The 
handling of the samples themselves is summarized as follows: 

Collect the sample for analytical laboratory analysis from the first tube from the 
coring device (i.e., the deepest tube), provided sample quality is good (i.e., no 
headspace); this will maximize sample integrity. 

Quickly seal the brass tube ends with a sheet of Teflon and high-density 
polyethylene caps. Wrap the caps with tape. 

Label the sample tube with an indelible marker with sample orientation, 
borehole name, sampling date, analysis type(s), company name, and job number. 
Seal the samples into Ziplock-type plastic bags. 

Refrigerate the sample immediately after labeling in ice chests with ice or 
double-bagged water ice. If the sediments are to be submitted for tritium 
analysis, they should be frozen as soon as possible. 

If samples are not delivered to the laboratory on a daily basis, ice chests and 
insulated boxes should be checked every 24 hours and thawed ice replaced with 
frozen ice as needed. 

Even if no specific preservation is recommended, avoid exposing the sample to 
extreme hot or cold temperatures and intense sunlight. 

4.2.3 Water Sample Collection 

Do rinse container with sample water. 

Following presample purging and field tests, collect samples directly in the 
appropriate container with preservatives, as required (e.g., Na2S04 for fuel 
hydrocarbon samples). 

Do not filter unless specifically requested in the task work plan. 

Slowly f i l l  container by allowing water to flow down the side to avoid 
turbulence. Fill each container almost full except for VOA samples. VOA 
samples should be filled completely. Then inverted after the cap is put on to 
make sure no bubbles are present. 

Where required, add acid preservatives. Cap container, shake and re-open. 
Check pH adjustment with pH paper. If necessary, add more preservative. Re- 
cap; use Parafilm seal, if required. 

If an error was made in collection, discard the entire bottle and start with a new 
one. 
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Avoid contamination of the bottle and cap during sample collection. 

Use and discard talc-free gloves for each sample. 

4.2.4 Holding times: In general, samples should be analyzed as soon as possible after collection. 
Some parameters are analyzed in the field. Allowable holding times listed are provided only as 
guidance and are the maximum times for which samples are still considered valid Arrangements 
should be made to deliver the samples to the laboratory as expediently as possible from the field site. 
(See SOP 2.1, Sample Handling, Packaging, and Shipping). 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be maintained in the project records 
file in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

6.1 Equipment Checklist 

6.2 Table I .  Recommendation for Sampling Volumes, Containers, Preservation and 
Holding Times of Water Samples 

6.3 Table 2. Recommendation for Sampling Volumes, Containers, Preservation and 
Holding Times of Sediment/Soil Samples 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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ATTACHMENT 6.1 

EQUIPMENT CHECKLIST 

Narrow-Mouth Amber Glass Bottles with Teflon-Lined Caps (0.5, 1 ,  and 2-L) 

Glass Vials with Teflon Septa (40-mL) 

Water Ice or Equivalent 

250-mL Sterile Bottle 

Cardboard Boxes 

Insulated Coolers 

Ball-Point Pen (permanent black ink) 

Felt-Tip Marker Pen (permanent black ink) 

Heavy Duty Plastic Bags, Ties 

Strapping Tape 

Wide-Mouth Polyethylene Bottles (0.5, 1, and 2-L) 

Plastic Trash-Can Liners 

I - 1 1 pH Indicator Paper 

Disposable Surgical Gloves (latex. PVC, or other suitable plastic or rubber) 

Disposable Wipes 

Deionized Water 

Padding for Packaging of Samples 

New or Cleaned Polyethylene Narrow-Mouth Bottles ( I  .O-L, 500, 125. and 60-mL) 
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RECOMMENDATION FOR SAMPLING VOLUMES, 
CONTAINERS, PRESERVATION AND 

HOLDING TIMES OF WATER SAMPLES 
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ATTACHMENT 6.2 

Table 1 .  Recommendation for Sampling Volumes, Containers, Preservation and Holding 
Times of Water samplesl 

Volume 
Measurement Requirement Containe? P re~erva t ive~ ,~  Holding Time' 

(mL) 

Phvsical Properties 
Color 
Conductance 
Hardness 
Odor 

pH 
Residue 

Filterable 
Non-Filterable 
Total 
Volatile 

Settleable Matter 
Temperature 
Turbidity 

P. G 
P, G 
P. G 

G only 
P. G 

Cool. 4°C 
Cool. 4°C 
HNO, to pH<2 
Cool. 4°C 
None Required 

48 Hrs. 
28 Days 
6 Mos. 
24 Hrs. 
Analyze Irnmediatel) 

Cool. 4°C 
Cool. 4°C 
Cool. 4°C 
Cool. 4°C 
Cool. 4°C 
None Required 
Cool. 4°C 

7 Days 
7 Days 
7 Days 
7 Days 
48 Hrs. 
Analyze Irnrnediatel) 
48 Hrs. 

Metals 
Dissolved 
Suspended 
Total 
Chromium"' 
Mcrcur) 

Dmolved 
Total 

Filter. HNO, to p W 2  
Filter on-site 
HNO, to pH<2 
Cool. 4°C 

6 Mos." 
6 Mos 
6 Mos. 
24 Hrs. 

Filter; HNO, to pH<2 
HNO, to pH<? 

28 Days" 
28 Days 

Inorganics, Non-Metallics 
Acidity 
Alkalinit! 
Bromide 
Chloride 
Chlor~ne 
Cyanide, 
Flouride 
lod~dc 
Nitrogen 

Ammonia 
Kjeldahl. Total 
Nitrate I'lus Nitrite 
NitratcX 
Nitrate 

1)issolved Osygen 
Probe 
Winklrr 

Cool. 4°C 
Cool. 4°C 
Nonc Required 
None Required 
None Required 
None Required 
None Required 
Cool. 4°C 

14 Days 
14 Days 
28 Days 
28 Days 
Analyze Imnicdiately 
28 Days 
28 Days7 
24 Hrs 

Cool. 4°C. I !,SO, to p i  l<2 
Cool. 4°C; ll,SO, to pH<2 
Cool. 4°C. I I,SO, to pH<2 
Cool. 4°C 
Cool. 4°C 

28 Days 
28 Days 
28 Days 
48 Iirs 
48 Hrs 

<; bottle and top 
<; bottle and top and 

store in dark 

Nonc Required 
[:is on-site 

Analyze Immediately 
8 Hrs 

I'hospI~orus 
Orthophosphate. 

Dissolved 
I lvdrolyzablc 
Total. 1)issolved 

Filter: Cool. 4°C 48 t lrs 

Cool. 4°C. Il,SO, to pIl<2 
Filter, Cool. 4"C, 
H,SO, to pl1<2 
Cool. 4°C 
Cool. 4°C 
Cool. 4°C. add 2 rnL zlnc 
acetate plus NaOtl to pll>9 

28 Days 
24 Iirs 

Sil~ca 
Sulfate 
Sullidr 

28 Days 
28 Days 
7 Days 
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Volume 
Requirement Containei Preservative3 ' Holding Time' Measurement 

(mL) 
Sulfite 50 P. G None Required Anallze Inimediatel! 

Bacterial 
Coliforrn, Fecal and Total P. G sterile Cool. 4°C 6 Hrs 

Organics 
BOD 
COD 
Oil and Grease 
Organic Carbon 

Cool. 3°C 
Cool. 4°C; H,SO, to pH<2 
Cool. 4°C; H,SO, to pH<2 
Cool. 4OC; 
H,SO, or HCI to pH<2 
Cool. 4°C: 0.008% Na,S,OIV 

48 Hrs. 
28 Days 
28 Days 
28 Days 

7 Days until extraction 
40 Days after 
extraction 
7 Days 

Phenols 

Purgeable Volatile Halogens 2 x 40-mL vial G. Teflon-lined 
septum, no head space 
G, Teflon-lined septum 

Cool. 4°C 

Cool. 4°C: 0.008% Na,S,OIV 
HCI to pH<2 
Cool, 4°C; 0.008% Na,S,OI' 
Cool. 4°C; 0.008% Na,S,O,'' 

Purgeable Aromatics 2 x 40-mL vial 14 Days'" 

Acrolein and Acrylonitrile 
Benzindines 

G. Teflon-lined septum 
G, Teflon-lined cap 

14 Days 
7 Days until extraction 
40 Days after 
estraction 
7 Days until extraction 
40 Days alter 
extraction 
7 Days until extraction 
40 Days after 
extraction 
7 Days until extraction 
40 Days after 
extraction 
7 Days until estraction 
40 Days after 
estraction 
7 Days until estraction 
40 Days after 
estraction 
7 Days until estraction 
40 Days after 
extraction 
7 I h y s  until estraction 
40 Days a f  er 

Phthalatr Esters G. Teflon-lined cap Cool. 4°C. 0.008% Na,S,016 

Nitrosamines G. Teflon-lined cap Cool. 4°C; store in dark 
0.008% Na,S,O," 

N~troaromatics and lsophoronc G. Teflon-lined cap Cool. 3°C 

Polynuclear Aromatic 
Ill drocarbons 

G. Teflon-lined cap Cool. 4°C 

t laloethers G, Teflon-lined cap Cool. 4°C 

Chlorinated G. Tetlon-lined cap Cool. 4°C 

G. Tellon-lined cap Cool. 3°C' 

extraction 

Pesticides Tests 
Pesticides Ci. Tellon-lined cap Cool. 4°C' 7 Days until extraction 

40 Days after 
extraction 

Radiolopical Tests 
Gross Alpha. Beta 
Ganlnia Spectrum 
Tritium 

t INO, to pH<2 
ttNO, to p11<2 
Freeze at 0°C 

6 Mos. 
6 Mos 
6 Mos. 

Notes: 
I More specilic instructions for preservation and sampling arc found in Code ofI:ederal Kegulatmns. 40. Part 136. 1987. 

Plastic (1') or Glass (<i) or Brass (L3) .  For metals. polyethylene with a polypropylene cap (no liner) is preferred. 
-' Sample preservation should be perlhrnied imniedlatcl) upon sample collection. For composite samples each aliquot should be 

preserved at the time of  collection. When a large volume sample is collected for subsequent subsampling and it is impossible to 
prescrve cach aliquot. then saniples ma!. be preserved by maintaining a 4°C until cornpositing and sample splitting is completed. 



S O P  NO. 20.1 
Rev 0 01/30198 

4 When any sample is to be shipped by common carrier or sent through the United States Mails. it must comply with the Department of  
Transportation Hazardous Materials Regulations (49  CFR Part 172). The person offering such material for transportation is  
responsible for ensuring such compliance. 

5 Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that san~ples ma) be held 
before analys~s and still considered valid. 

6 Samples should be filtered immediately on-site before adding preservative for dissolved metals. 
7 Maximum holding time is 24 hours when sulfide is present. Optionally. all samples may be tested with lead acetate paper before the 

pH adjustment in order to determine if sulfide is present. If sulfide is present, it can be removed by the addition of cadmium nitrate 
powder until a negative spot test is obtained. The sample is filtered and then NaOH is added. 

8 For samples from non-chlorinated drinking water supplies. conc. H2S04 should be added to lower sample pH to less than 2. The 
sample should be analyzed before 14 days. 

9 Should only be used in the presence of residual chlorine. 
10 Unpreserved samples must be analyzed within 7 days. 
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ATTACHMENT 6.3 

Table 2. Recommendation for Sampling Volumes, Containers, Preservation and Holding 
Times of SedimentISoil samples] 

Measurement 
Volume 

Requirement Containef Preservative3 Holding TimeJ 

Organics 
Total Organic Carbon 20 B. Teflon-lined caps None required 14 Days until drying1 

6 Mos. after drying 
Total Organic Halogens 5 0 B. Teflon-lined caps Cool. 4°C 14 Days 
Baseineutraliacid Extractable 50 B. Teflon-lined caps Cool. 4°C 7 Days until extraction1 
Compounds. and PCBsipesticide 40 Days after extraction 

Metals 
STLC' Extraction 

Hexavalent Chrom~uni 

100 P. G. 8, Teflon-lined Cool. 4°C 28 Days 
caps 

20 P. G. B. Teflon-lined Cool. 4°C 24 Hrs. 
caps 

Radiological Tests 
Gross Alpha. Beta and 
Cianma Spectrum 5 0 B. Teflon-lined caps 6 Mos 
Tritium 5 0 B. Tellon-lined caps Freeze at 0°C 6 Mos. 

Notes: 
I More specific instructions for preservation and sampling are found in Code of  Federal Regulations. 40. Part 136. 1987. 
7 Polyethylene (P)  or Glass ( G )  or Brass (B).  
3 When any sample is to be shipped by common carrier or sent through the United States Mails. it must comply with thc Department of 

Transportat~on Hazardous Materials Regulations (49  CFR I'art 172). The person offering such material for transportation is 
responsible for ensuring such compliance. 

4 Samples should he anal!zed as soon as possible aticr collection. The times listed are the tnasimum times that samples may be held 
before analysis and still considered valid. 

5 Soluble Threshold 1,irnit Concentration estraction procedures h r  Ilazardous Waste Identification. State of Calitbrnia Administrative 
Code. T ~ t l e  22. Sec t~on  66700. 
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DATA VALIDATION 
- - - 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines and procedures for data validation. 
Data validation is required to assess the data quality and usability, and to ensure that data are 
accurate and dependable. Additional specific procedures and requirements will be provided in the 
project work plans. 

REFERENCES 

EPA, February 1994, US EPA Contract Laboratory Program National Functional 
Guidelines for Organic Data Review, EPA-540LU-94/012 

EPA, February 1994, US EPA Contract Laboratory Program National Functional 
Guidelines for Inorganic Data Review, EPA-540/R-94/013 

SQP 4.2 - Records Management 

DEFINITIONS 

Data Validation 

Data validation is a systemic process for reviewing and qualifying data, to provide assurance that the 
data are adequate for their intended use. During the validation process, all results will be identified 
as either acceptable for use, estimated and acceptable for use, or rejected and unacceptable for use. 

4.0 PROCEDURE 

This section contains both the responsibilities and procedures involved with data validation. 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that all data validation activities are 
conducted and documented in accordance with this SOP and any other appropriate procedures. This 

J:\DOE\4000U)3\SQ&OPS\WASOPS\SOP2 1- 1 .DOC Weiss Associates Project Number: 128-4000 



Standard Operating Procedures SOP NO. 21.1 
LEHR Environmental Restoration / Waste Management Rev. 0 3/98 
DOE Contract No. DE-AC03-96SF20686 Page 2 of 3 

will be accomplished through staff training and by maintaining quality assurancelquality control 
(QAIQC). 

4.1.2 The Project QA Manager (PQAM) is responsible for periodic review of documentation 
associated with this data validation SOP. The PQAM is also responsible for the implementation of 
corrective action (i.e., retraining personnel, additional review of work plans and SOPS, variances to 
data validation requirements, issuing nonconfonnances, etc.) if problems occur. 

4.1.3 Personnel assigned to data validation activities are responsible for completing their tasks 
according to specifications outlined in this SOP and other appropriate procedures. All staff are 
responsible for reporting deviations from the procedures to the PQAM. 

4.2 DatQ Validation 

4.2.1 Data validation will be performed using the guidance of the "USEPA Contract Laboratory 
Program National Functional Guidelines for Organic Data Review (U.S. EPA, 1994)" and "USEPA 
Contract Laboratory Program National Functional Guidelines for Inorganic Data Review (U.S. EPA, 
1994)." Checklists for organic, metals, general chemistry, and radiochemistry data validation are 
provided in Attachment 6.1. 

The organic data will be reviewed for holding times, blank analysis results, 
GC/MS tuning, instrument calibrations, internal standard areas, laboratory 
control samples (LCS), matrix spikelmatrix spike duplicate (MS/MSD), and 
surrogate recovery; 

The metals, general chemistry and radiochemistry data will be reviewed for 
holding times, blank analysis results, MS, MSDIsample duplicates, LCS, and 
instrument calibrations; and, 

Analytical results will be qualified as a result of the data validation process in 
accordance with the qualifying conventions as listed in Attachment 6.2. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record file in accordance with SQP 4.2. 

Weiss Associates Project Number: 128-4000 
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6.0 ATTACHMENTS 

6.1 Data Validation Checklists 

6.2 Data Validation Qualifier Definitions 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 

Weiss Associates Project Number: 128-4000 
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ATTACHMENT 6.1 

DATA VALIDATION CHECKLISTS 
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VALIDATION OF ORGANIC DATA BY G U M S  ANALYSIS 

Lab: Date: 

Analysis: SDG #: 

HOLDING TIMES 

l'cs No NIA 
Have all SVOC samples been extracted within holding times? 0 0 0 

If any sample fails this criterion, apply qualifiers to all results in the sample according to the 
following guidelines: 

Condition Positives Non-Detects 
15 Days I Soil Sampling + Extraction I 28 Days "J" "U J" 

Soil Sampling + Extraction > 28 Days "J" "R" 
8 Days I Water Sampling -+ Extraction 5 14 Days "J" "UJ" 

Water Sampling -+ Extraction > 14 Days "J" "R" 

Have all samples beett ana!vzed witltitt ltolding times? 

If any sample fails this criterion for the VOC fraction. apply qualifiers to all results in the sample 
according to the following guidelines: 

Condition Positives Non-Detects 
15 Days I VOC Sampling -+ Analysis I 2 8  Days "J" "UJ" 

VOC Sampling -+ Analysis > 28 Days "J" " R" 

If any sample fails this criterion for the SVOC fraction, apply qualifiers to all results in the sample 
according to the following guidelines: 

Condition Positives Non-Detects 
4 1 Days I BNA Extraction -+ Analysis I 80 Days "J" "U J" 
BNA Extraction -+ Analysis > 80 Days "J" "R" 

Wciss Associates Project Numbcr: 128-4000 



SYSTEM MONITORING COMPOUNDS (SURROGATES) 

Are aN surrogate recoveries in all samples within QC limits? 

If any surrogate failures are observed in a sample for the VOC fraction, apply qualifiers to all results 
in the sample according to the following guidelines: 

Condition Positives Non-Detects 
%R > Upper Limit "J" No qualifiers 
10% I %R < Lower Limit "J" "UJ" 

%R < 10% "J" "R" 

If any surrogate failures are observed in a sample for either the Basemeutral or Acid fractions, apply 
qualifiers to all results in the sample, for that fraction, according to the following guidelines: 

Condition Positives Non-Detects 
1 % R o u t & >  10% No qualifiers No qualifiers 
2 or more %R out. > Upper Limit "J" No qualifiers 
2 or more %R out, < Lower Limit and all > 10% "J" "UJ" 
1 or more %R < 10% "J" "R" 

QC CHECK SAMPLE (LCS) 

Are all LCS recoveries within QC limits? 

If any LCS compound fails this criterion, apply qualifiers to the failed compound in all samples 
associated with that LCS. according to the following guidelines: 

Condition Positives Non-Detects 
%R > Upper Limit "J" No qualifiers 
30% I %R < Lower Limit 6' .. J "UJ" 
%R < 30% "J" "R" 

If failures are widespread and consistent in the direction of the failure, then an overall analytical bias 
can be determined for this fraction. 

Wciss Associates P ro jx t  Number: 128-4000 



MATRIX SPIKE/MATRIX SPIKE DUPLICATE (MSIMSD) 

Are all MSMSD recoveries within QC limits? 

MSIMSD data are used in conjunction with LCS data to identify and describe interferences. If LCS 
recoveries indicate a similar bias, then the bias can be determined to be analytical in nature. If LCS 
recoveries are in control, then the bias can be identified as a matrix effect. 

BLANKS 

Are the following free of contamination? yes N o 
NIA 

Method blanks 

Trip blanks (ifpresent) 

FieldRinsate blanks (ifpresent) 

Use the following steps when qualifying data based on blank contamination. 

Identify all individual data points that are associated with a blank contaminant. 

For any data point associated with contamination from more than one blank, select the 
blank with the highest concentration of the contaminant. The sample data point will be 
compared to this contaminant for qualifying purposes. 

Convert the concentration of the selected contaminant to the actual contamination level. 
Divide the contamination concentration by the blank detection limit and multiply by 

the sample detection limit. 

Qualify all data points associated with a common laboratory contaminant (acetone, 2- 
butanone. methylene chloride, or common phthalates) according to the following 
guidelines: 

Condition Flag 
No Positive Sample Result None 
Positive Sample Result < lox Contamination Level "UJ" 
Positive Sample Result > lox Contamination Level None 

Qualify all data points associated with any other laboratory contaminant according to 
the following guidelines: 

Condition Flag 
No Positive Sample Result None 
Positive Sample Result < 5x Contamination Level "UJ" 
Positive Sample Result > 5x Contamination Level None 
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GCIMS INSTRUMENT PREFORMANCE CHECKS (TUNES) 

Are all ion abundances within QC limits for each tune? 
Yes N o  NIA 

0 0 0 

If any ion abundances do not fall within QC limits, qualify all results in all related samples "R" 

INITIAL CALIBRATIONS (ICs) 

Are aN RRFs greater than 0.05? 

If any compound fails this criterion. qualify the failed compound in all samples associated with that 
IC; qualify positive results "J" and non-detects "R". 

I'es N o  NIA 
Are aN %RSDs less tlian 30%? 0 0 0 

If any compound fails this criterion, apply qualifiers to that compound in all samples associated with 
that IC. according to the following guidelines: 

Condition Positives Non-Detects 
30% < %RSD < 50% "J" No qualifiers 
50% I %RSD 5 8 0 %  "J" "UJ" 

%RSD > 80% "J" "R" 

CONTINUING CALIBRATIONS (CCs) 

Are all RRFs greater tlian 0.05? 

If any compound fails this criterion, qualify the failed compound in all samples associated with that 
CC; qualify positive results ".I" and non-detects "R". 

Are all %Ds less tliart 25%? 

If any compound fails this criterion. apply qualifiers to that compound in all samples associated with 
that CC. according to the following guidelines: 

Condition Positives Non-Detects 
25% < %D I 80% "J" " U J" 
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%D > 80% and the RF from CC > RRF from IC "J" "UJ" 

%D > 80% and the RF from CC < RRF from 1C "J" "R" 

INTERNAL STANDARDS (ISs) 

No NIA Are all IS retention times within 30 seconds of the retention times for 1 . e ~  

the ISs in the associated CCs? 0 0 0 

If any IS in a sample fails this criterion, qualify all compounds that are quantitated with that IS in 
that sample; qualify positive results "J" and non-detects "R". 

Are all IS area counts > 50% and < 200% of the area count for the ISs Yes r~ o NIA 

in the associated CCs? 0 0 0 

If any IS in a sample fails this criterion, qualify all compounds that are quantitated with that IS in 
that sample, according to the following guidelines: 

Condition Positives Non-Detects 
Sample Count > 200% " J" No qualifiers 
25% I Sample Count < 50% "J" "US" 

Sample Count < 25% "J" "R" 

FIELD DUPLICATES (IF APPLICABLE) 

Are all compounds present in either the sample or duplicate nlso present 1 ' ~ s  N () NIA 

in the other? 0 0 0 

Data are not qualified based on field duplicate precision; rather. an overall assessment of whether or 
not the data is representative of field conditions is made. This assessment should be discussed in the 
final report. If several compounds are present in either the sample or the duplicate but not in the 
other. then data may be qualitatively questionable. Some guidelines for evaluation: 

Any sample or duplicate data point that is below the DL is considered to be a positive result 
if the other data point in the pair is a positive result. 

Any sample or duplicate data point that is below the DL is considered to be a non-detect if 
the other data point in the pair is a non-detect. 

If several discrepancies are noted, check to see if they are consistent (i.e., always present in 
the sample, but not detected in the duplicate). 
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If discrepancies are consistent, compare DLs to see if there may be a large dilution factor for 
whichever sample consistently shows the non-detects. 

Are all RPDs between sample and duplicate acceptable? 

Make an overall assessment of the quantitative precision of the sample-duplicate data. All RPDs 
should be generally within 100%. Calculate RPDs according to the following guidelines: 

If both data points for a compound are not detected, or are found below the DL, no 
calculation is necessary. 

Any data point that is found, but below the DL. can be considered a positive result at the DL 
for calculation purposes. 

The RPD for two data points is (DifferenceIMean)~ 100. 

Weiss Associates Prqject Number: 128-4000 
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VALIDATION OF ORGANIC DATA BY GC ANALYSIS 

Lab: Date: 

Analysis: SDG #: 

HOLDING TIMES 

Yes No N/A 
Have all SVOC samples been extracted within holding times? 

0 0 0 

If any sample fails this criterion, apply qualifiers to all results in the sample, according to the 
following guidelines: 

Condition Positives Non-Detects 
15 Days I Soil Sampling -+ Extraction I 28 Days "J" "U J" 

Soil Sampling -+ Extraction > 28 Days "J" " R  
8 Days I Water Sampling -+ Extraction I 14 Days "J" "UJ" 

Water Sampling + Extraction > 14 Days "J" "R" 

Have all samples been analyzed witltin holding times? 

If any sample fails this criterion for the VOC fraction, apply qualifiers to all results in the sample 
according to the following guidelines: 

Condition Positives Non-Detects 
15 Days I VOC Sampling -+ Analysis I 28 Days .. .. .I "UJ" 
VOC Sampling -+ Analysis > 28 Days "J" "R" 

If any sample fails this criterion for either the SVOC. PesticideIPCB. or Herbicide fraction, apply 
qualifiers to all results in the sample. for that fraction, according to the following guidelines: 

Condition Positives Non-Detects 
41 Days I Extraction -+ Analysis I 80 Days ".I" "UJ" 

Extraction -+ Analysis > 80 Days "J" "R" 

Weiss Associates I'rqiect Number: 128-4000 
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SYSTEM MONITORING COMPOUNDS (SURROGATES) 

1 es So N/A 
Are all surrogate recoveries in all samples within QC limits? 0 0 0 

If any surrogate failures are observed in a sample for either the VOC, PesticideIPCB, or Herbicide 
fraction. apply qualifiers to all results in the sample, for that fraction, according to the following 
guidelines: 

Condition Positives Non-Detects 
%R > Upper Limit "J" No qualifiers 
10% I %R < Lower Limit "J" "UJ" 

%R < 10% "J" "R" 

If any surrogate failures are observed in a sample for either the Basemeutral or Acid fractions, apply 
qualifiers to all results in the sample, for that fraction, according to the following guidelines: 

Condition Positives Non-Detects 
1 %Rout & > 10% No qualifiers No qualifiers 
2 or more %R out, > Upper Limit "J" No qualifiers 
2 or more %R out, < Lower Limit and all > 10% "J" "UJ" 

I or more %R < 10% "J" "R" 

QC CHECK SAMPLE (LCS) 

Are all LCS recoveries within QC limits? 

If any LCS compound fails this criterion. apply qualifiers to the failed compound in all samples 
associated with that LCS. according to the following guidelines: 

Condition Positives Non-Detects 
%R > Upper Limit "J" No qualifiers 
30% I %R < Lower Limit "J" "UJ" 

%R < 30% "J" "R" 

If failures are widespread and consistent in the direction of the failure, then an overall analytical bias 
can be determined for this fraction. 

Weiss Associates Prqject Number: 128-4000 



MATRIX SPIKEMATRIX SPIKE DUPLICATE (MSMSD) 

Are all MSMSD recoveries within QC limits? 
Yes No KIA 

17 17 17 

MSIMSD data are used in conjunction with LCS data to identify and describe interferences. If LCS 
recoveries indicate a similar bias, then the bias can be determined to be analytical in nature. If LCS 
recoveries are in control, then the bias can be identified as a matrix effect. 

BLANKS 

Are the following free of contamination? \'es N o 
S/A 

Method blanks 

Trip blanks (ifpresent) 

FieldIRinsate blanks (ifpresent) 

Use the following steps when qualifying data based on blank contamination. 

Identify all individual data points that are associated with a blank contaminant. 

For any data point associated with contamination from more than one blank. select the 
blank with the highest concentration of the contaminant. The sample data point will be 
compared to this contaminant for qualifying purposes. 

Convert the concentration of the selected contaminant to the actual contamination level. 
Divide the contamination concentration by the blank detection limit and multiply by the 
sample detection limit. 

Qualify all data points associated with a common laboratory contaminant (acetone, 2- 
butanone. methylene chloride. or common phthalates) according to the following 
guidelines: 

Condition Flag 
No Positive Sample Result None 
Positive Sample Result < I Ox Contamination Level "U" 

Positive Sample Result > 1 Ox Contamination Level None 

Qualify all data points associated with any other laboratory contaminant according to 
the following guidelines: 

Weiss Associates Project Number: 128-4000 
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Condition Flag 
No Positive Sample Result None 
Positive Sample Result < 5x Contamination Level "UJ" 
Positive Sample Result > 5x Contamination Level None 

INITIAL CALIBRATIONS (ICs) 

Are all %RSDs within QC limits for tire quantitation column? 

If any compound fails this criterion, apply qualifiers to that compound in all samples associated with 
that IC, according to the following guidelines: 

Condition Positives Non-Detects 
QC Limit < %RSD < 50% "J" No qualifiers 
50% 5 %RSD 5 80% "J" "UJ" 

%RSD > 80% "J" "R" 

CONTINUING CALIBRATIONS (CCs) 

\'es N o N/A 
Are all %Ds within QC limits for the quantitation and confirmation 
columns? 

0 0 0 

If any compound fails this criterion, apply qualifiers to that compound in all samples associated with 
that CC. according to the following guidelines: 

Condition Positives Non-Detects 
QC Limit < % D  5 8 0 %  .LJ" "UJ" 
%D > 80% and the RF from the CC > RRF from IC " J" "UJ" 
%D > 80% and the RF from the CC < RRF from IC "J" "R" 

Weiss Associates Pro$ Number: 128-4000 
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FIELD DUPLICATES (IF APPLICABLE) 

l'es N o  S /A 
Are all compounds present in either the sample or duplicate also present 0 0 0 
in the other? 

Data are not qualified based on field duplicate precision; rather, an overall assessment of whether or 
not the data is representative of field conditions is made. This assessment should be discussed in the 
final report. If several compounds are present in either the sample or the duplicate but not in the 
other, then data may be qualitatively questionable. Some guidelines for evaluation: 

Any sample or duplicate data point that is below the DL is considered to be a positive 
result if the other data point in the pair is a positive result. 

Any sample or duplicate data point that is below the DL is considered to be a non-detect 
if the other data point in the pair is a non-detect. 

If several discrepancies are noted, check to see if they are consistent (i.e., always 
present in the sample. but not detected in the duplicate). 

If discrepancies are consistent, compare DLs to see if there may be a large dilution 
factor for whichever sample consistently shows the non-detects. 

Are all RPDs between sample and duplicate acceptable? 

Make an overall assessment of the quantitative precision of the sample-duplicate data. All RPDs 
should be generally within 100%. Calculate RPDs according to the following guidelines: 

If both data points for a compound are not detected, or are found below the DL, no 
calculation is necessary. 

Any data point that is found. but below the DL. can be considered a positive result at 
the DL for calculation purposes. 

The RPD for two data points is (DifferenceIMean)~ 100. 

Prepared By: Date 
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VALIDATION OF RADIOCHEMISTRY DATA 

Lab: Date: 

Analysis: SDG #: 

HOLDING TIMES 

Have all samples been analyzed with in 180 days? 

If any sample fails this criterion, apply "J" qualifier to all sample results. 

NIA 

0 

LABORATORY CONTROL SAMPLE (LCS) 

Are all LCS recoveries within QC limits? 

Gross Alpha. Beta: Recovery = * 30% 
All others: Recovery = + 25% 

If any LCS compound fails this criterion. apply qualifiers to the failed compound in all samples 
associated with that LCS. according to the following guidelines: 

Condition Positives Non-Detects 
Gross Alpha. Beta: + 30% < %R I i 90% "J" "UJ" 

%R > + 90% "J" "R" 

All others: i 25% < %R < i 75% "J" "UJ" 

%R > + 75% "J" "R" 

Out of acceptance criteria comments: 
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MATRIX SPIKEIMATRIX SPIKE DUPLICATE (MSIMSD) 

Are all MS/1MSD recoveries within QC limits? 

Gross Alpha, Beta: Recovery = 30% 
All others: Recovery = * 25% 
(Except when sample concentration > 4x spike concentration) 

Review MS recoveries and apply qualifiers to failed compounds in all associated samples 

Condition Positives Non-Detects 
Gross Alpha, Beta: * 30% < %R < + 90% sLJ" "UJ" 

%R > + 90% "J" "R" 

All others: + 25% < %R I + 75% "J" "UJ" 

%R > * 75% "J" "R" 

Out of acceptance criteria comments: 

BLANKS 

\'es N o NIA 
Are all Reagent Blank results below Acceptance Limits? 

0 0 0 

Are FieINRinsate Blanks, if present, below Acceptance Limits? 0 0 0 

If the blank results fall outside the appropriate limits. qualify the results for all associated samples 
that are less than I0 times the blank value as estimated, "J." 

Out of acceptance criteria comments: 
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CALIBRATIONS 

Are Continuing Calibrations within acceptable limits? 

Check Calibration QC information for each type of counter. 

l'es No N/A 

Gross Proportional Counter: Gross AlphaIBeta, Strontium-90 
Gamma Spectroscopy 
Liquid Scintillation Counter: Carbon- 14, Tritium 
Lucas Cell Counter: Radium-226 

Check trends for HI and LOW flags. If any detector FAILED, check run logs to make sure 
no samples were counted on that day for a failed detector. 

The LSC calibration sheet needs further explanation as to action limits. Until further 
clarification, make sure that H-3 and C-14 CORIAVG % Diff columns are < 1 .O. 

Out of acceptance criteria comments: 

LAB DUPLICATES 

l'es No N/A 

Is the RER (Replicate Error Ratio) _( 1. O? 0 0 0 

If RER for a particular radionuclide is greater than 1 ,  qualify the results for that radionuclide in all 
associated samples of the same matrix as estimated. "J." 

RER = IS - ~ l / ( 2 o , ,  + k,,) 

Out of acceptance criteria comments: 

Where S = Original sample value 
D = Duplicate sample value 
2 0 s  = Original sample uncertainty 
2 0 ~  = Duplicate sample uncertainty 
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FIELD DUPLICATES (IF APPLICABLE) 

Do field duplicate values generally look similar? 
Yes N o N/A 

0 0 0 

Field duplicate samples may be taken and analyzed as an indication of overall precision. These 
analyses measure both field and lab precision; therefore, the results may have more variability than 
lab duplicates that measure only lab performance. It is expected that soil duplicate results will have 
a greater variance than water matrices due to difficulties associated with collecting identical field 
samples. Any evaluation of field duplicates shall be provided with the reviewer's comments. 

Duplicate comments: 

COMMENTS: 

Prepared By: Date 

.1:\1>OIJ\4000\1)3\SQ&OI'S\WASOPS\SI'l~ORMS\SOl'2 1-1 C.DOC Weiss Associates I'roject Number: 128-4000 



SOP 21.1 
Re \ .  0 1130198 

VALIDATION OF METALS DATA 

Lab: Date: 

Analysis: SDG #: 

HOLDING TIMES 

Have all samples been analyzed within holding times? 

28 Days for Mercury 
180 Days for all other Metals 

If any sample fails this criterion, apply qualifiers to all results in the sample according to the 
following guidelines: 

Condition Positives Non-Detects 
Mercury held 29-56 days "J" "UJ" 

Mercury held > 56 days "J" "R" 

Other metals held 18 1-360 days "J" "UJ" 

Other metals held > 360 days ".I" "R" 

Out of acceptance criteria comments: 

LABORATORY CONTROL SAMPLE (LCS) 

l'es I\i o NIA 
Are all L CS recoveries with in QC limits? 

0 0 

Water: %R should be between 80%- 120%. 
Soils: "Found" should be between the limits provided on Form 7 (65%-135% for solid 
LCS). 

If any LCS compound fails this criterion. (except for Silver or Antimony in water). apply qualifiers 
to the failed compound in all samples associated with that LCS, according to the following 
guidelines: 
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Condition Positives Non-Detects 
Water: %R > 120% "J" No Qualifiers 

50% I %R < 80% "J" "UJ" 

%R < 50% "J" "R" 

Soil: %R > Upper Limit 
30% I %R < Lower Limit 
%R < 30% 

"J" No Qualifiers 
"J" "UJ" 
"J" "R" 

If failures are widespread and consistent in the direction of the failure, than an overall analytical bias 
can be determined for this fraction. 

Out of acceptance criteria comments: 

- 

BLANKS 

Are the following free of contamination? 

Preparation Blanks 

Initial Calibration Blanks 

Con tin uing Calibration Blanks 

Fiel~YRinsate Blanks (ifpresent) 

Use the following steps when qualifying data based on blank contamination. 

Identify all individual data points that are associated with a blank contaminant. 

For any data point associated with contamination from more than one blank, select the 
blank with the highest concentration of the contaminant. The sample data point will be 
compared to this contaminant for qualifying purposes. 

Convert the concentration of the selected contaminant to the actual contamination level. 
Divide the contamination concentration by the blank detection limit and multiply by 

the sample detection limit. 

Qualify all data points associated with a laboratory contaminant according to the 
following guidelines: 
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Condition Qualifier 
No Positive Sample Result None 
Positive Sample Result < 5x Contamination Level "UJ" 

Positive Sample Result > 5x Contamination Level None 

Out of acceptance criteria comments: 

LAB DUPLICATES 

Are all RPDs between the sample and duplicate acceptable? 
l'es N o  NIA 

0 0 0 

RPDs for original and duplicate sample values should be within 20% if the values 2 5x the CRQL. 
Use the CRQL as a control limit if values are > CRQL and I 5x the CRQL. RPDs within 35% for 
soil samples. (For Metals. the duplicate is usually run on the matrix spike sample.) 

Out of acceptance criteria comments: 

MATRIX SPIKEIMATRIX SPIKE DUPLICATE (MSIMSD) 

l'cs  N o  M A  
Are all MSMSD recoveries within 75%-125%? 
(Except when sample coricentration > 4-v spike concentration) 

0 0 0 

MSIMSD data are used in conjunction with LCS data to identify and describe interferences. If LCS 
recoveries indicate a similar bias. then the bias can be determined to be analytical in nature. If LCS 
recoveries are in control. then the bias can be identified as a matrix effect. 

Condition Positives Non-Detects 
%R > 125% "J" No Qualifiers 
%R < 75% and 2 30% "J" "UJ" 

%R < 30% "J" " R" 

Out of acceptance criteria comments: 
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CALIBRATIONS 

Are all ICV recoveries within QC limits: 
I'es No N1.4 

0 0 0 

Mercury: %R between 80%- 120% 
All other Metals: %R between 90%- 1 1 0% 

If any compound fails this criterion. qualify positive results for the failed compound ".I" and qualify 
non-detects for the failed compound "UJ" in all samples associated with that ICV. 

Are all CCV recoveries within QC limits: 
I'es No NlA 

0 0 

Mercury: %R between 80%- 120% 
All other Metals: %R between 90%- 1 10% 

If any compound fails this criterion, qualify positive results for the failed compound "J" and qualify 
non-detects for the failed compound "UJ" in all samples associated with that CCV. 

Out of acceptance criteria comments: 

FIELD DUPLICATES (IF APPLICABLE) 

I'es No  N/A 
Are all compounds present in either the sample or duplicate also 
present in the other? 

0 I7 17 

Data are not qualified based on field duplicate precision; rather, an overall assessment of whether or 
not the data is representative of field conditions is made. This assessment should be discussed in the 
final report. If several compounds are present in either the sample or the duplicate but not in the 
other, then data may be qualitatively questionable. Some guidelines for evaluation: 

Any sample or duplicate data point that is below the DL is considered to be a positive 
result if the other dat point in the pair is a positive result. 

Any sample or duplicate data point that is below the DL is considered to be non-detect 
if the other data point in the pair is a non-detect. 

If several discrepancies are noted, check to see if they are consistent (i.e., always 
present in the sample. but not detected in the duplicate). 

If discrepancies are consistent, compare DLs to see if there may be a large dilution 
factor for whichever sample consistently shows the non-detects. 

Weiss Associates Project Number: 128-4000 



SOP21.1 
Rev. 0 1/30/9X 

Are all RPDs between sample and duplicate acceptable? \.es N o KIA 

0 0 0 
Make an overall assessment of the quantitative precision of the sample-duplicate data. All RPDs 
should be generally within 100%. Calculate RPDs according to the following guidelines: 

If both data points for a compound are not detected, or found below the DL, no 
calculation is necessary. 

Any data point that is found, but below the DL, can be considered a positive result at 
the DL for calculation purposes. 

The RPD for two data points is (Difference1Mean)xlOO. 

Out of acceptance criteria comments: 

Prepared By: Date 
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VALIDATION OF DATA FROM WET CHEMISTRY OR OTHER 
MISCELLANEOUS ANALYSES 

Lab: Date: 

Analysis: SDG #: 

HOLDING TIMES 

- -- . .- . 

Have all samples been analyzed for all compounds within holding 0 0 0 
times? 

If any sample fails this criterion, apply qualifiers to all results in the sample according to the 
following guidelines: 

Condition Positives Non-Detects 
HT + 1 I Analysis 5 2 x HT "J" "UJ" 

Anaylsis > 2 x HT "J" "R" 

LABORATORY CONTROL SAMPLE (LCS) 

Are all LCS recoveries withirr QC Limits? 

If any compound fails this criterion, apply qualifiers to the failed compound in all samples associated 
with that LCS. according to the following guidelines: 

Condition Positives Non-Detects 
%R > Upper Limit "J" No Qualifiers 
30% I %R < Lower Limit "J" "UJ" 

%R < 30% "J" "R" 

If failures are widespread and consistent in the direction of the failure, then an overall analytical bias 
can be determined for this fraction. 
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MATRIX SPIKEIMATRIX SPIKE DUPLICATE (MSIMSD) 

\'a N o N 1.4 

Are all MSMSD recoveries within QC limits? 0 0 0 

MSIMSD data are used in conjunction with LCS data to identify and describe interferences. If LCS 
recoveries indicate a similar bias. then the bias can be determined to be analytical in nature. If LCS 
recoveries are in control. then the bias can be identified as a matrix effect. 

BLANKS 

Are the following free of contamination ? 

Laboratory Blanks 

Trip Blanks (if present) 

FieloYRinsate Blanks (ifpresent) 

Use the following steps when qualifying data based on blank contamination 

Identify all individual data points that are associated with a blank contaminant. 

For any data point associated with contamination from more than one blank, select the 
blank with the highest concentration of the contaminant. The sample data point will be 
compared to this contaminant for qualifying purposes. 

Convert the concentration of the selected contaminant to the actual contamination level. 
Divide the contamination concentration by the blank detection limit and tnultiply by 

the sample detection limit. 

Qualify all data points associated with a laboratory contaminant according to the 
following guidelines: 

Condition Qualifier 
No Positive Sample Result None 
Positive Sample Result < 5x Contamination Level "UJ" 
Positive Sample Result > 5x Contamination Level None 
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CALIBRATIONS 

Are all initial calibrations acceptable? 

%RSDs within QC limits? (If applicable) 

Correlation coefficients > 0.995? (If applicable) 

ICV recoveries witltin QC limits? (If applicable) 0 Kl 0 

If any compound fails applicable criterion, as specified in the QAPjP and/or the method, qualify 
positive results for the failed compound "J" and non-detects for the failed compound "UJ" in all 
samples associated with that ICV. 

l'es No N/A 

Are all continuing calibrations acceptable? 

%Ds within QC limits? (If applicable) 0 0 0 

CCV recoveries within QC limits? (If applicable) 

If any compound fails applicable criterion, as specified in the QAPjP and/or the method, qualify 
positive results for the failed compound "J" and non-detects for the failed compound "UJ" in all 
samples associated with that CCV. 

FIELD DUPLICATES (IF APPLICABLE) 

l'es  I\i o N/A 
Are all compounds present in either the sample or duplicate also present 
in the other? 

0 0 0 

Data are not qualified based on field duplicate precision: rather, an overall assessment of whether or 
not the data is representative of field conditions is made. This assessment should be discussed in the 
final report. If several compounds are present in either the sample or the duplicate, but not in the 
other. then data may be qualitatively questionable. Some guidelines for evaluation: 

Any sample or duplicate data point that is below the DL is considered to be a positive 
result if the other data point in the pair is a positive result. 

Any sample or duplicate data point that is below the DL is considered to be a non-detect 
if the other data point in the pair is a non-detect. 

If several discrepancies are noted, check to see if they are consistent (i.e., always 
present in the sample. but not detected in the duplicate). 
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If discrepancies are consistent, compare DLs to see if there may be a large dilution 
factor for whichever sample consistently shows the non-detects. 

Are all RPDs between sample and duplicate acceptable? 

Make an overall assessment of qualitatively precision of the sample duplicate data. All RPDs should 
be generally within 100%. Calculate RPDs according to the following guidelines: 

If both data points for a compound are not detected. Or found below the DL, no 
calculation is necessary. 

Any data point that is found, but below the DL, can be considered a positive result at 
the DL for calculation purposes. 

The RPD for two data points is (Difference/Mean)xlOO. 
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Prepared By: Date 
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ATTACHMENT 6.2 

DATA VALIDATION QUALIFIER DEFINITIONS 
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DATA VALIDATION QUALIFIER DEFINITIONS 

The following definitions provide brief explanations of the data validation qualifiers 
assigned to results in the data review process. 

Flag Data Qualifier Definition 

U The analyte was analyzed for, but was not detected above the reported sample 
quantitation limit. 

J The analyte was positively identified; the associated numerical value is the 
approximate concentration of the analyte in the sample. 

N The analysis indicates the presence of an analyte for which there is presumptive 
evidence to make a "tentative identification". 

NJ The analysis indicates the presence of an analyte that has been "tentatively 
identified" and the associated numerical value represents its approximate 
concentration. 

U J The analyte was not detected above the reported sample quantitation limit. 
However, the reported quantitation limit is approximate and may or may not 
represent the actual limit of quantitation necessary to accurately and precisely 
measure the analyte in the sample. 

R The sample results are rejected due to serious deficiencies in the ability to analyze 
the sample and meet quality control criteria. The presence or absence of the 
analyte cannot be verified. 

DATA VALIDATION REASON CODE DESCRIPTIONS 

The following descriptions provide brief explanation of the cause for qualification of the 
results determined in the data review process. These reason codes are used in combination with the 
data qualifier. i.e. "Uz" indicates the analyte is non-detect due to method blank contamination. 

Flag 

C 

d 

f 

h 

I 

I 

m 

S 

z 

Reason Code Description 

Calibration failure: poor or unstable response. 

Matrix duplicate imprecision or matrix spikelmatrix spike duplicate imprecision. 

Field replicate or duplicate imprecision. 

Holding time violation. 

Internal standard failure. 

Laboratory control sample (LCS) recovery failure. 

Matrix spikelmatrix spike duplicate (MS/MSD) recovery failure. 

Surrogate spike recovery failure. 

Method blank contamination. 
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LAND SURVEYING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This standard operating procedure (SOP) describes the methods for obtaining information through 
field surveys, property surveys, and surveys of monitoring wells. In performing these methods, other 
survey requirements may need to be fulfilled (e.g., monument construction, boundary surveys). 
Surveying and mapping methods include plane table and alidade mapping, transit-stadia mapping, 
three-wire trigonometric leveling, and electronic distance measurement. 

2.0 REFERENCES 

2.1 SQP 4.2 - Records Management 

2.2 U.S. Coast and Geodetic Survey (1960), Hvdronra~hic Manual, Karl B. Jeffers, U S .  
Government Printing OfJice 

3.0 DEFINITIONS 

The location of points and orientation of lines frequently depends upon measurement of angles and 
directions. Directions are given by bearings and azimuths. 

3.1 Azimuth 

Azimuths are horizontal angles measured clockwise from any reference meridian. It is necessary to 
state in the field notes, at the beginning of the work, what the reference meridian is and whether 
azimuths are measured from north or south. 

3.2 Bearing 

Bearings represent one system of designating directions of lines. The bearing of a line is the acute 
horizontal angle between a reference meridian and the line. The angle is measured from either the 
north or south, toward the east or west, to give a reading less than 90". 
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3.3 Bench Mark 

A relatively permanent object, natural or artificial, bearing a marked point whose elevation above or 
below an adapted datum is known or assumed. 

3.4 Second ( I f )  

One 1160th part of a minute of angular measurement. 

3.5 Third-Order Plane Survey 

The required accuracy for a control survey depends on its purpose, and classification standards for 
accuracy have been developed by the Federal Geodetic Control Committee. There are three orders of 
accuracy; in descending order as first-order, second-order, and third-order. Third-order vertical 
control survey relative accuracy is 2.0 mm x d ~ ,  where K is the distance between bench marks in 
kilometers. Third order horizontal central survey relative accuracy is 1 part in 10,000 (Class I) or 1 
part in 5,000 (Class 11). Survey requirements normally necessitate survey accuracy of the third order; 
however, the second order may be required at some sites. For the majority of sites, surveys, unless 
otherwise specified, will be third-order plane surveys as defined in Table 1. Work plans will specify 
the required accuracy for individual projects. 

3.6 Transit 

A surveying instrument used for accurate measurement or layout of horizontal and vertical angle, 
determining horizontal and vertical distances by stadia, prolonging straight lines and low-order 
differential leveling. A transit may also be known as a theodolite. 

3.7 Traverse 

A traverse is a series of consecutive lines whose lengths and directions have been determined from 
field measurements. Traversing, the act of establishing traverse stations and making required 
measurements, is one of the most common means of determining the relative locations of points. 

4.0 PROCEDURE 

4.1 Responsibilities 

4.1.1 The Project Manager is responsible for ensuring that the surveying is properly performed. 
This will be accomplished through staff training or verifying the qualifications of survey 
subcontractors, and by maintaining quality assurance/quality control (QAIQC). 

4.1.2 As a minimum, project management is responsible for seeing that the field personnel or 
survey team receive the following: 
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Review of site specific work plans, which address this procedure (e.g., sampling 
and analysis plans, quality assurance plans, etc.). 

Review of this SOP and associated SOPS listed in this section. 

Training in the proper land surveying technique and equipment to be used. 

4.1.3 The Project Quality Assurance Manager (PQAM) is responsible for the periodic review of 
documentation generated by the performance of this procedure. The PQAM may also perform audits 
and surveillances of field personnel or survey team as they perform land surveys to assure 
compliance with specified procedures. 

4.1.4 Field Personnel or Survey Crew - Field personnel or the Survey Team are responsible for 
conducting the land survey activities in accordance with acceptable industry standards and this SOP, 
and for the proper documentation of these activities and resulting measurements. 

4.2 Procedures 

4.2.1 Third-order plane surveys and horizontal angular measurements should be made with a 20- 
second or better transit. Angles should be doubled, and the mean of the doubled angle should be 
within 10 seconds of the first angle. Distance measurements will be made with a calibrated tape 
corrected for temperature and tension or with a calibrated electronic distance meter instrument 
(EDMI). When using EDMI, the manufacturer's offset, curvature and refraction corrections should 
be applied as directed by the instrument operating instructions. 

4.2.2 Third-Order Vertical Survey - Land surveys are to be completed by a surveyor who is 
licensed and registered in the state where the survey is conducted. When practical, vertical control 
will be referenced to the National Geodetic Vertical Datum (NGVD) of 1929, obtained from a 
permanent bench mark. If possible, level circuits will close on a bench mark whose elevation is 
known (other than the starting bench mark). If the circuit closes on the original bench mark, the last 
point in the circuit will be used as a turning point. The following criteria will be met when 
conducting the survey: 

Rod levels will be used. 

Foresight and backsight distances will be reasonably balanced. 

No side shot will be used as a turning point in any level loop. 

Elevation readings will be recorded to 0.01 foot and estimated to 0.005 foot 
using a calibrated rod. 

4.2.3 Temporary monuments will be set and referenced for future recovery. All monuments will 
be described in the field notes and consist of a permanent mark scribed on facilities such as 
sidewalks, paved roads, or curbs. Sufficient description will be provided to facilitate their recovery. 

4.2.4 Property Surveys - All property surveys will be performed in accordance with good land 
surveying practices and conform to all pertinent federal and state laws and regulations governing 
land surveying in the area where the work is being accomplished. 
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4.2.5 Upon completion of the project, all original field notebooks, computations, and pertinent 
reference materials will be delivered to the Project Manager for retention in the project record files. 
The surveyor may keep photostatic copies of the material. All field note reductions will be checked 
and marked. All office entries in field notebooks will be made in a pen color different than the 
original. 

4.2.6 Traverse Computations and Adjustments - Traverses will be closed and adjusted in the 
following manner: 

Bearing closures will be computed and adjusted if within limits defined in 
applicable work plans. 

Coordinate closures will be computed using adjusted bearings and unadjusted 
field distances. 

Coordinate positions will be adjusted if the traverse closes within the specified 
limits. The method of adjusting shall be determined by the surveyor. 

Final adjusted coordinates will be labeled as "adjusted coordinates." Field 
coordinates should be specifically identified as such. 

The direction and length of the unadjusted error of closure, the ratio of error 
over traverse length, and the method of adjustment should be printed with the 
final adjusted coordinates. 

4.2.7 Level Circuit Computations and Adjustments - Level circuits will be closed and adjusted in 
the following manner: 

For a single circuit, elevations will be adjusted proportionally, provided the raw 
closure is within the prescribed limits for that circuit. 

In a level net where the elevation of a point is established by more than one 
circuit, the method of adjustment should consider the length of each circuit, the 
closure of each circuit, and the combined effect of all the separate circuit 
closures on the total net adjustment. 

4.2.8 Monitoring Well Surveys - Monitoring well locations are surveyed only after the installation 
of the tamper proof locking cap well casing cover, which is set in concrete. The horizontal plane 
survey accuracy is k1 foot (unless greater accuracy is required) and is measured to any point on the 
well casing cover. The vertical plane survey must be accurate to d . 0 1  foot. Three elevations are 
measured, including the following: 

Top of the inner well casing (on the lip). 

Top of the outer protective casing (on the lip, not the cap). 

Survey monument on the finished concrete pad adjacent to the outer well casing. 

4.2.9 The point on the casing where the elevation is to be measured will be scribed or notched so 
that water level measurements may be taken at the same location. 
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Note: The Project Manager should ensure that the surveying party is given the keys to the locks 
before starting the survey. 

4.3 Hydrographic Surveys 

4.3.1 Hydrographic surveys deal with the measurement and definition of the configuration of the 
bottom and adjacent land areas of oceans, lakes, rivers, harbors, and other bodies of water. 

4.3.2 The size of the body of water will dictate the type of survey required to perform the 
necessary mapping. Surveys should conform to the requirements set forth in this SOP and in the 
"Hydrographic Manual" by the U.S. Coast and Geodetic Survey (1960). 

4.3.3 Mark sampling locations or survey points with wooden lathe stakes, wooden survey pegs or 
metal fenceposts. Write the location ID on the marker or survey flagging so that it is readily visible. 
Mark ground water monitoring wells on the guard pipe and inside the casing cap. Use a black 
marker for wooden stakes, flagging, and the casing cap. Mark the guard pipes with welds or stencils 
and paint. 

5.0 RECORDS 

Records generated as a result of implementation of this SOP will be controlled and maintained in the 
project record files in accordance with SQP 4.2. 

6.0 ATTACHMENTS 

6.1 Table I .  Standards for Third-Order Plane Surveys 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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ATTACHMENT 6.1 

STANDARDS FOR THIRD-ORDER PLANE SURVEYS 
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SOP NO. 23.1 
REV.  A 
DATE: 3/98 

ATTACHMENT 6.1 

TABLE 1 

STANDARDS FOR THIRD-ORDER PLANE SURVEYS 

Principal Use: 

Small engineering projects and small-scale topographic mapping. 

11 TRAVERSE I 

11 Astronomical bearings: standard error of results 1 8".0 [6".0]* 

Number of bearing courses between azimuth 11 checks 
30 to 30 [30]* 

Azimuth closure at azimuth checkpoint not to 
exceed (use the smaller value) 

Standard error of the mean for length 
measurements 

11 Leveling 
t 

I 0 . 0 5 4 ~  

3 0 " d ~  or 8".0 per [ 2 0 " d ~ ] *  

1 in  30.000 [l  in 20,000]* 

Position closure per loop in feet after azimuth 
adjustment 

Levels of error of closure per loop in feet 

1 :5,000 checkpoint or 3 . 3 4 4 ~ .  whichever is 
smaller 

*Figures in brackets are commonly used in preparing specification for bid. 

N = the number of stations for carrying bearing 

M = the distance in miles 
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DRUM CRUSHER OPERATION AND 
SERVICING 

STANDARD OPERATING PROCEDURE 

This document provides instructions for the operation and servicing of the Cives Drum Crusher 
Model 155DC. This procedure describes the equipment and details the steps required to start, stop, 
and maintain efficient operation. Additional operational and maintenance information can be found 
in the instruction manual. 

2.0 REFERENCES 

2.1 Project Health and Safety Plan 

2.2 SOP 6.3 - Decontamination Procedures 

2.3 Instruction Manual for Cives Drum Crusher, Model 155DC 

3.0 DEFINITIONS 

3.1 H&S 

Health and Safety 

3.2 HWP 

Hazardous Work Plan 

4.0 RESPONSIBILITIES 

4.1 Personnel Responsibilities 

4.1.1 The Project Manager is responsible for the safe and effective implementation of this 
procedure. 
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4.1.2 The Field Coordinator is responsible for the equipment and the servicing of any particular 
part. 

4.1.3 The Site Health and Safety Officer (SHSO) will ensure that the radiological safety and 
survey coverage is available before work is initiated. The SHSO is responsible for ensuring that 
operating1 servicing personnel are properly trained in the radiological and industrial safety 
concerns1action applicable to work with this equipment. 

4.1.4 The Radiological Control Technicians (RCTs) are responsible for conducting all radiation, 
contamination, and airborne surveys during the performance of this procedure. 

4.1.5 Work personnel are responsible for performing the work outlined in this procedure in 
accordance with its requirements and those of the applicable HWP. 

5.0 SAFETY PRECAUTIONS 

5.1 Drum crusher 

5.1.1 Stop the machine and disconnect electrical power before opening electrical control box, 
cleaning or servicing machine, or making any adjustments. 

5.1.2 Always operate the machine with the door closed and the latch locked. The door must be 
closed and latched for the machine to operate. 

5.1.3 If the machine is being used to crush a drum, make sure the drum plug is removed, or a hole 
is punched in the top of the drum to allow air to escape. Set the open plug or hole under the hole in 
the platen. 

5.1.4 Noise levels produced by the Drum Crusher will vary with the work application, and may 
require ear protection to be worn by the operator and adjacent personnel as specified by the SHSO. 
Monitoring of noise levels and hearing protection shall be in accordance with the PHSP and as 
directed by the SHSO. 

5.1.5 Face and eye protection is required at all times for the Drum Crusher operator and adjacent 
personnel. This protection will either be a full faced respirator or safety glasses and faceshield as 
specified by the SHSO. Leather work shoes will be required for the Drum Crusher operator and 
adjacent personnel. 

5.1.6 The Drum Crusher will be used only in contamination control enclosures or building 
volumes which have HEPA-filtered exhaust systems. 

5.1.7 Air sampling for airborne radioactivity shall be conducted in the work areas during Drum 
Crusher operation, in accordance with the Project Health and Safety Plan (PHSP) and HSP 14.1, 
"Airborne Radioactivity Monitoring," and as directed by the SHSO. 
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5.1.8 The number of people in the vicinity of an operating Drum Crusher should be kept to a 
minimum as directed by the Field Coordinator. 

5.1.9 Do not place liquids, aerosol cans or compressed gas cylinders into the crusher. If in 
doubt as to whether an item may be compacted, consult the Field Coordinator. 

5.1.10 Only dry materials shall be placed into the drum crusher. Materials having observable 
moisture shall be segregated until dry or disposed of without crushing. 

5.1.1 1 After final use, the drum crusher will be decontaminated in accordance with SOP 6.3 
"Decontamination Procedures," and the PHSP. 

6.0 PREREQUISITES 

Prior to operating the unit, verify that the equipment maintenance requirements are met as described 
in Section 7.3. 

6.1 Personnel 

6.1.1 Personnel shall understand and comply with HWP(s) and protective clothing requirements 
for drum crusher operations. 

6.1.2 Personnel who operate and/or service the Drum Crusher will complete an applicable training 
program administered by H&S prior to performing work. Documentation of drum crusher training 
shall be kept in the project files. 

7.0 PROCEDURE 

7.1 Equipment Description 

The Drum Crusher consists of the crusher body which accommodates a single 55 gallon drum, and a 
hydraulic cylinder which provides the vertical crushing force. The cylinder is connected to a platen 
which is sized to either crush the drum contents or the drum itself. 

7.2 Operation 

7.2.1 Preparing for start-up 

1. Move the crusher to the desired location and mark the floor for the locations of 
the four anchor bolts. 

2. Place shims under the base flanges as required to provide firm support at the 
four anchoring locations. 
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3. Tighten anchor bolts in accordance with recommendations of the anchor bolt 
manufacturer. 

4. For sound concrete floors, use a 112 inch bolt with an expanding steel anchor 
sleeve. 

5.  Remove the oil reservoir breather plug and check that the oil level is 2 inches 
from the top of the reservoir. Add oil if necessary, as described in Section 7.3. 

6. Screw in the breather cap. 

7. Check all hydraulic fittings for tightness. 

8. Remove all packing materials and accessories that may be inside the machine. 

7.2.2 Raising the Cylinder 

The cylinder is raised to its operating position after the machine base is 
shimmed and anchored to the floor. 

Remove any strapping or packing that may be holding the platen, cylinder or 
hoses. Do not remove any wood blocking that supports the crushing platen. 

Check to see that the pump motor rotation is correct by jogging the STOP and 
START buttons for 2 - 3 seconds only. If the cylinder is already raised and 
bolted in place, jog with the STOP and UP buttons. 

Observe the pumplmotor shaft rotation through the sight holes to see if the 
rotation is the same as the indicating arrow. Pump rotation is clockwise, 
looking at the shaft end of the pump. The cylinder will rise if rotation is correct. 

If rotation is incorrect, turn off the power and reverse any two wires on the load 
side of the disconnect switch. Repeat steps c and d of this section (7.2.2). 

Make sure the cylinder hoses are free of obstructions. 

Continue to jog the cylinder up, guiding the cylinder so that hoses and fittings 
clear the crown area as the cylinder rises. As the cylinder flange approaches the 
crown, align the cylinder plate between the guide blocks. 

Put bolts and lock washers in place when the cylinder is in place. 

Raise the platen slightly by pushing the UPIEJECT and STOP buttons. Remove 
all cribbing material that is below the platen. 

Cycle the platen all the way up. Make sure the oil level is 2 in. from the top of 
the reservoir. Add oil if necessary, as described in Section 7.3. 

Check and secure all mechanical fasteners and clear away all debris from in and 
around the machine. 

Run through a complete cycle, checking all safety switches and push buttons. 
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13. Make sure that the machine cannot operate unless the door is closed, and that 
the emergency stop button is operational and will immediately stop machine 
operation when pressed. 

7.2.3 Control Functions 

1. STOP - Large red button on control box. When pressed, the machine will stop 
instantly with the platen at any position. Press to lock in OFF position, and pull 
to unlock. 

2. AUTOISTART - Green button on control box. When pressed, the machine will 
start, the platen will travel down to bottom limit, stop, automatically reverse, 
travel up to top limit, and the machine will stop. 

3. UP - Yellow button on control box. When pressed, platen will travel up 
whether the machine is running or stopped. Platen will travel to top limit and 
stop. 

4. POWER ON - Green indicating light on control box. It is lit when there is 
power to the machine. 

5. DOORILATCH - Must be closed for machine to operate. 

7.2.4 General Operation - In drum compaction 

Turn on power to the machine. 

Raise the platen by pressing the yellow UP button. 

Place the drum into the crushing chamber. Make sure the correct platen is 
installed for in-drum compaction. 

Place material to be compacted into the drum. Make sure bags of waste have a 
hole punched in them for air release. Inspect metals for sharp edges or corners 
that may puncture the drum during compaction. 

Close and latch the door 

Start the cycle by pressing the green AUTOISTART button. 

When the platen reaches the lowest point in the cycle, press the Red STOP 
button and wait 30-45 seconds before continuing the cycle by pressing the green 
AUTOISTART button. This will help reduce spring-back of the compacted 
material. 

At the end of the cycle, check the level of compacted material. If there is room 
for more, repeat steps d through g. If the drum is full, remove it from the 
crushing chamber. 

At the end of crushing operations, press the red STOP button and lock in the 
OFF position. 

7.2.5 General Operations - Drum Crushing 
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I .  Turn on power to the machine. 

2. Raise the platen by pressing the yellow UP button. 

3. Make sure the drum plug is removed, or there is an air hole punched in the 
drum. Place the drum into the crushing chamber. Make sure the correct platen 
is installed for drum crushing. 

4. Close and latch the door. 

5 .  Start the cycle by pressing the green AUTOISTART button. 

6. At the end of the cycle, remove the crushed drum from the crushing chamber. 

7. At the end of crushing operations, press the red STOP button and lock in the 
OFF position. 

7.3 Maintenance and Inspection 

7.3.1 All maintenance and inspections must be supervised by the Field Coordinator or designee. 
Before conducting any maintenance or inspection activities, make sure the power supply to the 
machine is turned off. Maintenance should be performed at the frequencies and manner specified in 
the Instruction Manual. 

Lubrication - Grease or oil the door hinges and door lock as required. 

Hydraulic System - Check the condition of the oil in the reservoir before each 
use and refill or replace as necessary. The oil level should be 2 in. from the 
reservoir top when the platen is up. Use mineral oil base only with anti-wear 
additives. Sunoco Sunvis 747, Shell L.D. Hydrak, and Gulf HVI-45 or 50 are 
all recommended. Check the pump strainer and the breather cap filter, and 
replace if necessary. Check for leaks and tighten all fittings as required. 

Mechanical - Check for loose connections and signs of wear with each use. 

Electrical - Check conduits and connections with each use. 

8.0 DOCUMENTATIONIRECORDS 

None. 

9.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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TASKMASTER HEAVY DUTY SOLIDS 
DISINTEGRATORN (SHREDDER) OPERATION 

AND SERVICING 

STANDARD OPERATING PROCEDURE 

This document provides instructions for the operation and servicing of the Taskmaster Heavy 
Duty Solids Disintegrator (Shredder), 1600 Series Models. This procedure describes the 
equipment and details the steps required to start, stop, and maintain efficient operation. 

REFERENCES 

Project Health and Safety Plan 

SOP 6.3 - Decontamination Procedures 

Instruction Manual for Taskmaster 1600 Series Heavy Duty Solids Disintegrator 

ACRONYMS 

H&S 

Health and Safety 

3.2 HWP 

Hazardous Work Permit 

3.3 HEPA 

High Efficiency Particulate Air 
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4.0 RESPONSIBILITIES 

4.1 Personnel 

4.1 .I The Project Manager is responsible for the safe and effective implementation of this 
procedure. 

4.1.2 The Field Coordinator is responsible for the equipment and the servicing of any particular 
part. 

4.1.3 The Site Health and Safety Officer (SHSO) will ensure that the radiological safety and 
survey coverage is available before work is initiated. The SHSO is responsible for ensuring that 
operatinglservicing personnel are properly trained in the radiological and industrial safety 
concerns/action applicable to work with this equipment. 

4.1.4 The Radiological Control Technicians (RCTs) are responsible for conducting all radiation, 
contamination, and airborne surveys during the performance of this procedure. 

4.1.5 Work personnel are responsible for performing the work outlined in this procedure in 
accordance with it's requirements and those of the applicable HWP. 

5.0 SAFETY PRECAUTIONS 

5.1 Maintenance 

5.1.1 Before performing any maintenance procedure, be sure all power sources have been 
disconnected to avoid injury from shock and rotating parts. 

5.1.2 Keep grease clean. Stop the motor before lubricating. Do not mix petroleum and silicone 
grease in the motor bearings. 

5.1.3 Use only spare parts approved by engineering to ensure safe operation of the equipment. 

5.2 Operation 

5.2.1 Repeated unsuccessful attempts to restart the motor without clearing an obstruction in the 
Taskmaster Shredder can seriously damage or destroy the motor. 

5.2.2 Noise levels produced by the Taskmaster Shredder will vary with the work application, and 
may require ear protection, as specified by the SHSO, to be worn by the operator and adjacent 
personnel. Monitoring of noise levels and hearing protection shall be in accordance with the PHSP 
(Reference 2. I), and as directed by the SHSO. 
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5.2.3 Face and eye protection is required at all times for the Taskmaster Shredder operator and 
adjacent personnel. This protection will either be a full faced respirator, safety glasses, and/or 
faceshield as specified by the SHSO. Leather work shoes will be required for the Taskmaster 
Shredder operator and adjacent personnel. 

5.2.4 The Taskmaster Shredder will be used only in contamination control enclosures or building 
volumes which have HEPA-filtered exhaust systems. A HEPA vacuum shall be attached to the 
hopper so that when the lid is closed during operation, air flow will travel up through the shredder 
cutters and through the filter. 

5.2.5 Air sampling for airborne radioactivity shall be conducted in the work areas during operation 
of the Taskmaster Shredder, in accordance with the PHSP (Reference 2.1), and as directed by the 
SHSO. 

5.2.6 The number of people in the vicinity of an operating Taskmaster Shredder should be kept to 
a minimum as directed by the Field Coordinator. 

5.2.7 The Taskmaster Shredder shall be used to reduce the size of fiberglass materials, HVAC 
gauge metals, and other materials of similar weight. No heavy gauge metals shall be placed into the 
shredder. No materials shall be placed into the shredder without prior approval of the Field 
Coordinator. 

5.2.8 The Taskmaster Shredder is equipped with a safety interlock to prevent operation when the 
cover is open. If the safety interlock is not operational, the shredder shall not be used under any 
circumstances. 

5.2.9 After final use, the shredder will be decontaminated in accordance with SOP 6.2 and the 
PHSP. 

6.0 PREREQUISITES 

Prior to operating the unit, verify that the equipment maintenance requirements are met as described 
in Section 7.4. 

6.1 Personnel 

6.1 .I Personnel shall understand and comply with HWP(s) and protective clothing requirements 
for drum shredder operations. 

6.1.2 Personnel assigned to operate and service the Taskmaster Shredder will complete an 
applicable training program administered by H&S prior to performing work. The shredder will not 
be operated unless a trained operator is present. Documentation of shredder training shall be kept in 
the project files. 
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7.0 PROCEDURE 

7.1 Equipment Description 

The Taskmaster Shredder assembly consists of two main parts, the Taskmaster and the controller, 
which are connected by an electrical cable. The shredding action is accomplished by two counter 
rotating shafts with 314 in. cutting disks. The drive side shaft moves at a greater speed than the other 
shaft. After the material is shredded, it passes through a screen which retains larger sized materials 
for reprocessing. The motor to drive the Taskmaster is mounted to the reducer which is mounted to 
the shredder mechanism. Power is distributed from the hollow shaft reducer to the drive side shaft, 
through a gear coupling to the low speed shaft. The Taskmaster has a prelubricated ball bearing 
motor; therefore, no lubrication is necessary for initial start up. 

7.2 Assembly and Disassembly 

Detailed instructions for assembly and disassembly of the motor, reducer, fixed side cartridges, and 
expansion side cartridges are provided in Reference 2.5. 

7.3 Operation 

7.3.1 Initial Start-up Procedure 

Check to be sure that all bolts are securely fastened. 

Make sure the electrical hookup between the motor and the controller is 
complete, and that the motor is wired correctly. 

Turn the unit on. 

Run the Taskmaster Shredder for approximately one hour before feeding in 
material to be shredded. 

Check for unusual noises, vibrations, or heat buildup. 

Start the flow of material through the Taskmaster. 

General Operation 

Check to be sure that all bolts are securely fastened. 

Make sure the electrical hookup between the motor and the controller is 
complete, and that the motor is wired correctly. 

Turn the unit on. 

Run the Taskmaster Shredder for approximately ten minutes before feeding in 
material to be shredded. 

Check for unusual noises, vibrations, or heat buildup. 
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Start the flow of material through the Taskmaster 

7.4 Maintenance and Inspection 

All maintenance and inspections must be supervised by the Field Coordinator or designee. Before 
conducting any maintenance or inspection activities, make sure the unit is turned off, and all power 
sources have been disconnected. Preventive maintenance of the Taskmaster should include 
lubrication and replacement of parts found to be worn or damaged upon disassembly. Maintenance 
operations shall be documented and kept in the project files. 

7.4.1 Motor 

7.4.2 Reducer 

Under operating conditions at the LEHR Project, the motor should be lubricated 
every six months. The motor manufacturer recommends a polyuria type 
lubricant such as Shell Dolium R. 

Remove the lubrication fitting with equipment/materials which will not affect 
the mechanism or penetrate into the grease cavity. 

Weigh the grease gun or calibrate it to determine the delivery rate, and apply an 
appropriate amount of grease. 

Run the motor for 20 minutes before replacing the lubrication fitting. 

Under operating conditions at the LEHR Project, the reducer oil will not require 
changing for two years, therefore, it is not anticipated that this maintenance 
operation will be required. Should information be required concerning 
changing of the reducer oil, the Instruction Manual should be consulted 
(Reference 2.5). 

7.4.3 Bearings and Gear Train 

Under operating conditions at the LEHR Project, the bearings and gear train 
should be relubricated every six months. The bearings are prelubricated with 
medium consistency Dow Corning 44 High Temp Bearing Grease. The gear 
train is prelubricated with Petrolon Industrial Slick 50 EP Grease. 

To lubricate the bearings, remove the lubrication fitting and clean thoroughly 
with materials that will not affect the mechanism or penetrate into the grease 
cavity. Weigh or calibrate the grease gun, apply an appropriate amount of 
grease, and replace the lubrication fitting. 

To lubricate the gear train, remove the lubrication fitting and clean thoroughly 
with materials that will not affect the mechanism or penetrate into the grease 
cavity. Weigh or calibrate the grease gun, apply approximately 32 ounces of 
grease, and replace the lubrication fitting. 
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None. 

9.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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LEAD CHARACTERIZATION, PACKAGING 
AND SHIPPING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This procedure describes the methodology for the characterization, packaging and shipping for 
disposal of lead stored at the LEHR site. The work includes performing a radiological contact 
exposure rate survey of each drum of lead, selecting drums for representative sampling, obtaining 
representative samples of the lead from the drums, packaging samples for shipment for analysis, and 
shipping the lead for disposal. This procedure also describes the responsibilities of project 
personnel, health and safety considerations, references, and documentation requirements. 

1.1 Work Activity 

The work activity will consist of the following individual task items: 

Performing a contact dose rate survey of each drum to determine the number of 
drums that contain lead that is contaminated with radioactive materials. 

Segregating drums into groups containing bricks, shielding pigs, and pipe joints. 

Selecting a representative sample of the three separate groups for waste 
characterization sampling using the data from the drum contact survey. 

Obtaining representative samples of the three separate groups of material for 
Str~ntium-90 (Sr-90), isotopic thorium, isotopic uranium, and gamma isotopic 
analyses as applicable. 

Packaging the samples for shipment to the analytical laboratory. 

Packaging the drums for shipment for off-site disposal. 

Preparing the shipment manifest for shipment of the materials. 

Shipping of the drums from the LEHR site. 
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REFERENCES 

Project Health and Safety Plan 

29 CFR 191 0.1025, Lead 

49 CFR 173, Shippers General Requirements for Shipment and Packagings 

SOP I. I - Chain-of-Custody 

SOP 25.1 - Radiological Surveys and Instrumentation 

SOP 34.1 - Low Level Radioactive Waste Processing and Packaging 

SOP 34.3 - Radioactive Waste Shipment 

RESPONSIBILITIES 

Project Manager 

The Project Manager is responsible for the safe and effective implementation of this procedure. 

3.2 Radiological Controls Technician 

The Radiological Controls Technician(s) (RCTs) are responsible for performing the contact dose rate 
survey of each drum. 

3.3 Field Coordinator (FC) 

The Field Coordinator (FC) is responsible for approving, coordinating, and supervising all field 
activities described in this procedure. The FC is directly responsible for ensuring the health and 
safety of all personnel and for conducting periodic inspections of the work site. 

3.4 Field Technicians 

Field Technicians are responsible for performing all lead sampling and handling work described in 
this procedure and the applicable HWP. 
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4.0 HEALTH AND SAFETY CONSIDERATIONS 

Past operations at LEHR utilized lead in the form of bricks, shielding "pigs" and piping joints. Some 
of the lead was contaminated with radioactive materials during the course of the research work 
conducted at LEHR. Lead has been declared a hazardous material by the Environmental Protection 
Agency (EPA). The fact that some of the lead has been radiologically contaminated makes portions 
of the lead a potential mixed hazardous waste. 

The Project Health and Safety Plan (PHSP) addresses the hazard analysis and hazard controls 
associated with waste handling activities. The following additional information will be considered 
when performing these tasks. 

4.1 Industrial Safety Considerations 

4.1.1 At a minimum, workers shall wear Level D PPE, including: 

Steel-toed boots; 
Safety glasses; 
Coveralls (when handling bare lead-contaminated materials); and, 
Gloves (when handling bare lead-contaminated materials). 

4.1.2 Since sampling team members will be working with lead inside 55-gallon drums (lifting, 
stacking, and unbagging), there is a potential for musculo-skeletal stress. Workers should be aware 
of the awkward positions that will be required while working with the lead and review methods to 
reduce stresses by engineering or other means. Examples may be sitting on a stool or tipping the 
drum at an angle to allow greater ease of sampling. 

4.1.3 Movement of loaded drums of lead will be done with drum carts or other devices that reduce 
the potential for worker injury from lifting heavy and awkward containers. 

4.2 Radiological Considerations 

Portions of the lead bricks are radiologically contaminated and thus represent a direct exposure and 
inhalationlskin contamination hazard from the gamma radiations emitted, and the loose radioactive 
contamination, respectively. At the present time all lead brick and pigs are sealed in Griflon bags. 
Hazardous Work Permit (HWP) requirements will be determined from the radiological contact 
surveys of all drums. 

4.3 Chemical Safety Considerations 

4.3.1 Elemental lead exposure is regulated by the Occupational Health and Safety Agency (OSHA) 
in 29 CFR 191 0.1025 "Lead" (Reference 2) for occupational exposure. A permissible exposure limit 
(PEL) of 50 micrograms per cubic meter has been established for airborne lead. To preclude the 
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possibility of airborne or dermal lead exposure, all sampling work will be performed within a 
secondary containment for the 55 gallon drums (glove bag, etc.). 

4.3.2 Personnel will be required to wash their hands and face at each break where food and/or 
liquids may be consumed, and when leaving the site at the end of the shift. 

4.4 Training 

4.4.1 All personnel working on the lead sampling, packaging, shipping tasks associated with this 
procedure will have been trained in accordance with the requirements of the PHSP. This training 
will consist of having the Field Coordinator review: 

Content of lead standard 29 CFR 19 10.1025; 
Specific nature of operations to be performed; and, 
Medical surveillance program. 

4.4.2 At the beginning of each work day a tailgate safety meeting will be conducted and 
documented on the Tailgate Safety Meeting Form. As a minimum, the details of the expected work 
activities, site evacuation route(s), emergency actions, hazards associated with the sampling 
operations, and the requirements of the PHSP and the HWP will be discussed during the meeting. 

5.0 PROCEDURE 

The primary objective of the lead sampling activity will be to obtain representative samples of the 
lead contained in drums to allow for proper classification and waste manifesting prior to being 
shipped for final disposal. Secondary objectives of the lead sampling are to: 

Prevent personnel injuries during the project. 

Prevent unplanned releases of radioactive or hazardous materials. 

Prevent personnel contamination events during the project. 

Maintain personnel exposure ALARA. 

Minimize the generation of additional potentially mixed hazardous wastes 
during the project. 

1. All workers have their training records on file at the LEHR site. 

2. All personnel involved in the drum sampling have read the PHSP. 

3. All tools will be safety inspected. Any tools that are not in good repair and 
operable will not be used. 
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4. Tools, materials, and waste containers required for the each days activities will 
be staged prior to starting work activities. 

5. The lead sampling area will be posted. 

5.2 Drum Sampling 

5.2.1 All drums will be surveyed with a gamma dose rate meter to determine the radiological 
status of each drum. The highest contact reading obtained on each drum will be recorded on the 
survey log and the area marked on the drum where this reading was obtained identified. 
Radiological surveys will be performed in accordance with SOP 25.1, "Radiological Surveys and 
Instrumentation" (Reference 3). 

5.2.2 Four of the drums will be selected for sampling. The drum selection criteria will be based on 
results of the dose rate surveys and should result in samples being collected that are representative of 
all the drums contents. 

5.2.3 To sample a drum, a glove bag will be placed over the open drum and secured, the clamping 
ring will be loosened and removed, and the lid removed. 

5.2.4 Several representative pieces of lead will be selected from each drum to be sampled. Two of 
the individually wrapped bricks will be segregated and stored for potential use during treatability 
studies. Pictures of various lead types, wrappings, and configurations will be taken to aid in 
planning for disposal. At a minimum, one piece of lead in six will be sampled and composited. In 
drums where elevated radiological readings are measured, the sampled lead will be biased to the area 
of the drum that exhibited the elevated reading. Each sample will consist of lead scrapings for 
radiological analysis. A 100-gram sample will be collected for radiological analysis with a draw 
knife. 

5.2.5 Lead samples shall be packaged in glass jars, bagged and identified with a unique ID code 
that allows for identification of the sampled drum. 

5.2.6 Once all sampling activities are completed in a drum, the drum lid will be replaced and the 
clamp ring secured. The glove bag will then be wiped down and sealed at the top of the drum. The 
bag will be collapsed using a vacuum cleaner and removed from the drum. 

5.3 Sample Shipment and Analysis 

5.3.1 Chain-of-Custody (COC) forms will be completed to track sample custody as well as to 
specify the requested analysis. COC forms will be completed in accordance with the requirements of 
SOP 1.1, "Chain-of-Custody" (Reference 4). 

5.3.2 All samples sent off-site for analysis will be packaged and shipped according to the 
instructions provided by the analytical laboratory. 
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5.3.3 Samples will be analyzed for Sr-90, isotopic thorium, isotopic uranium, and gamma-emitting 
radionuclides at the analytical laboratory. Specific results will be used to calculate the total activity 
per drum of lead, taking into account the percent of the surface contaminated and the surface area of 
lead. 

5.4 Drum Packaging and Shipping 

5.4.1 Drums will be packaged and shipped in accordance with disposal site criteria, and following 
all applicable parts of 49 CFR.173, "Shippers General Requirements for Shipment and Packagings" 
(Reference 5), and facility procedures SOP 34.1, "Low Level Radioactive Waste Processing and 
Packaging" (Reference 6) and SOP 34.3, "Radioactive Waste Shipment" (Reference 7). 

5.4.2 The transport tractor and trailer will be radiologically surveyed prior to the loading of any 
drums to ensure no loose or fixed contamination is present. Additionally, a safety inspection of the 
transport tractor and trailer will be made by the Field Coordinator, and any safety deficiencies found 
will be corrected prior to loading. 

5.4.3 Four drums will be banded together on each pallet to prevent each drum from shifting during 
transport unless otherwise specified by disposal site criteria. Each pallet of drums will be placed in 
the transport trailer and positioned to minimize the movement of the pallets. The last row of pallets 
will be secured by cleats nailed to the trailer floor to prevent movement. 

6.0 ATTACHMENTS 

None. 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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AMBIENT RADIATION MONITORING 
PROGRAM INSPECTION AND REPORTING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This procedure covers inspection and reporting requirements of the Ambient Radiation Monitoring 
Program, utilizing Thermoluminescent Dosimeters (TLDs) at the Laboratory for Energy-Related 
Health Research (LEHR) Site. TLDs are radiation detection devices used for measuring exposure 
from external gamma and high energy beta radiation in the environment. Location of TLDs are 
specified in Attachments 9.1 and 9.2. They are inspected quarterly to verify that the TLDs are in 
place and intact. Each week the Geriatric I, Mixed Waste Storage Facility, Imhoff and background 
TLDs are checked and measured with a bicron meter. 

The procedure is designed to ensure that the program meets the requirements in the LEHR Site 
Environmental Monitoring and Surveillance Plan; DOE Order 5400.1 "General Environmental 
Protection Requirements," Chapter IV, "Environmental Monitoring Requirements"; and the DOE 
Environmental Regulatory Guide for Radiological Effluent Monitoring and Environmental 
Surveillance. 

REFERENCES 

ANSI Standard N13.6-1972. Occupational Radiation Exposure Records System 

ANSI Standard N.543-1974. General Safety Standard for Installations Using 
Non-Medical X-Ray and Sealed Gamma-Ray Sources, Energies Up to 10 MeV 

ANSI Standard N.545- 1975. Pe@orrnance, Testing, and Procedural Specifications for 
Thermoluminescence Dosimetry (Environmental Applications) 

DOE Order 5400.1, August 1989. General Environmental Protection Requirements 

Environmental Management Operations, September 1993. Environmental Monitoring 
and Surveillance Plan for the Laboratory for Energy-Related Health Research 
Environmental Restoration Project, Office of Environmental Restoration and Waste 
Management, U.S Department of Energy, Sun Francisco 
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2.6 US Department of Energy, January 1991. DOE Environmental Regulatory Guide for 
Radiological EfJluent Monitoring and Environmental Surveillance 

3.0 DEFINITIONS 

3.1 Thermoluminescent dosimeters (TLDs) 

A type of radiation detection device often used for environmental radiation measurements. When a 
TLD is exposed to ionizing radiation, energized electrons are transferred and absorbed on to the 
phosphor atoms within the badge. Upon analysis, heat is used to release the trapped electrons in the 
form of a photon. The intensity of the light is proportional to the radiation dose received. 

3.2 Monitoring Location 

Location in the environment at which a TLD is placed for the purpose of obtaining the exposure 
measurement of interest. The monitoring location shall be chosen to be as representative as possible 
of the general surroundings. Acceptable sites include physically and radiologically uniform open 
areas not shielded by adjacent structures. Acceptable methods of suspension include hanging from 
wire fence, small tree or shrub, or post as stated in ANSI N545-1975. A map with TLD locations is 
included in the Site Environmental Monitoring and Surveillance Plan. 

4.0 PROCEDURE 

4.1 Locations and Placement 

The locations for TLDs at the LEHR Site are described in Attachment 9.1 and a map is provided in 
Attachment 9.2. All locations are defined in the Site Environmental Monitoring and 
Surveillance Plan. 

TLDs are placed at a height of I-meter above ground level. DOE Environmental Regulatory Guide 
states that in the field, the TLDs shall be suspended at a height of 1.0 meter + 0.3 meter above the 
ground in a manner that will minimize distortion of the radiation field. If other heights are used, 
justification will be provided in the Site Environmental Monitoring Plan. The TLDs are mounted 
either in a plastic mesh cylinder attached to wall mountings by security seals or attached to a fence or 
wall with a clip. Each TLD has a printed label with an identification number that is specific to each 
location. 
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4.2 Thermoluminescent Dosimeter Inspections 

Inspection of TLDs shall be performed once a week at the specific sites described in Attachment 9.1 

4.2.1 Equipment and Materials Needed 

TLD Location Map (Attachment 9.2) 

Environmental Dosimetry Weekly Inspection form (Attachment 9.1) 

Clipboard 

Bicron Micro-Analyst Survey Meter (Micro R Meter) 

Bike (if desired) and bike helmet 

Keys: DOE and bike. 

Black or blue pen for recording information on the inspection form. 

4.2.2 Instructions for Completing the Inspection 

Obtain a new inspection form, Attachment 9.1. Put your name and date at the 
top of the form. Use only black or blue ink pen. 

Refer to Attachment 9.2, which identifies all site TLD locations. G o  to each 
location and complete the inspection by performing the following checks: 

Verify that the TLD is present and securely attached. Check TLD package, 
holder and container for tears, cracks or holes, insure that numbers match 
those on inspection sheet. For TLDs with wooden mountings, check paint 
on screws to verify that it is intact and not cracked. 

Verify that security seals are intact and that numbers match those printed 
on the inspection form. 

If the TLD is secure and in place, and all items above are checked, place your 
initials on the Environmental Dosimetry Inspection Sheet in the "Group 
Number" column for the TLD you are inspecting. 

Using the Micro R Meter, take a reading of the radiation field present at the 
TLD location. The measurement point must be within 5 cm of the TLD holder 
or package. 

This measurement shall be recorded weekly at all TLD locations in radioactive 
storage areas and at the background location. All other TLD locations shall be 
measured quarterly for the presence of radiation fields. 

If any problems or unusual conditions are noted during the inspection, describe 
details in the "Comment or Corrective Action" column of the inspection form. 
If any condition was corrected, initial and date the last two columns. These 
columns are also used during quarterly exchange as described in Section 4.3. 
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. Submit the inspection sheet to the SHSO for review, and discuss any problems 
noted during the inspection. 

4.3 Exchanging the TLDs 

4.3.1 Dosimeters are exchanged on a quarterly basis. The Environmental Dosimetry Weekly 
Inspection sheet is the form used for quarterly exchange. Whenever an exchange takes place, the 
new TLD needs to be positioned at the same location and height as the previous TLD. 

4.3.2 The State Department of Health Services (DHS) has a Direct Radiation Monitoring 
(duplicate sample) Program for selected locations at the LEHR Site. Their program of exchange has 
been synchronized with our quarterly exchange program in order to compare data. A representative 
from the state comes out each quarter to exchange DHS TLDs. 

The new TLDs are obtained from the Radiation Detection Company. 

Before going into the field, the new TLDs shall be inspected for condition and 
correct identification. 

Go to each TLD location on Attachment 9.2. If a TLD is housed in a security 
cylinder, remove the seal from one end. Inspect in accordance with 
paragraph 4.2.2 of this procedure. After verifying that all information is correct, 
put a new TLD (and security seal, if applicable) in place. Note this action in 
comments block on inspection sheet (Attachment 9.1). Initial and date 
corrective action blocks. Cross out the old security seal number and write the 
new security seal number next to the cross-out and initial. 

After returning from the field, verify condition and identification information on 
each TLD collected as you check off and date the appropriate line on the 
Environmental Dosimetry Inspection sheet. 

Return the collected TLDs and a copy of the Environmental Dosimetry Weekly 
Inspection sheet to the Radiation Detection Company. The original goes to the 
SHSO. 

5.0 RECORDS AND REPORTING 

Records that establish the conditions under which individuals potentially were exposed, such as 
facility radiological conditions, shall be kept to provide a chronological, historical record pursuant to 
Section 5 of ANSI N 13.6- 1972. TLD records are valuable documentation of potential exposure 
within a specific location. Original weekly inspection sheets are maintained within the SHSO 
records, and a copy is provided to the prime contractor as part of the weekly site inspection report. 

All record entries shall be made in black or blue waterproof ink. Changes to records shall be made 
by placing one line through the incorrect entry and clearly writing in the correct information. The 
change shall include the initials of the person correcting the entry and the date the change was made. 
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If too many changes are necessary andlor the clarity of the document is compromised, i t  shall be 
marked as superseded and stapled to a revised and correct version of the document. 

Analytical results from laboratory analyses are reviewed for accuracy when received. The analytical 
results are tabulated and reviewed for trends using standard statistical methods. Should any 
analytical result show an abnormally high or low result, an investigation will be promptly initiated to 
validate the result andlor learn the cause of the abnormal result. Results of the investigation shall be 
described in the monthly Environmental Monitoring Report. 

5.1 Record Maintenance 

5.1.1 The Environmental Dosimetry Weekly Inspection Sheet (Attachment 9.1) is used for the 
weekly inspection and the quarterly dosimetry exchange. The inspector provides the completed form 
to the SHSO for review and signature. The original is filed in the SHSO files. 

5.1.2 Lost Dosimetry Reports are maintained in the Health and Safety files. 

5.1.3 Copies of lab reports are filed in the SHSO office. 

5.2 Weekly Reporting 

Results of weekly dosimetry inspections are reported to the prime contractor and become part of 
project records. A brief summary of findings is provided in a cover letter to the prime contractor's 
Project Manager. A copy of the weekly inspection form (Attachment 9.1) is also provided. 
Problems or discrepancies of significance to the program that were noted during the inspection are 
described in the cover letter. 

5.3 Monthly and Quarterly Reporting 

A brief overview of significant aspects of the ambient radiation monitoring program shall be 
included in a monthly report to the prime contractor. At the time that the report from the analysis 
laboratory is received, significant unexpected readings shall be reported as soon as possible to 
project management by the Environmental Monitoring Coordinator. If no significant or unexpected 
readings require immediate attention, results of the latest quarterly dosimetry reports from the 
laboratory are provided to project management through the monthly Environmental Monitoring 
Report. 

TLD measurements of exposure can be used to estimate the potential for human exposure at a 
particular TLD location. Each TLD location receiving a reported dose above background shall be 
identified. A review of weekly or periodic radiological measurements taken at the location shall be 
compared with the reported TLD result. Significant discrepancies between these measurements are 
reported and investigated. 
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Calculations to determine potential exposure of an individual in the vicinity of the TLD shall be 
developed, based on the reported TLD dose and actual field measurements for that location. 
Calculations shall be provided in the report for each above background result for TLDs located in an 
area where personnel could have been exposed. If two or more TLDs have similar locations 
(radiological storage areas that are infrequently visited, for example), a calculation may be necessary 
only for the highest TLD reading, as long as the calculated potential dose is well below one fourth 
(for a quarterly measurement) the annual site goal for exposure limits as defined in the Site 
Radiological Control Manual. 

Calculations shall be based on a reasonable estimate of occupancy for the TLD location, using the 
occupancy factor for the individual who is likely to have spent the greatest amount of time in that 
location. Actual results for personnel exposure shall be compared (if available) whenever the 
calculated potential dose reaches one quarter of the exposure limit action level (site goal for worker 
exposure) defined in Table 2-1 of the Site Radiological Control Manual. For locations where site 
personnel spend very little time and definitive occupancy data are not available, (stairways, outside 
areas used only for pedestrians or vehicular traffic, etc.) ANSI-N543-1974, Appendix A, Table 2 
suggests an occupancy factor of 1/16 of a workday. 

In order to provide fullest implementation of DOE policy to assure exposure remains As Low As 
Reasonably Achievable (ALARA), results of the above calculations shall be evaluated to determine 
whether additional engineering controls need to be incorporated in order to reduce exposure. The 
monthly report should state whether such action is needed or has been taken. 

5.4 Annual Reporting 

An annual review of results for the ambient radiation program for the LEHR Site is included within 
the Annual Site Environmental Report, published by the Department of Energy (DOE). Guidance 
for this report is prepared annually by DOE, as a supplement to the report requirements defined in 
DOE Order 5400.1 Generul Environmental Monitoring Progrum. 

6.0 QUALITY ASSURANCE 

Quality assurance of field and laboratory activities shall be verified through the use of control 
dosimeters, duplicates, a testing program that involves exposure of TLDs to a determined level of 
radiation, and through actual field measurements taken monthly or weekly at each TLD location. 
Laboratory quality assurance shall be monitored within an approved laboratory accreditation 
program, such as the National Voluntary Laboratory Accreditation Program (NVLAP). 

6.1 Control Dosimeters 

Control dosimeters are kept in the SHSO office. They are used to verify that TLDs receive no 
inadvertent exposure to radiation during shipment to and from the analysis laboratory. Comparison 
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of results from duplicate samples taken by DHS should also be included in an evaluation of quality 
assurance data for the ambient radiation monitoring program. 

7.0 SAFETY 

Primary guidance for health and safety concerns during TLD inspection is found in the Project Work 
Element Health and Safety Plan. This section of the procedure is intended to supplement that 
document and provide specific safety information regarding the measurement process. 

7.1 Personal Protective Equipment (PPE) Requirements 

Check with supervising contractor on PPE requirements prior to entering specially designated 
environmental remediation project work zones or any areas where a Hazardous Work Permit (HWP) 
is in effect. 

7.1.1 Head Protection 

No head protection is required for routine implementation of this procedure. A hard hat will be worn 
when inspecting around heavy equipment or when inspecting in a controlled area where HWP 
specifies a hard hat requirement. A bike helmet will be worn while riding a bicycle, if this method 
of transportation is selected. 

7.1.2 Ear Protection 

Ear protection is not needed during normal monitoring conditions. Ear protection is required in an 
area where a HWP stipulates ear protection due to heavy equipment operation or other loud 
activities. 

7.1.3 Foot Protection 

Closed-toed shoes with non-slip soles. (Wear steel toe shoes in areas where posted.) 

7.1.4 Hand Protection 

Hand protection is not necessary during inspection. 

7.1.5 Body Protection 

Long pants shall be worn during the inspection to help protect from wind or sun exposure and 
scrapes from falls or vegetation. 
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7.2 Physical Hazards 

7.2.1 Slip, Trip, Fall Hazards: Inspections may be performed in areas where other work is being 
performed. Care should be taken to note equipment, power cords, large rocks, or other items which 
may contribute to trips or falls. Use extra caution when walking on wet or slippery surfaces. 

7.2.2 Ionizing Radiation: Ionizing radiation has been used in the past in specific areas of the Site, 
and project activities may involve remediation of these areas, andlor storage of hazardous materials. 
During inspection activities, it is important to obey signs that designate areas where access may be 
controlled. A dosimetry badge will be worn in areas that are controlled for radioactive purposes. 

7.2.3 Ultraviolet Radiation: Ultraviolet light is a non-ionizing radiation present in sunlight that 
can cause sunburn as well as inflammation of the skin and cornea of the eye. People react to 
ultraviolet radiation in different ways, so take the appropriate measures to limit exposure to 
manageable doses. The following is a list of some of the ways to protect from getting too much 
ultraviolet radiation: The following items are recommended, but not required, during the inspection: 

Wear eye protection. Dark lenses are available on-site, which meet eye 
protection requirements. Even clear lenses block some ultraviolet light. 

Wear a hat and lab coat to reduce sun exposure on face and neck. 

Use sunblock on ears, nose, and other areas where the skin might bum. 

7.2.4 Heat Stress: Inspection activities require longer outdoor exposure than an individual may 
normally be accustomed to. The adverse stress to the body due to exposure to excess heat can 
greatly diminish the ability of the body to function properly. Wearing protective equipment may 
further increase the possibility of heat stress. Knowing how to recognize such stress and how to 
prevent it will help to assure that inspection activities do not lead to such effects. 

7.3.1 Animal Bites and Stings: Animal bites and stings are usually a nuisance, causing localized 
swelling, itching and minor pain, which can be handled with first aid treatment. However, some 
situations may be more serious and require immediate medical treatment. Notify supervision if any 
of the following problems are encountered. 

Large Animal Bites - A bite from a dog, cat, rodent or other mammal may cause an open wound 
characterized by punctures, lacerations, and avulsions (tearing). All animal bites carry a risk of 
infection. Cat, rodent or other mammal bites may be as dangerous as a dog bite due to the wider 
variety of bacteria present in the mouth of such animals. Many wild animals including bats, 
raccoons and rats can transmit rabies in a bite. Tetanus is another danger of animal bites. 

Snake Bites - Snakebites are more likely to occur in spring and summer months in areas usually 
undisturbed by daily human activities. Rattlesnakes are commonly found in grassy areas, around 
wood piles and in rocky areas. Because they are cold blooded, they may be found in cool shady 
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areas during hot weather, and warm sunny areas during cool weather. Poisonous snake bites require 
immediate medical attention. The best precaution is to make a noise (vibration) while working and 
never place your hands and feet where visibility is not clear. 

Ant, Bee, Hornet, Wasu, and Yellow Jacket Stings - Stings from bees and wasps are more common 
than other insect stings. The health effects from a sting are caused by poison injected into the victim. 
Symptoms associated with stings may be localized, systemic, or both. Approximately five percent of 
the population is hypersensitive to bee, ant or wasp venom. Insect stings may need first aid 
treatment or immediate medical attention, depending on the situation. 

S ~ i d e r  Bites - Many species of spiders may bite, but both the Black Widow and Brown Recluse 
spiders produce poisonous bites. Both spiders can be found locally, usually in areas which are 
normally undisturbed. Spider bites may require first aid treatment or medical attention, depending 
on the situation. Identification of the spider is important in diagnosing potential health effects. To 
prevent spider bites, never place your hands and feet in places where visibility is not clear. 

8.0 RECORDS 

None 

9.0 ATTACHMENTS 

9.1 Environmental Dosimetry Inspection Form 

9.2 Thermoluminescent Dosimeter Location Map 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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Environmental Dosimetry Inspection 
Inspected by and Date: 

Battery: Background: Source1 Source Check: - l uCi Cs- 137. 03-92-0502. 

'rument/ Calibration Date: Bicron m analyst SN# A9 19N - 111 9/98 

RDC** Security 
# Seal #s Location Description 

9900 260 717 NW-1 Northwest corner of site 

990 1 675 380 NE-2 Northeast comer of site ---- 
BRTR-3 LEHR ER Brown Project Trailer 

9905 240 222 C060-7 West portion of north fence of former Co-60 field 

9906 335 205 C060-8 North portion of east fence of former Co-60 field 

9907 253 263 C060-9 South portion of east fence of former Co-60 field 

9917 773 229 S W-20 Southwest corner of site 

991 8 234 296 FenspecGI Fence west of west dog pen, near Spec Stor. (H-216) 

991 9 233 389 AH2-23 AH-2 Door (31 0a) 

- - -- 

TLD # 1 Date 1 Init. 1 Comments or Corrective Action (CA) required 
1 I I 

l l d i cs  =TLI)  / I N  orrorr.~ n r r ~ r ~ ~ r r ~ r i d  hv rlrr Drpurrn~rrlr ( I /  Hrulrh Srn,lce.\ 

= T L D ~  wthout security containers 

=Rad slorqx 'TLD Iocat~ons Inspected weekly w~th  ;I tad field measurement lnstrumenl 

'TLD Locat~on # corresponds with TLD Location Map 
**RDC=Radmlon Detecr~on Company 
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THERMOLUMINESCENT DOSIMETER 
LOCATION MAP 
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EXPLANATION 

Environmental dosimetry location 

C ~ N ~ I C S  
I LEHR SITE 

/ I BOUNDARY 

M u d  waste V 
storage shed I 

J I 

u - 
South Fork Putah Creek 

0 
I 

u Approximate scale 
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LEHR DOCUMENT REVIEW PROCEDURES 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes guidelines for personnel to use when 
reviewing LEHR documents. 

2.0 REFERENCES 

None 

3.0 DEFINITIONS 

3.1 R WQCB 

California Regional Water Quality Control Board - Central Valley Region 

3.2 DTSC 

California Environmental Protection Agency's Department of Toxic Substances Control 

3.3 RPM 

Remedial Project Managers 

4.0 PROCEDURE 

4.1 Internal Review 

Prior to internal technicallpeer review, the author is responsible for ensuring that a rigorous QAIQC 
review has been completed and recorded on the QAJQC checklist (Attachment 6.1). This checklist 
should accompany the report throughout the editing process. When the document is ready for 
technicallpeer review, as determined by the author andlor Project Manager, the following actions 
will be taken: 
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1. Project Manager and Project Task Leader select the appropriate technicallpeer 
reviewers and schedule review times with them. (For most reports, this includes 
Project Manager and Project Quality Assurance Manager at a minimum.) 

2. Author, or an assigned member of the project staff, completes the required 
portions of the Document Review Tracking Form (DRTF) (Attachment 6.2) 
and sends a copy of the document to the reviewer. The document copy should 
contain those components required for a proper review. 

3. Each reviewer examines the document and records any comments or corrections 
in the reviewer's document copy, or in a separate written memo or Email. 

4. Reviewer and author discuss each major comment noted on reviewer's 
document copy. If agreement cannot be reached, the Project Manager will 
make the final decision. 

5 .  Reviewer signs and dates the DRTF approving the agreed-upon corrections. 

6. Author makes the agreed-upon corrections. 

7.  When all comments/corrections have been addressed, the author then signs the 
"Review Closed" portion of the DRTF. 

8.  If approval signatures are required on the document (for Final documents but 
not Draft or Draft Final documents), each individual in the approval chain signs 
the approval page. 

4.2 DOE and UCD Review 

When the Draft document is ready for DOE-OAK, DOE-HQ, andlor UC Davis review, as 
determined by the author andor Project Manager, the following actions will be taken: 

Project Manager determines the appropriate external reviewers and schedules 
review times and due dates with them. 

The document copy should contain those components required for a proper 
review. Author records date sent on DRTF. 

Each reviewer examines the document and records any comments or corrections 
on the document, or in a written memo or Email. 

Reviewer sends comments to the author. Author records receipt date on DRTF. 

Author reviews comments and discusses them with Reviewer, as necessary. 
Author makes the agreed-upon corrections, and returns written responses or a 
corrected copy of the document to the reviewer. Author records date responses 
sent on DRTF. 

When all comments1corrections have been addressed, the author then signs the 
"Review Closed" portion of the DRTF. 
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7. If approval signatures are required on the document (for Final documents but not 
Draft or Draft Final documents), each individual in the approval chain signs the 
approval page. 

8. Author submits to the Project Records Administrator (PRA) the completed 
DRTF along with the office copies of the client-ready Draft and Draft Final 
documents. 

9. The PRA dates the bottom of the page as to the receipt of document and logs all 
forms and documents into the project files. (All internal review draft documents 
will be recycled). 

4.3 Other RPM Review 

Review comments from the US EPA, RWQCB, DTSC, and other RPMs may be submitted in a 
variety of formats, both written and verbal. To the extent possible, the author and/or Project 
Manager should document all RPM comments and responses to comments, and this documentation 
should be included in the project files. 

5.0 RECORDS 

None 

6.0 ATTACHMENTS 

6.1 QA/QC Checklist 

6.2 Document Review Tracking Form 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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QAIQC CHECKLIST 
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Attachment 6.1 
QUALITY CONTROLIQUALITY ASSURANCE CHECK LIST FOR DOCUMENTS 

For each LEHR document, this check list must be attached behind the "pink sheet" when i t  is first submitted to the AAs for editing. It must 

I I 

Are cover pages in proper LEHR format? 

be filled out and remain with the document throughout the editing process. 

Are headers and footers correct (especially page #s) and in LEHR 
format? 

ITEMS TO BE QAIQC'D 

Does document conform to WA Document Style Manual? 

Does Table of Contents (TOC) match headings in report? 
I I 

Do page numbers in TOC agree with actual text, figures, tables, etc.? 

REVIEW COMPLETED 
Reviewer's initialddate 

I I 

Do figure captions, table headers, appendix title sheets agree with TOC? 

CORRECTIONS MADE 
AND VERIFIED 

Reviewer's initialddate 

Are figures and tables properly cited in text (i.e., first citations are in 
numerical order, and all number citations are correct)? 

Are all data entries in text, supporting tables, andlor figures consistent 
with one another? 

I 

Are all Section references correct? 
I I 

Are reference citations included in References section? I I 
Is format consistent in References section? 

Are all Appendices complete and included in the proper order? 

Was Spell Check completed? 

Was report checked for typos, grammar? 
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ATTACHMENT 6.2 

DOCUMENT REVIEW TRACKING FORM 
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Attachment 6.2 

DOCUMENT REVIEW TRACKING FORM (DRTF) 
DOCUMENT TITLE: 

Document Reviewer (1) Organization (1) Scope (2) Sent to 
Version & Date reviewer (3) 

Reminder Comments Responses Revision Review 
sent (4) rec'd (5) discussed/ concurrence (7) Closed (8) 
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ENVIRONMENT, SAFETY AND HEALTH 
REPORTING 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes the methods and responsibilities for reporting 
environment, health and safety information required by DOE Order 23 1.1. 

REFERENCES 

DOE Order 231.1, Chg. 2, 9/30/97 

DOE Manual 231.1 -1 Chg. 2, 01/28/00 

29 Code of Federal Regulations (CFR) 1904.2, 1904.5, 1904.11, 1904.12, 1904.14, 
1904.21 

29 CFR 1904.7 and 29 CFR Subpart 1960.71 

DEFINITIONS 

RESPONSIBILITIES 

Project Manager 

It is the Project Manager's (PM's) responsibility to ensure that all required reports are submitted to 
the cognizant organizations and regulatory agencies within the mandated timeframes. 

4.2 Project Records Administrator 

The Project Records Administrator (PRA) is responsible for the maintenance and organization of all 
reports generated in compliance with this SOP. 
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4.3 Property Manager 

The Property Manager is responsible for the tracking, inventory and maintenance of the DOE 
property in excess of $5,000. 

4.4 Site Health and Safety Officer 

The Site Health and Safety Officer (SHSO) is responsible for accident and radiological exposure 
reporting. 

4.5 Project Health and Safety Manager 

The Project Health and Safety Manager oversees the SHSO and ensures that the LEHR health and 
safety (H&S) program is in compliance with relevant laws, regulations, DOE Orders and prudent 
accepted practices. 

4.6 Delegation 

Responsibilities may delegated, but delegations must be documented. The PM is responsible for 
ensuring the person to whom the work is delegated has qualifications commensurate with the 
responsibilities being assigned. 

-5.0 APPLICABLITY 

This SOP applies to all work performed at LEHR. 

6.0 REPORTING OF ENVIRONMENTAL PROTECTION 
INFORMATION 

6.1 Annual Site Environmental Report 

A Site Environmental Report must be prepared for each calendar year. It shall present summary 
environmental data to: 

( I )  Characterize site environmental management performance, including data on 
effluent releases, environmental monitoring, and estimates of radiological doses 
to the public associated with releases of radioactive material; 

(2) Summarize any environmental occurrences and responses that were reported 
during the calendar year; 

(3) Confirm compliance with environmental standards and requirements; and 
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(4) Highlight significant programs and efforts, including environmental performance 
indicators andlor performance measurement programs. 

The Annual Site Environmental Report (ASER) should be approved by the DOE-Oakland Operations 
Office Manager or appropriate designee and released to the public by October 1. The report should 
cover the activities of the previous calendar year. Content and format of the ASER should be 
consistent with latest DOE Guidance. 

7.0 REPORTING OF OCCUPATIONAL SAFETY AND HEALTH 
INFORMATION 

7.1 Work- Related Fatalities, Injuries, and Zllnesses 

The SHSO shall record, in accordance with 29 CFR 1904.2 through 1904.5, 1904.11, 1904.12, 
1904.14, and 1904.21, occupational fatalities, injuries, and illnesses occurring as a result of work 
primarily performed at DOE-owned or -leased facilities. The SHSO shall comply with guidance 
provided in the latest edition of the Department of Labor (DOL) publication, Office of Management 
and Budget (OMB) No. 1220-0029, "Recordkeeping Guidelines for Occupational Injuries and 
Illnesses." 

DOE Form 5484.3, "Individual Accidenthcident Report" (Attachment 12.1) shall be used in lieu of 
the "Supplementary Record of Occupational Injuries and Illnesses" (Occupational Safety and Health 
Administration [OSHA] Form No. 101). Forms shall be submitted in accordance with Paragraph 7.4 
below. 

7.2 Recording and Reporting Work-Related Damage or Loss of Property and Vehicles 
Due to Accidents 

The Property Manager shall record and report estimated loss or damage to DOE property or other 
property valued at $5,000 or more, or estimated costs of $5,000 or more, for cleaning (including 
decontamination), renovating, replacing, rehabilitating structures, equipment, or property. 

Estimated damage of $1,000 or more that involves Federal Government-owned, -rented, or -leased 
vehicles or privately owned vehicles operated while on official business shall be considered a 
"recordable case" and shall be reported. 

Excluded are commercial rental motor vehicles and private motor vehicles used for short periods of 
time (1 to 14 days) by employees on official travel status, and on which mileage records are not kept. 

Work-related property and vehicle damage or loss shall be recorded on DOE Form 5484.3 
(Attachment 12.1) and reported in accordance with Paragraph 7.4 below. 

Guidelines governing loss estimation and criteria for determining property valuation are provided in 
Attachment 12.3. 

J:\DOE\~\~~O\SQ&OPS\SOPI\S~P~~-~ .doc Weiss Associates Project Number: 128-4004 



Standard Operating Procedures SOP NO. 42.1 
LEHR Environmental Restoration / Waste Management Rev. 0 9/25/01 
DOE Contract No. DE-AC03-96SF20686 Page 4 of 8 

7.3 Reporting Subcontractor Accident Information 

The SHSO shall report accident information (DOE Forms 5484.3 and 5484.4) for subcontractors who 
perform work on DOE-owned or -leased facilities. DOE Form 5484.4, "Tabulation of Work-Hours, 
Vehicle Usage, and Property Valuation," (Attachment 12.4) should be completed by the PM and 
submitted only for subcontracts with more than $10,000 in estimated cost. All recordable injuries or 
illnesses must be reported on DOE Form 5484.3, regardless of the cost of the subcontract. 

7.4 Submittal of DOE Form 5484.3, "Individual Accident/Incident Report" 

A legible copy of each new or revised report shall be submitted quarterly (on or before the 25th of 
each April, July, October, and January) for receipt by the Computerized AccidentIIncident Reporting 
System (CAIRS) Data Coordinator. Reports should be submitted on or before the 25th of the month 
following the end of the quarter in which the accident occurred, or in which information is received 
that changes the extent or outcome of a previously reported case. 

The reports shall be addressed to the CAIRS Data Coordinator, U.S. Department of Energy, EH-72, 
Building 270 Corporate Center, 19901 Germantown Road, Germantown, Maryland 20874-1290. 

Each transmittal of reports to the CAIRS Data Coordinator shall include a cover sheet. Attachment 
12.2 provides a listing of the information that shall be included in the cover sheet and the suggested 
format. 

7.5 Submittal of Work Hours and Vehicle Usage 

Part A of DOE Form 5484.4, "Tabulation of Work-Hours, Vehicle Usage, and Property Valuation," 
(Attachment 12.4) shall be used to report quarterly work hours and vehicle usage. 

The PM shall complete and mail the form to the CAIRS Data Coordinator, U.S. Department of 
Energy, EH-72, Building 270 Corporate Center, 19901 Germantown Road, Germantown, Maryland 
20874- 1290. 

The form shall be mailed to the CAIRS Data Coordinator for receipt on or before the 25th of each 
January, April, July and October. 

7.6 DOE Annual Estimated Property Valuation 

Part B of DOE Form 5484.4, "Tabulation of Work-Hours, Vehicle Usage, and Property Valuation," 
(Attachment 12.4) shall be used by the Property Manager to report estimated replacement value of all 
DOE-owned property under LEHR site jurisdiction. The Property Manager shall complete and 
submit estimates of property valuation to the CAIRS Data Coordinator, U.S. Department of Energy, 
EH-72, Building 270 Corporate Center, 19901 Germantown Road, Germantown, Maryland 20874- 
1290 for receipt on or before March 3 1, annually. 
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7.7 Retention and Maintenance of Accident Records and Reports 

The PRA shall ensure that accident reports and related records are retained, maintained, and 
accessible in accordance with the requirements indicated in this SOP and DOE Manual 23 1.1- 1. 

The PRA shall retain personal injury, illness, property, and vehicle damage files pursuant to 
DOE Order 1324.5B, Records Management Program. Upon termination of contracts with DOE at 
DOE-owned or -leased facilities, the PM shall render accident records to the contract organization 
assuming occupational safety and health (OSH) responsibilities for the facility. DOE contractors 
assuming OSH responsibilities at a DOE-owned or -leased facility shall retain accident records of the 
previous operating contractor. 

7.8 Access to Accident Records and Reports 

Employees, former employees, and their representatives have the right to access "The Log and 
Summary of Occupational Injuries and Illnesses," OSHA Form No. 200. Employees, former 
employees, and/or their representatives shall be allowed access to any DOE Form 5484.3 that 
contains their name or the name of the employee they represent. Additional information on 
employee rights of access to these forms is provided in 29 CFR 1904.7 and 29 CFR Subpart 1960.71. 

Records provided in 29 CFR 1904.2, 1904.4, and 1904.5 (or the DOE equivalent of these records) 
shall be made available for inspection and copying by any DOE representative for the purpose of 
conducting oversight assessments or for statistical compilation. 

-Requests to access accident records and reports should be in writing. 

Records required to be maintained under the provisions of 29 CFR Subparts 1960.67, 1960.68, and 
1960.69 shall be made available to the Secretary of Labor, Secretary of Health and Human Services, 
and/or their authorized representatives. 

8.0 ANNUAL SUMMARY OF FIRE DAMAGE 

The LEHR PM shall submit an annual report of fire damage to the DOE fire protection authority 
having jurisdiction (ES&WOAK) by March 3 1 of the following calendar year. The annual summary 
of fire damage shall contain the detail described in Attachment 12.5. The individual functional 
reports should be summarized into a combined report that addresses all of the fire protection 
reporting requirements delineated in this attachment. Attachment 12.3 provides guidelines governing 
loss estimation and should be used to determine fire loss. 

9.0 REPORTING INFORMATION FOR EPIDEMIOLOGIC 
ANALYSES-EXCESS IN JURIES AND ILLNESSES 

The Project Health and Safety Manager or the PM shall notify the DOE Oakland Operations Office 
of suspected excesses of illnesses or injuries that require epidemiologic analyses. Suspected excess 
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in this context means the perception that an unusually high number of cases may be occurring among 
a group of workers. Epidemiologic analyses help determine if suspected excesses of illnesses or 
injuries are greater than expected and associated with working conditions. 

Any worker, individual, or group (for example, safety and health staff, supervisors, or employee 
representatives) can identify suspected excesses of illnesses and injuries. 

The reporting organization participates in epidemiologic investigation directed by the DOE Assistant 
Secretary of Environment, Safety and Health, which will determine the number of affected 
individuals, their medical diagnoses, and their hazardous exposures. The investigation may require 
medical tests, work place surveys, and reviews of personnel, medical, and exposure records. 

9.1 Reporting Information for Epidemiologic Analyses-OSH Studies 

The PM shall provide Centers for Disease Control officials, State health officials, their contractors, 
and grantees access to the DOE-sponsored facilities, workers, information, and data needed to 
conduct these OSH studies. The investigators shall comply with Privacy Act and security 
requirements. 

9.2 Reporting Performance Indicator Data 

The PM shall report performance indicator data on a quarterly (calendar year) basis to the Office of 
Operating Experience Analysis and Feedback (EH-33). 

10.0 REPORTING IONIZING RADIATION EXPOSURE INFORMATION 

The LEHR Radiation Protection Program requires ionizing radiation exposure monitoring under 
certain conditions. If such monitoring is performed, any exposure data collected is reported in 
accordance with SOP 38.5 Occupational Exposure Records andlor SOP 38.3, Radiation Protection 
Program Records. The reporting procedures in this SOP supplement the LEHR Radiation Protection 
Program and associated SOPS. 

10.1 Interim Exposure Data Reporting 

Radiological exposure data pertaining to a DOE employee, a contractor supporting DOE 
Headquarters or Field Office activities, a Defense Nuclear Facilities Safety Board employee or 
contractor, or an International Atomic Energy Agency inspector who visits a DOE or DOE contractor 
site or facility to conduct Department-related business shall be reported to the Radiation Records 
Repository within 30 days after determination of the dosimetry results by the SHSO. 

Radiological exposure data pertaining to a visit by a DOE contractor employee shall be reported to 
the individual's employer within 30 days after determination of the dosimetry results by the SHSO. 
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Each DOE or DOE contractor employee who visits, in an official capacity, a radiological site outside 
of the DOE office shall arrange to have all pertinent occupational radiological exposure data reported 
to his or her employer within 30 days after determination of dosimetry results. SOP 38.2, External 
Dosimetry Issuance, provides requirements for reporting radiological exposure data to individuals. 

10.2 Annual Exposure Data Reporting 

The SHSO shall report radiological exposure data summaries to the Radiation Records Repository by 
March 3 1 for each individual monitored at hisker respective site for radiological exposure during the 
preceding calendar year. 

10.3 Reporting Procedures 

Radiological exposure data shall be: 

Prepared as directed by Attachment 12.6; and 

Reported to the Radiation Records Repository or an individual's employer, as 
appropriate. 

10.4 Radiological Exposure Reports to Individuals 

A radiological exposure report pertaining to a visit in accordance with Section 10.3 shall be provided 
to the individual at the same time such information is reported to the Radiation Records Repository. 

A radiological exposure report pertaining to a visit by a member of the public to a DOE or DOE 
contractor site or facility shall be provided to that individual within 90 days of the visit end date. 

Reports to individuals shall use the dose terms specified in 10 CFR 835.2. 

Additional dose terms, if used, shall be included in parentheses adjacent to the standard terms or as a 
footnote to the report. 

Use of the exposure report form in Attachment 12.6 for reporting radiological exposures to 
individuals is optional. 

11.0 RECORDS 

Records generated as a result of this SOP will be controlled and maintained in the project record files 
in accordance with Standard Quality Procedure 4.2, Records Management. 
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12.0 ATTACHMENTS 

12.1 Individual Accidenthcident Report, DOE Form 5484.3 

12.2 Transmittal of Individual Accident/Incident Reports 

12.3 Guidelines Governing Loss Estimation and Criteria for Determining Property 
Valuation for Fire and Non-Fire Property Damage Accidents 

12.4 Tabulation of Work-Hours, Vehicle Usage, and Property Valuation, DOE 
Form 5484.4 

12.5 Annual Summary of Fire Damage Experience Report 

12.6 Individual Occupational Exposure Report, DOE Form 5480.7 

12.7 Instructions for Preparing Occupational Exposure Data Summaries 

A form referenced or attached to this SOP may be replaced with a substitute form, with the approval 
of the PQAM, if the substitute form contains equivalent information as the referenced form. 
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INDIVIDUAL ACCIDENTIINCIDENT REPORT FORM, 
DOE FORM 5484.3 
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DOE F 5484.3 
( W S J  

U.S. Department of Energy 
AJ OLher Edtkns 
Are otsciete I INDlvlDuAL AcclDENTnNclDENT REPORT 

Official Use Only - Privacy Act 

OMB Cmlrd No. 
19100300 

P.D. Acudent Type 1 L I  
Enter GlCS Nanative FRASE Coding Revision: [ I  1st [ ] 2nd [ I  3rd [ 1 4th 

General lnfonnation 

6. Department, Division, 

or I.D. Code 

7. Date of Occurrence 1 kLl I I I 
Lh D.b Y u  

3. Multiple Case Number 1 L I  
[ I  Vehicle 

8. Time 1 I L I  1 (Military) 
4. Acddent Type [ ]  Injury/lllness 

9. Accident Occurred [ I  Indoors [ I  Outdoors 
I I Property Damage [ 1 other 10. On Employel's Premise [ ] Yes [I No 

5. Investigatbn Type [ I  A [ I  B [ ] C [ ] N o m r d a M e  
11. Speafic Location 

Employee Information 

12. Check One: [ I  lnjurdll Employee 17. Occupation 
[ I  Operator of EquipmenWehide 18. Length of present employment 

13. Name [ I  Under3months [I 3tol2months [ I  Ove r l2mths  

14. S.S.A.D. Number LILLLl-LLLI 19. Experience on this jota'equipment: 

15. Age L L I  [ ]  Under3monlhs [ ]  3tol2months [ ]  Over l2mths  

16. Sex: [ ] Female [ I  Male 

If Property Damage or V e h i i  Aajdent, go to Line 26 

InjulyAllness (OSHA Infomlation) 

20. [ I  Injury Code (10) 23. Death [ I  Yes [ I  No 

[ I  Code 7a(21) -Skin disease or disorders If 'Yes," enter date L 1 A ! L I 
Y . s  

[ I  Code 7b(22) - Dust diseases of lungs 
24. Permanent transfer to different job because of acddent? 

[ I  Code 7c(23) - Resp. due to to& agents 

[ I  Code 7d(24) - Poisoning 
[ I  yes [ I  No 
Terminated because of acddent? 

[ I  Code 7e(25) - Diers-Physical agents 

[ I  Code 7f(26) - DisordersRepeated trauma 
[ ]Yes  [ I N 0  

25. Has empkyee returned to wolk with no fulther anticipated 
[ ] Code 7#9) - All dheffi 

workdays lost or restrided? 
21. workdays Lost 1 I I L I  
22. Wakdays Restrided 1 I I I 1 [ I  yes [ I  No 

26. Property [ ]  Fire [I Non-FIE 
(If Property Damage Acddent go to Lhe 30) 

27. Vehide (1 Government 

PropertyNehide Damage 

30. $ L L L - L L - L b L L ! - I  T d a l A d n l  mq. 

[ ] Private - Driver by Gowrnment Employee 

[ I  Car/PiupVanlMotorcyde 

[ I  Trudc(1 tonorover) 

[ I  Bus 
[ I  Other (Air, Maine, Railroad, etc.) $ LL--LLl--bLI R.mbursdloD E 

$ L--!-l---L~b~l-I 

28. Was vehide equipped wrth seat belts? [ ] y e s  [ ] N o  32. Are the dollar amunts final? [ ] Yes [ I  NO 

If 'Yes," was seat bell working p m p w  [ I  Yes [ ] No 

29. Dd vehide acddent involve recordable in juv  [ I  Yes [ I  No 

EquipmenVHardwareNehii Involved (as applicable) 

#2 Equipment 
G e m  (or bond) nm. md d l  LLLLL~nC1&Lm&unbrLU 

34. Did equipment design or defed contribute to a d e n t  cause w ?event)/, [ I  Yes [ I  NO 



DOE F 5484.3 
W95)  
w m r  E m s  
&a OWete 

NARRATIVE GUIDE 

DO NOT INCLUDE THE NAME (OR OTHER PERSONAL IDENTIFIER) OF THE EMPLOYEEIOPERATOR OR WITNESS IN 
THIS SECTION. Use third parson references, e.g., he slipped on the wet floor and broke hi right toe. 

35. in progress at lime of amdent. Be speafic. For example, if  the employee was using tods or equipment or handling material, name them 
and tell what he was doing with them. 

36. - E%eg~n with initiating event and end with nature and extent of injuryldamage. Name any &je& or substances involved and tell harv they 
were invdved. Use a separate sheet for additional space. 

Name and address of physidan 

If hospitalid, name and address of hospital 

37. Acddent Causes 
a. Condikms 

c. Factors influencing a orb 

38. Correch Adions (if lisk is acceptaM, ccmdve acbn may rot be necessary) 
a. M o n s  taken 

b. Adions recommended 

c. To be completed by 
h,phwl .Lm Dale 

39. Acddent Investigator Date Telephone 

Ofiicial Position [ I  Supervisor [ I  Safety Professional [ I  Other 

40. Supervisor responsible for Corrective Action Date Telephone 

41. Acddent Investigation Contact 

of different from line 39) Telephone 



Attachment to DOE Form 5484.3 

Construction subcontractors working at Oak Ridge National Laboratory in 
Oak Ridge, Tennessee, should mail completed forms to: 

Mr. Dell Morgan 
Oak Ridge National Laboratory 
P.O. Box 2008 MS 6340 
Oak Ridge, TN 37831 -6340 

Forms may also be sent by facsimile to Mr. Morgan at (865) 576-2893 or 
hand-delivered to him in Building 1000, Oak Ridge National Laboratory. 

All other subcontractors should mail completed forms to: 

Ms. Carol Kendrick 
Oak Ridge National Laboratory 
P.O. Box 2008 MS 6348 
Oak Ridge, TN 37831-6348 

Forms may also be sent by facsimile to Ms. Kendrick at (865) 576-5372 or 
hand-delivered to her in Building 5500A, Room A-101, Oak Ridge National 
Laboratory. 
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TRANSMITTAL OF INDIVIDUAL ACCIDENTIINCIDENT REPORTS 

Reporting Organization; 

Organization Code Number: 

Date of Transmittal: 

Number of New Accidenancident Reports Included in Transmittal: 

(List by case number each report included in transmittal) 

Number of New Accidenflncident Reports Included in Transmittal: 

(List by case number each report included in transmittal) 

Contact Person: 

Name: 

Phone Number: 

Address: 
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GUIDELINES GOVERNING LOSS ESTIMATION AND CRITERIA 
FOR DETERMINING PROPERTY VALUATION FOR FIRE AND 

NON-FIRE PROPERTY DAMAGE ACCIDENTS 
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1.0 COST ESTIMATING 

Estimating accident costs for DOE facilities and programs is essential to categorize Type A, 
Type By and other investigations. Cost estimation will be used to determine financial losses to 
the government, such as those due to fires, explosions, contamination accidents, and other 
property damage events. For serious accidents that result in property damage approaching $1 
million or more, preliminary cost estimates must be made to ascertain if a Type B (>$I million to 
<$2.5 million) or a Type A (>$2.5 million) investigation is required. 

There are qualified people in DOE and/or contractor organizations who are trained and 
experienced in cost estimating. These individuals are required to follow the procedures in DOE 
Order 5700.2D, Cost Estimating, Analysis, and Standardization, which may include applying an 
appropriate cost index ratio (e.g., the producer price index) or data published in the periodical, 
ENR. This approach results in standardized cost estimates across DOE. 

When estimating costs from accidents, personnel in cost estimating organizations should be 
involved. Initial cost estimates shall be developed as quickly as possible, but no later than 48 
hours after the accident. These cost estimates shall be forwarded through the local DOE field 
organization to the Assistant Secretary for Environment, Safety and Health. Based upon the cost 
estimate, the appropriate type of investigation will be assigned. 

The following sections provide guidance in two areas: 

(1) Criteria for determining the valuation of property; and 

(2) Criteria for determining losses based upon the value of property that is lost, destroyed, or 
otherwise impaired by an accident. 

2.0 PROPERTY VALUATION 

a. Property valuation includes the following: 

(1)  The approximate replacement value of all DOE-owned buildings and DOE-owned or 
-operated equipment. 

(2) Estimated damage losses to government or private wetlands, grasslands, and forest as a 
result of DOE operations caused by fire or contamination. 

(3) Replacement cost for all DOE-owned supplies. 

(4) Average inventory of all source. 

b. Property valuation excludes the following: 

(1) Land and land improvements, such as sidewalks and roads. 
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(2) Below ground facilities not susceptible to damage by fire or explosion, such as major water 
mains or irrigation ponds, that are carried as separate capital accounts. 

3.0 LOSS ESTIMATION 

a. Loss estimation includes the following: 

Damage or loss of facilities, inventories, and associated equipment as a result of an 
accident. 

All estimated or actual costs to restore DOE property to a reasonable approximation of pre- 
accident conditions, irrespective of whether or not this is done in fact. If an accident 
involves property that has been lost, completely destroyed, or contaminated to a degree 
precluding economically justifiable recovery, estimates shall be based on cost for actual 
replacement and installation of comparable equipment, devices, or materials. 

In the case of unused, obsolete, or excess building space, equipment, or materials that are 
not going to be replaced, the cost estimate of the market value at the time of accident shall 
be used. 

Estimated costs for restoring to a reasonable degree to pre-accident condition, without 
improvement, all partially lost or damaged DOE property. Where applicable, cost for 
decontamination operations should be included. 

Estimated costs for reprocessing and reclaiming partially destroyed and damaged materials. 
Where applicable, costs for damage resulting from firefighting (e.g., water and smoke 
damage) should be included. 

All post-incident cleanup expenses (e.g., cleanup of hazardous materials or radioactive 
contamination resulting from accidents, explosions, fires, or other incidents). 

All costs for recharging fire suppression systems (halon, carbon dioxide, and foam agent). 

Costs for damage caused by DOE operations to privately owned property. 

Costs for restoration of land and land improvements (i.e., sidewalks, roads, etc.) that were 
damaged as a result of an accident. 

Costs for outside specialists or organizations hired to mitigate losses and costs for non- 
standard labor hours (i.e., above the amount normally worked by the employee) for on-site 
personnel to restore the property to pre-accident condition. 

Any lost revenue experienced as a result of the accident. Examples include income- 
producing processes, such as power generating and transmission facilities, whose loss 
would cause a reduction in payments to the federal government. 
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b. Loss estimation excludes the following: 

Expenses resulting solely from loss of the use or occupancy of facilities affected by an 
accident, including lost production and research time, unless it becomes necessary to obtain 
special facilities (e.g., temporary structures) to maintain the facilities' use or occupancy. 

All post-accident expenses paid by non-DOE sources (e.g., expenses covered by private 
insurance). 

Expenses to bring property to modern standards. 

Normal wear 

Damage to privately owned property not caused by DOE operations. 

Damage to land and land improvements (e.g., sidewalks, roads, etc.) from natural causes 
(e.g., freezinglthawing, earthquakes, floods, etc.). 

Labor hours for on-site firefighters during their normal workshifts. 

Labor hours expended by investigative and/or administrative personnel as a result of the 
incident. 

Theft (known or suspected) of DOE property. 

MISCELLANEOUS LOSS ESTIMATION GUIDELINES 

In general, loss estimates should be based upon the net cost for replacing or restoring damaged 
facilities, without improvement, to the condition existing prior to the accident regardless of 
whether or not the replacement or restoration of the damaged facility or facilities actually occurs. 

Where the accident involves property that has been lost, completely destroyed, or contaminated 
to a degree precluding economically justifiable recovery, estimates should be based on the cost of 
actual replacement and installation of identical building equipment, devices, or materials. 

Credit should be allowed for the estimated salvaged value of items recovered. 

Expenses due to normal wear are not reportable losses when such wear is reasonably foreseeable. 
However, unanticipated loss is reportable. For example, the cost for repairing or replacing a 
tank with a leak caused by corrosion may not be an accidental loss; however, the cost for 
recovery and/or replacement of released material (including accompanying costs for product 
recovery, or replacement and costs for cleanup and decontamination) should be considered as 
accidental loss. 
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e. Burnout of electric motors and other electrical equipment through overheating from electrical 
causes shall be considered a "fire loss" only if self-sustained combustion exists after power is 
shut off. 
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DOE F 5484.4 
(05-98) 
All Other Editions 
Are Obsolete 

OMB Control No. 
191 0-0300 

U.S. Department of Energy 

Tabulation of Work-Hours and Vehicle Usage, 
and Property Valuation 

OMB Burden Disclosure Statement 
Public reporting burden for this collection of information is estimated to average 2 hours per response, including the time for reviewing instructions, searching 
existing data sources, gathering and maintaining the data needed, and reviewing the collection of information. Send comments regarding this burden estimate or 
any other aspect of this collection of information, including suggestions for reducing this burden, to the Office of Information Management, Program Management 
Group, Records Management Team, HR424 - GTN, Paperwork Reduction Project (1910-0300). U.S. Department of Energy, 1000 Independence Ave., S.W., 
Washington. DC 20585; and to the Office of Management and Budget (OMB), Paperwork Reduction Project (1 910-0300). Washington, DC 20503 

Reporting Organization: Calendar Year: 

Organization Code: - Reporting Quarter: 0 1 0 2 0 3 0 4 

Revision: Yes 0 No 

PART A Tabulation of Work- Hours, and Vehicle Usage 

A. Total Work- Hours this Quarter 

DOE OR DOE - CONTRACTOR - OPERATED CONVEYANCES 

QUARTERLY USAGE I 

D. Buses I 

Type of Vehicle 

B. Cars, Light Trucks, Vans & Motorcycles 

C. Trucks (1 ton and over) 

G. Railroad I 

NUMBER OF 
VEHICLES 

E. Aircraft 

HOURS 
OPERATED 

MILES OF 
TRAVEL 

Fixed Wing 

Rotary 

Submitted by: 

Telephone Number: 

F. Marine 

Date: 

- - 

For CAlRS Use Only 

Date Received: CRT Input: 

18 U S.C. SECTION 1001; ACT OF JUNE 25. 1948.62 STAT. 749; MAKES IT A CRIMINAL OFFENSE TO MAKE A WILLFULLY FALSE STATEMENT 
OR PRESENTATION TO ANY DEPARTMENT OR AGENCY OF THE UNITED STATES AS TO ANY MAnERS WITHIN ITS JURISDICTION. 

@ Printed i n  soy ink on recycled paper 



DOE F 5484.4 
(05-98) 
All Other Editions 
Are Obsolete 

OMB Control No. 
191 0-0300 

PART B DOE ANNUAL ESTIMATED PROPERTY VALUATION 

Field Organization: 

Revision: Date: 

Replacement Valuation Beginning 

cy- cy____ 
Reporting Organization Previous Year Current Year 
Organization Name ($1,000~) ($1,000~) 

Total Field Organization Valuation: 



DOE F 5484.4 
(05-98) 
All Other Editions 
Are Obsolete 

OM6 Control No. 
1910-0300 

Instructions for Completing DOE F 5484.4 

PART A: 
TABULATION OF WORK HOURS AND VEHICLE USAGE 

The data submitted on Part A of this form are required for 
normalizing DOE accident statistics. Report all data at the end of 
each quarter, for that quarter only. Mail completed DOE F 5484.4 
forms to the CAIRS lnput Coordinator, SCIENTECH, Inc., 1690 
International Way, ldaho Falls, ldaho 83402--Attention: CAIRS 
lnput Coordinator. Revisions may be transmitted by facsimile 
(208-529-4721) or by mailing a copy of the revised original to the 
above address. 

ltem A -  lnclude the hours worked for the quarter being reported. 
Do NOT report cumulative year-to-date totals. 

lnclude all hours actually worked by all employees (salaried as 
well as hourly employees) for the quarter being reported. (Do 
NOT report cumulative year-to-date totals.) Work hours 
should include both scheduled hours and overtime. Work hours 
do not include vacation (annual leave), sick leave, holidays, 
administrative leave, or any other non-work time, even if 
employees are paid for it. 

If the actual number is not available, you can estimate hours 
worked this way: 

Find the average number of full-time employees for 
your organization for the quarter. 

Multiply by the number of work hours for a full-time 
employee in the quarter. 

This is the number of full-time hours worked during 
the quarter. 

+- Add the number of any overtime hours as well as 
the hours worked by other employees (part-time, 
temporary, seasonal) during the quarter. 

(In each of the following categories, report the number of vehicles 
or airlmarine craft which are assigned to, or under the charge of, 
the reporting organization at the close of the reporting period. 
Also report the total combined quarterly usage of all such 
vehicles in each category.) 

ltem B - Calculate use of cars, vans, light trucks (with less than a 
I-ton rating), and motorcycles that are owned,leased, or rented 
by the Federal Government. lnclude data on privately owned 
vehicles of the same class if they are used in DOE contract work 
and for which cost reporting to DOE would be required in the 
event of accidental damage. 

ltem C-  Calculate use of trucks (rated at 1 ton orgreater) that are 
owned, leased, or rented by the Federal Government. lnclude 
data on privately owned trucks if used in DOE contract work and 
for which cost reporting to DOE would be required in the event of 
accidental damage. 

ltem D -Report use of buses owned, leased, or rented by the 
Federal Government to transport passengers and operated by 
professional drivers. lnclude usage data on privately owned 
buses used in DOE contract work and for which cost reporting 
to DOE would be required in the event of accidental damage. 

ltem E -Include data on aircraft, whether powered, towed, or 
free-flying, which are being operated by a DOE or DOE 
contractor employee. This includes privately owned aircraft, as 
well as Federal Government-owned, -leased or -rented aircraft. 
Count only airborne operation hours. 

ltem F - lnclude usage data on waterborne craft, e.g., 
motorized, nonmotorized, steam, sail, towed, operated by a 
DOE or DOE contractor employee. This includes privately 
owned craft as well as Federal Government-owned, -leased, or 
-rented marine craft. 

ltem G-Railroad: lnclude data usage on any unit of equipment 
(or combination) listed below, operated by a DOE or DOE 
contractor employee: Count each unit or car as a single vehicle, 
and only the miles traveled by the power unit: 

Locomotive: self-propelled unit of equipment designed solely for 
moving other equipment 

Liaht Locomotive: self-propelled unit of equipment not coupled 
to any other equipment 

Motor Car: self-propelled unit of equipment designed to carry 
freight or passengers (not a locomotive) 

Cars: examples include freight, passenger, dining, equipment, 
caboose, chemical, gondola, mining, ATMX, courier 

PART B: 
DOE ANNUAL ESTIMATED PROPERTY VALUATION 

The data submitted on Part B of this form are required to estimate 
replacement value of all DOE owned property under the reporting 
organization's jurisdiction. 

Copies of this form will be supplied to all reporting units at the 
beginning of each calendar year. The previous year's valuation, 
as reported to CAIRS , is reprinted to provide comparative figures 
for the current year's input. Mail completed forms to the CAIRS 
lnput Coordinator, SCIENTECH, Inc., 1690 International Way, 
ldaho Falls, ldaho 83402-- Attention: CAIRS. Revisions may be 
transmitted by facsimile (208-529-4721) or by mailing a copy of 
the revised original to the above address. 
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ANNUAL SUMMARY OF FIRE DAMAGE EXPERIENCE REPORT FOR 
CALENDAR YEAR 

1. FIRE-RELATED DEATHS AND INJURIES. 

Describe each incident relating to death or injury by fire. 

2. DOE PROPERTY LOSS EXPERIENCE FOR THE CALENDAR YEAR 

Fire Loss $ 

Other Loss $ 

a. Fire loss includes damage or loss sustained as a consequence of and following the 
outbreak of fire. The test for whether or not a fire loss is reportable is based upon the 
fire department incident report. If the occurrence results in a dispatch and fire 
department response, then the loss is considered in the "Fire Loss" category. If a fire 
department incident report was not generated, or the report relates to a non-fire 
event, then the loss is considered a part of the "Other Loss" category. Exceptions are: 

( 1 )  Burnout of electric motors and other electrical equipment through overheating 
is considered a fire loss only if self-sustained combustion exists after power is 
shut off. 

(2) Vehicle losses (including aircraft, marine, and railroad equipment) are 
considered a fire incident if the loss was sustained as a direct consequence of 
fire. All losses, including fire, that involve cargo during transport are treated 
as transportation losses. Fire department incident reports will specifically 
identify these incidents. 

b. Other Loss includes damage or loss sustained as a consequence of the following 
events: 

(1 )  Explosions 

(2) Natural disasters (such as earthquakes and hurricanes) 

(3) Electrical malfunctions 

(4) Transportation (cargo) losses 

(5) Mechanical malfunctions 

(6)  Radiation releases or other nuclear accidents 
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(7) Miscellaneous accidents (such as thermal-, chemical- or corrosion-related 
accidents)-These other events may not be associated with a corresponding 
fire department incident report. 

3. SUMMARY OF FIRE DAMAGE INCIDENTS 

a. Describe each fire incident that results in a loss estimate over $5,000. Description 
should be taken from the fire department incident report. 

b. Incidents for which the estimated loss is below the $5,000 threshold should be 
summarized and reported at the end of the calendar year in conjunction with the 
development of the annual summary. 

c. For each incident, identify the property loss as defined in Paragraph 2, above, and 
provide the fire incident report number. (Refer to NFPA 902M, "Fire Reporting Field 
Incident Manual.") 

4. INCIDENTS ACTUATING AUTOMATIC FIRE SUPPRESSION SYSTEMS 

a Describe each incident involving the actuation of an automatic fire suppression 
system. Include the loss amount, type of system, number of sprinkler heads 
activated, quantity of agent discharged, and remedial actions taken to prevent future 
accidental discharges if applicable. 

b. Include a causative factor description in the summary according to fire or "other" 
category headings, with the latter sub-categorized as follows: 

(1) Electrical 

(2) Mechanical 

(3) Human Error 

(4) Acts of Nature 

(5) Miscellaneous 

5. HALON REDUCTION ACTIVITIES 

a. Halon 130 1 

(1) Number of fixed systems 

(2) Total quantity (Ibs.) of Halon 1301 at site 

(a) Active (include reserve) 

(b) Inventoried 
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(3) Number of fixed systems and system quantity deactivated within the past year 

(4) Number of fixed systems and system quantity converted to manual operation 
within the past year 

b. Halon 12 1 1 

( I )  Total quantity (lbs.) of Halon 121 1 at site 

(a) Active 

(b) Inventoried 

(2) Quantity replaced by other agents within the past year 

6. FIRE PROTECTION INSPECTION TESTING AND MAINTENANCE ACTIVITIES 

a. System Type 

( I )  Number Inspected, Tested, or Maintained. 

(2) Number failing to meet operability requirements. 

Not Operable Number Requirement 

Description Failed 

b. All failures of fire protection systems (sprinkler systems, fire alarm systems, etc.) 
should be reported annually. "Failure" in this context is the inability to meet at least 
one of the "Operability Requirements" established for the system as part of the 
inspection, testing, and maintenance program. (Refer to DOE Order 420.1, Facility 
Safety.) Summaries should be provided for each system type at the site. System 
types are: 

Wet Pipe Sprinkler System 
Dry Pipe Sprinkler System 
Deluge Sprinkler System 
Pre-Action Sprinkler System (with supervisory air) 
Pre-Action Sprinkler System 
Foam-Water Extinguishing System 
Wet Standpipe System 
Dry-Standpipe System 
Manual Water Spray System 
Halon 1301 (total flooding) 
Halon 12 1 1 (total flooding) 
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Dry Chemical System 
Wet Chemical System 
High Expansion Foam System 
Carbon Dioxide Extinguishing System (high pressure) 
Carbon Dioxide Extinguishing System (low pressure) 
Water Spray System (local application) 
Special Extinguishing System 
Pond or Lake Water Supply 
Tank Water Supply System 
Fire Pumps 
Fire Service Mains 
Fire Alarm Systems 
Central Monitoring (fire system) 
Fire Doors and Windows 
Fire Dampers 
Fire Wall Integrity 
Emergency and Exit Illumination 

FIRE DEPARTMENT ACTIVITIES 

a. Number of Responses 

(1 )  Fire 

(2) HAZMAT Response - 

(3) Other Emergency - 

(4) Non-Emergency - 

(5) Medical 

Identify and classify all fire department response events. Each response should be 
recorded in a single fire department incident report from the first due or incident 
commander's perspective. Supplemental reports or responses should not be included 
in this report. 

The "fire" response category relates to working fires on the site that were either 
extinguished or verified as a fire event by the responding incident commander. 
HAZMAT response relates to non-fire hazardous material incidents. The "other 
emergency" category is intended for all other emergencies in which firefighting 
apparatus was dispatched, including off-site mutual aid response or support for a 
medical response. The "non-emergency" category relates to situations where the 
initial response was considered an emergency, but was later verified as a non- 
emergency by the incident commander. This includes inadvertent system actuation, 
malicious alarms, or off-site mutual aid that was canceled enroute. Medical response 

J U)OE\4004\23O\SQ&OPS\SOPs\SOP42J doc Weiss Associates Project Number: 128-4004 



Standard Operating Procedures 
LEHR Environmental Restoration / Waste Management 
DOE Contract No. DE-AC03-96SF20686 

Attachment 12.5 
Rev. 0 9/25/01 

Page 5 of 5 

includes any response in which an ambulance was dispatched for the sole purpose of 
a medical emergency. 

b. Major Equipment Purchases. 

Describe type of equipment and purchase price. 

(1)  Emergency Vehicle 

(2) Other 

c. Address notable response descriptions not already included this report. 

8. RECURRING FIRE PROTECTION PROGRAM COSTS. 

Include figures on the present and past two years: 

a. Fire Department Costs: 

( I )  Staffing --- 

(2) Equipment --- 

(3) Inspection & Testing Program Costs --- 

(4) Emergency Medical Response Program Costs 

(5) Training Program Costs --- 

b. Inspection and testing program costs by others --- 

c. Fire protection engineering --- 

d. The cost in Paragraph b, above, is intended to identify work provided by other 
departments, such as a maintenance division or outside contractor. Do not include costs 
for mobile apparatus or other major equipment purchases. Provide additional 
explanation for significant deviations in recurring costs between calendar years. 
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DOE F 980.7 
(09-95) 

OMB Control No. 
1910-0300 
Privacv Act Statement 

D m  
Public reporting burden for this collection of information is estimated to average 15 minutes per response, including the time for reviewing instructions, searching existing data sources, gathering and 
maintaining the data needed, and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for 
reducing this burden, to the Office of Information Management, Program Management Group, Records Management Team. HR-424 - GTN, Papetwork Reduction Project (1910-0300). U.S. Department 
of Energy, 1000 Independence Ave., S.W., Washington, DC 20585; and to the Office of Management and Budget (OMB), Paperwork Reduction Project (1910--0300), Washington, DC 20503. 

1. Name (Last, First, Middle Initial) 

U.S. DEPARTMENT OF ENERGY 
INDIVIDUAL OCCUPATIONAL EXPOSURE REPORT 

r ~ e p o r t  ~~~e 
0 Requested 

Annual 
Termination 

9. Dose Data 

Recorded 
Estimated 

2. Identification Number 3. Date of Birth 

4. Sex Male 
I7 Female 

- - - 

RADIOLOGICAL DOSE (in mrem) 

5. Monitoring Period 

I - 

Internal: 12. Committed Effective Dose Equivalent 

Intake 

i. Site or Facility Name 7. Monitoring Status 
General Employee Member of the Public 

Terminated Employee [7 Minor 
EmbryoFetus Other 

Ogran or Tissue Committed Dose Equivalent (CDE) 

13a. Radionuclide 

10. Monitoring Type 
Routine 
PSE 
Emergency 

13b. Quantity (microcurie) 

External: 15. Effective Dose Equivalent 

16. Lens of the Eye Dose Equivalent 

17. Shallow Dose Equivalent to the Skin 

18. Shallow Dose Equivalent to Max Extremity 

Summation of Internal and External Doses: 

19. Total Effective Dose Equivalent 

Ogran or Tissue Committed Dose Equivalent (CDE) 

11. Comments 

14a. Orgaflissue 14b. CDE 

21. Cumulative Total Effective Dose Equivalent 

Declared Pregnant Worker: 

22. EmbryoIFetus Dose Equivalent 

20a. Orgaf lssue 

I 

20b. TODE 

!3. Signature 24. Date Prepared 



DOE F 5480.7 
(09-95) Act Statement 

This form is to be used for providing radiation exposure monitoring results to an individual who visited or performed work at a DOE or DOE contractor site or facility, and its use is subject to 
the provisions of the Privac Act of 1974. 5 U.S.C. 552a. The authority to collect the information provided is derived from 5 U.S.C. 301; this authority incorporated by reference in Title Ill of 
the Department of Energy &r anization Act at 42 U.S.C. 7151, including 42 U.S.C. 2201 and 42 U.S.C. 5813 and 5817. This information ma be disclosed to the US. Navy. Nuclear 
Regulatory Commission. DOI! contractors and consultants, and other organizations for the purpose of monitoring radiation exposure; to the hepartment of Health and Human Services or its 
components to facilitate health hazard evaluations or epidemiological studies; to certain individuals in the performance of health studies or related activities; or to certain advisory committees 
providing advice to DOE regarding health, safety and environmental issues pursuant to a routine use authorized by the system of records DOE-35, 'Personnel Radiation Exposure Records.' 

instructions and Additional Information Pertinent to the Completion of DOE F 5480.7 

1. Type or print the full name of the monitored individual in 
the order of the last name (include 'Jr.', 'Sr.", 'Ill', etc.), 
first name, and middle initial (if applicable). 

2. Enter the individual's social security number. If the 
individual has no social security number, enter the 
individual's employee number. 

3. Enter the date of birth of the individual being monitored 
in the format MMIDDNY. 

4. Check the box that denotes the sex of the individual 
being monitored. 

5. Enter the monitoring period for which this report is filed 
in the format MMIDDNY - MMIDDIYY. If the dose reporl 
is for the embryonetus, enter the estimated date of 
conception and the end of the monitoring period. 

6. Enter the site or facility name. 

7. Place an 'X' in the appropriate box for the employment 
status of the individual. Choose "General Employee' if 
the individual meets the requirements of a general 
employee or is visiting a site for the purpose of 
performing scientific research. Choose 'Member of the 
Public' if the individual is visiting the site or facility and 
is monitored. Choose "Terminated Employee' if the 
individual is no longer an employee and was monitored 
during this period. Choose 'Minof if the individual 
visiting the site is less than 18 years of age and is 
monitored. Choose 'EmbryolFetus' if reporting the dose 
for an embryonetus. Choose 'Othef if the individual is ; 
DOE Headquarters employee, DNPSB employee. or 
related contractor. 

8. Place an 'X' in the appropriate box for the type of repod 
being filed. Choose 'Requested' if the individual 
requested the information. Choose 'Annual' if the reporl 
being filed is the annual radiation dose summary. 
Choose 'Termination' if the report being filed is a 
termination report. 

Place an 'X' in the appropriate box for the dose data 
being filed. Choose 'Record' if the dose data listed 
represents a final determination of the dose received to 
the best of the site's knowledge. Choose 'Estimate' 
only if the listed dose data are preliminary and will be 
superseded by a final determination resulting in a 
subsequent report. 

Place an 'X" in the appropriate box for the type of 
monitoring. Choose 'Routine' if the data represent the 
results of monitoring for routine exposures. Choose 
'PSE' if the listed dose data represent the results of 
monitoring of planned special exposures received 
during the monitoring period. If more than one PSE was 
received in a single year, the contractor should sum 
them and report the total of all PSEs. Choose 
'Emergency' if the dose data represent results of 
monitoring for exposures received during an 
emergency. 

In the space provided for comments, enter any 
additional information that might be needed to 
determine compliance with limits. 

Enter the committed effective dose equivalent (CEDE) 
or 'MNR' for 'Monitoring Not Required' or 'NC' for 
'Not Calculated.' 

13a. Enter the symbol for each radionuclide that resulted in 
an internal exposure for the individual, using the format 
X x d # # .  

13b. Enter the intake quantity for each radionuclide in 
microcurie. 

14a. Enter each organ or tissue that received a dose 
resulting from intakes of radioactive material. 

14b. Enter the committed dose equivalent (CDE) for each 
organ or tissue. 

(All doses should be stated in mrem) 

15. Enter the effective dose equivalent for the whole body; 
deep dose equivalent may be used. 

16. Enter the lense of the eye dose equivalent 

17. Enter the shallow dose equivalent to the skin. 

18. Enter the shallow dose equivalent for the skin of the 
extremity receiving the maximum dose. This dose 
equivalent must be greater than or equal to the effective 
dose equivalent for the whole body. 

19. Enter the total effective dose equivalent (TEDE) for 
the individual. The TEDE is the sum of the committed 
effective dose equivalent (12) and the effective dose 
equivalent (15). 

Enter each organ or tissue that received a dose caused 
from intakes of radioactive material. 

Enter the total organ dose equivalent (TODE) for each 
organ or tissue. The TODE is the sum of the committed 
dose equivalent to the organ (14b) and the deep dose 
equivalent (15). 

Enter the cumulative total effective dose equivalent 
(CTEDE) for this individual. 

Enter the dose equivalent to the embryolfetus for a 
declared pregnant worker. 

Signature of the person designated to represent the 
Department or DOE contractor. 

Enter the date this form was prepared. 
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APPENDIX G 
INSTRUCTIONS FOR PREPARING OCCUPATIONAL EXPOSURE DATA SUMMARIES 

(CONTINUED) 

1. Radiat ion ex osure data summaries submitted t o  t he  Radiat ion Records 
Repository sEa1 1 be as f o l l  ows : 

a. I nd i v i dua l  exposure data records are t o  compose an unlabeled ASCII 
f i l e  w i t h  one record per b lock .  

b .  Each exposure data record i s  t o  be o f  a f i x e d  l eng th  conta in ing  
exac t l y  180 characters,  blank padded when necessary. Do not  use 
n u l l s  (ASCII character  0 )  i n  any record.  Terminate each record 
w i t h  a ca r r i age  re tu rn  (ASCII character  13). 

c .  The exposure data f i l e  i s  t o  be e r r o r  checked using the  REMEDIT 
program (ava i l ab le  from the Repository) and a1 1 reported e r ro rs  
resolved p r i o r  t o  t r ansmi t t i ng  the  f i l e  t o  t he  Radiat ion Records 
Reposi tory.  

d. Submit t he  exposure data f i l e  t o  the  Repository on an IBM 
compatible 3 .5"  d i s k e t t e .  1 .44 M8 formatted capac i ty .  

2.  Radiat ion exposure data t o  be sent t o  the  employer o f  a v i s i t i n g  DOE 
cont rac tor  employee may be provided as a r a d i a t i o n  exposure r e p o r t .  

3 .  The "Occupational Exposure Data Summary" and "Occupational Exposure Data 
Summary Explanation" describe each exposure reco rd ' s  format and content .  

OCCUPATIONAL EXPOSURE DATA SUMMARY 

4 .  The f i e l d  s i z e  and column range spec i f i ed  are values requ i red  f o r  use i n  
fo rmat t ing  each record.  Responses are requ i red  t o  i tems 1 through 11. 
Responses t o  i tems 12 through 14 are required where app l icab le .  

5 .  A l l  dose equivalents s h a l l  be i n  u n i t s  o f  m i l l i r e m ,  rounded t o  t he  
nearest whole number and r i g h t  j u s t i f i e d  w i t h i n  t he  appropr ia te  f i e l d  
A blank dose f i e l d  ind ica tes  s p e c i f i c  moni tor ing was no t  conducted. 
Zero dose represents a " less  than measurable" exposure. 

6 .  I nd i v i dua l  exposure data records required t o  be reported t o  t he  
Radiat ion Records Repository sha l l  be formatted as fo l l ows :  



I tem 

Calendar Year 

Soci a1 Secur i ty  Number 

Name 
a.  F i r s t  Name o r  I n i t i a l  
b .  Middle Name o r  I n i t i a l  
c .  Last  Name 

B i r t h  Year 

Sex 

Begin Moni tor ing Date 

End Moni tor ing Date 

Moni tor ing Status 

Organizat ion Code 

F a c i l i t y  Type Code 

Dccupa t i on Code 

Whole Body Dose 
a.  Total  E f f e c t i v e  Dose 

Equivalent 

b .  Deep Dose Equivalent 
- Inc lud ing Neutron 
- Neutron Only 

c .  I n te rna l  Dose 
- Year o f  Intake 
- Radionucl i de (s )  
- Committed E f f e c t i v e  

Dose Equivalent 

- Year o f  Intake 
- Radionucl i de (s )  
- Committed E f f e c t i v e  

Dose Equi valent  

- Intakes Continued 
El sewhere (Y/N) 

Shal l  ow Dose Equivalent t o  
the  Skin 

Shallow Dose Equivalent t o  
t h e  Extremit ies 
a.  Forearms and Hands 
b .  Lower Legs and Feet 

Example 
Code o r  Data 

1995 

123456789 

JOHN 
Q 

DOE 

1942 

M 

010195 

123195 

G 

0567002 

21 

184 
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F i e l d  S ize  
(Characters) 

4 

9 

15 
12 
15 

4 

1 

6 

6 

1 

7 

2 

3 

7 

7 
7 

4 
15 
7 

4 
15 
7 

1 

7 

Column 
Range 

1-4 

5-13 

14-28 
29-40 
41-55 

56-59 

60 - 60 

61-66 

67-72 

73-73 

74-80 

81-82 

83-85 

86 - 92 

93 - 99 
100-106 

107-110 
111-125 
126-132 

133- 136 
137- 151 
152- 158 

159-159 

160- 166 
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OCCUPATIONAL EXPOSURE DATA SUMMARY EXPLANATION 

1 .  CALENDAR YEAR - Enter t he  calendar year f o r  which data are being 
submit ted.  A s i t e  dosimetry record year may d i f f e r  s l i g h t l y  from the 
actual  calendar year due t o  dosimeter processing schedules. Minor 
variances (up t o  2 weeks before o r  a f t e r  January 1) are permissib le as 
long as the  repo r t i ng  per iod  i s  cons is ten t  from year t o  year .  

2 .  SOCIAL  SECURITY NUMBER - Enter the  i n d i v i d u a l  ' s  soc ia l  secu r i t y  number. 
I f  none, en ter  the  i n d i v i d u a l ' s  employee, passport ,  o r  v isa  number 
preceded by an " X "  and l e f t  j u s t i f i e d :  t runcated as necessary. 

3 .  NAME - Enter t he  name o f  the  monitored i n d i v i d u a l  as i t  appears on 
company p a y r o l l  records f o r  a s i t e  employee: o r  as on a d r i v e r ' s  
l i cense ,  passport ,  v i sa ,  o r  other v a l i d  form o f  i d e n t i f i c a t i o n  f o r  a 
v i s i t i n g  i n d i v i d u a l .  

a.  FIRST NAME OR INITIAL - Enter the  f i r s t  name o r  i n i t i a l  i n  upper 
case and l e f t  j u s t i f i e d .  

b .  MIDDLE NAME OR INITIAL - Enter the  middle name o r  i n i t i a l  i n  
upper case and l e f t  j u s t i f i e d .  

c .  LAST NAME - Enter the  l a s t  name i n  upper case and l e f t  j u s t i f i e d .  

4. B I R T H  YEAR - Enter the  year o f  b i r t h  i n  the  format YYYY 

5 .  SEX - Enter "F" f o r  female o r  "Mu f o r  male. 

6 .  BEGIN  MONITORING DATE - Enter the  e a r l i e s t  date moni to r ing  began i n  t he  
format MMDDYY (month-day-year). 

7 .  END MONITORING DATE - Enter the  l a t e s t  date moni to r ing  ended i n  t he  
format MMDDYY. I f  t h e  moni tor ing per iod  o f  a v i s i t i n g  i n d i v i d u a l  
br idges 2 calendar years (see I tem 1, above) and the  i n d i v i d u a l  i s  
provided a s i n g l e  dosimeter f o r  t he  du ra t i on  o f  the  v i s i t ,  t he  exposure 
r e s u l t s  a re  t o  be reported f o r  t he  year t he  dosimeter i s  processed. 
However, i f  a v i s i t i n g  i nd i v i dua l  i s  provided a separate dosimeter i n  
each calendar year ,  a separate repor t  i s  requ i red  f o r  each year .  

8 .  MONITORING STATUS - Enter the  1 - d i g i t  code f o r  the  moni to r ing  s ta tus .  

GENERAL EMPLOYEE: Enter "E"  f o r  an i n d i v i d u a l  employed by the  
repo r t i ng  organ iza t ion  as o f  the  c lose o f  t he  calendar year (see 
I tem 1, above), a v i s i t i n g  research s c i e n t i s t ,  o r  a student.  

MEMBER OF THE PUBLIC: Enter "P" f o r  a member o f  t h e  pub l i c  
(which would inc lude a v i s i t i n g  d i g n i t a r y )  who v i s i t e d  dur ing  the  
calendar year .  
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GOVERNMENT: Enter "G"  f o r  an i nd i v i dua l  who i s  a  DOE employee. 
DNFSB employee o r  cont rac tor ,  a  DOE Headquarters o r  F i e l d  o f f i c e  
support con t rac to r .  IAEA inspector  , e t c  . 

TERMINATED EMPLOYEE: Enter "T" f o r  an i n d i v i d u a l  no longer 
employed by DOE o r  a  DOE con t rac to r ,  an i n d i v i d u a l  who t rans fe rs  
h i s  o r  her employment t o  another DOE o r  DOE cont rac tor  f a c i l i t y  
o r  o f f i c e  t h a t  r e s u l t s  i n  te rminat ion  o f  rad io log i ca l  mon i to r ing .  
an i n d i v i d u a l  who begins a  leave o f  absence o f  g reater  than 12 
months du ra t i on ,  o r  an employee o f  a  cont rac tor  whose cont rac t  
w i t h  DOE has been terminated and the  employee has not  been h i r e d  
by another DOE cont rac tor .  

9 .  ORGANIZATION CODE - Enter the  employer's o rgan iza t ion  code. For a  
member o f  t he  p u b l i c  o r  a  v i s i t i n g  research s c i e n t i s t ,  en ter  t he  
organ iza t ion  code o f  the  repo r t i ng  host .  Organizat ion codes sha l l  be 
obtained from the  Radiat ion Records Reposi tory.  

10. FACIL ITY TYPE CODE - Enter the  code from Table 1 o f  t h i s  appendix f o r  
t he  f a c i  1  i t y  c o n t r i b u t i n g  the  predominant p o r t i o n  o f  t h e  i nd i v i dua l  ' s  
t o t a l  e f f e c t i v e  dose equ iva lent .  Otherwise, i n d i c a t e  t h e  f a c i l i t y  
wherein t h e  greater  p o r t i o n  o f  work serv ice  was performed. 

11. OCCUPATION CODE - Enter the  code from Table 2  o f  t h i s  appendix f o r  t he  
gener ic occupation t h a t  best f i t s  the i n d i v i d u a l ' s  occupational t i t l e .  
Do not  en ter  a  code f o r  a  member o f  the  pub l i c  o r  a  v i s i t i n g  research 
s c i e n t i s t .  

12. WHOLE BODY DOSE - Enter the  appropr iate dose equ iva lent  i n  u n i t s  o f  
m i l  1  i rem, r i g h t  j u s t i f i e d .  Do not  inc lude any occupational dose 
received by the  i nd i v i dua l  dur ing  an o f f - s i t e  v i s i t .  

a.  TOTAL EFFECTIVE DOSE EQUIVALENT - Enter t he  sum o f  t he  deep dose 
equivalent  and the  t o t a l  committed e f f e c t i v e  dose equ iva lent .  

b .  DEEP DOSE EQUIVALENT - Enter the  dee dose equivalent  (i . e . .  the  7 e f f e c t i v e  dose equivalent  t o  t he  who e  body, nominal ly  a t  1 . 0  cm 
depth, from external  r a d i a t i o n  sources). 

Inc lud ing Neutron. 

Neutron on1 y  . 

c .  INTERNAL DOSE - Enter the  committed e f f e c t i v e  dose equ iva lent  due 
t o  i n t e r n a l  uptakes received dur ing  the  calendar year moni to r ing  
was conducted. 
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Year o f  i n take  

Radionucl i de (s )  - Enter the radionucl  ides t h a t  cont r ibu ted 
the  predominant i n t e r n a l  dose (3  radionucl ides maximum - no 
daughter p roducts ) .  

Commi t t e d  e f fec t ;  ve dose equivalent  . 

Year o f  in take 

Radionucl i de (s )  - Enter the  radionucl  ides t h a t  cont r ibu ted 
t o  t he  i n t e r n a l  dose (3  radionucl ides maximum - no daughter 
p roducts ) .  

Committed e f f e c t i v e  dose equivalent  

Uptakes continued elsewhere - Enter " Y "  f o r  Yes o r  "Nu f o r  
No. Submit a separate exposure repo r t  i f  an i n d i v i d u a l ' s  
t o t a l  committed e f f e c t i v e  dose equivalent  i s  due t o  7 o r  
more parent  radionucl  ides .  

13. SHALLOW DOSE EQUIVALENT TO THE SKIN - Enter t he  shal low dose equivalent  
a t  0 .007 cm depth i n  u n i t s  o f  m i l l i r e m ,  r i g h t  j u s t i f i e d  (add any neutron 
dose component reported f o r  deep dose equivalent  1 .  

14. SHALLOW DOSE EQUIVALENT TO THE EXTREMITIES - Enter t he  shal low dose 
equivalent  i n  u n i t s  o f  m i l l i r e m ,  r i g h t  j u s t i f i e d .  When both l e f t  and 
r i g h t  ex t remi t ies  were monitored, record the  higher o f  t h e  r i g h t  o r  l e f t  
dose equ iva lent .  When both ex t remi ty  and whole body dosimeters were 
used dur ing  a moni to r ing  per iod ,  do not  add the  whole body shallow dose 
t o  t he  ex t remi ty  dose. During periods when ex t remi ty  moni to r ing  was 
occas iona l ly  conducted, en ter  t he  sum o f  a1 1 ex t remi ty  dose com onents 
and the  shallow dose equivalent  measured dur ing  the  pe r i od (s )  w g en 
ex t remi ty  dosimetry was no t  worn. I n  a1 1 cases, add any neutron dose 
component reported f o r  deep dose equivalent  . 

a.  FOREARMS AND HANDS - Enter the  dose equivalent  f o r  t he  arm below 
the  e l  bow. 

b .  LOWER LEGS AND FEET - Enter t he  dose equivalent  f o r  t h e  l e g  below 
the  knee. 
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DOE 
m 
001 
110 

T a b l e  1 
FACILITY TYPE CODES 

FACILITY TYPE OR OPERATION (1)  

Accelerator 
Fuel IUrani um Enrichment 
Fuel Fabrication 
Fuel Processing 
Maintenance and Support ( s i  te-wide) 
Reactor 
Research, General 
Research. Fusion 
Waste ProcessinglManagement 
Weapons Fabrication and Testing 
Other 

Workers should be assigned t o  one f a c i l i t y  type where the predominant 
amount o f  the ind iv idual  ' s  work takes place. 

T a b l e  2 
OCCUPATIONAL CODES 

UPATIONAI CATFGORT FS 

UNKNOWN 
MANAGERS AND ADMINISTRATORS 

PROFESSIONAL 
Engineers 
Sc ient is ts  
Health Physicists 
M i  scel 1 aneous Professionals 
Doctors and Nurses 
Technicians 
Health Technicians 
Engineering Technicians 
Science Technicians 
Radiation Moni tors1Technici ans 
M i  scel 1 aneous Technicians 

SALES 
ADMINISTRATIVE SUPPORT AND CLERICAL 

SERVICE WORKERS 
F i r e  f i gh te rs  
Security Guards 
Food Service Employees . - 

Jani tors 
M i  scel 1 aneous Service Employees 

CROSS-REFERENCE 
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G-9 (and G-10) 

DOE 
Lc!RL 

562 
570 
580 

610 
641 
642 
643 
644 
645 
650 
660 

68 1 
682 
690 
710 
771 
780 

820 
821 
825 
830 
840 
850 
910 
990 

(1 

T a b l e  2 
OCCUPATIONAL CODES 

DOE OCCUPATIONAL CATFGllRIFS 

AGRICULTURAL WORKERS 
Grounds keepers 
Forest  Workers 
M i  scel  1 aneous Ag r i cu l t u ra l  Workers 
REPAIR/CONSTRUCTION WORKERS 
MechanicsIRepai re rs  
Masons 
Carpenters 
E l e c t r i c i a n s  
Pa in ters  
Pipe F i t t e r s  
MinersIDr i  1 l e r s  
M i  scel  1 aneous R e ~ a i  rers1Construct i  on 

Workers 
PRECISION/PRODUCTION WORKERS 
Machinists 
Sheet Metal Workers 
Operators. Pl  antlSystemlUti 1 i t y  
Machine SetupIOperators 
We1 ders and Solderers 
M i  scel  1 aneous Preci s i  on1Producti on 

Workers 
TRANSPORT WORKERS 
Truck Dr ivers  
Bus Dr ivers  
Pi  l o t s  
Equipment Operators 
M i  scel  1 aneous Transporters 

HANDLERS/LABORERS/HELPERS 
M I L I T A R Y  PERSONNEL 
MISCELLANEOUS WORKERS 

CROSS- REFERENCE 
SOCCODEO) 

Refers t o  the  Department o f  Commerce's Standard Occupational 
C l a s s i f i c a t i o n  (SOC) Manual (1980). 
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SECURITY 

STANDARD OPERATING PROCEDURE 

1.0 PURPOSE 

This Standard Operating Procedure (SOP) establishes the methods and responsibilities for 
maintaining site security required by DOE Notice 473.6. 

REFERENCES 

DOE Notice 231.1, 9/18/00 

DOE Notice 2.51 .do, 5/3/01 

Presidential Decision Directive 39 on U.S. Policy on Counterterrorism, 
June 21,1995 

Exemption Request Procedures for Authorization of Low-Level Radioactive Waste 
(LLW) and Mixed Low-Level Radioactive Waste (MLLW) Shipments, Ofice of 
Integration and Disposition 

DEFINITIONS 

This security condition (SECON) exists when a general threat of possible terrorist activity exists, but 
warrants only routine security measures associated with daily operations. Requires normal operating 
condition. 

This security condition applies to a possible threat of terrorist activities and generally enhances 
security awareness responsibilities. There is an increased general threat of possible malevolent or 
terrorist activity against personnel and facilities, the nature and extent of which are unpredictable, 
and circumstances do not justify full implementation of SECON-3 measures. It may be necessary, 
however, to implement certain selected measures from higher SECONs to address intelligence 
received or to act as a deterrent. All measures selected for use under SECON-4 must be capable of 
being maintained indefinitely. 

I:\DOECUX)~U~O~SQ~OPS~SOP~~-~.DOC WEISS ASSOCIATES Project Number: 128-4107 



Standard Operating Procedures SOP NO. 43.1 
LEHR ~nvirinmental Restoration / Waste Management Rev. 0 11114101 
DOE Contract No. DE-AC03-96SF20686 Page 2 of 5 

This security condition is used when an increased and more predictable threat of terrorist activity 
exists and may increase access controls to include additional personnel and vehicle barriers. The 
measures in this SECON must be capable of being maintained for weeks without causing undue 
hardship, affecting operational capability, or aggravating relations with the local community. In 
addition to the measures required by SECON-4, SECON-3 measures should be implemented. 

This security condition is set when a terrorist incident occurs or intelligence information is received 
indicating that some form of terrorist action is imminent, and requires specific protection measures to 
be put in place. Intelligence is received indicating that some form of malevolent or terrorist action 
against personnel and facilities is imminent. Implementation of measures in this SECON for more 
than a short period probably will create hardship and affect the routine activities of the site and its 
personnel. 

This is the most serious security condition declared in the immediate area where a terrorist attack has 
occurred which may effect the site or when an attack is initiated on the site. It significantly increases 
protective measures and may require additional protective elements along with those in SECON-2. 
Implementing this SECON will create hardship and affect the activities of the site and its personnel. 
Normally, this SECON is declared as a localized condition. 

4.0 RESPONSIBILITIES 

4.1 Project Manager 

The Project Manager (PM) is responsible for ensuring that all applicable SECON measures are 
implemented at the site in a timely manner after receipt of notification of applicable SECON. 

4.2 Waste Coordinator 

The Waste Coordinator (WC) is responsible for ensuring that security measures applicable to waste 
storage, handling, and shipping activities are implemented. 

4.3 Site Records Administrator 

The Site Records Administrator (SRA) is responsible for inspecting incoming mail and packages. 

WEISS ASSOCIATES Project Number: 128-4107 
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4.4 Site Health and Safety Officer 

The Site Health and Safety Officer is responsible for informing the site staff of applicable and 
appropriate security measures. 

4.5 Delegation 

Responsibilities may delegated, but delegations must be documented. The PM is responsible for 
ensuring the person to whom the work is delegated has qualifications commensurate with the 
responsibilities being assigned. 

5.0 APPLICABLITY 

This SOP applies to all work performed at LEHR and the Cobalt-60 Irradiator Facility. Until further 
notice, this procedure applies to shipments of LLW and MLLW only. 

6.0 SECURITY MEASURES 

Normal site operations will continue. No additional security measures are required. 

6.2 SECON-4 

[Reserved] 

6.3 SECON-3 

[Reserved] 

6.4 SECON-2 

[Reserved] 

6.5 Requirements for Shipment of Low-Level Radioactive Waste or Mixed Low-Level 
Radioactive Waste 

Additional requirements shall be implemented in accordance with directives provided by the DOE 
Office of Integration and Disposition (OID) or other DOE department(s). Under SECON-3 and 
SECON-2, a suspension of LLW and MLLW shipments may be imposed. The OID has developed 
procedures for granting exceptions to such suspension. In order to obtain an exemption from an 
order requiring suspension of all LLW or MLLW, an exemption form (Attachment 8.2) must be 
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completed, signed and approved by the DOE Headquarters (HQ) Office and the OID. The PM will 
ensure that the exemption request form is completed, will sign the form and provide it to the DOE 
PM for HQ approval. 

To obtain approval of the exemption request, the PM will certify that the following actions have been 
completed or will be completed prior to shipment, as required by OID: 

The WC has obtained a list of the drivers that will be entering the LEHR 
facilities prior to the pickup of the shipment. 

The WC has verified that each driver is a citizen of the United States. This may 
be done by obtaining a signed statement from the carrier certifying that all 
drivers assigned to the LEHR site are United States (US) citizens. Alternatively, 
the WC shall obtain the US passport or a combination of a birth certificate and 
driver's license from each driver and verify that they are US citizens. 

The WC has obtained a copy of each driver's commercial drivers license (CDL) 
with proper hazardous materials endorsement. The WC has matched the CDL to 
the driver and to the list of drivers supplied by the carrier. 

The WC has conducted safetylsecurity inspections of all incoming and outgoing 
shipments, in accordance with Section 6.5.1 of this SOP. 

The WC has verified that all vehicles are equipped with tracking (e.g. 
Qualcomm) andlor voice communication (e.g. cell phones) hardware. The WC 
has instructed the driver to demonstrate that the tracking system is operational. 

After the completed exemption request has been approved by DOE HQ, the PM will forward the 
signed request to the OID for approval. The form will be provided to Beverly Cook via fax at 
(301) 903-1398. 

Additional information regarding the exemption request approval process may be obtained from the 
following contacts at the OID: 

Josh Williams (301) 903-7179 

Karen Guevara (301) 903-498 1 

Michael Conroy (301) 903-2728 

Tracy Mustin (301) 903-4688 

6.5.1 Inspections 

When required by the OID or other DOE department(s), the WC will inspect all trucks used for 
shipping LLW or MLLW waste from the site to a treatment, storage, andfor disposal facility. 
Shipments of sample quantities are exempt from this requirement. The inspection will be conducted 
visually with the objective of identifying suspect conditions, including but not limited to the presence 
of explosives and incendiary, biological, or chemical devices. 
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The inspection will be conducted as close in time as possible to the departure of the truck from the 
departure location. The inspection will include: 

Visual observation of the truck cabin for suspect items (such as clock 
mechanisms, wires, powders, suspicious packages, gas cylinders, respirators, 
etc.); 

Verification that all locking mechanisms on the truck are operational; 

Inspection of the undercarriage for suspect items; 

Inspection of all cargo compartments; 

Inspection of engine compartment; 

Inspection of all locked compartments; and, 

Inspection of vehicle for suspect odors. 

In addition, the WC will ask the driver the questions listed in Attachment 8. 1. If the WC finds that 
the driver cannot satisfactorily answer the questions andlor there is cause for suspicion, the WC shall 
immediately contact the PM for additional guidance. If the WC suspects any illegal activity or the 
presence of contraband, the WC will immediately contact the UC Davis Police Department and the 
PM for further instructions. 

7.0 RECORDS 

The SRA will control and maintain records generated as a result of this SOP in the project record 
files in accordance with Standard Quality Procedure 4.2, Records Management. 

8.0 ATTACHMENTS 

8.1 Vehicle Security Check Form 

8.2 Exemption Request for Low-Level Radioactive Waste or Mixed Low-Level 
Radioactive Waste Shipments 

WEISS ASSOCIATES Project Number: 128-4107 
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ATTACHMENT 8.1 

VEHICLE SECURITY CHECK FORM 

WEISS ASSOCIATES Project Number: 128-4107 
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VEHICLE SECURITY CHECK 

Driver Name: 

Vehicle License Number: 

Date: 

Security Check Performed By: 

The driver of the vehicle should be asked the following questions: 

Has the vehicle been under the driver's control since leaving 
the carrier's facilities? 

Has the vehicle been locked when the driver is away from the vehicle? 

Has the driver accepted any packages or materials for transport prior to 
arriving at LEHR? 

Has the required security inspection of the vehicle been performed? 

Is the voice communication or tracking system operational? 

Document Verification 

Verify that the identity of the driver matches the documentation provided. 

Is the driver's name on the list of drivers provided by the carrier? 

Additional Comments: 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

WEISS ASSOCIATES Project Number: 128-4107 
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ATTACHMENT 8.2 

EXEMPTION REQUEST FOR LOW-LEVEL RADIOACTIVE 
WASTE OR MIXED LOW-LEVEL RADIOACTIVE WASTE 

SHIPMENTS 
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We are requesting an exemption to make the following shipments for the weekly period noted: 

- - - - -- - -- - - -- 

To ensure the safety of the DOE shipments of radioactive material, we verify that we have implemented the following procedures: 

FOR TRUCK SHIPMENTS: 

Shipping Site 

Ll Required a list of the drivers that will be entering the DOE facilities be provided to the site prior to the pickup of the shipment. 
Verified that each driver is a citizen of the United States. 

0 Required a copy of the driver's Commercial Drivers License with proper hazardous materials endorsement. 
Ll Conducted safetylsecurity inspections of all incoming and outgoing shipments, such as for explosives and other devises, as detailed in Measure 18 of 

DOE Notice 473.6, Security Conditions. 
0 Verified tracking (Qualcomm) andlor voice communication (cell phones) is available for all carriers. 

Week 
Period 

FOR RAIL SHIPMENTS: 

Material 

O Receive daily notification of the location of the cardtrain. 
0 Have a mechanismlplan to be notified of any suspicious occurrences with railcars andlor rail line (e.g., diversion attempts, sabotage attempts andlor 

derailments). 
0 Conducted safetylsecurity inspections of all incoming and outgoing shipments, such as for explosives and other devises, as detailed in Measure 18 of 

DOE Notice 473.6, Security Conditions. 
0 Ensured the railroad maintains central dispatch communication with rail cars. 

Volume 

FOR ALL SHIPMENTS: 

Units Mode 

I3 Check here if additional information is attached 

Signature and Title, sitelf0 Requesting Official Signature and Title of HQ Requesting Officialsignature and Title of Approving Official 

Receiving Site 

Date: Date: Date: 

Number of 
Shipments 
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