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PREFACE

This Field Sampling Plan (FSP) is Volume II of the four-volume Work Plan.
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1.0 SUMMARY OF SAMPLING ACTIVITY

This Field Sampling Plan (FSP) summarizes the field operations and standard operating procedures to be

conducted by Brown & Root Environmental (B&R Environmental) for the Operable Unit 3 (OU3) Remedial

Investigation/Feasibility Study (RifFS) field activities for the Naval Industrial Reserve Ordnance Plant

(NIROP), Fridley, Minnesota.

The O~3 field investigation will consist of sampling unsaturated soil, shallow groundwater, intermediate

groundwater and deep groundwater. Unsaturated soil and shallow groundwater samples will be collected

at 48 locations using a direct-push method. Ten background samples will be collected using a hand

auger. Shallow, intermediate, and deep groundwater samples will be collected from 6 new well nest

locations (18 wells). The proposed sampling locations are recommended but may be moved slightly

based on specific field conditions. The actual sampling locations are contingent on the clearance of

utilities/structures and will be adjusted in the field as necessary in coordination with NIROP personnel and

the Minnesota Pollution· Control Agency (MPCA) onsite representative. The OU3 field investigation is'

anticipated to last approximately 17 weeks. Samples will be sent to a fixed-base laboratory for chemical

analysis. Additional analyses will be performed onsite using field equipment. Section 2.0 identifies the

locations and analyses for the soil and groundwater samples to be collected for the OU3 investigation.

A conceptual site model of the anticipated subsurface conditions was constructed to better demonstrate'

the data collection methodologies and to demonstrate the possible contaminant pathway of a dense

nonaqueous-phase liquid (DNAPL) and its associated vapor envelope. The. conceptual site model 'is

presented as Figure 1-1. Generally, the groundwater is shallow (approximately 25 feet bgs) and flows

south/southwest at the facility. The model shows a water-table aquifer, a clay layer that is discontinuous

beneath the area under investigation, an intermediate aquifer, a deep clay layer that is discontinuous

beneath the site, and a deep aquifer. Bedrock beneath the deep aquifer is anticipated to be the St. Peter

Sandstone. Groundwater in the deep aquifer is shown to flow westward. The model was used to assist in

the construction of the field operations approach to meet the objectives of this investigation.

This FSP consists of 11 sections. Section 1.0 presents this introduction. Section 2.0 details the sampling'

investigation design and rationale. Section 3.0 details sample custody and shipment procedures.

Section 4.0 outlines the sample container, sample preservation, maximum holding time, and volume

requirements. Section 5.0 consists of sample handling requirements including the field-related

considerations concerning the documentation of field activities, sample identification, sample packaging,
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and shipment requirements. Section 6.0 details the decontamination procedures for field personnel,

equipment, sampling devices, and sampling bottles. Section 7.0 details all aspects of environmental

sampling procedures. Section 8.0 details the collection of field-related quality control samples.

Section 9.0 details field instrument calibration, field measurement procedures, and field scree~ing

procedures. Section 10.0 provides field instrument preventive maintenance procedures and schedules

and field corrective action. Section 11.0 discusses sample disposal procedures. S&R Environmental field

documentation forms ~nd Standard Operating Procedures (SOPs) for these field activities are included in

Appendices A and S, respectively.
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2.0 SAMPLE NETWORK DESIGN AND RATIONALE

2.1 OVERVIEW

This section describes the sample network design and rationale to achieve the data quality objectives

outlined in Section 4.1 of the Work Plan and the Federal Facilities Agreement (FFA). Specifically, data are

needed to identify Chemicals of Potential Concern (COPCs) and the concentration and general location

(both vertical and horizontal) of these COPCs within the unsaturated and saturated zones within OU3:

Data are needed to characterize geologic conditions that might indicate the presence of free-phase dense

non-aqueous phase liquids (DNAPLs). Finally, data are needed to support the chemical fate and transport

modeling, risk assessment, and engineering feasibility studies of potential remedies (e.g., biodegradation)

for potential source removal/control.

The sample network design (Figure 2-1) is divided into two phases based on the sample collection

techniques. Phase I involves the collection of unsaturated zone soil samples and shallow groundwater

samples using a direct-push technique. Background soil samples will also be collected during Phase I

using a hand auger. These background samples will be used to supplement background samples

collected during the OU2 RI. Phase II involves the collection of additional groundwater samples and

geologic data using a Rotosonic drilling methodology to install monitoring wells. The following sections

describe key assumptions used in developing the sample design, the sensitivity of the design to these

assumptions, and how these assumptions will be tested through the data collection effort. The discussion

of assumptions is followed by the rationale for the number of samples to be collected at each location and

the rationale for the selection of sample locations for each investigative phase. Finally, several tables are

provided in which the proposed field sampling activities are summarized. If the results show that one or

more of the assumptions are incorrect, then it may be necessary to adjust the sample network design

(e.g., sample additional locations). The need for additional investigations will be evaluated after

completion of Phase I.

2.2 KEY ASSUMPTIONS

1. It is assumed that the groundwater containment system installed in accordance with the OU1

Record of Decision (ROD) is operational and that the Navy controls all development of

groundwater sources on its property. This prevents any future migration of contaminants off site

and eliminates the exposure pathway through groundwater. This assumption focuses the OU3 RIIFS

049605/P eTO 0003
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data needs for identifying the most cost-beneficial engineering alternatives for restoring the

groundwater to the goals established in the OU1',ROD.

2. 'The OU2 RI report is complete and addresses sources in the soils outside the NIROP

building; no further data are required to address sources in OU2, as defined. The sample

design strategy is sensitive to this assumption, since no sampling in soils outside the building are

planned. The OU2 RI results will be incorporated into the OU3 RI Report by reference. New data

collected during the "North 40 Barrel Removal Project" will be incorporated into the OU3 RI Report,

as appropriate. Background concentrations determined for OU2 will be used in the OU3 analysis.

Ten additional background samples will be collected during the OU3 RI to supplement the OU2

background data.

3. Contaminants in the saturated zones .outside the footprint of the main industrial plant

building can be sufficiently characterized with data from existing monitoring wells and data

from the seismic study planned by the United States Geological Survey with the possible

exception of up to two additional intermediate and deep monitoring wells to be located

outside the northwestern corner of the building. The addition of any monitoring wells outside the

building footprint is dependent on an ongoing evaluation of the existing groundwater containment

model and the Phase I results. The sample design strategy is sensitive to this assumption, since no

additional groundwater investigations outside the building are planned (unless the ongoing evaluation

of the existing groundwater containment model confirms that additional intermediate and deep wells

are needed) beyond the ongoing quarterly groundwater monitoring program for OU1.

4. An industrial land use is assumed as the only reasonably foreseeable land use at the site.

This assumption is consistent with current use and zoning, and there are no Navy plans to close the

operations at NIROP. Region V EPA is preparing the justification necessary to validate the industrial

land use scenario as the only reasonably foreseeable land use. The exposure area is identified as

the soils under the building, and the receptors are assumed to be occasional construction/utility

workers. The sample network is designed to characterize the human health risk across the exposure

area.

5. Areas of Concern (AOCs) identified in the Site Evaluation Report (Brown & Root

Environmental, September 1995) as modified (Brown & Root Environmental, February 1996)

and as modified (Brown & Root Environmental, January, 1997) are the potential sources of'

049605/P eTO 0003
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chemical releases within the NIROP building. There are three mechanisms which could have

resulted in releases of chemicals from the AOCs to the environment: direct release through a

drywell; diffusion through concrete-lined sumps and pits; and leaks in sanitary and storm sewers.

. The most likely release mechanism is through drywells. Drywells were unlined and provided a direct

pathway to underlying soils and groundwater. Sumps and pits are the next most likely mechanism

for releases. Finally, it is assumed that a chemical release from an AOC not directly related to a

drywell or sump/pit would travel to the nearest downgradient floor drain. The mechanism for a

release to the environment through floor drains would be through any leak in the associated sanitary

or storm sewer line. These assumptions will be tested by sampling at or near the nearest release

mechanism associated with an AOC and comparing results from samples taken from beneath the

NIROP building in areas not associated with any known release mechanism.

6. Sampling AOCs associated with similar plant operations will yield information valid for

estimating chemical source potential at other AOCs within the same grouping. This

assumption will be tested by evaluating the variability of data within groupings of AOCs.

7. Identifying likely locations of leaks in sewer lines is impractical, given the significant network

of sanitary and storm sewers in the NIROP building. Chemicals entering in a sewer line could

travel various distances before exiting a leak in the sewer system. Minor leaks are suspected to

exist in the sewer systems, and releases to soil and groundwater through this mechanism are

considered likely, It is assumed that potential chemical releases through leaks in sewer systems

can be identified by tracking shallow soil and shallow groundwater plumes. High chemical

concentrations in areas of the shallow groundwater not associated with an identified AOC could be a

result of a leak in the nearest sewer line. To test this assumption, it is necessary to have spatial

distribution of sample points throughout the NIROP building. Samples will be collected from the

nearest floor drains of selected AOCs not associated with a drywell or sump/pit. Supplementary

sampling points not associated with any known AOC will also provide spatial coverage inside the

bUilding.

8. The only currently identified contaminants of concern (COCs) in groundwater are volatile

organic compounds (VOCs); the primary COC is trichloroethlene (TCE). This COC is

consistent with known operational activities and disposal practices at NIROP. The Remedial

Investigation (RI) for OU2 also identified several carcinogenic polyaromatic hydrocarbons (cPAHs) in

the soils north of the building,. Investigations of operational practices within the NIROP building and

•

• •

"
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limited environmental investigations within the building suggest the potential for releases of other

chemicals to the soils under the building. These chemicals include metals such as cyanide. volatile

organic compounds (VOCs), semivolatile organic compounds (SVOCs), polychlorinated biphenyls

(PCBs), and diesel range and gasoline range organics (ORO/GRas). Based on the assumption that

some operations within the plant might have moved in the past and the concern that releases might

have occurred anywhere along a sewer line, analysis for this. list of chemicals is proposed at all

sample points until actual data support a change in this assumption.

9. Based on estimated plume concentrations and data obtained during the East Plating

Investigation (Halliburton NUS Corporation, May 1995), DNAPLs are assumed to exist beneath

the NIROP building. Sampling procedures are sensitive to indicators of the presence of ONAPLs to

avoid the potential of accelerating vertical migration of ONAPLs. If ONAPLs are indicated at a

sampling location (via high [>100 ppm)) flame ionization detector (FlO) head-space readings and

visual inspection with ultraviolet light), drilling activities will cease until a determination is made as to

whether it is prudent to proceed. (See Section 7.3 for detailed discussion of procedure.)

10. No additional investigation of the Prairie du Chien (bedrock) aquifer is necessary.

Contaminant concentrations in the unconfined aquifer located above the bedrock aquifer indicate

DNAPLs may be present in the unconfined aquifer. There is a risk that drilling into the bedrock

aquifer may create a DNAPL transport pathway to the bedrock aquifer. In addition, VOC

concentrations were not detected in the bedrock aquifer during the most recent sampling event

(RMT, Inc., April 1996). Although this is a key assumption, the Navy has agreed to postpone a

decision regarding the installation of monitoring wells in the bedrock aquifer until the results from the

hydrologic investigation proposed in this plan are reviewed.

2.3 PHASE I - SOILS AND SHALLOW GROUNDWATER INVESTIGATION

The unsaturated zone soil sampling is proposed to (1) identify COPCs; (2) determine the concentration

and general location of the COPCs; (3) evaluate the potential human health risk; (4) quantify the potential

for migration of the COPC to groundwater; and, (5) identify conditions which are indicative of the presence

of free-product source areas. Direct-push technology will be used to collect discrete soil samples at each

sampling location. Two of the soil samples will be submitted for analysis at a fixed-base laboratory. The

first soil sample will be collected from the interval of 0 to 2 feet below the concrete floor of the plant. The

depth interval of the second soil sample to be submitted for fixed-base chemical analysis will be

determin~~ using field gas chromatograph (GC) screening analysis. As further described in Section 7.3,

049605/P eTO 0003
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the sample in the 2 to 12 foot interval with the highest field GC results will be collected and submitted for

laboratory analysis. These depths were selected to characterize the vertical variability of COPCs in soils

and include those soils that correspond to the expected construction worker exposure scenario. Soil

samples collected between 12 feet and the termination depth of the OPT and well borings will be analyzed

using the field GC. The data collected below 12 feet will be used in evaluating protection of groundwater.

Ten background soil samples will also be collected at the background sample locations used during the

OU2 RI. These samples will be collected using a stainless steel hand auger from a depth interval of 1 to

3 feet. They will be analyzed for hexavalent chromium and TOC only, and the resulting data will be used

in conjunction with the background sample data obtained during the OU2 RI.

The collection of a single groundwater sample is also proposed from the same sample location using the

direct-push technology (see Section 7.2.1) to create a temporary well point. The groundwater sample will

be collected from the shallow region of the upper aquifer (within the top 5 feet of the groundwater table).

The groundwater sample will support (1) characterization of the concentration and general location of

COPCs in the shallow aqUifer; (2) characterization of the potential for migration of COPCs from the soil to

groundwater; (3) identification of potential upgradient sources; and (4) identification of conditions which •

are indicative of the presence of free product source areas.

Based on the assumptions outlined in Section 2.2, a stratified approach was used to select sample

locations in order to fully characterize chemical distributions under the NIROP building, The process is

described below and is summarized in Table 2-1.'

1. All drywells were selected for sampling, since they are considered the most likely mechanism for

chemical releases to the environment.

2. The remaining AOCs were grouped (stratified) according to facility operations to yield 7 major

. groupings and 22 miscellaneous AOCs that did not· fall into a group. The 7 major groups were

(1) 1,1,1-TCAITCE tank storage, (2) degreasing, (3) heat treatment, (4) machining, (5) painting, (6)

Pepset tank storage, and (7) plating. This grouping also provided a general grouping of process

related chemicals.

3. To minimize the chance of introducing unconscious biases into the sampling design, the AOCs within

each of ttie 7 major groups were randomized using a standard random-number generator. •
049605/P CT00003



•

" ., ;j

"

TABLE 2-1

SAMPLINGRATIONALE SUMMARY
NIROP FRIDLEY, MINNESOTA

PAGE 1 OF 8

NIROP Fridley
Vol. II: FSP
Revision: 2

Date: June 1997
Section: 2

Page 9 of 35

'.

Facility
Process Operationl Likely Chemicals Sampling Rationale for Sampling

Group(1) AOC Description (By Class) Point? Point Selection

1 1 1,1,1-TCA Tank VOCs No Not part of random sample.

1 2 1,1,1-TCATank VOCs No Not part of random sample.

1 3 Sump in Receiving VOCs Yes Not selected originally, but later selected

Area Near 1,1,1-TCA to provide greater coverage to NW

Tanks comer ofNIROP main building and to
provide sump sample.

1 4 1,1,1-TCA Tank VOCs Yes Random tank sample.

2 5 1,1 ,1-TCA Degreaser VOCs, DRO/GRO No Not part of random sample.

1 6 1,1,1-TCA Tank VOCs Yes Random tank sample.

1 7 1,1,1-TCA Tank VOCs Yes Not selected originally, but later selected
to provide greater coverage to NW
comer of NIROP main bldg.

2 8 1,1 ,1-TCA Degreaser VOCs, DRO/GRO Yes Not selected originally, but added to
increase areal coverage of degreasing
operations.

1 9 1,1,1-TCA Tank VOCs No Not part of random sample.

1 10 1,1,1-TCA Tank VOCs No Selected originally, but changed to AOC
3 to provide greater coverage of NW
comer of NIROP main building and to
provide sump sample.

1 11 1,1,1-TCA Tank VOCs No Selected originally, but changed to AOC
7 to achieve increased coverage of NW
corner of NIROP main bldg.

1 12 1,1,1-TCA Tank VOCs . No Not part of random sample.
1 13 1,1,1-TCA Tank VOCs No Not part of random sample.

1 14 1,1,1-TCA Tank VOCs Yes Random tank sample.

Misc. 15 Holding Tanks Unknown Yes Unknown associated contaminants.
(machine shop area)

2 16 Vapor Degreaser and VOCs, DRO/GRO Yes ' Not selected originally, but later selected
Sump because this was one of the older,

larger vapor degreasers.

Misc. 17 Wash Rack Sump DRO/GRO, PAHs Yes Unique operation.

2 18 Vapor Degreaser and VOCs, DRO/GRO Yes Random Degreaser operation sample.
Sump

2 19 1,1,1-TCA Degreaser VOCs, DRO/GRO No Not part of. random sample.

4 20 Machine Oil Sump DRO/GRO, VOCs, No Not part of random sample.
PCBs ~

2 21 Vapor Degreaser and VOCs, DRO/GRO

~
Not part of random sample.

. Sump

2 22 1,1 ,1-TCA Degreaser VOCs, DRO/GRO No Not part of random sample.
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Facility
Process Operation/ Likely Chemicals Sampling Rationale for Sampling
Group(1) AOC Description . (By Class) Point? Point Selection

2 23 Vapor Degreaser and VOCs, DRO/GRO Yes Not selected originally, but later added

Sump because this was one of the older,
larger vapor degreasers.

1 24 1,1,1-TCA Tank VOCs No Not part of random sample.

1 25 1,1,1-TCA Tank VOCs No Not part of random sample.

Misc. 26 Solvent Booth Pit and VOCs, DRO/GRO, Yes Unique operation.
Trench PCBs

Misc. 27 Sump for Gun DRO/GRO, VOCs Yes Unique operation.
Assembly

Misc. 28 Drywell in Diesel DRO/GRO Yes One of 8 drywells.
Room

Misc. 29 Pit and Drywell in Metals, Yes One of 8 drywells.
Foundry DRO/GRO, VOCs,

Phenols, PCBs

4 30 Drywell in Machine Metals, Yes One of 8 drywells.
Shop DRO/GRO, VOCs,

PCBs

2 31 1,1 ,1-TCA Degreaser VOCs, DRO/GRO No Not part of random sample.

Misc. 32 OillWater Separator DRO/GRO Yes Unique operation.
Sump

Misc. 33 Degreaser Pit in SVOCs, VOCs Yes Unique operation.
: Foundry (Phenols,

aromatics,
aliphatics,

formaldehyde,
pyridine,

isocyanate,
alcohols, amines)

Misc. 34 Sump in Maintenance VOCs, DRO/GRO Yes Unique operation.
5 35 Paint Storage, Mixing Metals, VOCs Yes Random paint operations sample/one

and Spray, and of 8 drywells
Drywell

5 36 Paint Spray Pit Metals, VOCs Yes Not selected originally, but later selected
to achieve coverage of SE corner of
NIROP main building.

Misc. 37 Methanol Sump VOCs Yes Unique operation.
Misc. 38 Trichloroethene Tank VOCs Yes Large tank/distribution system.

and Distribution
System

2 39 Vapor Degreaser Pit VOCs, DRO/GRO Yes Randqm Degreaser operation sample

•

•
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Facility

Process Operation/ Likely Chemicals Sampling Rationale for Sampling

Group(1) AOC Description (By Class) Point? Point Selection

2 40 Vapor Degreaser Pit VOCs, DRO/GRO No Selected originally, but initially changed
to AOC 43 and later changed to AOC 74

to achieve better coverage of the
expected contaminated area for group 2.

2 41 Vapor Degreaser Pit VOCs, DRO/GRO No Not part of random sample.
.. and Sump

2 42 Degreaser Pit VOCs, DRO/GRO No Not part of random sample.

2 43 Vapor Degreaser VOCs, DRO/GRO No Not selected originally, but later selected

to achieve better coverage of the
expected contaminated area for

operations group 2, and then later

replaced by AOC 74 to achieve better

coverage.

7 44 Sump Pit in Plating Metals, VOCs, No Not part of random sample.

Inorganics,

DRO/GRO

3 45 Drywell in Heat Metals, No Was selected originally, but was moved

Treating Inorganics, PCBs to AOC 36 to provide coverage to the

southeast corner of NIROP main

bUilding and to eliminate duplicate

sampling of similar heat treatment
operations (croup 3).

3 46 Drywell in Heat Metals, Yes, Random Heat treating sample/one of 8
Treating sample Inorganics, PCBs drywells

2 47 Degreaser Still VOCs, DRO/GRO Yes Random Degreaser operation sample.

2 48 Degreaser and VOCs, DRO/GRO No Deleted from original sampling point list
Parcolube Pit because more than enough coverage of
(Lubrication) degreasing operations was available.

2 49 Degreaser Still VOCs, DRO/GRO No Not part of random sample.

7 50 Drywell in Plating Metals, VOCs, Yes Random plating operations sample/one
Inorganics, of 8 drywells.
DRO/GRO

2 51 Vapor Degreaser VOCs, DRO/GRO No Selected originally, but changed to AOC

8 to achieve better coverage of

degreasing operations (group 2).

7 52 Sumps in Plating Metals, VOCs, No Not part of random sample.

Inorganics,

DRO/GRO

3 53 , Pit and Sump in Heat Metals, No Not part of random sample.
Treating Inorganics, PCBs
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Facility
Process Operationl likely Chemicals Sampling Rationale for Sampling
Group(1) AOC Description (By Class) Point? Point Selection

Misc. 54 Sludge Pit Metals, Yes Unique operation.
Inorganics, VOC,

SVOCs,
DRO/GRO, PAHs,

PCBs

Mise,' 55 Drywell in Paved Drainage for Yes Area of expected low contamination/one
Court rainwater water,

r
of 8 drywells.

paint shop runoff

2 56 1,1 ,1-TCA Degreaser VOCs, DRO/GRO No Not part of random sample.

2 57 1,1,1-TCA Degreaser VOCs, DRO/GRO No Not part of random sample.

2 58 Vapor Degreaser VOCs, DRO/GRO Yes Random degreaser operation sample.

4 59 Machine Oil Sump DRO/GRO, VOCs, No Selected originally but changed to AOC
PCBs 70 to provide greater coverage.

7 60 Plating Chemical Metals, VOCs, No Selected originally, but deleted because
Storage Inorganics, plating chemical storage operations

DRO/GRO should be similar to cyanide storage
(AOC 62) located in same general area.

Misc. 61 Oil/Solvent Storage VOCs, DRO/GRO, No Selected originally, but replaced by
Room PCBs supplementary point downgradient of

East Plating.

Misc. 62 Cyanide Storage InorganicS No Selected originally, but deleted because
storage is in dry, solid form.

6 63 Pepset Tank SVOCs, VOCs Yes Random Pepset tank sample.
(Phenolic-based (Phenols.
aromatic and aliphatic aromatics,
compound resin aliphatics,
binder for foundry formaldehyde,
sand) pyridine,

isocyanate,
alcohols, amines)

6 64 Pepset Tank SVOCs, VOCs No Not part of random sample.
(Phenolic-based (Phenols,
aromatic and aliphatic arom~tics,

compound resin aliphatics,
binder for foundry formaldehyde,
sand) pyridine,

isocyanate)

Misc. 65 Waste Compactor Paper,.wood, No Innocuous waste
garbage,

Misc. 66 Incinerator Charging VOCs and waste No Selected originally, but replaced by
Room oil supplementary point 12.

•

•
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Facility
Process Operationl Likely Chemicals Sampling Rationale for Sampling

Group(1) AOC Description (By Class) Point? Point Selection

Mise, 67 No.2 Diesel Fuel DRO/GRO No Selected originally but deleted because

Storage Tank virgin fuel regulated under state UST
program. Sampling at AOC 28 will

..
\... provide information on this AOC.

Misc. 68 Industri.al Wastewater Metals, Yes Unique oper~tion.

Treatment Plant Inorganics, VOC,
SVOCs,

DRO/GRO, PAHs,
PCBs

1 69 TCE Storage Tank VOCs No Not part of random sample.

4 70 Vertical Boring DRO/GRO, VOCs, Yes Not selected originally, but later selected

Machine Sump PCBs to achieve better coverage of operations

group 4.

Misc. 71 Dry Well Outside of Uncertain Yes Only drywell outside building.

Building

Misc. 72 Waste Oil/Solvent DRO/GRO, VOCs, No Selected originally, but replaced by

Storage Tank PCBs supplementary point 12.

Misc. 73 Coolant Recycling DRO/GRO, VOCs, Yes Unique operation.

System PCBs

2 74 Solvent Distillation VOCs Yes Not selected originally, but later selected

Units in Paint Shop to achieve better coverage of operations
"Kitchen" group 2.

2 75 1,1,1-TCA Distillation VOCs No Not part of random sample.
Unit (Controlled
Waste Storage
Room)

'Supple- N/A 26th Ave, 19E Uncertain Yes To provide data from area expected to
mentary show little to no contamination.

P01

Supple- N/A 24th Ave, 1E Uncertain Yes To provide data from area expected to
mentary show little to no contamination.

P02

Supple- N/A 23rd Ave South. Uncertain Yes To provide data from area expected to
mentary 29.5W show little to no contamination.

P03

Supple- N/A 22nd Ave North, 19W Uncertain Yes To provide contaminant migration
mentary information on sampling point for AOC

P04 16.

Supple- N/A 22nd Ave, 11 E Uncertain Yes To provide coverage of eastern area of
mentary NIROP main building suspected to show

P05 little to no contamination.
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Supple- N/A 15th Ave, 18W Uncertain Yes To provide data on contaminants that

mentary might have migrated from northern

P06 areas of NIROP main building.

Supple- N/A 14th Ave, 4W Yes To provide data on contaminants that
mentary Uncertain might have migrated from northern

P07 areas of NIROP main bUilding.

Supple- N/A 10th Ave, 26W Uncertain Yes To provide contaminant migration
mentary information on sampling point for AOC

P08 39.

Supple- N/A 8th Ave, 10E Uncertain Yes To improve areal coverage in southeast
mentary comer of NIROP main building.

P09

Supple- N/A 7th Ave, 19W Uncertain Yes To provide sampling location near
mentary southwest comer of NIROP main

P10 building.
Supple- N/A 9th Ave, 17W Uncertain Yes To provide contaminant migration
mentary information on the East Plating Shop.

P11
Supple- N/A 9th Ave, 23E Uncertain Yes To provide.coverage of AOCs 66 and
mentary 72.

P12
Well1S N/A Shallow depth well as Uncertain Yes To obtain shallow depth groundwater

near as possible to samples; accessibility to drill rigs.
25th Ave. and
Broadway

Well 11 N/A Intermediate depth Uncertain Yes To obtain intermediate depth
well as near as groundwater samples; accessibility to
possible to 25th Ave. drill rigs.
and Broadway

Well1D N/A Deep well as near as Uncertain Yes To obtain deep groundwater samples;
possible to 25th Ave. accessibility to drill rigs.
and Broadway

Well2S N/A Shallow depth well as Uncertain Yes To obtain shallow depth groundwater
near as possible to samples; accessibility to drill rigs.
20th Ave., 21.5W

Well 21 N/A Intermediate depth Uncertain Yes To obtain intermediate depth
well as near as groundwater samples; accessibility to
possible to 20th Ave, drill rigs.
21.5W

Well2D N/A Deep well as near as Uncertain Yes To obtain deep groundwater samples;
possible to 20th Ave., accessibility to drill rigs. .
21.5W

Well3S N/A Shallow depth well as Uncertain Yes To obtain shallow depth groundwater
near as possible to samples; accessibility to drill rigs.
17th Ave., 17E

•

•
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Facility
Process Operationl Likely Chemicals Sampling Rationale for Sampling
Group(1) AOC Description (By Class) Point? Point Selection

Well 31 N/A Intermediate depth Uncertain Yes To obtain intermediate depth
well as near as groundwater samples; accessibility to
possible to 17th Ave., drill rigs.
17E

Well 3D N/A Deep well as near as Uncertain Yes To obtain deep groundwater samples;
possible to 17th Ave., accessibility to drill rigs.
17E

Well4S N/A Shallow depth well as Uncertain Yes To obtain shallow depth groundwater
near as possible to samples; accessibility to drill rigs.
15th Ave., 10W

Well 41 N/A Intermediate depth Uncertain Yes To obtain intermediate depth
well as near as groundwater samples; accessibility to
possible to 15th Ave., drill rigs.
10W

Well4D N/A Deep well as, near as Uncertain Yes To obtain deep groundwater samples;
possible to 15th Ave., accessibility to drill rigs.
10W

Well5S N/A Shallow depth well as Uncertain Yes To obtain shallow depth groundwater
near as possible to samples; accessibility to drill rigs.
8th Ave., 23W

Well 51 N/A Intermediate depth Uncertain Yes To obtain intermediate depth
well as near as groundwater samples; accessibility to
possible to 8th Ave., drill rigs.
23W

Well5D N/A Deep well as near as Uncertain Yes To obtain deep groundwater samples;
possible to 8th Ave., accessibility to drill rigs.
23W

Well6S N/A Shallow depth well as Uncertain Yes To obtain shallow depth groundwater
near as possible to samples; accessibility to drill rigs.
11th Ave., 10E

Well 61 N/A Intermediate depth Uncertain Yes To obtain int.ermediate depth
well as near as groundwater samples; accessibility to
possible to 11th Ave., drill rigs.
10E

Well6D N/A Deep well as near as Uncertain Yes To obtain deep groundwater samples;
possible to 11th Ave., accessibility to drill rigs.
10E

Back- N/A OU2 background N/A Yes To obtain background concentrations for
ground #1 sample location TOC and hexavalent chromium in soils;

OU2 background sample location.
Back- N/A OU2 background N/A Yes To obtain background concentrations for

ground #2 sample location TOC and hexavalent chromium in soils;
OU2 backQround'sample location.

Back- N/A OU2 background N/A Yes To obtain background concentrations for
ground #3 sample location TOC and hexavalent chromium in soils;

OU2 backQround sample location.
Back- N/A OU2 background N/A Yes To obtain background concentrations for

ground #4 sample location TOC and hexavalent chromium in soils;
OU2 backQround sample location.

Back- N/A OU2 background . N/A Yes To obtain background concentrations for
ground #5 sample location TOC and hexavalent chromium in soils;

OU2 backaround sample location.
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Back- N/A OU2 background N/A Yes To obtain background concentrations for
ground #6 sample location TOC and hexavalent chromium in soils;

OU2 backQround sample location.
Back- N/A OU2 background N/A Yes To obtain background concentrations for

ground #7 sample location TOC and hexavalent chromium in soils;
OU2 backQround sample location.

Back- N/A OU2 background N/A Yes To obtain background concentrations for
ground #8 sample location TOC and hexavalent chromium in soils;

OU2 background sample location.
Back- N/A OU2 background N/A Yes To obtain background concentrations for

ground #9 sample location TOC and hexavalent chromium in soils;
OU2 backaround sample location.

Back- N/A OU2 background N/A Yes To obtain background concentrations for
ground sample location TOC and hexavalent chromium in soils;

#10 . OU2 backaround sample location.

ORO
GRO
N/A
PAH
PCBs
SVOCs
1,1,1-TCA
TCE
VOCs

Diesel Range Organics
Gasoline Range Organics
Not Applicable
Polynuclear Aromatic Hydrocarbons
Polychlorinated Biphenyls
Semivolatile Organic Compounds
1,1,1-Trichloroethane
Trichloroethene
Volatile Organic Compounds

•
Facility Process Groups are as follows:
1 =1,1,1-TCAfTCE Tank Storage
2 =Degreasing
3 =Heat Treatment
4 = Machining
5 = Painting
6 = Pepset Tank Storage
7 = Plating
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4. Approximately one third of the AOCs in each of the major seven groups were selected for sampling.

Exceptions to this scheme were implemented later to effect better coverage of certain NIROP main

building areas, etc. (see step 5, below).

5. All miscellaneous AOCs, except AOC 65 (waste compactor), were initially selected for sampling.

This enabled coverage of 21 locations associated with relatively unique or spatially isolated facility

operations. The waste compactor, where innocuous paper, wood, and general trash were compacted,

was excluded since no eopcs are associated with this operation.

6. After assigning sampling locations at drywells and other AOes, the following changes were made to

the sampling point allocation:

e.

. a. The sampling point at AOC 11 was moved to AOC 7 because those locations are associated

with the same operation (group 1) and because sampling at the relatively isolated point 7

provides increased coverage to that area of the NIROP main building.

b. The sampling point at AOe 10 was moved to AOe 3 because there were enough TCE tank

sampling points (group 1) and because sampling the sump in the receiving area provides

increased coverage to this area at a relatively unique location.

c. The sampling point at AOC 51 was moved to AOC 8 to achieve increased areal coverage to

degreasing operations (group 2).

d. The sampling point at AOC 48 was deleted because more than enough areal coverage was

jUdged to be available for degreasing operations (group 2).

e. The sampling point at AOe 45 was moved to AOC 36 to provide coverage of the southeast

corner of the main building and to eliminate duplicate sampling of similar heat treatment

operations (group 3).

•
.f.

049605/P

The sampling point at AOC 40 was moved to AOC 43 and then later to AOC 74 to achieve

increased areal coverage of the expected contaminated area for group 2.

eTO 0003



NIROP Fridley
VoL II: FSP
Revision: 2

Date: June 1997
Section: 2

Page 18 of 35

g. The sampling point at AOC 60 was deleted because plating chemical storage operations

should be similar to cyanide storage (AOC 62), even though the chemicals are different.

These two operations are also located in the same general area; therefore, the need for both

sampling points was eliminated. The sampling point at AOC 62 was later deleted (during the

premobilization mee'ting held with the EPA and MPCA on May 13, 1997) because the cyanide

is stored as a dry solid which is not expected to be a source of contamination to the

subsurface.

h. The sampling point at AOC 59 was moved to AOC 70 to provide increased areal coverage of

the expected contaminated area for group 4.

•

i. Sampling points not associated with an AOC were then placed in areas where sampling points

were sparse. These points will help test the assumption that the identified AOCs are the only

sources within the building and will provide better areal coverage for characterizing the general

subsurface conditions under the NIROP main building. The locations of these supplementary

sampling points are:

• 26th Ave, 19E

• 24th Ave, 1E (this was moved from 24th Ave, 1W during the premobilization meeting due

to proposed construction interferences)

•

049605/P

•
•

•

•
•
•

•

•

23rd Ave South, 29.5W

22nd Ave North, 19W (this was moved from 14th Ave, 7E during the premobilization

meeting due to inaccessibility of equipment)

22nd Ave, 11 E (this was moved from 21st Ave, 11 E during the premobilization meeting

due to inaccessibility of sampling equipment

15th Ave, 18W

14th Ave, 4W

10th Ave, 26W (this was moved from 21st Ave, 26W during the premobilization meeting

because AOC 16 is expected to be a more likely contamination source than AOC 18)

9th Ave, 17W (substituted for AOC 61 at the premobilization meeting to provide

contaminant migration information on the East Plating Shop)

9th Ave, 23E (substituted for AOCs 66 and 72 at the premobilization meeting; located at

the nearest drain downgradient of AOCs 66 and 72)

eTO 0003
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As stated above, sampling as close to the potential AOC release point as possible is desired. Restrictions

are expected which will limit the ability to sample at the ideal location. Restrictions include the presence of

underground utilities and sewers, limited access by sampling equipment, and current plant operations. A

premobilization meeting is planned with the Field Operations Leader (FOL), Navy, United Defense,..
Minnesota Pollution Control Agency (MPCA), and U.S. Environmental Protection Agency (U.S. EPA) to

identify the exact locations of all sampling points. If a sample cannot be collected at the desired location,

the sampling point should be located downgradient (Le., south to southwest) of the AOC. If this is not

possible, the sampling point should be located as closely as practicable to the AOC location or another

AOC should be selected that will provide approximately the same spatial coverage of the building.

Sampling points associated with chemical storage areas will be located at the nearest drain judged most

likely to have received overflows or leaks from the tanks. The supplementary sampling locations (see 6i, .

above) were selected to identify areas that are not expected to be affected by chemical releases and

should be sited at the locations described above without regard to proximity to AOCs. (The

premobilization meeting was held on May 13, 1997; adjustments to the sampling locations resulting from

this meeting are noted in this work plan.)

The FOL will mark all sampling points with spray paint and measure the location of each point to three

building columns (building columns are on a measured grid system). Any changes to sample locations

after the premobilization meeting will be discussed with the onsite MPCA representative and documented

in the field logbook. The FOL will strive to meet the intent of the ·sampling strategy presented above.

Initial sampling and analysis is designed to provide spatial information on chemicals. Supplementary

sampling points at locations on 22nd Avenue North and 10th Avenue (see 6i, above) are placed to provide

chemical migration information (extent of migration downgradient from the source point) on sampling

points for AOCs 16 and 39, respectively. However, if chemicals are not detected at AOCs 16 or 39, some

of the utility of those points could be lost. In addition, sample collection will not be performed

.simultaneously at all sampling points, and analytical data will be returned in approximately. one month from

the time a sample is collected. Therefore, sampling of all supplementary sampling points should be

scheduled to follow the sampling of AOC sampling points. As data return from the analytical laboratory,

the utility of collecting samples at the supplementary sampling locations will be evaluated by the FOL, the

B&R Environmental Task Order Manager, the MPCAfield inspector, the Navy, and the U.S. EPA. If the
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utility is judged to be unacceptably low, alternate supplementary sampling should be selected

approximately .15 to 20 feet downgradient of locations where higher chemical concentrations are detected.
,

Judgment of the utility of supplementary sampling information will be based on the existing level of

knowledge concerning the locations and concentrations of chemicals. It will include consideration of the

number and nature of chemicals detected at AOCs 16 and 39, and the concentrations of chemicals

detected at those AOCs.

The data from initial investigations will be used to design additional. sampling and analysis strategies, if

required. When practicable, the data from the initial investigation will be evaluated as it returns from the

analytical laboratories to evaluate the effect of these findings on the assumption made above. Also, the

data will be used to estimate the uncertainties associated with the identified chemical distributions, and to

focus the list of chemicals of interest if further investigation is required. Spatial modeling techniques, such

as Kriging (geostatistical analysis of data) techniques, will be used in evaluating the d~ta as described

above.

2.4 PHASE II - SHALLOW/INTERMEDIATEiDEEP GROUNDWATER INVESTIGATION

This phase of the investigation involves the drilling, installation, and sampling of six nests of shallow,

intermediate, and deep groundwater monitoring wells (Figure 2-1). Data from this phase of the

investigation are expected to provide information on the subsurface lithology and conditions which might

indicate the presence of DNAPLs, the vertical and horizontal magnitude and extent of chemical

concentrations in the groundwater, and engineering parameters for the evaluation of potential remedial

alternatives. The locations of the well nests are primarily driven by the desire to obtain the maximum

spatial coverage under the NIROP building. As with Phase I, physical access to the desired areas by

drilling equipment is a major limitation. A meeting will be held between the Navy, MPCA and EPA

following collection of the Phase I data to review monitoring well locations. Final locations will be

determined during the premobilization meeting.

The Rotosonic drilling method (see Section 7.2.2) was selected for the collection of groundwater samples

for this site based on knOWledge of underlying geologic conditions (Le., tills, heaving sands). This

technique provides a continuous core from the borehole for recording lithology and monitoring for the

presence of DNAPLs. At each well nest location indicated on Figure 2-1, a single deep well, single

intermediate well, and single shallow well will be drilled. The deep well will be installed first and will be

continuously sampled for lithologic characterization and DNAPL indicators. The deep well will be

•

•
049605/P CT00003



"".I .

NIROP Fridley
Vol. II: FSP
Revision: 2

Date: June 1997
Section: 2

Page 21 of 35

completed just above bedrock, assuming no free-product DNAPL areas are encountered.. The shallow

and intermediate wells will be completed based on the information obtained from the deep well.

Groundwater samples will be collected at all three depths at each well nest location.

2.5 SAMPLE NETWORK SUMMARY TABLE

Table 2-2 provides a summary of the number of locations and depths for all samples to be collected and

submitted for fixed-base laboratory analysis during Phases I and II of the NIROP Fridley OU3 RI.

Additional soil samples will be collected for field screening as described in Section 7.3.1.

Soil and groundwater samples will be sent to a fixed-base laboratory for analysis of Target Compound List

(TCl) VOCs, TCl SVOCs, TCl PCBs, Target Analyte List (TAL) metals (total and dissolved), and cyanide

as indicated in Tables 2-3 and 2-4, respectively. Representative soil samples and background samples

will be analyzed for hexavalent chromium (Cr+6) and Total Organic Carbon (TOC). In addition,

18 groundwater samples (6 from the shallow aquifer; 6 from the intermediate aquifer; 6 from the deep

aquifer) will be analyzed for the following parameters to support the evaluation of potential remedial

alternatives:

• Total suspended solids

• Total alkalinity as calcium carbonate (CaC03)

• Total hardness as CaC03

• Sulfate

• Nitrate

• Nitrite

• Dissolved chloride

• Dissolved bromide

• Dissolved phosphate

• Dissolved methane

Field parameters for soils involve head-space readings with a FlO and field GC analysis for volatile

organic compounds. Field parameters for groundwater are water temperature, turbidity, pH, specific

conductance, Eh, dissolved .ferrous (reduced) iron, dissolved reduced manganese, hydrogen sulfide, and

dissolved oxygen.

049605/P eTO 0003
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Sample Analyses'"
TCl TCl Natural

Sample locationl2KJI Sample Sample Volatile Semivolatile TAL Metalsl TCl Attenuation and Rationale
NumberlType(41 Depth (ttl Organic Organic Cyanide PCBs Cr+6 TOC EnglneerinM

Compounds Compounds . Parameters I

AOC3 003-58-003-01 (7) X X X X Location of existing sump. 5ump use

003-58-003-0X (8) X X X X not known.

003-TW-003-01 (9) X X X X

AOC4 003-58-004-01 (7) X X X X X X Location of former TCA tank.

003-58-004-0X (8) X X X X X X

003-TW-004-01 (9) X X X X

AOC6 003-58-006-01 (7) X X X X X Location of former TCA tank.

003-58-006-0X (8) X X X X X

003-TW-006-01 (9) X X X X

AOC 7 003-58-007-01 (7) X X X X X Location of former TCA tank. .
003-58-007-OX (8) X X X X X,

003-TW-007-01 (9) X X X X

AOCs 8 &9 003-58-008-01 (7) X X X X X Location of former TCA tank and vapor

003-58-008-0X (8) X X X X X degreaser.

003-TW-008-01 (9) X X X X

AOCs 13 & 14 003-58-013-01 (7) X X X X X Location of former TCA tanks.

003-58-013-0X (8) X X X X X

003-TW-013-01 (9) X X X X

AOC15 003-58-015-01 (7) X X X X X X Location of former holding tanks.

003-58-015-0X (8) X X X X X X Holding tanks' use not known.

003-TW-015-01 (9) X X X X

AOC16 003-58-016-01 (7) X X X X X Location of former vapor degreaser and

003-58-016-0X (8) X X X X X sump.

003-TW-016-01 (9) X X X X

AOC17 003-58-017-01 (7) X X X X X Location of wash rack sump used as a

003-58-017-OX (8) X X X X X naphthalene spray booth.

003-TW-017-01 (9) X X X X

AOC18 003-58-018-01 (7) X X X X X Location of vapor degreaser and sum"

003-58-018-0X (8) X X X X X

003-TW-O18-01 (9) X X X X

(')
-io
o
oo
c..>



~
<0
m
o
~
lJ

• •
TABLE 2-2

SUMMARY OF PROPOSED SAMPLlNG(1)
NIROP FRIDLEY, MINNESOTA

PAGE 2 OF 9

•

~o
o
oo
v>

Sample Analyses'"
TCL TCl Natural

Sample location(2K3) Sample Sample Volatile Semivolatile TAL Metalsl TCL Attenuation and Rationale
NumberlType(41 Depth (ft) Organic Organic Cyanide PCBs Cr+6 TOC EnglneerlnR

Compounds Compounds Parameters I

AOC23 003-5B-023-01 (7) X X X X Location of former vapor degreaser and
003-5B-023-0X (8) X X X X sump.
003-TW-023-01 (9) X X X X

AOC26 003-5B-026-01 (7) X X X X Location of solvent booth pit and

003-5B-026-0X (8) X X X X trench.
003-TW-026-01 (9) X X X X

AOC27 003-5B-027-01 (7) X X X X X Location of sump formerly used as a
003-5B-027-OX (8) X X X X X metals plating bath.
003-TW-027-01 (9) X X X X

AOC28 003-5B-028-01 (7) X X X X X Location of drywe.U In diesel room.
~ ~ . ..

003-5B-028-0X . (8) X X X X X -
. 003-TW-028-01 (9) X X X X

o·

AOC29 003-5B-029-01 (7) X X X X X Location of pit and drywell. Pit use .

003-5B-029-0X (8) X X X X X hot known.

003-TW-029-01 (9) X X X X

AOC30 003-5B-030-01 (7) X X X X X X Location of drywell in pit which holds

003-5B-030-0X (8) X X X X X X a furnace and multiconductor.

003-TW-030-01 (9) X X X X

AOC32 003-5B-032-01 (7) X X X X Location of oil/water separator sump.

003-5B-032-0X (8) X X X X

003-TW-032-01 (9) X X X X

AOC33 003-5B-033-01 (7) X X X X Location of degreaser pit.

003-5B-033-0X (8) X X X X

003-TW-033-01 (9) X X X X

AOC34 003-5B-034-01 (7) X X X X Location of former sump. 5ump use

003-5B-034-0X (8) X X X X not known.

003-TW-034-01 (9) X X X X

AOC35 003-5B-035-01 (7) X X X X X X Location of paint area and drywell. -
003-5B-035-0X (8) X X X X X X

003-TW-035-01 (9) X X X X ,
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Sample Analyses'·'
TCl TCl Natural

Sample location(2KJ) Sample Sample Volatile Semivolatile TAL Metalsl TCl Attenuation and Rationale
NumberlType(4

) Depth (tt) Organic Organic Cyanide PCBs Cr+6 TOC EngineerinR
Compounds Compounds Parameters )

AOC36 003-SB-036-01 (7) X X X X X Location of former paint spray pit.

003-SB-036-0X (8) X X X X X

003-TW-036-01 (9) X X X X

AOC37 003-SB-037-01 (7) X X X X Location offormer methanol sump.

003-SB-037-OX (8) X X X X

003-TW-037-01 (9) X X X X

AOC38 003-SB-038-01 (7) X X X X Location of former trichloroethylene

003-SB-038-0X (8) X X X X (TCE) tank.

003-TW-038-01 (9) X X X X

AOC39 003-SB-039-01 (7) X X X X X Location of former vapor degreaser pit.

003-SB-039-0X (8) X X X X X

003-TW-039-01 (9) X X X X

AOC46 003-SB-046-01 (7) X X X X X X Location of former drywell in heat

003-SB-046-0X (8) X X X X X X treating.

003-TW-046-01 (9) X X X X

AOC47 003-SB-047-01 (7) X X X X Location of former degreaser still.

003-SB-047-0X (8) X X X X

003-TW-047-01 (9) X X X X

AOCSO 003-SB-OSO-01 (7) X X X X X Location of former drywell in plating.

003-SB-OSO-OX (8) X X X X X

003-TW-OSO-01 (9) X X X X

AOCS4 003-SB-054-01 (7) X X X X Location of former sludge pit. Sludge

003-SB-054-0X (8) X X X X type not known.

003-TW-OS4-01 (9) X X X X

AOCSS 003-SB-OSS-01 (7) X X X X Location of former drywell. Drywell

003-SB-OSS-OX (8) X X X X use not known.

003-TW-OSS-01 (9) X X X X

AOCS8 003-SB-OS8-01 (7) X X X X Location of former vapor degreaser.

003-SB-OS8-0X (8)
0

X X X X

003-TW-OS8-01 (9) X X X X
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Sample Analysesl "

•

Sample locatlonl2K31 Sample
NumberfType(41

Sample
Depth (ft)

TCl TCl
Volatile Semivolatile
Organic Organic

Compounds Compounds

TAL Metalsl
Cyanide

TCl
PCBs Cr+6 TOC

Natural
Attenuation and

EnglneertnR
Parameters )

Rationale

AOC63

AOC68

AOC70

003-SB-063-01 X X Location of former Pepset tank.
003-SB-063-0X X X
003-TW-063-01 I (9) I X I X I X I X

1003-SB-068-01 (7) X X X X I I X I ILocation of industrial wastewater
/003-SB-068-0X. (8) X X X X I I X I /treatment plant.
003-TW-068-01 (9) X X X X

003-SB-070-01 X X Location of boring machine sump~

003-SB-070-0X X X

.'.,

AOC 71
I 003-TW-070-01 (9) X X X X . .-,_._

003-SB-071-01 (7) X X X X X Location of only drywell outside .' I <;,~

003-SB-071-0X (8) X X X X X building.
003-TW-071-01 (9) X X X X

AOC73

AOC74

26th Ave.. at
Column 19E

24th Ave. at
Column 1E

23rd Ave. South
at Column 29.5W

1003-SB-073-01 I (7) I X I X I X L I X H I ILocation of coolant recycling sy!!tem.
003-SB-073-0X (8) X . X X· X
003-TW-073-01 I (9) I X I X I X I X

003-SB-074-01 (7) X X X X I I I ILocation of solvent distillation units in
003-SB-074-0X (8) X X X X I I -1 Ipaint shop "kitchen:
003-TW-074-01 (9) X X X· X

1003-SB-P01-01 I (7) I X I X I X I X 1---1 I ITO fill data gap.
003-SB-P01-0X (8) X X X X
003-TW-P01-01 I (9) I .X I X I X I· X

1003-SB-P02-01 I (7) I X I X I X I X 1---1 I ITO fill data gap.
003-SB-P02-0X (8) X X X X
003-TW-P02-01 I (9) I X I X I X I X

1003-SB-P03-01 I (7) I X I X I X I X H I ITO fill data gap.
003-SB-P03-0X (8) X X X X
003-TW-P03-01 I (9) I X I X I X I X

:'
~...

22nd Ave. North 003-SB-P04-01 (7) X X X X To fill data gap. 0

~ I at Column 19W 003-SB-P04-0X (8) X X X X ~ ~ < ~
o 003-TW-P04-01 (9) X . X X X (II (JI ~ ~ 2. ~o N(Il~<' v
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Sample Analyses'"
TCl TCl Natural

Sample locationl2K3) Sample Sample Volatile Semivolatile TAL Metalsl TCl Attenuation and Rationale
NumberlType(4) Depth (ft) Organic Organic Cyanide PCBs Cr+6 TOC EngineerlnN

Compounds Compounds Parameters I

22nd Ave. at 003-SB-P05-01 (7) X X X X To fill" data gap.
Column 1.1E 003-SB-P05-0X (8) X X X X

003-TW-P05-01 (9) X X X X
15th Ave. at 003-SB-P06-01 (7) X X X X To fill data gap.

Column 18W 003-SB-P06-0X (8) X X X X
003-TW-P06-01 (9) X X X X

14th Ave. at 003-SB-P07-01 (7) X X X X To fill data gap.
Co)umn4W 003-SB-P07-OX (8) X X X X

003-TW-P07-01 (9) X X X X
10th Ave. at 003-SB-P08-01 (7) X X X X To fill data gap.
Column26W 003-SB-P08-0X (8) X X X X

003-TW-P08-01 (9) X X X X

8th Ave. at 003-SB-P09-01 (7) X X X X To fill data gap.
Column 10E 003-SB-P09-0X (8) X X X X

003-TW-P09-01 (9) X X X X

7th Ave. at 003-SB-P10-01 (7) X X X X To fill data gap.
Column 19W 003-SB-P10-0X (8) X X X X

003-TW-P10-01 (9) X X X X

9th Ave. at 003-SB-P11-01 (7) X X X X To provide contaminant migration information
Column 17W 003-SB-P11-0X (8) X X X X on the East Plating Shop.

003-TW-P11-01 (9) X X X X

9th Ave. at 003-SB-P12-01 (7) X X X X To provide coverage of AOCs 66 and 72.
Column 23E 003-SB-P12-0X (8) X X X X

003-TW-P12-01 (9) X X X X
Well BRE-1S To obtain shallow depth
Shallow depth groundwater samples.

well at the middle 003-MW-01 S-01 NA X X X X X
of 25th Ave. and

Broadway
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Sample Analyses'"
TCl TCl Natural

Sample location(2){J) Sample Sample Volatile Semivolatile TAL Metalsl TCl Attenuation and Rationale
NumberITypel41 Depth (tt) Organl~ Organic Cyanide PCBs Cr+6 TOC EngineerlnR

Compounds Compounds Parameters )

Well BRE-11 To obtain intermediate depth groundwater
Intermediate samples.

depth well at the 003-MW-011-01 NA X X X X X
middle of 25th Ave.

and Broadway
Well BRE-1D To obtain deep groundwater samples.

Deep well
at the middle of 003-MW-010-01 NA .X X X X X -
25th Ave. and --_.

Broadway _.

Well BRE-2S To obtain shallow depth groundwater
"" . ,.

Shallow depth samples.
well at 20th Ave. 003-MW-02S-01 NA X X X X X

and Column 21.5W - ,,'--.

Well BRE-21 To obtain intermediate depth ..
. -

Intermediate depth "
groundwater samples.

well at ~Oth Ave. 003-MW-021-01 NA X X X X X
and Column 21.5W

Well BRE-2D To obtain deep groundwater samples.
Deep well at 003-MW-02D-01 NA X X X X X

20th Ave. and
Column 21'.5W
Well BRE-3S To obtain shallow depth groundwater

Shallow depth samples.
well at the middle 003-MW-03S-01 NA X X X X X
of .17th Ave. and

Column 17E
Well BRE-31 To obtain intermediate depth groundwater
Intermediate samples.

depth well at the 003-MW-031-01 . NA X X X X X n
middle of 17th Ave.

and Column 17E()
-lo
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Sample Analyses'·'
TCl TCl Natural

Sample locatlonl2H3) Sample Sample Volatile Semivolatlle TAL Metalsl TCl Attenuation and Rationale
NumberfType(4) Depth (ft) Organic Organic Cyanide PCBs Cr+8 TOC EnglneerinN

Compounds Compounds Parameters I

Well BRE-3D To obtain deep groundwater samples.
Deep well at the

middle of 17th Ave. 003-MW-03D-01 NA X X X X X
and Column 17E

Well BRE-4S To obtain shallow depth groundwater
Shallow depth samples.

well at the 003-MW-04S-01 NA X X X X X
middle of 15th Ave.
and Column 10W

Well BRE-41 To obtain intermediate depth
Intermediate depth groundwater samples.
well at the middle 003-MW-041-01 - NA X X X X X
of 15th Ave. and

Column 10W
Well BRE-4D To obtain deep groundwater samples.

Deep well at the 003-MW-04D-01 NA X X X X X
middle of 15th Ave.
and Column 10W

Well BRE-5S To obtain shallow depth groundwater
Shallow depth samples.

well at the middle 003-MW-05S-01 NA X X X X X
of 8th Ave. and
Column 23W
Well BRE-51 To obtain intermediate depth

Intermediate depth groundwater samples.
well at the 003-MW-051-01 NA X X X X X

middle of 8th Ave.
and Column 23W

Well BRE-5D To obtain deep groundwater samples.
Deep

well at the middle 003-MW-05D-01 NA X X X X X -

of 8th Ave. and
Column 23W
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Sample Analysesl >'

TCL TCL Natural
Sample Location(2}(31 Sample Sample Volatile Semlvolatile TAL Metalsl TCl Attenuation and Rationale

NumberlType(41 Depth (ttl Organic Organic Cyanide PCBs Cr+8 TOC EnglneerinR
Compounds 'Compounds Parameters I

Well BRE-6S To obtain shallow depth groundwater
Shallow depth well at samples.

the middle of 003-MW-06S-01 NA X X X X X
11th Ave.

and Column 10E
Well BRE-61 To obtain intermediate depth

Intermediate depth groundwater samples.
well at the middle 003-MW-061-01 NA X X X X X
of 11th Ave. and .,.

Column 10E
Well BRE-6D To obtain deep groundwater samples.

Deep well at the 003-MW-06D-01 NA X X X X X
middle of 11th Ave.

and Column 10E .-
Background 1 003-SU-B01-01 1-3 X X To fill background data gap.
Background 2 003-SU-B02-01 1-3 X X To fill background data gap.
Background 3 003-SU-B03-01 1-3 X X To fill background data gap.
Background 4 003-SU-B04-01 1-3 X X To fill background data gap.
Background 5 003-SU-B05-01 1-3 X X To fill background data gap.
Background 6 003-SU-B06-01 1-3 X X To fill background data gap.
Background 7 003-SU-B07-01 1-3 X X To fill background data gap.
Background 8 003-SU-B08-01 1-3 X X To fill background data gap.
Background 9 003-SU-B09-01 1-3 X X To fill background data gap.
Background 10 003-SU-B10-01 1-3 X X To fill background data gap.

2
3
4
5

~
o
ooo
(,.)

This table does not include samples to be collected for field screening only (Le., no fixed-base laboratory analyses). Additional soil samples will be collected for field
screening as described in Section 7.3.1. Sample numbers for all samples, including those for field screening only, will be assigned as described in Section 5:2.
A discussion of each Area of Concern (AGC) is included in the Site Evaluation Report (Brown & Root Environmental, September 1995).
The samples will be collected as near the specified point as possible. It is anticipated that the sampling locations will be adjusted in the field because of site constraints,
SB - soil boring sample; SU - subsurface soil sample; TW - groundwater sample collected from temporary well; MW - groundwater sample collected from permanent well.
All soil samples will be analyzed on site for volatile organic compounds using a field GC. Field parameters for all groundwater samples will include pH, specific conductance,
temperature, dissolved oxygen, and turbidity. 0
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Notes:
Cr+6
NA
PCBs
TAL
TCl
TOC
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SUMMARY OF PROPOSED SAMPLlNG(1
)

NIROP FRIDLEY, MINNESOTA
PAGE 9 OF 9

Natural attenuation parameters include fixed-base laboratory analysis for sulfate, nitrate, nitrite, dissolved chloride, dissolved bromide, dissolved phosphate. and dissolved
methane as well as field analysis for pH, dissolved oxygen, temperature, oxidation reduction potential (or Eh), dissolved ferrous iron, dissolved reduced manganese, and
hydrogen sulfide. Engineering parameters include total suspended solids (TSS), alkalinity as CaC03, and hardness as CaC03.
Sample collected at a depth of 0 to 2 feet below the concrete floor.
Sample collected at a depth of ·X" feet below the concrete floor. (The sample in the 2 to .12 foot interval with the highest field GC results will be submitted for fixed-base
laboratory analysis.) The ·X" shown here in the sample number will be replaced by the. sample depth indicator (as described in Section 5.2) on the chain of custody and
sample label.
Sample will be collected from top 5 feet of water table.

Hexavalent Chromium
Not Applicable
Polychlorinated biphenyls
Target Analyte List
Target Compound List
Total Organic Carbon
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Matrix Spikel
Total(1)Analysis Methodology Samples Field Rinsate Trip Ambient Source Water Matrix Spike

Duplicates Blanks Blanks Blanks Blanks Duplicates

TCl(2)Volatile Organic ClPSOW 96 10 TBD(4) TBD TBD TBD 5 106+
Compounds OlM03.1(3)

TCl Semivolatile Organic ClPSOW 96 10 TBD NA(5) TBD TBD 5 106+
Compounds OlM03.1

TCl Polychlorinated ClPSOW 96 10 TBD NA TBD TBD 5 106+
Biphenyls OlM03.1

,

TAl(6) Metals (total) ClPSOW 96 10 TBD NA TBD TBD 10 106+
IlM04.0(7)

Cyanide ClPSOW 96 10 TBD NA TBD TBD 10 106+
IlM04.0

Total Organic Carbon Lloyd Kahn(B) 34 3 NA NA NA NA 4 37+
(TOC)

Hexavalent Chromium(9) SW-846(10) 44 5 TBD NA TBD TBD 5 49+
3060Al7196A

Field GC Volatiles Field GC SOP TBD 1 per TBD TBD TBD TBD 1 per TBD
(Appendix C of 10 samples 20 samples

QAPP)
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Totals do not include the number of ambient blanks, matrix spike/matrix spike duplicates, rinsate blanks, source water blanks, and trip blanks. (See
footnote 4.)
TCl - Target Compound List.
U.S. EPA (U. S. Environmental Protection Agency) Contract laboratory Program (ClP), 1994, Statement of Work for Organics Analysis, Multi-Media,
Multi-Concentration, OlM03.1.
TBD - Rinsate blanks will be generated at a rate of one per ten samples of like matrix with a minimum of one per day of sampling (per sampling device).
For pre-cleaned, dedicated, or disposable sampling equipment, one rinsate blank will be collected as a "batch blank." Trip blanks will be generated at a
frequency of one per cooler containing samples for volatile organic analysis. Number of ambient blanks will be determined on site depending on
conditions during sampling (e.g., organic vapors or exhaust are present, windy and dusty conditions occur). Source water blanks will be generated at a
rate of one per potable water source used for equipment decontamination. Field GC analysis will be performed for all soil samples. li? z
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TABLE 2-3

FIELD SAMPLE SUMMARY - SOIL
NIROP FRIDLEY, MINNESOTA

PAGE 2 OF 2

5 NA - Not Applicable.
6 TAL - Target Analyte List.
7 U.S. EPA CLP, 1995, Statement of Work for Inorganic Analysis, Multi-Media Multi-Concentration, ILM04.0.
8 U.S. EPA, Region II, Environmental Services Division, Monitoring Management Branch, Lloyd Kahn, Determination of Total Organic Carbon in Sediment.
9 Quality control results of hexavalent chromium analyses may necessitate fixed-base laboratory analysis of those soil samples designated for matrix spike

analysis for pH, oxidation-reduction potential, ferrous iron, and sulfides. Based on holding time requirements (see Table 4-1) these additional analyses will
be performed immediately upon receipt for samples. Further detail is provided in SOP LTL-7014 (Appendix A of QAPP).

10 U.S. EPA, 1986. Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods. SW-846, 3rd ed.
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FIELD SAMPLE SUMMARY - GROUNDWATER
NIROP FRIDLEY, MINNESOTA

PAGE 1 OF 2
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Source Matrix Spike'
Analysis Methodology Samples Field Rinsate Trip Ambient Water Matrix Spike Total(l)

Duplicates Blanks Blanks Blanks Blanks Duplicates

Water Quali~ Field SOP SA.1-1 TBD 7 NA NA NA TBD NA TBD
Parameters( )

TCl(3) Volatile Organic SW-8468260A(16) 66. 7 TBD(5) TBD TBD TBD 4 73+
Compounds

TCl Semivolatile Organic ClP SOW OlM03.1 (4) 66 7 TBD NA(6) TBD TBD 4 73+
Compounds

TCl Polychlorinated ClP SOW OlM03.1 66 7 TBD NA TBD TBD 4 73+
Biphenyls

TAl(7) Metals (total and ClP SOW l·lM04.0(8) 66 7 TBD NA TBD TBD 7 73+
dissolved)

Cyanide ClP SOW IlM04.0 66 7 TBD NA TBD TBD 7 73+

Total Suspended Solids SM 25400(9) 18 2 - NA NA NA 'NA 2(15) 20+

Alkalinity (as CaC03) EPA 310.1(10) 18 2 NA NA NA NA 2(15) 20+

Hardness (as CaC03) EPA 130.2(11) 18 2 NA NA NA NA 2(15) 20+

Sulfate EPA 300.0(12) 18 2 NA NA NA NA 2 20+

Nitrate EPA 300.0 18 2 NA NA NA NA 2 20+

Nitrite EPA 300.0 18 2 NA NA NA NA 2 20+

Dissolved Chloride EPA 300.0 18 2 NA NA NA NA 2 20+

Dissolved Bromide EPA 300.0 18 2 NA NA NA NA 2 20+

Dissolved Phosphate EPA 300.0 18 2 NA NA NA NA 2 20+

Dissolved Methane Chapelle(13) 18 2 NA NA NA NA NA 20+

Natural Attenuation Field See footnote 14 18 2 NA NA NA NA NA 20+
Parameters(14)§
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TABLE 2-4

FIELD SAMPLE SUMMARY - GROUNDWATER
NIROP FRIDLEY, MINNESOTA

PAGE 2 OF 2

1 Totals do not include the number of ambient blanks, matrix spike/matrix spike duplicates,' rinsate blanks, source water blanks, and trip blanks. (See
footnote 5.) .

2 Water quality field parameters include temperature, pH, specific conductance, turbidity, and dissolved oxygen.
3 TCl - Target Compound List.
4 U.S. EPA ClP, 1994, Statement of Work for Organics Analysis, Multi-Media, Multi-Concentration, OlM03.1.
5 TBD - Rinsate blanks will be generated at a rate of one per ten samples of like matrix with a minimum of one per day of sampling (per sampling device).

For pre-cleaned, dedicated, or disposable sampling equipment, one rinsate blank will be collected as a "batch blank." Trip blanks will be generated at a
frequency of one per cooler containing samples for volatile organic analysis. Number of ambient blanks will be determined on site depending on
conditions during sampling (e.g., organic vapors or exhaust are present, windy and dusty conditions occur). Source water blanks will be generated at a
rate of one per potable water source used for decontamination.

6 NA - Not ~pplicable.
7 TAL - Target Analyte List.
8 U.S. EPA ClP, 1995, Statement of Work for Inorganic Analysis, Multi-Media Multi-Concentration, IlM04.0
9 M. A. H. Franson (Managing Editor). Standard Methods for the Examination of Water and Wastewater. 18th ed.; Method 25400. American Public

Health Association. Washington D.C.
10 U.S. EPA, 1983. Methods for Chemical Analysis of Water and Wastes. Method 310.1.
11 U.S. EPA, 1983. Methods for Chemical Analysis of Water and Wastes. Method 130.2.
12 U.S. EPA, 1983. Methods for Chemical Analysis of Water and Wastes. Method 300.0.
13 Francis H. Chapelle, U.S. Geological Survey. Protocol for Assessing the Natural Attenuation of Chlorinated Ethenes in Groundwater Systems.

July 1996. SOP AM18 (Appendix A of QAPP).
14 Field parameters specific to evaluation of national attenuation include oxidation-reduction potential (Eh), pH, temperature, dissolved oxygen, dissolved

ferrous (reduced) iron, dissolved reduced manganese, and hydrogen sulfide (as sulfide). Eh, pH, and temperature will be measured using a field, meter.
Dissolved ferrous iron, dissolved reduced manganese, and hydrogen sulfide (as sulfide) will be measured using a portable colorimeter. Dissolved
oxygen will be measured using a field test kit.

15 Matrix spike analysis is not applicable for this parameter. However, laboratory duplicate analysis will be performed.
16 . U.S. EPA, 1986. Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods. SW-846, 3rd ed. Analysis will be performed using a 25 ml

sample volume in order to achieve lower quantitation limits for groundwater samples.
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Section 8.0 discusses the Quality Assurance/Quality Control (QAlQC) samples identified in these tables.

Section 4.0 summarizes the requirements regarding preservation, container, and maximum technical

holding time for these samples.
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3.0 SAMPLE CUSTODY PROCEDURE

Custody of samples is maintained and documented at all times. Chain-of-custody begins with the

collection of samples in the field. The following sections discuss the initiation of field custody procedures,

sample shipment and the transfer of custody, laboratory custody procedures and the final evidence files.

B&R Environmental SOP SA-6.1, contained in Appendix B, further details the chain-of-custody

procedures.

3.1 . INITIATION OF FIELD CUSTODY PROCEDURES

Sample custody procedures are designed to provide documentation of sample acquisition and integrity.

Maintenance of sample custody is critically important to the subsequent legal defensibility of the data

generated. In general, a sample is under custody if:

• It is in the physical possession of an authorized person.

• It is in view otan authorized person after being in his/her possession.

• It is placed in a secure area by an authorized person after being in his/her possession.

• It is in a secure area, restricted to authorized personnel only.

The chain-of-custody (COC) report is a multi-part, standardized form used to summarize and document

pertinent sample information, such as sample identification and type, matrix, date and time of collection,

preservation, and requested analyses. Furthermore, through the sequential signatures of various sample

custodians (e.g., sampler, airbill number, laboratory sample custodian), the COC report documents

sample custody and tracking.

Custody procedures apply to all environmental and associated field quality control samples obtained as

.part of the data collection system.

3.2 SAMPLE SHIPMENT AND TRANSFER OF CUSTODY

The FOL (or designee) is responsible for the care and custody of the samples collected until they are

relinquished to the analyzing laboratory or entrusted to a commercial overnight carrier. COC reports are

completed for each sample shipment. The reports are filled out in a legible manner, using waterproof ink,

and are signed (and dated) by the sampler. Pertinent notes, such as whether the sample was field filtered
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or whether the sample is suspected to be high in contamina,nt concentration, are also indicated on the

COC report. Information similar to that contained in the COC report is also provided on the sample label,

which is securely attached to the sample bottle. COC report forms and sample labels are generally

supplied by the laboratory subcontractor. Environmental samples for chemical constituent analysis will be

sent via overnight courier to the fixed-base laboratory.

Full details regarding sample chain-of-custody (including use of custody seals and sample shipment

protocols) are contained in B&R Environmental SOP SA-6.1, which is provided in Appendix B. B&R

Environmental SOP SA-6.3, also provided in Appendix B, discusses maintenance of site logbooks, site

notebooks, and other field records. Additionally, each of the various sampling SOPs incorporated into the

FSP contains a section that addresses relevant sample documentation (Le., completion of sample

logsheets. etc.). All sample records are eventually docketed into the B&R Environmental project central

file.

3.3 LASORATORY CUSTODY PROCEDURES

•

Laboratory custody procedures are outlined in Section 5.2 of the Quality Assurance Project Plan (QAPP). •

3.4 FINAL EVIDENCE FILES

Details regarding the final evidence files are outlined in Section 5.3 of the QAPP.

•
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4.0 SAMPLE CONTAINERS, SAMPLE PRESERVATION, MAXIMUM
HOLDING TIME, AND VOLUME REQUIREMENTS

The following sections detail the sample preservation, maximum technical holding time, sample container,

and volume requirements for the environmental samples being shipped to the fixed-base laboratory and

for samples being analyzed by field GC. /'

4.1 SAMPLE PRESERVATION

Some samples require chemical preservation based on the type of matrix collected and constituents to be

analyzed. Chemical preservatives, where applicable, are added as "fixatives" to preserve the composition

of the sample collected and prevent degradation. Appropriate chemical preservatives are detailed in

40 CFR 136. A summary of this information which is applicable for the OU3 RI is provided in Table 4-1.

Samples designated for dissolved parameter analysis (i.e., dissolved metals) are preserved after field

filtration .

In general, the laboratory subcontractor will provide all required preservatives and dispensing materials

along with the bottleware shipments. All preservatives must be reagent grade or better.

In addition to chemical preservation, other sample-handling considerations, such as use of amber glass

bottles when photo-degradation is a concern, and icing of samples to cool to 4 degrees Celsius, are

considered to be methods of sample preservation. Samples to be cooled are iced upon acquisition and

maintained on ice until the samples are packaged and shipped to the laboratory for analysis.

. Sample preservation and integrity are also ensured through observation of maximum technical holding

time allowances. These maximum technical holding time allowances are discussed below.

4.2 MAXIMUM TECHNICAL HOLDING TIME ALLOWANCES

Maximum technical holding time allowances are established in 40 CFR 136 and vary with the matrix

analyzed and method of analysis performed. Holding times are specified for both extraction (preparation),

where applicable, and analysis. Where no holding times are specified for solid matrices, the aqueous

matrix holding time stipulated is to be observed. Maximum technical holding times must be strictly

• observed so as not to diminish the sample's integrity through degradation or constituent loss.
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A summary of maximum technical holding time allowances is also provided in Table 4-1. For purposes of

the Navy's CLEAN Program, holding times are measured in calendar days from date of sample collection.

4.3 SAMPLE CONTAINERS AND VOLUME REQUIREMENTS

A summary of the type of container and volume requirements for the OU3 field investigation is provided in

Table 4-1.

•

•

•
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TABLE 4-1

SUMMARY OF SAMPLE ANALYSIS, BOTILE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES
NIROP FRIDLEY, MINNESOTA

PAGE 1 OF 3

Parameter Sample Container Container

Volume

Preservation11 ' Maximum Holding
Tlme(2)

AnalyUcal Methodology

GROUNDWATER
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TCl Volatile Organic Glass, black phenolic plastic (3) 40 ml(17) Cool to 4°C, dark, 14 days SW_846(13) Method 8260A(20)

Compounds screw cap, Teflon-lined zero .headspace,

septum HCI to pH < 2

TCl Semivolatile Organic Amber glass, Teflon-lined (2) 1000 ml(17) Cool to 4°C, dark Extraction 7 days; U.S. EPA-ClP SOW for Organic
Compounds cap analysis within 40 days Analysis, Multi-Media, Multi-

Concentration (Doc. #OlM03.1 )(3)

TCl Polychlorinated biphenyls Amber glass, Teflon-lined (2) 1000 ml(17) Cool to 4°C, dark Extraction 7 days; U.S. EPA-ClP SOW for Organic

cap analysis within 40 days Analysis, Multi-Media.. Multi-

Concentration (Doc. #OlM03.1)

TAL Metals Polyethylene bottle, plastic 1000 ml HN03to pH < 2 Within 180 days; mercury U.S. EPA-ClP SOW for Inorganic

(total and dissolved) cap, plastic liner within 28 days Analysis, Multi-Media, Multi-

Concentration (Doc. #llM04.0)(4)

Cyanide Polyethylene bottle, plastic 500ml Cool to 4°C, NaOH to Within 14 days U.S. EPA-ClP SOW for Inorganic

cap, plastic liner pH> 12 Analysis, Multi-Media, Multi-

Concentration (Doc. #llM04.0)

Total Suspended Solids Polyethylene bottle, plastic 1000 ml(9) Cool to 4°C 7 days Standard Method 2540D(5)

cap, plastic liner

Alkalinity (as CaC03) Polyethylene bottle, plastic 1000 ml(9) Cool to 4°C 14 days EPA Method 310.1(8)

cap, plastic liner

Hardness (as CaC03) Polyethylene bottle, plastic 250ml HN03 to pH <2 180 days EPA Method 130.2(7)

cap, plastic liner

Sulfate Polyethylene bottle, plastic 1000 ml(9) Cool to 4°C 28 days EPA Method 300.0(8)

cap, plastic liner

Nitrate Polyethylene bottle, plastic 1000 ml(9) Cool to 4°C 48 hours EPA Method 300.0

cap, plastic liner

Nitrite Polyethylene bottle, plastic .1000 ml(9) Cool to 4°C 48 hours EPA Method 300.0

cap, plastic liner

Dissolved Chloride Polyethylene bottle, plastic 500 ml(10) None required 28 days EPA Method 300.0

cap, plastic liner ..
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TABLE 4-1

SUMMARY OF SAMPLE ANALYSIS, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES
NIROP FRIDLEY, MINNESOTA

PAGE20F3

Parameter Sample Container Container Preservatlon(11 Maximum Holding AnalyUcal Methodology

Volume TlmeC21

Dissolved Bromide Polyethylene bottle, plastic 500 ml(10) None required 28 days EPA Method 300.0

cap, plastic liner

Dissolved Phosphate Polyethylene bottle, plastic 500 ml(10) Cool to 4°C 48 hours EPA Method 300.0

cap, plastic liner

Dissolved Methane Glass, plastic screw cap. foil- (2) 40 ml None required 14 days Chapelle(ll)

faced silicon septum

SOIL
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TCl Volatile Organic Glass, Teflon-lined cap 2 oz. Cool to 4°C, dark 14 days U.S. EPA-CLP SOW for Organic

Compounds Analysis, Multi-Media, Multi-

Concentration (Doc. #CLM03.1)

TCl Semivolatile Organic Glass, Teflon-lined cap 80Z.(12) Cool to 4°C, dark Extract 14 days; analyze U.S. EPA-ClP SOW for Organic

Compounds 40 days Analysis, Multi-Media, Multi-

Concentration (Doc. #CLM03.1)

TCl Polychlorinated biphenyls Glass, Teflon-lined cap 80ZP2) Cool to 4°C, dark Extract 14 days; analyze U.S. EPA-elP SOW for Organic

40 days Analysis, Multi-Media, Multi-

Concentration (Doc. 'OLM03.1)

TAL Metals/Cyanide Glass, Teflon-lined cap 80Z·(18) Cool to 4°C Within 180 days; mercury U.S. EPA-ClP SOW for Inorganic

28 days; cyanide 14 days Analysis, Multi-Media, Multi-

Concentration (Doc. #llM04.0)

Hexavalent Chromium Glass, Teflon-lined cap 80z.l Cool to 4°C Extract 7 days; analyze SW-846 Method 3060Al7196A
2 oz. (18. 19) 24 hours

Total Organic Carbon Glass, Teflon-lined cap 80z.l Cool to 4°C 14 days Lloyd Kahn (14)

2OZ.(18)

pH (15) Glass, Teflon-lined cap 2 oz. (19) Cool to 4°C Immediately upon receipt SW-846 Method 9045B

Oxidation-Reduction Potential Glass. Teflon-lined cap 2 oz. (19) Cool to 4°C Immediately upon receipt ASTM Method 01498-76(18), modified
(Eh) (15) for soil samples, SOP l Tl-9128

(Appendix A of OAPP)

Ferrous Iron (15) Glass, Teflon-lined cap 2 oz. (19) Cool to 4°C Immediately upon receipt Spot Test. SOP l Tl-7601 (Appendix A

ofOAPP)
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TABLE 4-1

SUMMARY OF SAMPLE ANALYSIS, BOTILE REQUIREMENTS, PRESERVATION REQUIREMENTS, AND HOLDING TIMES
NIROP FRIDLEY, MINNESOTA

PAGE 3 OF 3
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Parameter Sample Container Container Preservatlon(11 Maximum Holding Analytical Methodology

Volume Tlme(21

Sulfides (15) Glass, Teflon-lined cap 2 oz. (19) Cool to 4°C Immediately upon receipt Spot Test, SOP l Tl-9301 (Appendix A

ofOAPP)

Volatile Organic Compounds Glass, Teflon-lined cap 2 oz. Cool to 4°C, dark 7 days Field GC SOP (in Appendix C of

(Field GC Analysis) OAPP).

HCI =Hydrochloric acid, NaOH =Sodium Hydroxide, HN03 =Nitric Acid

.All holding times are from date of collection.

U.S. EPA (United States Environmental Protection Agency) ClP, 1994. Statement of Work for Organic Analysis, Multi-Media, Multi-Concentration, OlM03.1.

U.S. EPAClP, 1995, Statement of Work for Inorganic Analysis, Multi-Media, Multi-Concentration; IlM04.0.

M. A. H. Franson (Managing Editor). Standard Methods for the Examination of Water and Wastewater. 18th Ed.; Method 25400. American Public Health Association,

Washington D. C.

U.S. EPA, 1983. Methods for Chemical Analysis of Water and Wastes. Method 310.1.

U.S. EPA, 1983. Methods for Chemical Analysis of Water and Wastes. Method 130.2.

U.S. EPA, 1983. Methods for Chemical Analysis of Water and Wastes. Method 300.0.

For groundwater samples, alkalinity, TSS, sulfate, nitrate, and nitrite samples will be provided for analysis in the same 1000 ml bottle.

For groundwater samples, dissolved chloride, dissolved bromide, and dissolved phosphate samples will be provided for analysis in the same 500 ml bottle.

Francis H. Chapelle, U.S. Geological Survey. Protocol for Assessing the Natural Attenuation of Chlorinated Ethenes in Groundwater Systems. July 1996.

For soil samples, semivolatile organics and polychlorinated biphenyls samples will be provided for analysis in the same 8-ounce jar.

U.S. EPA, 1986. Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods. SW-846, 3rd ed.

U.S. EPA, Region II, Environmental Services Division, Monitoring Management Branch. lloyd Kahn, Determination of Total Organic Carbon in Sediment.

Analysis will be performed only on samples designated for hexavalent chromium matrix spike analysis.

American Society for Testing and Materials, 1981. Standard Practice for Oxidation-Reduction Potential of Water. ASTM Designation: 01498-76.

For groundwater, additional volume is required for samples designated for matrix spike/matrix spike duplicate analysis (minimum 1 in 20 samples). The volume required in

addition to the volume specified within Table 4-1 is as follows: (4) 40 ml for volatiles, (2) 1000 ml for semivolatiles, and (2) 1000 ml for PCBs.

For soil samples with the exception of background samples, metals, cyanide, hexavalent chromium, and TOC will be provided for analysis in a single 8 oz. jar. For background

samples, a single 2-oz. jar will be provided for hexavalent chromium and TOC.

For soils, pH, Eh, ferrous iron, and sulfide samples will be provided for analysis in the same jar supplied for hexavalent chromium analysis.

Analysis will be performed using a 25 ml sample volume in order to achieve lower quantitation limits for groundwater samples.
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5.0 SAMPLE HANDLING, PACKAGING, AND SHIPMENT

Sample handling includes the field-related considerations concerning the selection of sample containers,

preservations, allowable holding times, and analyses requested. Section 4.0 of the FSP discussed details

concerning sample containers, volume requirements, preservation, allowable holding times, and analyses

requested. The following sections discuss the requirements of field activity documentation and

maintenance of the fieid logbook, sample identification, and sample packaging and shipment. Sample

identification, preservation, packaging, and shipping are also addressed in SOP SA-6.1, contained in

Appendix B.

5.1 FIELD ACTIVITY DOCUMENTATION/LOGBOOK

Sample documentation consists of the completion of chain-of-custody (COC) reports and matrix-specific

sample logsheets. COC reports are detailed in Section 3.0 of the FSP. Completion of sample logsheets

is discussed along with matrix-specific sampling procedures in Section 7.0 of the FSP.

• In addition, various hard cover, bound, record books are maintained for each field activity in accordance

with SOP SA-6.3, contained in Appendix B. The Master Site Logbook serves as the overall record of field

activiti!;!s and is maintained by the FOL. Information included daily in the Master Site Logbook includes

daily field activities, weather conditions, identity and arrival and departure times of personnel,

management issues, etc. Various field notebooks are also maintained. For example, each geologist

supervising drilling operations at a specific sampling location will maintain a field notebook. Each of the

field notebooks contains a tracking number on the cover of the notebook. This tracking number, along

with the name of the field team memberwho is maintaining the notebook, will be documented in the Table

of Contents section of the Master Site Logbook. At the completion of the fieldwork, all field notebooks will

be placed in the project file.

The FOL is responsible for the maintenance and security of all field records. Eventually, all field records

(COCs, sample logsheets, logbooks, and notebooks) are docketed and incorporated in the project central

file.

•
One other type of standardized field documentation exists. Field Task Modification Requests (FTMRs) are

specific forms initiated when a change to or deviation from procedures provided for in the project planning

documents occurs. The procedure for requesting and recording field changes follows:
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• The FOL notifies the Task Order Manager (TOM) of the need for the change.

• If necessary, the TOM discusses the change with the pertinent individuals [e.g., the Navy Remedial

Project Manager (RPM), B&R Environmental Quality Assurance Manager (QAM), MPCA field

inspector, and U.S. EPA RPM, as appropriate]. Verbal approval or denial of the proposed change is

given at this time.

• The FOL then documents the change on an FTMR and forwards the form to the TOM at the earliest

convenient time (e.g., end of the workweek).

• The TOM signs the form and distributes copies to the Navy RPM, B&R Environmental QAM, TOM,

FOL, MPCA field inspector, U.S. EPA RPM, and project file.

•

• A copy of the completed FTMR is attach~d to the field copy of the affected document.

5.2 SAMPLE IDENTIFICATION SYSTEM •
A sample numbering system is us~d in the field to identify each sample taken during th.e sampling

program in accordance with SOP CT-04, contained in Appendix B. This coding system provides a

tracking record to allow retrieval of information about a particular sample and to ensure that each sample

is uniquely identified.

Each sample is identified by a unique code that indicates the site number, sample type, sample location,

sample depth indicator, and sampling round as specified in B&R Environmental SOP CT-04 (Appendix B).

The sample nomenclature system is devised such that the following objectives are attained:

• Sorting of data by matrix.

• Sorting of data by depth.

• . Maintenance of consistency (field, laboratory, and data base sample numbers).

• Accommodation of all project-specific requirements on a global basis.

• Accommodation of laboratory sample-number length constraints (10).

•
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The following nomenclature will be used for the sampling conducted for CTO 003 at NIROP Fridley:

The CTO number (003) will be us~d to designate ,the site.

MW = Monitoring Well

SB =Soil Boring Sample

TW =Temporary Well Sample

10 =Investigative-Derived Waste

WL = Water Level

SU =Subsurface ,Soil Sample

This field will also be used to designate field Quality Control Samples, as Follows:

RB =Rinsate Blank (Equipment Blank)

BB =Batch Blank

TB = Trip Blank

AB = Ambient Condition Blank

SW = Source Water Blank

Note: Matrix spike and duplicate (MS/MSD) samples are identified with the same sample designation as

the associated environmental sample but are designated for MS/MSD analysis on the chain~of-custody

form in the "comments" section (see Section 8.2).

Location:

An example of the location field is as follows:

003 =AOC Location 3

050 = Deep Monitoring Well Number 5
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DP1 = Duplicate sample collected during Phase I

DP2 = Duplicate sample collected during Phase II

Depth/Filtered Sample Designation:

For soil samples, sample depths will represent the horizon from which the sample was obtained. For

example:

01 = First sample collected from a sample location.

02 = Second sample collected from a sample location.

The sample logsheet will be used to record the specific depth of the sample.

For water samples, an "F" will be used as the first character in this field to designate a field-filtered

sample.

•

This field will also be used to indicate a field duplicate sample for both soil and water samples. The •

sample logsheet will be used to indicate the sample with which the field duplicate is associated.

Examples:

003-58-066-01: The first soil sample collected for eTa 003 at location number 66.

003-MW-05D-01: An unfiltered groundwater sample collected from monitoring well number 50 for

eTa 003. j

003-MW-05D-F1: Filtered groundwater sample collected from monitoring well number 50 for eTa 003.

003-TW-066-01: An unfiltered groundwater sample collected from a temporary well at location number 66

for eTa 003.

003-TW-DP1-03: The third unfiltered duplicate groundwater sample collected for a temporary well during

Phase I for eTa 003. •
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003-MW-DP2-F1: The first filtered duplicate groundwater sample collected from a permanent well during

Phase II for CTO 003.

003-SB-DP1-15: The fifteenth duplicate soil boring sample taken during Phase I for CTO 003.

003-TB-004-01: The fourth trip blank collected for CTO 003.

5.3 SAMPLE PACKAGING AND SHIPMENT

Samples are packaged and shipped in accordance with B&R Environmental SOP SA-6.1, contained in

Appendix B. The FOL is responsible for completion of the following forms:

•
•
•
•
•
•

Sample labels

Chain-of-custody forms

Appropriate labels applied to shipping coolers

Chain-of-custody labels

Express mail air bills

•

All environmental samples will be iced immediately upon acquisition.. Samples designated for fixed-base

laboratory analysis will be shipped to the laboratory (for next-day receipt) within 24 hours of collection.
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6.0 DECONTAMINATION PROCEDURES

The equipment involved in field sampling activities will be decontaminated prior to beginning work, during

drilling and sampling activities, and at the completion of the project. This equipment includes drilling rigs,

downhole tools, augers, well casing and screens, and soil and water sampling equipment. The following

sections detail personnel, equipment, sampling devices, and sample bottle decontamination procedures.

6.1 PERSONNEL

Personnel decontamination procedures will be as follows: .

• Protective disposable outer garments will be removed and placed· in disposable plastic bags at the

perimeter of the exclusion zone (immediate vicinity of each well or nest) before each departure from

the exclusion zone.

• If disposable outer boots are worn, they will be removed first, and then the gloves will be removed. If

reusable rubber or neoprene boots are worn, they will be washed and rinsed before leaving the

contamination reduction zone.

• Field personnel will wash and dry their hands and all exposed surfaces before leaving the

contamination reduction zone, and used paper towels will be placed in the disposable bag.

• The plastic bag containing waste materials will be disposed daily in 'an onsite dumpster designated by

an authorized representative of United Defense, LP.

Clean outer garments will be accessible to field personnel in an area free from potential contamination.

yvater, soap, and paper towels will also be kept· in a clean location for both regular cleanup and

emergency use.

6.2 EQUIPMENT

All downhole purging equipment and drilling equipment, including downhole drilling tools, will be cleaned

with high-pressure hot water and Alconox (or equivalent) and rinsed with potable water prior to beginning

049605/P CT00003



work, between boreholes, whenever the drilling rig leaves the drill site prior to completing a boring, and at

the conclusion of the drilling program.

.. ~ ... NIROP Fridley
Vol. II: FSP
Revision: 1

Date: April 1997
Sedion: 6

Page 2 of 2 •
Well casing and screens, if not supplied in certified clean packaging, will be cleaned with high-pressure

hot water and Alconox (or equivalent) and rinsed with potable water prior to installation into the borings.

Decontamination operations consist of was~ing equipment using a high-pressure steam wash from a

potable water supply. All decontamination activities will take place at a predetermined area within the

NIROP facility. The location of the decontamination area will be determin~d immediately prior to fieldwork

with the aid of Navy and United Defense, LP representatives. Additional requirements for drilling

equipment decontamination are found in SOP SA-7.1, provided in Appendix B.

6.3 SAMPLING DEVICES

Nondisposable equipment used for collecting samples will be decontaminated both prior to beginning field

sampling and between samples in accordance with SOP SA-7.1, contained in Appendix B. Disposable

equipment used for sampling activities shall be discarded. •

Field analytical equipment, such as turbidity, pH, conductivity, and temperature instrument probes, will first

be rinsed with steam-distilled, deionized water and then with the sample liquid.

6.4 SAMPLE BOTTLES

All sample containers are purchased by the laboratory pre-cleaned by the manufacturer based on EPA

requirements in "Specifications and Guidance for Contaminant-Free Sample Containers," EPA 540/R

93/051. The containers are stored in their original cartons until preparation for shipment.

•
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7.0 SAMPLING EQUIPMENT AND PROCEDURES

This section discusses the sampling methodology for all mobilization/demobilization activities, monitoring

well installation, soil and groundwater sampling, survey, and waste handling activities performed for the

RIIFS activities at the NIROP main building.

7.1 MOBILIZATION/DEMOBILIZATION

Following approval of the FSP, B&R Environmental will begin mobilization activities. All field team

members will review the Work Plan (WP), FSP, Quality Assurance Project Plan (QAPP), and Site Security

and Health and Safety Plan (SS and HASP) prior to the start of project activities. In addition, a field team

orientation meeting will be held to ensure that personnel are familiar with the scope of the field activities.

The Field Operations Leader (FOL) is designated as the lead in coordinating all day-to-day site activities

during the investigation. The FOL is responsible for ensuring that all field team members (including

subcontractors) are familiar with the FSPs and SS and HASPs. Additionally, the FOL is responsible for all

sampling operations, Quality Assurance/Quality Control (QNQC), field documentation requirements, and

field change orders. The FOL will also regularly report to the Task Order Manager (TOM) regarding the

status of field work and any problems that may occur.

The FOL will coordinate the mobilization activities upon arrival at the facility. Prior to the initiation of field

work, the FOL will arrive at the site to begin onsite mobilization activities. These activities will include the

clearing of drilling locations with utility personnel, coordination with base personnel, purchasing

expendable equipment, and preparation of the field trailer (if applicable). The majority of the equipment

required for the field activities will be shipped or driven from the B&R Environmental Pittsburgh warehouse

to the site. After field activities are completed, the FOL will demobilize the equipment and field trailer.

All site preparation will be coordinated through NIROP Fridley personnel. Temporary barriers or markers

will be installed and traffic control will be provided at drilling and sampling locations as a safety precaution

and to clearly identify the exclusion zone. Additional information concerning the exclusion zone can be

found in Section 9.1 of the SS AND HASP.

Additional details regarding responsibilities and authorities of key personnel are presented in the WP

(Section 7.0).
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Every effort will be made by B&R Environmental and its subcontractors to minimize impacts to the site

while performing the field activities. However, the nature of intrusive activities implies some level of impact

to the site. All site restoration activities will be performed by B&R Environmental and its subcontractors.

Site restoration may include, but is not limited to, regrading areas where drilling activities are performed,

and asphalt and concrete replacement where necessary. All asphalt and concrete replacement will be

finished smooth to the existing grade.

7.2 DRILLING PROCEDURES AND EQUIPMENT

Soil borings are drilled to characterize subsurface lithology and soil contamination. Two different methods

of advancing soil borings will be employed; direct-push technology (OPT) and Rotosonic drilling. All

shallow, intermediate, and deep soil borings to be converted into permanent groundwater monitoring wells

will be advanced by Rotosonic drilling techniques. It is anticipated that all shallow soil borings to be

converted to temporary monitoring wells will be advanced by OPT drilling.. The two different types of •

drilling are discussed below.

7.2.1 Direct-Push Technology

B&R Environmental does not currently own OPT drilling equipment (e.g., Geoprobe® and Hydropunch®).

However, B&REnvironmental has leased, rented, and operated OPT equipment and has routinely

.subcontracted OPT services. All subcontracted OPT operations are supervised by B&R Environmental

personnel. The OPT subcontractor and the OPT equipment must be registered with the MPCA. Because.

of the advantages of OPT, the OPT procedure for drilling and sample collection will be used at the NIROP

facility.

Most OPT equipment is mounted in cargo v~ns or on the bed of a pickup truck and includes a hydraulic

powered probe for driving and removal of hardened steel sampling rods. Many OPT rigs are eqUipped

with an additional air-percussion option for penetrating· dense material and an electric hammer for drilling

through asphalt and concrete. (The concrete is known to be as thick as 84 inches in areas. A separate

contractor may be required to drill through the concrete.) A wide variety of sample rods are utilized by the •

OPT system to support project specific soil and groundwater sampling needs. Groundwater samples are
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typically obtained using peristaltic pumps, vacuum-lift pumps, or miniature bailers when using OPT

techniques.

Advantages of OPT include the ability to obtain a vertical profile of contaminant concentrations, almost

complete elimination of drill cuttings produced, sampling in tight-access locations, reduced overhead

clearance requirements, and no fluid requirements during drilling. Disadvantages include a maximum

penetration depth of approximately 15 to 40 feet in dense soils, inability of vehicles to access sites with

physical barriers (narrow corridors, equipment/machinery), reduced capability of obtaining accurate water

level measurements, and inability to install permanent groundwater monitoring wells.

7.2.2 Rotosonic Drilling

Rotosonic drilling provides a viable alternative method to hollow-stem augers, cable-tool, and rotary drilling

techniques. Drilling proceeds rapidly through all types of complex geology, unconsolidated or

consolidated, and provides a high-quality, continuous core sample for accurate lithologic and hydrologic

information. Investigation derived wastes, such as drilling fluids and drill cuttings, are kept to a minimum.

The Rotosonic technique combines vibrational and rotational forces to advance the drill stem. The high

frequency vibration generated in the drill head can be adjusted for various drilling conditions so that

penetration rates can be optimized.

The boring is advanced using two separate drill pipes. The drill bit is attached to the base of the 4-inch

inside diameter (10), 4.5-inch outside diameter (00). 10-foot-long core barrel. The core barrel is also

available in 6-inch and 6.5-inch 00 sizes. The Rotosonic drill rig is_therefore capable of casing off three

separate hydrologic units using different size casings. The core barrel is connected to drill pipe of the

same 00. When the core barrel reaches the desired depth, a larger diameter outer drill pipe (5.875-,

6.25-, or 8.25-inch 00) is advanced to the same depth. The inner core barrel, inner pipe, and sample are

then retrieved. The core sample is extruded from the core barrel using vibration and/or hydraulic

pressure. The sample is then collected in a plastic sheath as it is extruded from the core barrel. The core

sample is therefore completely enclosed in the clear plastic sleeve. This facilitates lithologic classification,

environmental sample collection, and vapor monitoring. In addition, it greatly reduces the exposure of the

drill crew to potentially contaminated drill cuttings. The process is then repeated with the core barrel

advancing ahead of the outer casing to ensure a representative sample.
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Only small, controlled amounts of water are added, if needed, to the drill stem during drilling operations to

flush out cuttings in the annular space between the two drill pipes, to flush out cuttings at the bottom of the

borehole after sample collection, or for offsetting hydraulic pressures of heaving sands. Any excess water

is collected in a container below the drilling platform.

Continuous soil samples are collected as discussed above through the inner core barrel. Additionally,

thin-walled samplers can be used to collect undisturbed soil sample.s, and brass or stainless-steel sleeves

can be inserted into the core barrel to collect samples for offsite analysis. Groundwater grab samples can

be collected during drilling in a similar fashion to other drilling methods.

Rotosonic methods are well suited to monitoring well installation because the well materials are installed

directly inside the casing, a process which allows exact well and filter pack placement. The resonance

created from the head vibration settles the sand pack more consistently than during direct-pour or tremie

pipe installations. In addition, the drill pipe holds the borehole open and acts as a barrier to cross

contamination between hydraulic units.

•

The Rotosonic drilling equipment requires a total ceiling clearance for the drilling mast of 40 feet. This can •

be reduced to approximately 25 to 30 feet with modifications to the drill mast. The truck is approximately

10 feet wide and 40 feet long. For this r~ason, tight locations will not be accessible to the Rotosonic

equipment.

7.3 SOIL SAMPLING PROCEDURES

As discussed in Section 7.2.1, OPT drilling will be conducted at the NIROP facility to collect shallow

subsurface soil and groundwater samples. All shallow soil borings will be drilled using the OPT method.

Rotosonic drilling methods will be used to drill and install the six well clusters. This section will discuss soil

screening"and sample collection procedures at the 48 proposed OPT locations (see Figure 2-1) and six

well clusters within the NIROP facility.

7.3.1 Drilling and Soil Screening Procedures

At each of the 48 OPT locations, soil sampling will be conducted using a 1.5-inch inside diameter (10)

Geoprobe-type core sampler. Soil sampling will begin after a minimum 4-inch-diameter core of the

concrete floor pad has been removed from each location. At a minimum, soil samples will be collected •
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continuously at 4-foot intervals from the ground surface to top of the water table, which is estimated to be

approximately 25 feet below ground surface (bgs). The penetration depth of the OPT is dependent upon

the density/cohesiveness of the soil and the powerlweight of the OPT equipment. Ideally, soil samples will

be collected continuously at 4-foot intervals from the ground surface to the first confining layer

encountered below the water table.

The OPT sampling tube is capable of collecting a 4-foot continuous soil sample which, upon removal from

the outer coring tube, will be encased in a clear plastic liner. The Brown & Root Environmental (B&R

Environmental) representative will then vertically cut the plastic liner such that the soil inside can be field

screened with a flame ionization detector (FlO), visually classified for lithology, and collected for chemical

screening and potential fixed-base laboratory analysis. The initial FlO screening will be used to select that

portion of each 4-foot core for additional screening. That portion of the core with the greatest FlO

detection, and each significant change in lithology within a core, will be separated into three aliquots to

allow for high-resolution, vertical distribution screening in accordance with the following procedures:

1. Potential fixed-base laboratory analysis (based upon the field GC results and collected from 0 to

12 feet bgs only)

2. On-site field gas chromatograph (GC) analysis (collected to the termination depth of the OPT and well

borings)

3. Ultraviolet (UV) fluorescence test (collected ~o the termination depth of the OPT and well borings)

One aliquot from the selected portion of each 4-foot core will be immediately collected for potential fixed

base laboratory analysis as described in Section 7.3.2. A second aliquot will be placed immediately into a

4 oz., glass jar with Teflon-lined cap for field GC analysis. The field GC analysis will be performed by

B&R Environmental chemist in accordance with the field GC SOP included in Appendix -C' of the QAPP

(Volume III). Results of the field GC analysis will be used to select appropriate samples for fixed-based

analysis (Section 7.3.2), and to quantitatively determine protection of groundwater in soils below 12 feet.

Sample aliquots for fixed-base analysis will only be collected down to 12 feet bgs. Sample aliquots for

field GC analysis will be collected to the termination depth of the OPT and well borings.

UV fluorescence has been shown to be an effective tool in screening soil samples for the presence of non

aqueous phase liquids (NAPL) such as TCE and tetrachloroethene (PCE) (Cohen, 1993). In order to
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enhance the visual contrast of the potential fluorescence of the NAPl, the third aliquot of soil will be

placed into a box where the UV light will be illuminated. If the soil sample contains significant NAPl, it will

illuminate a fluorescent (frequently milky-white) color. Results of the UV fluorescence will be noted on the

boring log and on appropriate sample log forms. Sample aliquots for UV fluorescence screening will

. continue ~o the termination depth of the OPT and well borings.

If evidence of gross contamination or NAPl is detected above a significant clay layer (1-foot or greater)

during sampling and screening of the soil samples, drilling activities will stop and a discussion will be held

with the TOM and/or Project Hydrogeologist, FOl, and representative of the State. A determination will

then be made as to what procedures should be pursued to complete the boring. This procedure will be

followed during the drilling of the well borings also. After the direct-push soil borings are drilled to the

desired depth, they will be backfilled with a high solids, 1DO-percent pure bentonite grout by pumping the

grout through a tremie pipe.

•

The well borings will be advanced using the Rotosonic drilling method. The use of drilling fluids, with the

exception of the minor amount used during Rotosonic drilling, is prohibited during soil boring activities.

Continuous soil core samples will be collected at 5-foot-intervals during the installation of each shallow, •

intermediate, and deep well to characterize the subsurface lithology and groundwater conditions. The

boring is advanced using two separate drill pipes as described in Section 7.2.2. As mentioned previously,

the 5-foot-long soil sample is collected in a clear plastic sheath as it is extruded from the 10-foot-long core

barrel. The soil core sample is therefore completely enclosed in the clear plastic sleeve. The core sample

will be visually observed and the appropriate lithological information will be recorded on the boring log by

the field geologist. All samples obtained during the well drilling operations will be monitored with a FlO.

Each sample will be screened with the FlO immediately upon being retrieved from the core barrel. All FlO

readings will be recorded on the boring ~ogs. As discussed previously, onsite field GC analysis and UV

fluorescence testing will be performed on each sample interval and at each change in lithology during all

drilling activities.

A lithologic description of each soil sample and a complete log of each boring will be maintained by the

B&R Environmental geologist in accordance with SOP GH-1.5, contained in Appendix B. At a minimum,

the boring log Will contain the following information:

•
•

Boring or well identification

Name of drilling contractor and site geologist •
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Sample numbers and types

Sample depths (and related FlO and fluorescence test results)

Sample recovery/sample interval

Soil density or cohesiveness

Soil color

Unified Soil Classification System (USCS) material description

location of boring

Drilling and well construction problems/deviations from this FSP

NIROP Fridley
Vol. II: FSP
Revision: 2

Date: June 1997
Section: 7

Page 7 of 20

•

•

In addition, depths of changes in lithology, sample moisture observations, depth to water, vapor readings,

drilling methods, and total depth of each borehole are included on each log, as well as any other pertinent

observations. An example of the boring log form is attached in Appendix A.

7.3.2 Soil Sampling Procedures

Two soil samples will be collected from each of the 48 OPT locations and submitted to the fixed-base

laboratory for the following parameters: Target Compound List (TCl) volatiles, TCl semivolatiles, TCl

PCBs, Target Analyte List (TAL) metals, and cyanide. Representative soil samples will be analyzed for

total organic carbon (TOC) and hexavalent chromium. Details of the chemical analyses are provided in

Table 2-2.

The first soil sample for fixed-base chemical analysis will be collected from approximately 0 to 2 feet below

the concrete flooring. The second sample to be submitted for fixed-base chemical analysis will be the

sample in the 2 to 12 foot interval with the greatest detection during the field GC analysis. For this reason,

it is necessary to collect a potential fixed-base sample aliquot from each interval that is screened as

specified in Section 7.3.1. If field GC screening is inconclusive, and no NAPl presence is detected during

the UV fluorescence testing in the 2 to 12 foot interval, the second sample for fixed-base analysis will be

collected from the 10 to 12 foot interval.

7.3.3 Background Soil Sampling Procedures

One soil sample will be collected from each of the 10 background locations and submitted to the fixed

base laboratory for hexavalent chromium and TOC analyses. The samples will be collected from a depth

interval of 1 to 3 feet using a stainless steel bucket-type hand auger.
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Samples to be analyzed for fixed laboratory and field GC volatile constituents will be collected first and

immediately sealed in containers so that minimal head space exists. Semivolatile and PCB samples will

be collected next and placed into the appropriate sample containers. Samples for metals, cyanide,

hexavalent chromium, and TOC will then be collected. Sample bottle requirements and holding time

limitations are discussed in Section 4.0.

7.4 GROUNDWATER MONITORING WELL INSTALLATION

Six monitoring well nests will be installed to investigate OU3. Each monitoring well nest will consist of

three monitoring wells: a shallow water table well, an intermediate well, and a deep well (refer to

Figure 2-1 for well cluster locations). The shallow monitoring well will be screened across the water table

(approximately 25 feet deep). The 10-foot screened section will be placed approximately 2 feet above, to

8 feet below the static water level. The intermediate monitoring well will be screened between 30 and

60 feet below the groundwater surface. The deep monitoring well will be installed immediately above the •

top of bedrock, which has an anticipated depth of 100 feet bgs. All groundwater monitoring wells including

temporary wells, unless otherwise specified, will be installed following State of Minnesota well

requirements. Appropriate permits, variances, and fees will be filed with the State of Minnesota,

Department of Health (MDH), in accordance with MDH Code 4725.

It is anticipated that all groundwater monitoring wells will be completed through the use of the Rotosonic

drilling rig. At each monitoring well cluster, the deep well will be installed first. The purpose of drilling the

deep groundwater monitoring well first is to characterize the zone of investigation, from surface to

bedrock, before selecting depths for the installation of the shallow and intermediate wells. Once such

geologic information has been obtained, it will be used to select the approximate depth for installation of

the shallow and intermediate wells.

Carbon steel casing will be installed from the ground surface to the top of the first confining layer (if

present) during the drilling of the wells. The steel casing will be tremie grouted into place and allowed to

cure a minimum of 24 hours. Installation of the tremie-grouted steel casing will minimize the potential for

the vertical migration of contaminants from the shallow groundwater regime to deeper regimes. A second,
--::."

smaller diameter steel casing will be installed inside the first from the ground surface to the top of the •
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_second confining layer, if Rresent,_during the drilling. The installation of the second steel casing will

minimize the possibility of vertical contaminant migration from the intermediate groundwater regime to the

deep groundwater regime.

The Rotosonic drilling casing used to install the monitoring wells will have a minimum 4 1/4-inch 10 to

accommodate installation of casing, sand pack, and well seal materials. All wells will be constructed of

2-inch 10, carbon steel, flush-joint riser pipe, and 5-foot-long, flush-joint, factory-slotted 316 stainless steel

well screen.

The shallow wells will be installed with 10-foot-long screens in order to straddle the water table. Each

section of casing and screen will.be National Sanitation Foundation (NSF) approved. Figure 7-1 illustrates

typical well construction details for overburden wells. Figure 7-2 illustrates the conceptual installation of

well nests. Based on numerous boring logs from the site, the aquifer consists of medium to coarse grain

sand with gravel to clay interbeds. Therefore, the well screens will have slot size of 0.020 inches. A silica

sand pack (No. 10 to 20 U.S. Standard Sieve size) will be placed from the base of the screen to a level 2

to 3 feet above the top of the screen. Because the soils at the site are sands and gravels, the sand pack

will be medium- to coarse-grained, well-sorted, silica sand. A pure sodium bentonite seal (minimum

thickness of 2 feet) will be installed above the sand pack and allowed to hydrate in accordance with the

manufacturer's recommendations. Because the inte'rmediate and deep monitoring wells are screened far

below the groundwater surface, a bentonite slurry may be required as an annular seal instead of bentonite

pellets, as the pellets may hydrate and bind to the borehole as they drop through the water in the

borehole. The remainder of the boring will be backfilled using a 20: 1 ratio cement-bentonite grout. A

maximum of 10 gallons of water per 94 pound bag of cement will be mixed to make the grout. The depths

of all backfill materials will be constantly monitored during the well installation process by means of a

weighted, stainless-steel or fiberglass tape.

An at-grade protective steel casing equipped with a sealing, locking cap will be installed around all wells.

At-grade covers will be installed in accordance with State requirements. Figure 7-1 illustrates typical well

construction details for an at-grade monitoring well. The requirements for at-grade monitoring well

completions, as specified in Minnesota Department of Health (MDH) Code 4725, include the following:

••
•
•
•

All locations must be approved by the Commissioner;

All locations must lie within a roadway, sidewalk, driveway, or parking area;

A map must be provided for each location;
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• A protective apron must stick up above grade by 2 inches and be 4 inches thick by 4 feet square;

• The manhole covers must be sealed, locked, and labeled.

A monitoring well construction diagram will be completed for each well installed. In addition, a Certificate

of Conformance will be completed for each permanent monitoring well to document conformance to

material specifications. Copies of the monitoring well construction and certificate of conformance forms

are provided in Appendix A.

7.4.1 Well Development

'.

The monitoring wells will be developed, no sooner than 24 hours after well completion to remove fine

material from the area around the monitored interval of the well. Wells will be developed by utilizing a

submersible pump. The pH, temperature, turbidity, and specific conductance of the purged water will be

measured after each borehole volume is removed. The wells are considered to be developed after the

readings become stabilized based on the following criteria: temperature ±1.0°C, pH ±0.1 unit, and specific
, .

conductivity ±5 percent. It is a goal to develop the wells until the water is visually clear and the turbidity is

below 5 NTU. Upon completion of well development, specific capacity tests will be conducted as •

appropriate. Specific capacity tests are discussed in Section 7.7.1.

7.4.2 Water-Level Measurements

Synoptic water-level measurements will be taken from all newly installed and several spatially distributed

existing monitoring wells at the facility. All measurements will be taken within a 24-hour period of

consistent weather conditions to minimize atmospheric/precipitation effects on groundwater levels. The

sequence of measuring water levels will be determined in the field by the site geologist.

Measurements will be taken with an electrical water-level indicator (M-scope) using the top of the

316 stainless steel well casing as the reference point for determining depths to water in accordance with

B&R Environmental SOP GH-1.2, contained in Appendix B. A notch will be made at the top of the

stainless steel to assure that measurements are taken consistently between measuring events.

Water~level measurements will be recorded to the nearest 0.01 foot in the appropriate field log book and

on a groundwater-level measurement form, attached in Appendix A.

•
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•

•

The objective of this section is to provide guidance for the proper sampling equipment and techniques for
. .

groundwater sample collection. All groundwater sampling shall be conducted in accordan~e with the

requirements of the Work Plan and in accordance with SOP SA-1.1, contained in Appendix B.

7.5.1 Sampling Procedures and Devices

Groundwater samples will be obtained from 48 temporary well locations (installed using OPT) and 18

permanent well installations (installed using Rotosonic drilling techniques) at NIROP Fridley. The

procedures for collecting the groundwater samples from both types of installations are discussed in the

following paragraphs. All groundwater sampling shall be conducted in accordance with the requirements

of the Work Plan, SOP SA-1.1, contained in AppendiX B, and the following procedures.

At the 48 temporary well locations, the well point will be installed approximately 5 feet into the shallow

aquifer (approximately 25 to 30 feet below ground surface). Groundwater samples will be collected from

the temporary well. points and analyzed for the analytical parameters presented on Table 2-4. The

temporary well points will consist of a driven Geoprobe-type screen point (O.15-inch slot size) or

equivalent. This polyvinyl chloride (PVC) screen is approximately 41.5 inches long and has an inside

diameter of 0.65 inches.

Prior to obtaining a groundwater sample from temporary monitoring wells, the static water level in the well

will be measured to within 0.01 foot accuracy from the marked location on the top of the well riser pipe. If

volatile organic contamination is suspected, a head-space reading will be obtained in the well's riser pipe

using a FlO. An attempt will be made to purge three volumes of water from the temporary well points. If

the well point purges dry, then a sample will be collected upon recharge. A stainless steel bailer or

dedicated polyethylene (PE) tubing with a check valve installed will be used to collect the sample. The

device used will depend upon field conditions, such as depth to water and actual inside diameter of the

temporary well point. Field measurements of pH, temperature, specific conductance, dissolved oxygen,

and turbidity will be collected and recorded on a sample log sheet after each purge volume and prior to

sampling.
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For the dissolved parameter samples, field. filtration will be necessary. Each sample for dissolved

parameter analysis will be filtered through a disposable, nonmetallic 0.45-micron membrane immediately

after collection. All samples will be cooled to 4°C for delivery to the laboratory.

Prior to obtaining a grqundwater sample from a permanent monitoring well, the static water level in the

well will be measured to within 0.01 foot accuracy from the marked location on the top of the well riser

pipe. If volatile organic contamination is suspected, a head-space reading will be obtained in the well's

riser pipe using a FlO. If nonaqueous-phase liquids (dense or light) are suspected and/or detected in the

well, a sample will be collected of the free-phase liquids and/or dissolved phase contaminants.

•

The permanent monitoring wells will be purged and sampled using low-flow purging techniques in

accordance with SOP-SA-1.1 (Groundwater Sample Acquisition). The wells will be purged using

dedicated 1.66 inch diameter low-flow bladder type pumps (teflon-lined, PVC). The bladder pumps will be

installed in all 18 monitoring wells prior to sampling. The pump will be placed no less than 2 feet above

the bottom of the well so as to not disturb any sediment which may be located near the bottom of the well.

Initially, the pumping rate will be set at approximately 0.2 liters per minute, or lower if possible. The

pumping rate will be reduced if turbidity is greater than 5 NTUs after all other field parameters have •

stabilized.

During purging, water quality parameters (pH, temperature, specific conductance, turbidity, and dissolved

oxygen) will be measured and recorded every 5 minutes until all of the parameters have stabilized and the

minimum purge volume has been removed (stabilized purge. volume plus the extraction tUbing volume).

Stabilization of the above parameters is defined as follows: temperature ±1.0°C, pH ±0.1 units, specific

conductance ±5 percent. Dissolved oxygen is not used to determine aquifer stabilization, but rather as a

general water quality·parameter. It is a goal to purge the permanent wells until the turbidity is below 5

NTU. If the wells are purged dry, the water level in the well will be allowed to recover to a level sufficient

for sample acquisition (approximately 80 percent); then a sample will be collected. In the event that

recovery is slow, samples will be collected within 24 hours of purging or as soon as possible after the

water level has recovered to approximately 80 percent of its static level.

Dedicated 1.66-inch diameter low flow bladder-type pumps will be used to sample collection at the

permanent monitoring wells. Immediately prior to sampling, the temperature, pH, specific conductance,

turbidity, and dissolved oxygen of the water sample will be measured and recorded on the groundwater

sample form (inclUded in Appendix A). All sample containers will be filled by allowing the pump discharge •
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to flow gently down the inside of the container with minimal turbulence. For the collection of filtered

parameters samples (i.e., dissolved metals, dissolved chloride, etc.), the use of an in-line 0.45 micron,

disposable particulate filter is required immediately. after collection. All samples will be cooled to 4°C for

delivery to the laboratory.

Additional field parameters, as discussed in Section 7.5.2, will be measured to evaluate natural

attenuation of chlorinated solvents in the groundwater system.

A summary of the groundwater sampling program is presented on Table 2~. All pertinent field and

sampling data will be recorded using the appropriate field forms, attached in Appendix A, and the field

notebook. Sample preservation, packaging and shipping requirements are discussed in Section 4.

7.5.2 Field Parameter Sampling Procedures and Devices

The objective of this section is to provide guidance for the proper equipment and techniques for collection

of groundwater field parameters necessary for the evaluation of natural attenuation of chlorinated solvents

in the groundwater system (Chapelle, 1996). The previously discussed groundwater field parameters are

intended for generic determination of groundwater quality. The parameters discussed in the following

paragraphs are specifically selected for the evaluation of natural attenuation processes.

Field parameters for natural attenuation evaluation will be obtained from the 18 permanent monitoring well

installations at NIROP Fridley. In general, all natural attenuation parameters shall be collected in

accordance with the requirements of the Work Plan and in accordance with SOP SA-1.1, contained in

Appendix 6, unless otherwise specified in the following discussion. Section 1.4.2 of the QAPP includes

additional details concerning collection and analysis of these field parameters. The following list

summarizes those field parameters required for natural attenuation evaluation:

• pH

• Dissolved Oxygen

• Temperature

• Oxidation-Reduction Potential (Eh)

• Dissolved Ferrous Iron (Fell+)

• • Dissolved Reduced Manganese (Mnll+)

• Hydrogen Sulfide (as sulfide)
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Each of these field parameters will be collected immediately following the parameters collected for fixed

base analysis. Low-flow bladder-type pumps will be used for field parameter collection.

Natural attenuation field parameters of temperature, Eh, and pH will be analyzed first using a high-quality

portable water quality meter (YSI$ Model 3560 or equivalent). The portable water quality meter utilizes a

flow-through sample chamber to reduce sample aeration and contact with the atmosphere. The discharge

hose from the bladder pump will be connected to the flow-through chamber with a Teflon or silicon fitting.

All readings will be recorded on the groundwater sample form (included in Appendix A).

•

The determination of dissolved oxygen (DO) will be made in the field using a high-resolution, low-range

test kit (Hach® field kit or equivalent). DO is the most important of the three parameters and is also the

most difficult. to accurately collect. The test kit for DO .utilizes digital titration, modified-Winkler

methodology and can obtain accurate determination of DO at concentrations down to 0.02 mg/L. Field

measurements for dissolved ferrous (reduced) iron, dissolved reduced manganese, and hydrogen sulfide

(as sulfide) will be made using a portable, digital. colorimeter. Manufacturer recommendations .will be •

followed and documented during all analyses. All readings will be recorded on the groundwater sample

form (included in Appendix A).

7.5.3 Groundwater Sampling Order

Samples to be analyzed for dissolved methane (permanent wells only) will be collected first and

immediately sealed in a container so that no head space exists. .Samples to be analyzed for volatile

constituents and dissolved oxygen will then be taken and immediately sealed in their appropriate

containers so that no head space exists. Samples for semivolatile, PCB, and cyanide analyses will be

collected next and poured into the appropriate sample bottles for analysis. When sampling the permanent

monitoring wells, the remaining unfiltered engineering and natural attenuation parameters will then be

collected. This will be followed by collection of samples for total metals and then dissolved metals.. For

permanent monitoring wells, collection of samples for dissolved chloride, bromide, and phosphate will be

collected last. Sample bottle requirements and holding time limitations are discussed in Section 4.0.

•
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All new permanent groundwater wells will be locat~d by a Minnesota-certified land surveyor. Existing

survey monuments within NIROP Fridley will be used as reference points. Permanent monitoring well

locations will be surveyed horizontally to the nearest 0.10 foot and referenced to the Minnesota State

Plane Coordinate System (SPCS). The OPT borings will be measured in the field to the nearest foot and

referenced to permanent structures within the building. All data will be recorded in the field notebook.

Vertical elevations are referenced to 1929 North American Datum. For each groundwater well, the

elevation will be surveyed to the nearest 0.01 foot at the measuring point where the uncapped well riser is

notched, and at the top of the protective casing. For all locations, ground surface elevations will be

surveyed to the nearest 0.1 foot.

7.7 AQUIFER TESTING

• 7.7.1 Specific Capacity Testing

•

Specific capacity (SPECAP) tests are used to determine a well's potential yield and to estimate hydraulic

conductivity. Specific capacity is defined as yield divided by drawdown, and is normally expressed as

gallons per minute/feet of drawdown. Both pumping rate and drawdown are measured simultaneously in

the tested well after a given amount of time has elapsed. Dividing the yield rate by the stabilized

drawdown, when both are measured simultaneously, gives the specific capacity. SPECAP tests are
o

advantageous because they are conducted while wells are being developed, and automatic data-logging

equipment is not necessary.

The procedure for conducting a specific capacity test is quite simple, and consists of the following general

steps:

1. After the well has been properly developed, continue pumping at a constant rate.

2. Measure the yield rate and drawdown synoptically at regular and frequent intervals, and record the

data on the Monitoring Well Development Record (provided in Appendix A). Drawdown will be

measured using an electric water level indicator (M-scope).
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3. Pump until drawdown stabilizes (subjective determination; generally measurements within .03 feet

over a ten minute interval can be considered stable).

4. Terminate pumping.

5. Measure water levels at frequent intervals during recovery to ensure original static water level is

reached; if not, the water level measured when residual drawdown stabilizes should be used as the

static water level.

An electronic submersible pump will be used to pump the well. Aquifer parameters will be calculated from

the SPECAP test data using a computer program developed by Bradbury and Rothschild (1985) based on

equations presented in Lohman (1972).

Drawdown data from the well, as recorded on the Monitoring Well Development Record, will be entered

into the computer program along with required variables that characterize the aquifer (storage and well

loss coefficients), the pumping rate, and well dimensions. The program output will estimate specific

capacity, transmissivity, and hydraulic conductivity.

7.7.2 Slug Tests

In the event that specific capacity data cannot be collected for a permanent monitoring well due to aquifer

characteristics, slug tests will be performed to determine the hydraulic characteristics in the immediate
tf

vicinity of the well screen. Although slug tests typically require electronic data logging equipment, the

tests do not require pumping and are therefore applicable in low-yield aquifers or at locations where

contaminated water disposal is prohibitively expensive.

Prior to performing the slug test, the static water level will be recorded along with the well construction

details on a hydraulic conductivity data sheet (provided in Appendix A). Falling-head tests will not be

performed where the water level is within the screened interval. For completely submerged well screen,

both rising-head and falling-head tests will be performed by either inserting a solid slug into the well to

raise water levels and then measuring the rate of decline in water level. (falling-head). or by removing a

solid slug and measuring the rate of rise in the water level back to equilibrium. The changes in water level

are induced as quickly as possible. as the analysis assumes an instantaneous change in head.

•

•

•
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Slug test data will be collected using an electronic data logger with pressure transducer and/or electronic

water-level indicator (M-scope). To facilitate data manipulation, the loggers will be programmed to record

measurements on a logarithmic time scale. It is ideal to record water-level data to at least 90 percent

recovery in the well before terminating the test. The resulting plot of time (t) versus head ratio (h/ho) on

semilog.paper should approximate a straight line. The test will be rerun once if data scatter is excessive

or if the straight-line approximation is not obtained.

Raw data from the loggers or field records will be used to calculate values of hydraulic conductivity in the

immediate vicinity of the well screen. The data will be used to determine the approximate hydraulic

conductivity of the aquifer under investigation. Therefore, the data will be analyzed using the Hvorslev

method of analysis (Hvorslev, 1951). This method is a rapid, straight-line technique for partially

penetrating well screens.

7.8 WASTE HANDLING

It is anticipated that the field investigation will generate five types of potentially contaminated residues;

personal protective equipment (PPE), drill rig decontamination flUids, sampling equipment

decontamination fluids, development/purge water, and soil cuttings. Based on the activities and types of

contaminants present, none of the residues are expected to represent a significant risk to human health or

the environment if properly managed. NIROP Fridley will take possession of the drummed investigative

derived waste (lOW) upon project completion until the results of the analytical tests are completed and

reviewed. NIROP Fridley will arrange for proper disposal of all lOW if the analytical testing demonstrates

that the lOW is hazardous. If the lOW materials are shown to be nonhazardous, B&R Environmental will

arrange for proper removal and disposal of the drummed wastes.

Planned management of each of the residues is discussed in the following sections. Additional

requirements for waste handling of contaminated materials are found in SOP SA-7.1, contained in

Appendix B.

PPE - PPE will be double bagged and placed in the trash receptacles at the facility.

Drill Rig Decontamination Fluids - Drill rig decontamination fluids will be containerized in U.S. Department

of Transportation (DOT) approved (Specification 17-C/H), 55-gallon drums and staged on wooden pallets

in an area established by B&R Environmental personnel and the Navy during mobilization. All drums will

049605/P eTO 0003



NIROP Fridley
Vol. II: FSP
Revision: 2

Date: June 1997
Section: 7

Page 20 of 20

be sealed and labeled with drum contents, well/boring number, and date. One composite sample from all

of the drill rig decontamination fluid drums will be collected and analyzed to determine whether the fluid is

hazardous. Based on the results of the analyses, a determination will be made whether offsite disposal

and/or treatment is required..

Sampling Equipment Decontamination Fluids - Equipment decontamination fluids will be containerized,

sampled, and handled in the same manner as the drill rig decontamination fluids.

Development/Purge Water - Characterization of the development/purge water will be based on the

groundwater analyses performed at each location. Purge water will be containerized and handled in the

same manner as the drill rig decontamination fluids.

Soil Cuttings - Soil cuttings will be containerized and handled in the same manner as the drill rig

decontamination fluidS and sampled as the composite sample.

•

•

•
049605/P CT00003



•

•

•

NIROP Fridley
Vol. II: FSP
Revision: 2

Date: June 1997
Section: 8

Page 1 of3

8.0 FIELD-RELATED QC SAMPLE PROCEDURES

Quality control samples are collected or generated during environmental sampling activities. Each type of

field quality control sample, as well as additional sample aliquots needed to accommodate laboratory QC

analyses, are discussed in the following sections.

8.1 EXTERNAL QC MEASURES

External ac measures (i.e., field quality control samples) consist of field duplicates, equipment rinsate

blanks, trip blanks, ambient condition blanks, and source water blanks. Each of these types of field quality

control samples undergoes the same preservation, analysis, and reporting procedures as the related

environmental samples. Each type of field quality control sample is discussed below.

Unless otherwise provided for, 1 field duplicate per every 10 environmental samples, 1 trip blank per

cooler containing volatile organic compound.(VOC) samples, and 1 rinsate blank obtained per 10 samples

collected by each type of sampling device per day, per matrix will be observed as QAlQC measures.

Ambient condition blanks will be obtained at the discretion of the FOL contingent upon ambient conditions.

8.1.1 Field Duplicates

Field duplicates are a single sample homogenized and split into two portions. (Where volatiles and

semivolatile organic compounds are to be analyzed, the volatile and semivolatile sample aliquots are

containerized first to avoid loss of constituents; then the remaining sample matrix is homogenized.)

Stones and foreign material greater than pea size are removed from the sample prior to homogenization.

The sample will be homogenized by placing the soil into a stainless steel mixing bowl. A stainless steel

trowel will be used to mix th~ soil. After the soil has been thoroughly mixed, it will be put into the

appropriate containers. Field duplicates are collected and analyzed for chemical constituents to measure

the precision of the sampling and analysis methods employed.

8.1.2 Equipment Rinsate Blanks

Equipment rinsates are obtained under representative field conditions by collecting the rinse water

generated by running analyte-free water through sample collection equipment after decontamination and

prior to use. One rinsate blank will be collected for every ten environmental samples of like matrix for
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each type of sampling equipment used (Le., bailer, split-spoon sampler, hand tools, etc.) per day, per

sampling event. A sampling event is matrix specific; therefore, an equipment blank must be collected for

each matrix sampled. If pre-cleaned, dedicated, or disposable sampling equipment is used, one rinsate

blank per type of equipment must be collected as a "batch blank." Rinsate blanks are analyzed for the

same chemical constituents as the associated environmental samples. Rinsate blanks are not applicable

for geochemical and engineering parameters.

.8.1.3 Trip Blanks

•

Trip blanks are used to assess potential voe cross-contamination of samples caused by contaminant

migration during sample shipment and storage. Trip blanks are generated by the fixed-base laboratory

subcontractor(s) and consist of preserved aliquots of analyte-free water contained in sealed vials. These

vials are shipped to the site and stored with the environmental samples as they are collected for voe

analysis. One set of trip blanks is returned to the laboratory with each shipment of samples collected for

voe analysis. Trip blanks are analyzed for voes only.

8.1.4 Ambient Condition Blanks •
An ambient condition blank is distilled water that is poured into a sample container at a sampling site.

Ambient blanks are analyzed to check for interfering contaminants which could potentially be present in

ambient air at the sampling site (e.g., volatile compounds, particulates). Ambient blanks will be collected

and analyzed based on conditions at the time of sampling at the discretion of the FOl, with a minimum of

one ambient blank being collected during the· RI. Ambient blanks shall be handled like environmental

samples and transported to a laboratory for analysis.

8.1.5 Source Water Blanks

Source water blanks consist of the potable waters used in decontamination and steam cleaning activ.ities,

and are obtained at the rate of one blank per potable water source. Source water blanks are analyzed for

all organic and inorganic constituents under investigation, as a means of determining whether the source

waters used in .decontamination activities have introduced contaminants to the environmental samples

collected. Source water blanks are not applicable for geochemical and engineering parameters. Source

water blanks are evaluated in accordance with data validation protocol to determine whether false positive •

results may exist.
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•

•

Matrix spike/matrix spike duplicate analyses are performed as internal ac checks and are discussed in

Section 3.0 of the aAPP. For organic analyses, the matrix spike (MS) is analyzed in duplicate (MSD).

For inorganic analyses, an MS is analyzed as well as an (unspiked) laboratory duplicate (LD). To

accommodate these laboratory ac analyses, the field crew must provide extra aliquots of sample, as

required. As described for field duplicates in Section 8.1.1, with the exception of volatile and semivolatile

MS/MSDs, these samples will be homogenized before being split into three aliquots. These extra sample

aliquots are identified with the same sample location information as the selected environmental sample but

are designated for MS/MSD analysis in the "comments" section on the chain-of-custody. Extra aliquots for

MS/MSD analysis will be provided to the laboratory with a frequency of one set per 20 samples of similar

matrix for organic analyses and one set per 10 samples of like matrix for inorganic analyses.
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•

This section identifies the field instruments and procedures to be used during the field measurement and

screening activities. The field instruments are calibrated prior to each sampling activity as detailed in the

following section and their respective SOPs, contained in Appendix B.

9.1 FIELD INSTRUMENT CALIBRATION

Field instruments to be used during this investigation include the Horiba, flame ionization detectors (FIOs),

colorimetric sorbent media (e.g., Drager tUbes), and LEU02 meters (e.g., Biosystems PhD Plus and Ultra).

These field instruments will be calibrated as described in SOP ME-06 (detector tubes), SOP ME-13 (FlO),

and SOP ME-14 (LEU02 meter). The FIOs are calibrated with methane gas at a concentration of

100 ppm. Calibration procedures for the Horiba, intended to determine general ground water quality

parameters, are described below. As a. rule, instruments will be calibrated daily prior to use and the

calibration will be checked against standards at the end of each day. For specific instructions on the

calibration frequency, the acceptance criteria and the conditions that will require more frequent

recalibration, refer to the specific SOPs for each field analysis.

In addition to the Horiba water quality meter, a YSI high resolution, low-range water quality meter will be

used to measure Eh, pH, and temperature, and a portable colorimeter will be used to measure dissolved

ferrous iron, dissolved reduced manganese, and hydrogen, sulfide (as sulfide) for the evaluation. of natural

attenuation. The YSI (or equivalent) meter and the portable colorimeter will be calibrated, maintained, and

operated in accordance with the manufacturer's recommendations.

Calibration procedures, along with buffers used and frequency of calibration, will be recorded on the field

. calibration form provided in Appendix A.

Calibration of the field GC is discussed in Section 6.1 of the QAPP and in Section 6.0 of the field GC SOP

(Appendix C of the QAPP).

9.1.1 Horiba U-10 Combination Meter

The Horiba U-10 combination meter is calibrated for pH, specific conductance, turbidity, and dissolved

oxygen by using a single, purchased standard phthalate pH solution. After filling the calibration beaker to
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the line indicated with the standard solution, the probe is fitted over the beaker. The MODE key is pushed

to put the unit into the MAINT mode and to move the lower cursor on the readout to the AUTO sub-mode.

After pressing the ENT key, the meter will automatically calibrate for each of the four parameters. When

the calibration is complete, the readout will briefly show "End" and then will switch to the MEAS mode. If

the unit does not switch to the MEAS mode and the readout shows an error code, the instrument must be

re-calibrated by first pressing the CLR key and then the ENT key.

9.2 FIELD MEASUREMENT PROCEDURES

•

Field measurements, including ambient air quality, groundwater temperature, pH, turbidity, dissolved

oxygen, oxidation-reduction potential (Eh), dissolved ferrous iron, dissolved reduced manganese;

hydrogen sulfide, (as sulfide) and specific conductance are recorded during field and sampling operations.

The Horiba U-10 water quality meter will be used for collecting measurements of pH, specific

conductance, turbidity, dissolved oxygen, and temperature. A YSI water quality meter will be used for

high resolution, low-range measurements of Eh, pH, and temperature in groundwater. A field GC will be

used for measurement of volatile. organic compounds in soils. In addition, dissolved ferrous iron,

dissolved reduced mang~nese, and hydrogen sulfide (as sulfide) will be measured in groundwater using a •

portable colorimeter. Ambient air-quality measurements include monitoring of organic vapors in the

breathing zone during intrusive field investigation activities and monitoring of organic vapors emanating

from site sources such as soil samples and well casings. The FlO, detector tubes, and LEU02 meter will

be used to monitor the ambient air and to field screen/selectsamples for analyses. Instruments used in

the field to record these data are calibrated according to the procedures discussed in Section 9.1.

9.3 FIELD SCREENING PROCEDURES

During routine field activities, air monitoring can aid in the selection of sample locations and screening of

samples for a rapid qualitative determination of volatile contamination. The purpose of this section is to

provide a general guide for the determination of volatile airborne contamination. All air sampling is

performed in accordance with B&R Environmental SOP SA-2.2 (Air and Gas Sampling Methods), provided

in Appendix B. This section (9.3) does not address air-quality monitoring and air sampling with regard to

health and safety issues. The Site Security and Health and Safety Plan discusses air monitoring in regard

to worker safety.

•
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Continuous air monitoring is performed by drawing air samples from a fixed sampling point (e.g:,

screening of soil samples to select samples for laboratory analysis). Typical qualitative air monitoring

equipment includes FID and colorimetric sorbent media (e.g., Drager tubes). In addition, all field air

monitoring equipment must be calibrated as required by the equipment manufacturer and by anticipated

equipment usage.

Most air monitoring equipment is battery powered (requiring daily charging), lightweight, and water'

resistant. Some newer air monitors allow for chemical-specific calibration and data logging capabilities.

Advantages of qualitative air monitoring include immediate qualitative sample screening; the ability to

obtain a general vertical profile of contaminant concentrations during drilling operations; and inexpensive
. .

screening of many samples to reduce expensive, fixed-base laboratory analyses. Disadvantages include

a limited concentration range (both high and low), inability to detect some particular contaminants,

sensitivity to site environmental conditions such as temperature and humidity, and limited battery life.
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10.0 PREVENTIVE MAINTENANCE AND CORRECTiVe ACTION

Preventive maintenance procedures are followed for each field instrument used during field activities to

minimize and identify potential instrument problems. Nonconformances or conditions adverse to quality

are also required to be reported immediately to the TOM or Quality Assurance Manager (QAM). These

parties, in turn, are charged with correcting and implementing appropriate corrective action as quickly as

possible so that work integrity or quality of product is not compromised.

10.1 FIELD INSTRUMENT PREVENTIVE MAINTENANCE PROCEDURE/SCHEDULE

The field instruments for this project include the FlO, detector tubes, Horiba water quality meter, YSI water

quality meter, and LEU02 meter. Specific preventive maintenance procedures to be followed for field

equipment are those recommended by the manufacturer and/or detailed in the SOPs contained in

Appendix B. A summary of the calibration procedures is included in Section 9.1.

Field instruments will be checked and calibrated daily before use. Calibration checks will be documented

on the calibration log sheet (Appendix A). The maintenance schedule and trouble-shooting procedures for

field instruments are indicated in SOP ME-06 (detector tubes), SOP ME-13 (FlO), and SOP ME-14

(LEU02 meter). The maintenance procedure for the Horiba is as follows:

1. Prior to calibration, gently wash and rinse area to be submerged in calibration solutions (do not use

abrasive detergents, cleaners or brushes).

2. Calibrate at the beginning of each day, and as necessary during use (the U-10 is provided with

error-code functions for ready detection of potential problems).

3. Recharge the reference sensor with reference solution approximately every two months.

4. Replace any faulty sensors or employ backup equipment.

Critical spare parts will be kept on site to reduce downtime. Spare parts for the FIOs, detector tubes, and

LEU02 meters are listed in their respective SOPs. Spare parts to be kept in stock for the Horiba are the .

following:
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• Batteries,

• KCI internal solution for pH reference sensor (special design for U-10),

• Calibration solution (special design for U-10 automatic calibration),

• Spare sensors and/or backup instruments, if cost effective, and deionized (DI) water.

A schedule of preventive maintenance and list of critical spare parts for the field GC are provided in

Sections 8.6 and 8.7 of the field GC SOP. (Appendix C of the QAPP).

Backup instruments and equipment will be available on site or within 1 day via shipment to avoid delays in

the field schedule.

10.2 FIELD CORRECTIVE ACTION

Corrective action is the process of identifying, recommending, approving and implementing measures to

counter unacceptable procedures or "out of quality control" performance that can affect data quality.

•

Corrective action in the field can be needed when the sample network is changed (i.e. more/less samples, •

sampling locations other than those specified, etc.), sampling procedures and/or field analytical

procedures require modification, etc. because of unexpected conditions. Technical staff and project

personnel will be responsible for reporting all suspected technical or QA nonconformances or suspected

deficiencies of any activity or issued document by reporting the situation to the FOL or designee. This

manager will be responsible for assessing the suspected problems in consultation with the Project QA

Manager and making a decision based on the potential for the situation to affect the quality of the data. If

it is determined that the situation warrants a reportable nonconformance requiring corrective action, then a

nonconformance report will be initiated by the manager.

The manager will be responsible for ensuring that corrective action for nonconformances is initiated by:

•
•
•
•
•
•

Evaluating all reported nonconformances.

Controlling additional work on nonconforming it~ms.

Determining disposition or action to be taken.

Maintaining a log of nonconformances.

Reviewing nonconformance reports and corrective action taken.

Ensuring nonconformance reports are included in the final site documentation in project files. •
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If appropriate, the FOL will ensure that no additional work that is dependent on the nonconforming activity

is performed until the corrective actions are completed.

Corrective action for field measurements may include the following:

• Repeat the measurement to check the error.

• Check for all proper adjustments for ambient conditions such as temperature.

• Check the batteries.

• Re-calibrate.

• Check the calibration.

• Replace the instrument or measurement devices.

• Stop work (if necessary).

The FOL or his designee is responsible for all site activities. In this role, the FOL at times is required to

adjust the site programs to accommodate site-specific needs. As discussed in Section 5.1, Field Task

Modification Requests (FTMRs) are initiated when a change to or deviation from procedures specified in

the project planning documents is required.

Corrective action resulting from internal field audits will be implemented immediately if data may be

adversely affected because of unapproved or improper use of approved methods. The NIROP Fridley

quality assurance officer will identify deficiencies and recommend corrective action to the NIROPFridley .

Task Order Manager. Implementation of corrective actions will be performed by the NIROP Fridley FOL

and field team. Corrective action will be documented in quality assurance reports to the entire project

management.

Corrective actions will be implemented and documented in the field logbook. No staff member will initiate

corrective action without prior communication of findings through the proper channels. If corrective

actions are insufficient, work may be stopped by the U.S. EPA RPM.
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11.0 SAMPLE DISPOSAL

Laboratory sample disposal will be performed in accordance with established laboratory standard

operating procedures.

Investigative-derived wastes (IDW) generated during field activities will be disposed of as described in

Section 7.8 of this FSP.
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CERTIFICATE OF CONFORMANCE

•~ev 0
March 27, 1997

Well Designation: _

Site Name: _

Date Installed: _

Project Name: _

Site Geologist: _

Drilling Company: _

DriIIer: _

Project Number: _

Material Brand/Description Source/Supplier Sample

Collected 1

Well Casing

Well Screen

End Cap

Drilling Fluid

Drilling Fluid Additives

Backfill Material

Annular Filter Pack

Bentonite Seal

Annular Grout

Surface Cement

Protective Casing

Paint

Rod Lubricant

Compressor Oil

To the best of my knowledge, I certify that the above described materials were used dUring installation of this monitoring well.

Signature of Site Geologist:, _



~~ LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME:
PROJECT NUMBER:

NIROP FRIDLEY (Phase II)

6966
WELL 10.:
DATE:

MW-

"'·"'''>Alti·''''I'··~4>'''''''··'/'l.r',.,.,.c':''····'·······.··1;:; ."., ; I; ., q .• ' I'" ·"ie"':""': ". 1'1.:'" ,.;'.. ,···.;':Jf·11~~.:'·,~"cf)"···I·;·; C..··..··,···· "'···:,.r I ,,·.,,:'.'·ol.""··i'"
2L;'(Hrs;"i~Js i~~~(Ft~ .. tieiow TOC)~\l, :,,(ml:lMlni);j; m,(S.U;HL ~"J(mS/cm);,~&i;\(NTU)H.i;:hmglt;'i,'L~( elsluslt :;~~!,;:huh;(i

Time Water Level Flow pH Condo Turb. DO Temp. Sal.
Comments

(e.g. accumulated volume)

I

SIGNATUREIS): _

• •
PAGE OF- -•



• el>
Brown I Root Enn-orm&ntal

SITE NAME:

•
DIRECT-READING INSTRUMENT RESPONSE DATA

PROJECT NO.:

•

Instrument
Instrument Location (e.g.,

Operation(s) Being
Personnel in Vicinity at

Date and Time(s) Instrument Used Reading and borehole vs Time of Readings and
Operator Name.

Duration breathing lone)
Performed

Level of PPE Worn

"



~
Brown I Root EnROIIn8ntal

SITE NAME:

DOCUMENTATION OF FIELD CALIBRATION

PROJECT NO.:

Instrument B&R Person Instrument Settings Instrument Readings Calibration
Remarks/Date, of

Name and Environmental Performing Standard
Calibration Instrument 1.0. (Lot Number)

Comments
Model

Number
Calibration Pre-Calibration Post-Calibration Pre-Calibration Post-Calibration

• • •



Vtal. DIAMElER; . SCREEN LENGl'H/OEPl'H: TEST NO.: .
STATIC WAlER L.EVn. (Depth/Elevatlon): DATE: .
~T T'T'PE (RlslngjF'alllng/Conatant Head): . .. CHECKED: .
UEn100 OF INDUCING WATER LEVn.. CHANGE: . PACE OF .

•
PROJECT NAME:

PROJECT NO.: ... _

HYDRAULIC CONDUCTIVITY TESTING DATA SHEET

VtnL/BORING NO.: .

GEOLOGIST: ...

•

R~ENCE PT. FOR Wl. t.CEAS. (Top of Casing, Tnmaducet', etc." .
ELAPSE:D MEASURED DRAWDOWN ELAPSED MEASURED DRAWOOWN wEll. SQ1P>1ATICTIME WATER LEVEL OR HEAD (~H) TIME WATER LEVEL OR HEAD (~H) rc(min. 0(" sec.) (feet) ; f~t) (min. 0(" sec.) (feet) (feet) C;;;Of-- 'if£L.L III~"-----~+--'"--....:.--+--..:..;.;.~- ........:...-.-;......;...;..;;;.;....-+-_...:..--'---+---'---'----t

BOREHOLE III

...------+-----+-----1------+------+------1 ~ Peptn: (SeL)

1-----+-----1-----I-----+------t-----t~

~f--,_--4-+-----
>-
~::=::
~::=::
z z:w .... -
ll. "'l_
o 5-
...... 11I_

-'-I-------+------+-----I-----+------+------t~f--
<
13

.sz !ndicote SVt\.
Depth on Drowinq

•

CALCS,SKETCH MAPS, ETC.:



GROUNDWATER

SAMPLE LOG SHEET Paoe __ 01 __ •Project Site Name: _

Project No.: _

o Domeetic Well Data
o Monitoring Well Om
o Other Well Type: _
o QA Semple Type: _

Sampl" 10 No.: _

Semple Location:

Sampled By: _

C.O.C. No.: _

:'.:.::" -::':.

Dete::}"f?: .•~C{>:;:r""'l'!.:CJ:::T~;:'<CoW.:·/:l1IO::: '",l8Il:::\"./:
Time: _

Monitor Reading (ppm): 1

Well Cuing Die. & Materiel 2
Type: 3

Total Well Depth (TO): 4

Static Water Level (Wl): 5

TD-WL (ft.1 ..

One Caeing Volume: (gellll

Stan Purge Ihr•. ):

End Purge Ih~.l:

Totel Purge Time (mini:

Total Amount Purged (gellll:

OburvatJon./Notee:

MSIMSD IDuplicate 10 No: .

TBO: To Be Determined

•

•



•

•

.,.,
;:I

.~
<.:,,-
"'...
o

~~n, ...., 'WArr'R L~ U~AC::lJR~U~T ~~t="IT 1 Brown I Root

Project Nome: locotior.:
Project No.: Weother Conditions:
Personnei: Meosuring Device:
Dote: Remarks:
Tidoily Intiuenceo: 'Tes No

Well or ~rrl WGt..~ Correction
AdjJsted Groundwoter

Piezometer Date/Time R¥...... PorIt Indlcotor Factor
Depth Elevation

Number (F_>- ~eod"'9 (F..tr (Feet)- (Feet)-

I I
I

I I
I I

I I
I

I
I

I

-

<
- • ~ "~~TS 'T~ Ii£~ c.er. roc~



BORING LOG Page_of_

BORING NUMBER: _
DATE: _-=- _
GEOLOGIST: •

~

I MATERIAL DESCRIPTION .
Sample 810...,'1 Same'.

utho'OQV

Deoth Chano_ U AD 0<
No. and 6- or R.co"'.rvl Soil CenSltV' .... s RemarksType 01

1Ft.) 01
ROD SamtX.

tOegth/l=t.1
C.on..II.~YOf Color ··Mal·eri~ib~3~iiica·lion 1'10

Run No. Of Scr••ned : C -noROD (%1 LenQth _.Ha<d<w.... . . ..Int.,,,,.

I
..... <:;..........

S (Ppml.... ..
... ' ......

•••

1/1
1/ I
1/ I
/ I

1/ I
1/ I
1/
1/
1/
i/ I I
V I

I

17
/
/
1/
/ I
V
/
/
/
/ I

/
1/
/
1/

PROJECT NAME: _
-PROJECT NUMBER: _
DRILLING COMPA.NY: _
WATER I EVEL OAT':'"

•When rock coring enler rock brokeness.

CONVERTED TO WELL: _ Yes _ No: WELL I.D.#: _
REMARKS: ~ •

Signature(s): _



MONITORING WELL SHEET

LOCATION _
BORING _
DATE _

• PROJECT _
PROJECT NO. _
ELEVATION _
FIELD GEOLOGIST _

BORING NO.: _

DRILLER _

DRILLING
METHOD-- _

DEVELOPMENT
METHOD _

•

\Ground I
, Elevotion---- ~ElEVATlON TOP OF RISER:

t--.~--- .........-;-~=-.-.:~/.~-:::::I~::::::=;;z~::M;r::":':··:--::~··:-:/J11 T'r"PE OF SURFACE SEAL: _

tlUStl'\ mount . l :,;-. I • T'r"PE OF PROTECTlV£ CASING: _
3ur oce COSine I

. V) I DIAMETER OF HOLE;:o
~ ~. TYPE OF RISER PIPE:

~:/.: RISER PIPE I.D., _

~ ~.,.:--.l-T'r"PE OF BACKFILL/SEAL: _

~ ~
~ ~
~ ~~.~

DEPTH/ELEVATION TOP OF SCREEN:

SLOT SIZE x LENGTH: _

mE OF SCREEN: -------

:::l--~DEPTH/ELEVAT10N TOP OF SAND:

':.:1
".1
":'·1

I

I

I
I~' .

t.:~
1/,.,
I..

t " I

l~' ="1
L =':·1
(. - :~'I
I ~ =":1t· ,

f'; =:~I
t·:· - '.1r;' =....:,---+-mE OF SAND PACK: _(. =·~I
~ :,' =:' j DIAMETER OF HOLE IN BEDROCK: _

(;: =(:.1 ~-DEPTH/ELEVATION BOnOM OF SCREEN:

L.~v- OEPTH/ElEVATlON BOnOM OF SAND:

l.:~.~::>?l ~OEPTH/ELEVATION BOnOM OF HOLE:

~.., ~ BACKFill MATERIAL BELOW SANO:

•



SINGLE SAMPLE LOG SHEET
Page of •

Project Site Name: _

Project No.: _

o Surface Soil
o Subsurface Soil
o Sediment
o Other _
o QA Sample Type: _

Sample 10 No.: _

Sample Location: _

Sampled By: _

C.O.C. No.: _

Sample Method:

Depth Sampled:

Sample Date and Time:

Sample ColorIDescription

Type of Sample
o Grab
o Composite
o Grab-Composite
o High Concentration
o Low Concentration

..,:;:::,:·":::'\\.::::::::t::::'}:'I:::·:II:::::):::'j::',,::i}::':~~:~'::::':·:·:::j·'::::)::::::'::':::':::\::\:t:\i:\,I:\:i::i:m\®i~i::;i:':"':
Color Description: (Sand. Clav. Dry, Moi.t. Wet. etc.l •

ObservationslNotes:

:'~.~~~:'···::':'.:·:.::·::::::mu:::::·t::,::::::::·'\:::::::::\:,::,::j:':,:::::::\:::::,\:::\::\',::::I(:\\:[:::,::\1:::,'(:,::::\:\SignatureIs):

MS/MSD Duplicate 10 No:

•



• •
MONITORING WELL DEVELOPMENT RECORD

.VIO
October 11, 1996

aq

Well: _

Site : _

Date Installed: _

Date Developed: _

Dev. Method: _

Pump Type: _

Depth to Bottom (ft): _

Static Water Level Before(ft): _

Static Water Level After (ft): _

Screen Length (ft): _

Specific Capacity: _

Casing 10 (in): _

Responsible Professional: .

Drilling Co.: _c- _

Project _

Project Number: .

Sheet No.__ of __---

Time Estimated Cumulative . Water Level Temperature pH Specific Turbidity Remarks
'-'

. Sediment Water Reading (units-----.> Conductance (NTU) (odor, color, etc.)

Thickness Volume (ft. below TOC) (microsiemens/cm)

(ft) (gallons)
.--_. -------_. -~------_._.-._._.

..--- -- ._-_._-

- - ---_._------_.. _.

---_.-

--1-._--. .___-.0.___ -

.-

--- -----

--
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GH-1.3
GH-1.5
GH-2.4
GH-2.8
ME-D6
ME-13
ME-14
ME-15
SA-1.1
SA-1.3
SA-2.2
SA-6.1
SA-6.3
SA-7.1
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SAMPLE NOMENCLATURE

1.0 PURPOSE

Number

Revision

CT-Q4

o

Page

2 of 6

Effective Date

03/01/96

The 'purpose of this document is to specify a consistent sample nomenclature system that will facilitate
subsequent data management in a cost-effective manner. The sample nomenclature system has been
devised such that the following objectives can be attained:

2.0

•
•
•
•
•

Sorting of data by matrix.
Sorting of data by depth.
Maintenance of consistency (field, laboratory, and data base sample numbers).
Accommodation of all project-specific requirements on a global basis.
Accommodation of laboratory sample number length constraints (10 characters).

SCOPE

The methods described in this procedure shall be used consistently for all projects requiring electronic
data handling managed by personnel located in the Northeast Region of Brown & Root Environmental
(Pittsburgh, Wayne, Holt, and Wilmington) and for any large contracts managed by the Northeast Region
(e.g., NORTHDIV CLEAN, SOUTHDIV CLEAN, ARCS I, ARCS III, etc.). Smaller projects (as determined
by Project Manager) are outside the scope of this SOP.

3.0 GLOSSARY

None.

4.0 RESPONSIBILITIES

Program Manager - It shall be the responsibility of the Program Manager (or designee) to inform
contract-specific Project Managers of the existence and requirements of this Standard Operating
Procedure.

Project Manager - It shall be the responsibility of the Project Manager to determine the applicability of
this Standard Operating Procedure based on: (1) program-specific requirements, and (2) project size and
objectives. It shall be the responsibility of the Project Manager (or designee) to ensure that the sample
nomenclature is thoroughly specified in the relevant project planning document (e.g., sampling and
analysis plan) and is consistent with this Standard Operating Procedure if relevant. It shall be the
responsibility of the project manager to ensure that the Field Operations Leader is familiar with the
sample nomenclature system.

Field Operations Leader - It shall be the responsibility of the Field Operations Leader to ensure that all
field technicians or sampling personnel are thoroughly familiar with this Standard Operating Procedure
and the project-specific sample nomenclature system. It shall be the responsibility of the Field.
Operations Leader to ensure that the sample nomenclature system is used during all project-specific
sampling efforts.

019611/P Brown & Root Environmental
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SAMPLE NOMENCLATURE

5.0 PROCEDURES

5.1 Introduction

Number

Revision

CT-Q4

o

Page

3 of 6

Effective Date

03/01/96

The sample numbering system consists of 12 distinct alpha-numeric characters. only 10 of which will be
provided to the laboratory on the sample labels and chain-of-custody forms. The sample number
provided to the lab shall be as follows where "A" indicates. "alpha." "N" indicates "numeric," and "E"
indicates "either"):

E E E A A E E E N N

Once the analytical results are received from the laboratory the sample number will be revised by'a
subroutine such that the sample number is more user friendly (Le.. dashes will be inserted). The sample
number will then appear as follows:

E E E A A E E E N N

If mUltiple sampling events occur (or are planned) for a given matrix. a subroutine within the database
will be used to append two additional characters such that the sample number will appear as follows:

E E E

Site

A A

Type

E E E

Location

N N

Depth

N N

Round

5.2 Sample Number Field Requirements

The various fields in the sample number will include the following:

• Site Identifier
• Sample Type .
• Sample Location
• Sample Depth Indicator
• Sampling Round

. The site identifier must be a three-character field (numeric characters, alpha characters. or a mixture of
alpha and numeric characters may be used). A site number is necessary since many facilities/sites have
mUltiple individual sites, SWMUs. operable units, etc.

The sample type must be a two-character alpha field. Suggested codes are proVided in Section 5.3 of
this SOP.

The sample location must bea three-character field (alpha. numeric, or a mixture).

019611/P Brown & Root Environmental
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Number

Revision
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Page

4 of 6
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03/01/96

The depth field must be provided for all samples, regardless if it is strictly applicable (as discussed in
Section 5.3).

The sampling round is optional, but, if provided, must be two numeric characters.

5.3 Example Sample Field Designations

Examples of each of the fields are as follows:

Site Number - Examples of site numbers/designations are as follows:

A01 
125 
000 
BBG -

Area of Concern Number 1
Solid Waste Management Unit Number 125
Base or Facility Wide Sample (e.g., upgradient well)
Base Background

The examples cited are only suggestions. Each Project Manager (or designee) must designate
appropriate (and consistent) site designations for their individual project.

Sample Type - Examples of sample types are as follows:

AS
BS
CP
CS
OS
OU
FP
10
LT
MW 
OF
RW 
SB
SO
SC
SG
SP
SS
SU

. SW -
TP
TW
WC 
WI
WP 
WS -

Air Sample
Biota Sample (See Note)
Composite Sample
Chip Sample
Drum Sample
Dust Sample
Free Product
Investigation Derived Waste Sample
Leachate Sample
Monitoring Well
Outfall Sample
Residential Well Sample
Soil Boring Sample
Sediment Sample
Scrape Sample .
Soil Gas Sample
Seep Sample
Surface Soil Sample
Subsurface Soil Sample
Surface Water Sample
Test Pit Sample
Temporary Well Sample
Well Construction Material Sample
Wipe Sample
Well Point Sample
Waste/Sludge Sample

Note: The biota sample designation may be contingent upon the type of biota sampled (e.g.,
BL - Lobster; BF - Finfish; BC - Clam; BO - Oyster). Numerous other examples can be cited but will be
site-specific. .

019611/P Brown & Root Environmental
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This field will also be used to designate field Quality Control Samples, as follows:

TB Trip Blank
FB Field Blank
RB Rinsate Blank (Equipment Blank)
BB Bottle Blank
AB Ambient Condition Blank

Field quality control samples should be numbered sequentially (e.g., RB-D01; FB-D10, etc.).

Filtered/unfiltered surface water or groundwater samples shall be handled in an separate manner, as
subsequently discussed.

Location - Examples of the location field are as follows:

A01 
001 -

Grid node A1
Monitoring Well 1

Q19611/P

It is important that consistency be maintained with respect to the use of the characters "0" and O. Data
base subroutines will not sort correctly if a mixture are used (e.g, A01 and A02).

Depth - Formerly, depth specifications were indicated with a four digit field (e.g., 0002 - 0 to 2 feet).
While this is effective for depth sorting, it is difficult to include this level of detail in a 10-character lab
number (FormMaster limitations). In addition, this approach will not accommodate non-integer depths
(e.g., 2.5 feet to 4.5 feet).

Based on such potential problems, the following approach shall be used: Sample depths will simply
represent the horizon from which the sample was obtained: For example, if ten split-spoon samples are
collected from a boring, they will be numbered 01 through 10. The sample log sheet will be used to
record the specific depth of the sample, and this information will be entered in a separator field in the
data base.

Similar nomenclature will be used for depth-specific surface water and sediment samples, etc. If no
depth information is required (e.g., groundwater samples), the field must still be filled (e.g., 0. 0).

This field will also be used for the designation of filtered and unfiltered samples. An unfiltered
groundwater sample shall be designated as UO, if and only if, a corresponding filtered sample is
collected. Such as sample shall be designated as FO.

Sampling Round - The sampling round field is straightforward. It can range from. 01 to 99.

S'rown & Root Environmental
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5.4 Example Sample Numbers

Examples of complete sample numbers (field/data base versus laboratory) are as follows:

Field/Data Base 10 Lab 10 Description

101-SB-A01-01 101SBA0101
The first sample (e.g., 0 to 2 feet) from soil boring A01
(grid) at Site 101.

101-SB-A01-Q2 101SBA0102
The second sample from boring A01 (could be the next
depth interval or a duplicate of 101-SB-A01-01).

125-MW-Q01-Q1-01 125MW00101
A groundwater sample from monitoring well MW001 (first
sampling round)

125-MW-Q01-Q2-Q1 125MW00102
A duplicate groundwater sample from monitoring well
MW001 (first sampling round)

130-MW-Q03-U 1-Q1 130MW003U1
An unfiltered groundwater sample from monitoring well
MW003 (first sampling round)

130-MW-Q03-F1-Q1 130MW003F1
A filtered groundwater sample from monitoring well
MW003 (first sampling round)

137-RB-Q01-Q0-Q1 137RB00100 The first rinsate blank collected at site 137.

137-TB-Q04-Q0-Q2 137TB00400
The fourth trip blank collected during the second
sampling event at Site 137.

155-SW-Q03-Q1-Q1 155SW00301
A surface water sample collected from the surface of a
pond at Site 155.

155-SW-Q03-Q2-Q1 155SW00302
A surface water sample collected from the bottom of the
water column., in a pond at Site 155.

019611/P Brown & Root Environmental
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The purpose of this procedure is to provide reference information regarding the proper methods for
evaluating existing monitoring wells, and determining water level measurements.

2.0 SCOPE

The procedures described herein are applicable to all existing monitoring wells and. for the most part,
are independent of construction materials and methods.

3.0 GLOSSARY

Hydraulic Head - The height to which water will rise in a well.

Water Table - A surface in an unconfined aquifer where groundwater pressure is equal to atmospheric
pressure (Le., the pressure head is zero).

4.0 RESPONSIBILITIES

Site Geologist/Hydrogeologist - Has overall responsibility for obtaining water level measurements and
developing groundwater contour maps. The site geologist/hydrogHologist (in concurrence with the
Project Manager) shall specify the reference point from which watf~r levels are measured (usually a
specific point on the upper edge of the inner well casing), the number of data points needed and which
wells shall be used for a contour map. and how many complete sets of water levels are required to
adequately define groundwater flow directions (e.g., if there are seasonal variations).

Field Personnel - Must have a basic familiarity with the equipment"and procedures involved in obtaining
water levels. and must be aware of any project-specific requirements.

5~ PROCEDURES

Accurate. valid and useful groundwater monitoring requires that four important conditions be met:

• Proper characterization of site hydrogeology.

• Proper design of the groundwater monitoring program. inclUding adequate numbers of wells
installed at appropriate locations and depths.

• Satisfactory methods of groundwater sampling and analysis to meet the data quality
objectives (DOOs).

• The assurance that specific monitoring well samples are representative of water quality
conditions in the monitored interval.

To insure that these conditions are met, adequate descriptions of subsurface geology, well construction
methods and well testing results must be available. The following steps will help to insure that the
required data are available to permit an evaluation of the utility of existing monitoring wells for collecting
additional samples.
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~ P.elii1iinal y Evaluation

A neisary first step in evaluating existing monitoring well data is the study and review of the original
work an for monitoring well installation (if available). This helps to familiarize the site
geologis hydrogeologist with site-specific conditions, and will promote an understanding of the original
purpose 0 he monitoring wells.

The next step the evaluation should involve a review of all available information concerning borehole
drilling and well onstruction. This will allow interpretation of groundwater flow conditions and area
geology, and will H Ip to establish consistency between hydraulic properties of the well and physical
features of the well formation. The physical features which should be identified and detailed, if
available, include:

• The well identl 'cation number, permit number and location by referenced coordinates, the
distance from p minent site features, or the location of the well on a map.

• The installation date drilling methods, well development methods, and contractors.

• The depth to bedrock - where rock cores were not taken, auger refusal, drive casing
refusal or penetration test esults (blow counts for split-barrel sampling) may be used to
estimate bedrock interface.

• The soil profile and stratigraphy.

• The borehole depth and diameter.

• The elevation of the top of the protective asing, the top of the well riser, and the ground
surface.

• The total depth of the well.

• The type of well materials. screen type, slot size, a d length, and the elevation/depths of
the screen, interval. and/or monitored interval.

• The elevation/depths of the tops and bottom of the filter ck and well seals and the tYpe
and size.

5.2 Field Inspection

During the onsite inspection of existing monitoring wells, features to be noted i

• The condition of the protective casing, cap and lock.

• The condition of the cement seal surrounding the protective casing.

• The presence of depressions or standing water around the casing.

• The presence of any electrical cable and its connections.

If the protective casing, cap and lock have been damaged or the cement collar appears deteriorated, r
iF titer e al e allY depi essiolis at oUild tile well casillg capable of Iioidilig wate., SUi face water Ii lay have
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·-mfiltratedintothewell.~~Thjs·mayinvalidateprevious-samplingrestrltssince the time when leakage stal1ed
is'lmknown.

""'-"The routine physical inspection must be followed by a more detailed investigation to identify other
potential ro'otEts of contamination or sampling equipment malfunction. Any of these occurrences may
invalidate previ sly-collected water quality data. If the monitoring well is to be used in the future,

, considerations sh n in the steps described above should be rectified to rehabilitate the well. After
disconnecting any wi s. cables or electrical sources, remove the lock and open the cap. Check for the
presence of organic vap s with a photoionization detector (PID) or flame-ionization detector (FlO) and
combustible gas meter to etermine the appropriate worker safety level. The following information
should be noted: '

• Cap function.

• Physical characteristics and omposition of the inner casing or riser, including inner
diameter and annular space.

• Presence of grout between the riser an outer protective casing and the existence of drain
holes in the protective casing.

• Presence of a riser cap, method of attachment

• Presence of dedicated sampling equipment; if pos
inspect size, materials of construction and condition.

remove such equipment and

The final step of the field inspection is to confirm previous hydraulic or ph ical property data and to
obtain data not previously available. This includes the determination of stati ater levels, total well
depth and well obstruction. This may be accomplished using a weighted tape me ure which can also
be used to check for sediment (the weight will advance slowly if sediment is present. d the presence
of sediment on the weight upon removal should be noted). "If sediment is present, the II be should
be redeveloped befqre sampling.

Lastly. as a final step, the location. condition and expected water quality of the wells should be revi ed

5.3 Water Level (Hydraulic Head) Measurements

5.3.1 General

Groundwater level measurements can be made in monitoring wells, private or public water wells,
piezometers, open boreholes, or test pits (after stabilization). Groundwater measurements should
generally not be made in boreholes with drilling rods or auger flights present. If groundwater sampling
activities are to occur, groundwater level measurements shall take place prior to well evacuation or
sampling.

All groundwater level measurements shall be made to the nearest 0.01 foot, and recorded in the site
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet
(Attachment A), along with the date ,and time of the reading. The total depth of the well shall be
measured and recorded, if not already known. Weather changes that occur over the period of time
during which water levels are being taken, such as precipitation and barometric pressure changes,
should be noted.
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In measuring groundwater levels. there shall be a clearly-established reference point of known elevation.
which is normally identified by a mark on the upper edge of the inner well casing. The reference point
shall be noted in the field notebook. To be useful, the reference point should be tied in with an
established USGS benchmark or other properly surveyed elevation datum. An arbitrary datum could be
used for an isolated group of wells, if necessary.

Cascading water within a borehole or steel well casings can cause false readings with some types of
sounding devices (chalked line, electrical). Oil layers may also cause problems in determining the true
water level in a well. Special devices (interface probes) are available for measuring the thickness of oil
layers and true depth to groundwater, if required.

Water level readings shall be taken regularly, as required by the site geologist/hydrogeologist.
Monitoring wells or open-cased boreholes that are subject to tidal fluctuations should be read in
conjunction with a tidal chart (or preferably in conjunction with readings of a tide staff or tide level
recorder installed in the adjacent water body); the frequency of such readings shall be established by
the site hydrogeologist. All water level measurements at a site used to develop a groundwater contour
map shall be made in the shortest practical time to minimize affects due weather changes, and at least
during the same day.

5.3.2 Water Level Measuring Techniques

There are several methods for determining standing or changing water levels in boreholes and monitoring
wells. Certain methods have particular advantages and disadvantages depending upon well conditions.
A general description of these methods is presented, along with a listing of various advantages and
disadvantages of each technique. An effective technique shall be selected for the particular site
conditions by the site geologist/hydrogeologist.

In most instances. preparation of accurate potentiometric surface maps require that static water level
measurements be obtained to a precision of 0.01 feet. To obtain such measurements in individual
accessible wells, chalked tape or electrical water level indicator methods have been found best. and thus
are the most often utilized. Other, less precise methods, such as the popper or bell sound. or bailer line
methods, may be appropriate for developing preliminary estimates of hydraulic conditions. When a large
number of (or continuous) readings are required, time-consuming individual readings are not usually
feasible. In such cases, it is best to use the float recorder or pressure transducer methods. When
conditions in the well limit readings (Le.. turbulence in the water surface or limited access through small
diameter tubing), less precise, but appropriate methods such as the air line or capillary tubing methods
can be used (see subseuqent SOP section for discussion of these devices).

5.3.3 Methods

Water levels can be measured by several different techniques, but the same steps shall be followed in
each case. The proper sequence is as follows:

1. Check operation of recording equipment above ground. Prior to opening the well, .don
personal protective equipment, as required.

2. Record all information specified below in the geologist/hydrogeologist's field notebook or
on the Groundwater Level Measurement Sheet (Attachment A):

019611/P

• Well number.
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• Water level (to the nearest 0.01 foot: 0.3 cm). Water levels shall be taken from the
siJrveyed reference mark on the top edge of the inner well casing.

• Time and day of the measurement.

Water level measuring devices with permanently marked intervals shall be used when possible. If water
level measuring devices marked by metal or plastic bands clamped at intervals along the measuring line
are used. the spacing and accuracy of these bands shall be checked frequently as they may loosen and
slide up or down the line, resulting in inaccurate reference points (see Section 5.3.6).

5.3.4 Water Level Measuring Devices

Chalked Steel Tape

The water level is measured by chalking a weighted steel tape and lowering it a known distance (to any
convenient whole foot mark) into the well or borehole. The water level is determined by subtracting the
wetted chalked mark from the total length lowered into the hole.

The tape shall be withdrawn quickly from the well because water has a tendency to rise up the chalk due
to capillary action. A water finding paste may be used in place of chalk. The paste is spread on the tape
the same way as the chalk. and turns red upon contacting water.

Disadvantages to this method include the following: depths are limited by the inconvenience of using
heavier weights to properly tension longer tape lengths; ineffective if borehole/well wall is wet or inflow
is occurring above the static water level; chalking the tape is time-consuming; ,difficult to use during
periods of precipitation.

Electric Water Level Indicators

These devices consist of a spool of small-diameter cable and a weighted probe attached to the end.
When the probe comes in contact with the water. an electrical circuit is closed and a meter. light, and/or
buzzer attached to the spool will signal the contact.

There are a number of commercial electric sounders available, none of which is entirely reliable under
all conditions likely to occur in a contaminated monitoring well. In conditions where there is oil on the
water, groundwater with high specific conductance, water cascading into the well, steel well casing, or
a turbulent water surface in the well, measuring with an electric sounder may be difficult.

For accurate readings, the probe shall be lowered slowly into the well. The electric tape is marked at
the measuring point where contact with the water surface was indicated. The distance from the mark
to the nearest tape band is measured using an 'engineer's folding ruler or steel tape, and added to the
band reading to obtain the depth to water. If the band is not a permanent marking band, spacing shall
be checked periodically as described in Section 5.3.6.

Popper or Bell Sounder

A bell- or cup-shaped weight that is hollow on the bottom is attached to a measuring tape and lowered
into the well. A "plopping" or "popping" sound is made when the weight strikes the surface of the water.
An accurate reading can be determined by lifting and lowering the weight in short strokes, and reading
the tape when the weight strikes the water. This method is not sufficiently accurate to obtain water levels
to 0.01 feet, and thus is more appropriate for obtaining only approximate water levels qUickly.

Brown & Root Environmental
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A float or an electromechanically actuated water-seeking probe may be used to detect vertical changes
of the water surface in the hole. A paper-covered recording chart drum is rotated by the up and down
motion of the float via a pulley and reduction gear mechanism, while a clock drive moves a recording
pen horizontally across the chart. To ensure continuous records, the recorder shall be inspected,
maintained, and adjusted periodically. This type of device is useful for continuously measuring periodic
water level fluctuations, such as tidal fluctuations or influences of pumping wells.

Air Line

An air line is especially useful in pumped wells where water turbulence may preclude the use of other
devices. A small-diameter weighted tube of known length is installed from the surface to a depth below
the lowest water level expected. Compressed air (from a compressor, bottled air, or air pump) is used
to purge the water from the tube. until air begins to escape the lower end of the tube, and is seen (or
heard) to be bubbling up through the water in the well. The pressure needed to purge the water from
the air line multiplied by 2.307 (feet of water for 1 psi) equals the length in feet of submerged air line.
The depth to water below the center of the pressure gauge can be calculated by subtracting the length
of air line below the water surface from the total length of the air line.

The disadvantages to this method include the need for an air supply and lower level of accuracy (unless
a very accurate air pressure gauge is used, this method cannot be used to obtain water level readings
to the nearest 0.01 tt).

Capillary Tubing

In small diameter piezometer tubing, water levels are determined by using a capillary tube. Colored or
clear water is placed in a small "U"-shaped loop in one end of the tube (the rest of the tube contains air).
The other end of the capillary tube is lowered down the piezometer tUbing until the water in the loop
moves, indicating that the water level has been reached. The point is then measured from the bottom
of the capillary tube or recorded if the capillary tube is calibrated. This is the best method for very small
diameter tubing monitoring systems such as Barcad and other multilevel systems. Unless the capillary
tube is calibrated, two people may be required to measure the length of capillary tubing used to reach
the groundwater. Since the piezometer tubing and capillary tubing usually are somewhat coiled when
installed, it is difficult to accurately measure absolute water level elevations using this method. However,
the method is useful in accurately measuring differences or changes in water levels (i.e., during pumping
tests).

Pressure Transducer

Pressure transducers can be lowered into a well or borehole to measure the pressure of water and
therefore the water elevation above the transducer. The transducer is wired into a recorder at the surface
to record changes in water level with time. The recorder digitizes the information and can provide a
printout or transfer the information to a computer for evaluation (using a well drawdown/recovery model).
The pressure transducer should be initially calibrated with another water level measurement technique
to ensure accuracy. This technique is very useful for hydraulic conductivity testing in highly permeable
material where repeated, accurate water level measurements are reqUired in a very short period of time.
A sensitive transducer element is required to measure water levels to 0.01 foot accuracy.
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Approximate water levels can be determined during geophysical logging of the borehole (although this
is not the primary purpose for geophysical logging and such logging is not cost effective if used only for
this purpose). Several logging techniques will indicate water level. Commonly-used logs which will
indicate saturated/unsaturated conditions include the spontaneous potential (SP) log and the neutron
log.

5.3.5 Data Recording

Water level measurements. time, data. and weather conditions shall be recorded in the
geologist/hydrogeologist's field notebook or on the Groundwater Level Measurement Sheet. All water
level measurements shall be measured from a known reference point. The reference point is generally
a marked point on the upper edge of the inner well casing that has been surveyed for an elevation. The
exact reference point shall be marked with permanent ink on the casing since the top of the casing may
not be entirely level. It is important to note changes in weather conditions because changes in the
barometric pressure may affect the water level within the well.

5.3.6 Specific Quality Control Procedures for Water Level M~asuring Devices

All groundwater level measurement devices must be cleaned before and after each use to prevent cross
contamination of wells.. Manufacturer's instructions for cleaning the device shall be strictly followed.
Some devices used to measure groundwater levels may need to be calibrated. These devices shall be
calibrated to 0.01 foot accuracy and any adjustments/corrections shall be recorded in the field
logbook/notebook. After the corrections/adjustments are made to the measuring device and entered
in the field logbook/notebook. the corrected readings shall be entered onto the Groundwater Level
Measuring Sheet (Attachment A). Elevations Will be entered on the sheet when they become available.

5.4 Health and Safety Considerations

Groundwater contaminated by volatile organic compounds may release toxic vapors into the air space
inside the well pipe. The release of this air when the well is initially opened is a health/safety hazard
which must be considered. Initial monitoring of the well headspace and breathing zone concentrations
using a PID (e.g., HNu) or FlO (e.g., OVA) and combustible gas meters shall be performed to determine
required levels of prote~tion. . . . .

6.0 RECORDS

A record of all field procedures~ tests and observations must be recorded in the site logbook or
designated field notebook. Entries in the log/notebook should include the individuals participating in the
field effort, and the date and time. The use of annotated sketches may help to supplement the
evaluation.

019611/P Brown & Root Environmental



Subject

EVALUATION OF EXISTING
MONITORING WELLS AND WATER
LEVEL MEASUREMENT

Number

Revision

GH-1.2

2

Page

9 of 9

Effective Date

03/01/96

ATTACHMENT A
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET

GROUNDWATER LEVEL
MEASUREMENT SHEET Page __ of __

PROJECT NAME: LOCATION: ------
PROJECT NUMBER: MEASURING DEVICE: _
PERSONNEL: ADJUSTMENT FACTOR: _
DATE: -..:- -'-_ REMARKS: _
WEATHER CONDITIONS: _

Q19611/P

-Measurements to nestest 0.01 foot. Signature(s):, _
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The purpose of this procedure is to describe the methods and equipment necessary to perform soil and
rock borings and identify the equipment, sequence of events, and appropriate methods necessary to
obtain soil, both surface and subsurface, and rock samples during field sampling activities.

2.0 SCOPE

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and
drawbacks. It should be used generally to determine what type of drilling techniques would be most
successful depending on site-specific geologic conditions and the type of sampling required.

The sampling methods described within this procedure are applicable to collecting surface and
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation,
excavation/foundation design and related civil engineering purposes.

3.0 GLOSSARY

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil
is obtained by the use of a double tube core barrel that is eqUipped with an appropriate diamond
studded drill bit which is advanced with a hydraulic rotary drilling machine.

Wire-Line Coring - As an alternative to conventional coring, this technique is valuable in deep hole drilling,
since this method eliminates trips in and out of the hole with the coring equipment. With this technique,
the core barrel becomes an integral part of the drill rod string. The drill rod serves as both a coring
device and casing.

4.0 RESPONSIBILITIES .

Project Manager - In consultation with the project geologist, the Project Manager is responsible for
evaluating the drilling requirements for the site and specifying drilling techniques that will be successful
given the study objectives and geologic conditions at the site. The Project Manager also determines the
disposal methods for products generated by drilling, such as drill cuttings and well development water,
as well as any specialized supplies or logistical support required for the drilling operations.

Field Operations leader (FOl) - The FOl is responsible for the overall supervision and scheduling of
drilling activities, and is strongly supported by the project geologist.

Project Geologist - The project geologist is responsible for ensuring that standard and approved drilling
procedures are followed. The geologist will generate a detailed boring log for each test hole. This log
shall include a description of materials, samples, method of sampling, blow counts, and other pertinent
drilling and testing information that may be obtained during drilling (see SOP SA-6.2). Often this position
for inspecting the drilling operations may be filled by other geotechnical personnel, such as soils and
foundation engineers, civil engineers, etc.

Determination of the exact location for borings is the responsibility of the site geologist. The final
location for drilling must be property documented on the boring log. The general area in which the
borings are to be located will be shown on a site map included in the Work Plan and/or Sampling and
Analysis Plan.
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Drilling Subcontractor - Operates under the supervision of the FOL. Responsible for obtaining all drilling
permits and clearances, and supplying all services (including labor), equipment and material required to
perform the drilling, testing, and well iristallation program, as well as maintenance and quality control of
such required equipment except as stated in signed and approved subcontracts.

The driller must report any major technical or analytical problems encountered in the field to the FOL
within 24 hours of determination, and must provide advance written notification of any changes in field
procedures, describing and justifying such changes. No such changes shall be made unless requested
and authorized in writing by the FOL (with the concurrence of the Project Manager).

The drilling subcontractor is responsible for following decontamination procedures specified in the project
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment~
cleaning up any materials deposited on site during drilling operations, and properly backfilling any open
borings.

5.0 PROCEDURES

5.1 General

The purpose of drilling boreholes is:

• To determine the type, thickness: and certain physical and chemical properties of the soil,
water and rock strata which underlie the site.

• To install monitoring wells or piezometers.

All drilling and sampling equipment will be cleaned between samples and borings using appropriate
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified, it is generally
advisable to drill borings at "clean" locations first, and at the most contaminated locations last, to reduce
the risk of spreading contamination between locations. All borings must be logged by the rig geologist
as they proceed (see SOP SA-6.2). Situations where logging would not be required would include
installation of mUltiple well points within a small area. or a "second attempt" boring adjacent to a boring
that could not be continued through resistant material. In the latter case, the boring log can be resumed
5 feet above the depth at which the initial boring was abandoned, although the rig geologist should still
confirm that the stratigraphy at the redrilled location conforms essentially with that encountered at the
original location. If significant differences are seen, each hole should be logged separately.

5.2 Drilling Methods

The selected drilling methods described below apply to drilling in subsurface materials, including, but not
limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Drilling methods should be
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the
purpose of drilling and the overall subsurface investigation program proposed for the site. The full range
of different drilling methods applicable to the proposed program should be identified with final selection
based on relative cost, availability, time constraints, and how well each method meets the sampling and
testing requirements of the individual drilling program.
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5.2.1 Continuous-Flight Hollow-Stem Auger Drilling

This method of drilling consists of screwing augers with a hollow stem into the ground. Cuttings are
brought to the surface by the rotating action of the auger. This method is relatively quick and
inexpensive. Advantages of this type of drilling include:

• Samples can be obtained without pulling the augers out of the hole. However. this is a poor
method for obtaining grab samples from thin. discrete formations because of mixing of soils
which occurs as the material is brought to the surface. Sampling of such formations requires
the use of split-barrel or thin-wall tube samplers advanced through the hollow core of the
auger.

• No drilling fluids are required.

• A well can be installed inside the auger stem and backfilled as the augers are withdrawn.

Disadvantages and limitations of this method of drilling include:

• Augering can only be done in unconsolidated materials.

• The inside diameter of hollow stem augers used for well installation should be at least
4 inches greater than the well casing. Use of such large-diameter hollow-stem augers is
more expensive than the use of small-diameter augers in boreholes not used for well
installation. Furthermore. the density of unconsolidated materials and depths become more
of a limiting factor. More friction is produced with the larger diameter auger and
subsequently greater torque is needed to advance the boring.

• The maximum effective depth for drilling is 150 feet or less, depending on site conditions and
the size of augers used.

• In augering through clean sand formations below the water table, the sand will tend to flow
into the hollow stem when the plug is removed for soil sampling or well installation. If the
condition of "running" or "flowing" sands is persistent at a site, an alternative method of
drilling is recommended, in particular for wells or boreholes deeper than 25 feet.

• Hollow-stem auger drilling is the preferred method of drilling. Most alternative methods
require the introduction of water or mud downhole (air rotary is the exception) to maintain
the open borehole. With these other methods. great care must be taken to ensure that the
method does not interfere with the collection of a representative sample (which is the
objective of the borehole construction. With this in mind. the preferred order of choice of

. drilling method after hollow-stem augering (HSA) is:

Cable tool
Casing drive (air)
Air rotary
Mud rotary
Drive and wash
Jetting
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However, the use of any method will also depend on efficiency and cost-effectiveness. In many cases,
mud rotary is the only feasible alternative to hollow-stem augering. Thus, mud rotary drilling is generally
acceptable as a first substitute for HSA.

The procedures for sampling soils through holes drilled by hollow-stem auger'shall conform with the'
applicable ASTM Standards: D1587-83 and D1586-84. The gUidelines established in SOP SA-1.3 shall
also be followed. The hollow-stem auger may be advanced by any power-operated drilling machine
having sufficient torque and ram range to rotate and force the auger to the desired depth. The machine
must. however. be eqUipped with the accessory equipment needed to perform required sampling, or rock
coring.

The hollow-stem auger may be used without the plug when boring for geotechnical examination or for
well installation. However, when drilling below the water table. specially designed plugs which allow
passage of formation water but not solid material shall be used (see Reference 1 of this gUideline). This
drilling configuration method also prevents blow back and plugging of the auger when the plug is
removed for sampling.

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water
table. to prevent blowback and plugging of the auger. If water is added to the hole, it must be sampled
and analyzed to determine if it is free from contaminants prior to use. In addition, the amount of water
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during
well development must be carefully logged in order to ensure that a representative sample of the
formation water can be obtained. Well development should occur as soon after well completion as
practicable (see SOP, GH-2.1 for well development procedures). If gravelly or hard material Is
encountered which prevents advancing the auger to the desired depth, augering should be halted and
either driven casing or hydraulic rotary methods should be attempted. If the depth to the bedrock/soil
interface and bedrock lithology must be determined. then a 5-foot confirmatory core run should be
conducted (see, Section 5.2.9).

At the option of the Field Operations Leader (in communication with the Project Manager), when resistant
materials prevent the advancement of the auger. a new boring can be attempted. The original boring
must be properly backfilled and the new boring startecl a short distance away at a location determined
by the site geologist. If mUltiple water bearing strata were encountered. the original boring must be
grouted. In some formations. it may be prUdent to also grout borings which penetrate only the water
table aquifer, since loose soil backfill in the boring may still prOVide a preferred pathway for surface
liqUids to reach the water table.

5.2.2 Continuous-Flight Solid-Stem Auger Drilling

This drilling method is similar to hollow-stem augering. Practical application of this m~_.__
restricted compared to use of hollow-stem augers. Split-barrel (split-sR ampling cannot be
performed without pulling the augers out, which may allow the hole t apse. The continuous-flight
solid-stem auger drilling method is therefore very time consumi d is not cost effective. Also, augers
would have to be withdrawn before installing amon' . well, which again, may allow the hole to
collapse. Furthermore, geologic logging by e . ng the ,soils brought to the surface is unreliable, and
depth to water may be difficult to det 'e while drilling.

There would be ve Situations where use of a solid-stem auger would be preferable to other drilling
methods only practical applications of this method would be to drill boreholes for well Installation

no lithologic information is desired and the soils are such that the borehole can be expected to
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Direct rotary drilling includes air-rotary and fluid-rotary drilling. For air or fluid-rotary drilling, the rotary
drill may be advanced to the desired depth by any power-operated drilling machine having sufficient
torque and ram range to rotate and force the bit to the desired depth. The drilling machine must,
however, be equipped with any accessory equipment needed to perforl1.1 required sampling, or coring.
Prior to sampling, any settled drill cuttings in the borehole must be removed.

Air-rotary drilling is a method of drilling where the drill rig simultaneously turns and exerts a downward
pressure on the drilling rods and bit while circulating compressed air down the inside of the drill rods,
around the bit, and out the annulus of the borehole. Air circulation serves to both cool the bit and
remove the cuttings from the borehole. Advantages ofthis method include:

• The drilling rate is high (even in rock).
• The cost per foot of drilling is relatively low.
• Air-rotary rigs are common in most areas.
• No drilling fluid is required (except when water is injected to kee'p down dust).
• The borehole diameter is large, to allow room for proper well installation procedures.

Disadvantages to using this method include:

•. Formations must be logged from the cuttings that are blown to the surface and thus the
depths of materials logged are approximate.

• Air blown into the formation during drilling may "bind" the formation and impede well
development and natural groundwater flow.

• In-situ samples cannot be taken. unless the hole is cased.

• Casing must generally be used in unconsolidated materials.

• Air-rotary drill rigs are large and heavy.

A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill bit down as
.it drills. This makes drilling in hard rock faster. Air-rotary drills can also be adapted to use for rock
coring although they are generally slower than other types of core drills. A major application of the ai~

rotary drilling method would be to drill holes in rock for well installation.

Fluid-Rotary drilling operates in a similar manner to air-rotary drilling except that a drilling fluid ("mUd")
or clean water is used in place of air to cool the drill bit and remove cuttings. There are a variety of
fluids that can be used with this drilling method, including bentonite slurry and synthetic slurries. If a
drilling fluid other than water/cuttings is used, it must be a natural clay (Le., bentonite) 'and a
"background" sample of the fluid should be taken for analysis of possible organic or inorganic
contaminants. .
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Advantages to the fluid-rotary drilling method include: ,

• The ability to drill in many types of formations.

• Relatively quick and inexpensive.

• Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be obtained without removing
drill rods if the appropriate size drill rods and bits (Le., fish-tail or drag bit) are used.

• In some borings temporary casing may not be needed as the drilling fluids may keep the
borehole open.

• Drill rigs are readily available in most areas.

Disadvantages to this method include:

• Formation logging is not as accurate as with hollow-stem auger method if split-barrel (split
spoon) samples are not taken (Le., the depths of materials logged from cuttings delivered to
the surface are approximate).

• Drilling fluids reduce permeability of the formation adjacent to the boring to some degree,
and require more extensive well development than "dry" techniques (augering, air-rotary).

• No information on depth to water is obtainable while drilling.

• Auids are needed for drilling, and there is some question about the effects of the drilling
fluids on SUbsequent water samples obtained. For this reason as well, extensive well
development may be required.

• In very porous materials (Le., rubble fill, boulders, coarse gravel) drilling fluids may be
continuously lost into the formation. This requires either constant replenishment of the drilling
fluid, or the use of casing through this formation.

• Drill rigs are farge and heavy, and must be supported with supplied water.

• Groundwater samples can be potentially diluted with drilling fluid.

The procedures for performing direct rotary soil investigations and sampling shall conform with the
applicable ASTM standards: D2113-83, D1587-83"and D1586-84.

Soil samples shall be taken as specified by project plan documents, or more frequently, if requested by
the project geologist. Any required sampling shall be performed by rotation, pressing, or driving in
accordance with the standard or approved method governing use of the particular sampling tool.

When field conditions prevent the advancement of the hole to the desired depth, a new boring may be
drilled at the request of the Field Operations Leader. The original boring shall be backfilled using
methods and materials appropriate for the given site and a new boring started a short distance away at
a location determined by the project geologist.
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5.2.4 Reverse Circulation Rotary Drilling

The common reverse-circulation rig is a water or mud-rotary rig with a large-diameter drill pipe which
circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow direction
from direct mUd-rotary). This type of rig is used for the construction of large-capacity production water
wells and is not suited for small, water quality sampling wells because of the use of drilling muds and
the large-diameter hole which is created. A few special reverse-circulation rotary rigs are made with
double-wall drill pipe. The drilling water or air is circulated down the annulus between the drill pipes and
up inside the inner pipe.

Advantages of the latter method include:

• The formation water is not contaminated by the drilling water.

• Formation samples can be obtained, from known depths.

• When drilling with air. immediate information is available regarding the water-bearing
properties of formations penetrated.

• Collapsing of the hole in unconsolidated formations is not as great a problem as when drilling
with the normal air-rotary rig.

Disadvantages include:

•
•

Double-wall, reverse-circulation drill rigs are very rare and expensive to operate.

Placing cement grout around the outside of the well casing above a well screen often is
difficult, especially when the screen and casing are placed down through the inner drill pipe
before the drill pipe is pulled out.

5.2.5 Drill-through Casing Driver

The driven-casing method consists of alternately driving casing (fitted with a sharp, harden asing
shoe) into the ground using a hammer lifted and dropped by the drill rig (or an air-hammer a cleaning
out the casing using a rotary chopping pit and air or water to flush out the mater' . The casing is
driven down in stages (usually 5 feet per stage): a continuous record is ke e blows per foot in
driving the casing (see SOP GH-1.4). The casing is normally advanc a 300-pound hammer falling
freely through a height of 30 inches. Simultaneous wa' and driving of the casing is not
recommended. If this procedure is used. the elevatio hin which wash water is used and in which
the casing is driven must be clearly recorded.

The driven casing method is us . unconsolidated formations only. When the boring is to be used for
later well installation, the . n casing used should be at least 4 inches larger in diameter than the well
casing to be insta . Advantages to this method of drilling include:

Split-barrel (split-spoon) sampling can be conducted while 'drilling.

• Well installation is easily accomplished.

•
019611/P Brown & Root Environmental



Subject

SOIL AND ROCK
DRILLING METHODS

Number

Revision

GH-1.3

3

Page

9 of 25

Effective Date

03/01/96

• Drill rigs used are relatively small and mobile.

s (average drilling progress is 30 to 50 feet per day).

The 'per hour or per foot of drilling may be SUbstantially higher than other drilling
hods.

The method is slower than other m

Maximum depth of the ole varies with the size of the drill rig and casing diameter used,
e formations drilled.

•

•
•

• This method can only be used in unconsolid

• The use of casing minimizes flow into the hole from upper water-bearing layers' erefore,
multiple aquifers can be penetrated and sampled for rough field determinatio some water
quality parameters.

Some of the disadvantages include:

5.2.6 Cable Tool Drilling

A cable tool rig uses a heavy, solid-steel, chisel-type drill bit ("tool") suspended on a steel cable, which
when raised and dropped, chisels or pounds a hole through the soils and rock. Drilling progress may
be expedited by the use of "slip-jars" which serve as a cable-activated down hole percussion device to
hammer the bit ahead.

When drilling through the unsaturated zone, some water must be ~dded to the hole. The cuttings are
suspended in the water and then bailed out periodically. Below the water table, after sufficient ground
water enters the borehole to replace the water removed by bailing, no further water needs to be added.

When soft caving formations are encountered. it is usually necessary to drive casing as the hole Is
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom of
the casing. Because the drill bit is lowered through the casing, the hole created by the bit is smaller than
the casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be driven
into the hole (see Section 5.2.5 of this guideline).

Advantages of the cable-tool method include the following:

• Information regarding water-bearing zones is readily available during the drilling. Even
relative permeabilities and rough water quality data from different zones penetrated can be
obtained by skilled operators.

• The cable-tool rig can operate satisfactorily in all formations, but is best suited for caving,
boulder, cable or coarse gravel type formations (e.g., glacial till) or formations with large
cavities above the water table (such as limestones).

• When casing is used, the casing seals formation water out of the hole, preventing down hole
contamination and allowing sampling of deeper aquifers for field-measurable water quality
parameters.

Q19611/P Brown & Root Environmental
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• Split-barrel (split-spoon) or thin-wall (Shelby) tube samp:es can be collected through the
casing.

Disadvantages include:

• Drilling is slow compared with rotary rigs.

• The necessity of driving the casing in unconsolidated formations requires that the casing be
pulled back if exposure of selected water-bearing zones is desired. This process complicates
the well completion process and often increases costs. There is also a chance that the
casing may become stuck in the hole.

• The relatively large diameters required (minimum of 4-inch casing) plus the cost of steel
casing result in higher costs compared to rotary drilling methods where casing is not required
(e.g., such use of a hollow-stem auger).

• Cable-tool rigs have largely been replaced by rotary rigs. In some parts of the U.S.,
availability may be difficult.

5.2.7 Jet Drilling (Washing)

for shallow sampling, and when introduction of
conditions would occur during rough stratigraphic

r water level measurement. Advantages of this method

Jetting is acceptable in very soft formations, usu
drilling water to the formation is acceptable.
investigation or installation of piezometer
include:

•

Jet percussion is a variation of the jetting method, in which the casi
Normally, this method is used to place 2-inch-diameter casin n shallow, unconsolidated sand
formations, but this method has also been used to install 3- t -inch-diameter casings to a depth of
200 feet. .

Jet drilling, which should be used only for piezometer or vadose zone sampler installation, c Ists of
pumping water or drilling mud down through a small diameter (1/2- to 2-inch) standard . e (steel or
PVC). The pipe may be fitted with a chisel bit or a special jetting screen. Formation m rials dislodged
by the bit and jetting action of the water are brought to the surface through the an s around the pipe.
As the pipe is jetted deeper, additional lengths of pipe may be addecl at the ace.

• Because of e small amount of equipment required, jetting can be accomplished in locations
where cess by a normal qrilling rig would be very difficult. For example, it would be
po Ie to jet down a well point in the center of a lagoon at a fraction of the cost of using

(trill rig.

Jetting numerous well points just into a shallow water table is an inexpensive method for
determining the water table contours, hence flow direction.
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Disadvantages include the following:

• A large amount of foreign water or drilling mud is introduced above and into the for
to be sampled.

• Jetting is usually done in very soft formations which are subject to caving. Bec se of this
caving, it is often not possible to place a grout seal above the screen to ass
in the well is only from the screened interval.

• The diameter of the casing is usually limited to 2 inches; therefore, sample
by methods applicable to small diameter casings.

• Jetting is only possible in very soft formations that do not contain biders or coarse gravel,
and the depth limitation is shallow (about 30 feet without jet per ssion equipment).

• Large quantities of water are often needed.

5.2.8 Drilling with a Hand Auger

019611/P

This method is applicable wherever the formation, total depth of mpling, and the site and groundwater
conditions are such as to allow hand auger drilling. Hand au ring can also be considered at locations
where drill rig access is not possible. All hand auger orings will be performed according to
ASTM 01452-80.

Samples should be taken continuously unless othe . e specified by the project plan documents. Any
required sampling is performed by rotation, pres ng, or driving in accordance with the standard or
approved method governing use of the particul sampling tool. Typical equipment used for sampling
and advancing shallow "hand auger" holes ar Iwan samplers (which are rotated) or post hole diggers
(Which are operated like tongs). These chniques are slow but effective where larger pieces of
equipment do not have access, and wh e very shallow holes are desired (less than 15 feet). Surficial
soils must be composed of relatively oft and non-cemented formations to allow penetration by the
auger.

5.2.9 Rock Drilling and

continued using augers or rotary methods due to the hardness of the soil
or when rock or large ulders are encountered, drilling and sampling can be performed using a
diamond bit corer in a ordance with ASTM 02113.

Drilling is done by otating and applying downward pressure to the drill rods and drill bit. The drill bit
is a circular, hall , diamond-studded bit attached to the outer core barrel in a double-tube core barrel.
The use of sin e-tube core barrels is not recommended, as the rotation of the barrel erodes the sample
and limits its se for detailed geological evaluation. Water or air is circulated down through the drill rods
and annul space between the core barrel tubes to cool the bit and remove the cuttings. The bit cuts
a core 0 of the rock which rises into an inner barrel mounted inside the outer barrel. The inner core
barrel nd rock core are.removed by lowering a wire line with a coupling into the drill rods, latching onto
the' ner barrel and withdrawing the inner barrel. A less efficient variation of this method utilizes a core
b rei that cannot be removed without pulling all of the drill rods. This variation is practical only if less

an 50 feet of core is required.
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Soft or decomposed rock should be sampled with a driven split-barrel wheneve
a Denison or Pitcher sampler.

Core borings are made through the casing used for the soil borings. The casing must be driven a
sealed into the rock formation to prevent seepage from the overburden into the hole to be cor see
Section 5.3 of this guideline). A double-tube core barrel with a diamond bit and reamin shell or
equivalent should be used to recover rock cores of a size specified in the project plan The most
common core barrel diameters are listed in Attachment A.

SOIL AND ROCK
DRILLING METHODS

Subject

When coring rock, including shale and claystone, the speed of the drill d the drilling pressure, amount
and pressure of water, and length of run can be varied to give t maximum recovery from the rock
being drilled. Should any rock formation be so soft or broken th e pieces continually fall into the hole
causing unsatisfactory coring, the hole should be reamed a a flush-joint casing installed to a point
below the broken formation. The size of the flush-joint sing must permit securing the core size
specified.. When soft or broken rock is anticipated, th ength of core runs should be reduced to less
than 5 feet to avoid core loss and minimize core dis bance.

Advantages of core drilling include:

• The size of the borehole is limited.

•
red hole will remain open without casing, water from the rock

from the well without the installation of a well screen and gravel .

r or air is needed for drilling.

Depth to water cannot accurately be determined if water is used for drilling.

Coring is slower than rotary drilling (and more expensive).

In formations in which the
fractures may be recove
pack.

•

•
•

•

This drilling method is useful if accurate determinations of rock lithology are desired or if open wells are
to be installed into bedrock. To install larger diameter wells In coreholes, the hole must be reamed out
to the proper size after boring, using air or mud rotary drilling methods.

• Undisturbed rock cores can be covered for examination and/or testing.

5.2.10 Drilling & Support Vehicles

In addition to the drilling method required to accomplish the objectives of the field program, the type of
vehicle carrying the drill rig and/or support equipment and its suitability for the site terrain, will often be
an additional deciding factor in planning the drilling program. The types of vehicles available are
extensive, and depend upon the particular drilling subcontractor's fleet. Most large drilling
subcontractors will have a wide variety of vehicle and drill types suited for most drilling assignments in •
their particular region, while smaller drilling subcontractors will usually have a fleet of much more limited
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diversity. The weight, size, and means of locomotion (tires, tracks, etc.) of the drill rig must be selected
to be compatible with the site terrain to assure adequate mobility between borehole locations. Such
considerations also apply to necessary support vehicles used to transport water and/or drilling materials
to the drill rigs at the borehole locations. When the drill rigs or support vehicles do not have adequate
mobility to easily traverse the site, provisions must be made for assisting equipment, such as bulldozers,
winches, timber planking, etc., to maintain adequate progress during the drilling program.

Some of the typical vehicles which are usually available for drill rigs and support equipment are:
_/

• Totally portable drilling/sampling equipment, where all necessary components (tripods,
samplers, hammers, catheads, etc.) may be hand carried to 'the borehole site.
Drilling/sampling methods used with such equipment include:

Hand augers and lightweight motorized augers.
Retractable plug samplers--driven by hand (hammer).
Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead
mounted on one leg, used to install small-diameter cased borings. This rig is
sometimes called a :'monkey on a stick."

• Skid-mounted drilling equipment containing a rotary drill or engine-driven cathead (to lift
hammers and drill string), a pump, and a dismounted tripod. The skid is pushed. dragged,
or winched (using the cathead drum) between boring locations. '

• Small truck-mounted drilling equipment using a jeep, stake body or other light truck (4 to
6 Wheels), upon which are mounted the drill and/or a cathead, a pump, and a tripod or small
drilling derrick. On some rigs. the drill and/or a cathead are driven by a power take-off from
the truck. instead of by a separate engine.

• Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle
used has wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track "all
terrain vehicle" is also modified for this purpose. Some types of tracked drill rigs are called
"bombardier" or "weasel" rigs.

• Heavy truck-mounted drilling equipment is mounted, on tandem or dual tandem trucks to
transport the drill. derrick. winches, and pumps or compressors. The drill may be provided
with a separate engine or may use a power take-off from the truck engine. Large augers,
hydraulic rotary and reverse circulation rotary drilling equipment are usually mounted on such
heavy duty trucks. For soft-ground sites. the drilling equipment is sometimes mounted on
and off the road vehicle having low pressure, very wide diameter tires and capable of floating;
these vehicles are called "swamp buggy" rigs.

• Marine drilling equipment is mounted on various floating equipment for drilling borings in
lakes, estuaries and other bodies of water. The floating equipment varies, and is often
manufactured or customized by the drilling subcontractor to suit specific drilling
requirements. Typically, the range of flotation vehicles include:

Barrel-float rigs - a drill rig mounted on a timber platform buoyed by empty 55-gallon
drums or similar flotation units.

Barge-mounted drill rigs.
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Jack-up platforms - drilling equipment mounted on a floating platform having retractable
legs to support the unit on the sea or lake bed when the platform is jacked up out of
the water. .

Drill ships - for deep ocean drilling.

In addition to the mobility for the drilling equipment, similar consideration must be given for equipment
to support the drilling operations. Such vehicles or floating equipment are needed to transport drill water,
drilling supplies and equipment, samples, drilling personnel, etc. to and/or from various boring locations.

5.2.11 Equipment Sizes

In planning subsurface exploration programs, care must be taken in specifying the various drilling
components, so that they will fit property in the boring or well.

For drilling open boreholes using rotary drilling equipment, tri-cone drill bits are employed with air, water
or drilling mud to remove cunings and cool the bit. Tri-cone bits are slightly smaller than the holes they
drill (Le., 5-7/a-inch or 7-7/8-inch bits will nominally drill 6-inch and 8-inch holes, respectively).

For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging
from 2 inches to 3-1/2 inches in outside diameter. However, the most commonly used size is the
2-inch 0.0., 1-3/8-inch 1.0. split-barrel sampler. When this sampler Vi used and driven by a 140-pound
(± 2-pound) hammer dropping 30 inches (± 1 inch), the procedure is called a Standard Penetration Test,
and the blows per foot required to advance the sampler into the formation can be correlated to the
formation's density or strength.

In planning the drilling of boreholes using hollow-stem augers or casing, in which thin-wall tube samples
or diamond core drilling will be performed, refer to the various sizes and clearances provided in
Anachment A of this guideline. Sizes selected must be stated in the project plan documents.

5.2.12 Estimated Drilling Progress

To estimate the anticipated rates of drilling progress for a site, the follOWing must be considered:

• The speed of the drilling method employed.

• Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling conditions
in bouldery soils, rubble fill or broken rock, etc.).

• Project-imposed restrictions (e.g., drilling while wearing personal protective equipment,
decontamination of drilling equipment, etc.).

Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 5
foot intervals, for moderate depth (30 feet to 50 feet) boreholes (not including installation or development
of wells), the following daily rates of total drilling progress may be anticipated for the following drilling
methods:
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Drilling Method

Hollow-stem augers

Solid-stem augers

MUd-Rotary Drilling

Reverse~Circulation Rotary

Skid-Rig with driven casing

Rotary with driven casing

Cable Tool

Hand Auger

Continuous Rock Coring

5.3 Prevention of Cross-Contamination

Average Daily Progress
(linear feet)

75'

50'

100' (cuttings samples)

100' (cuttings samples)

30'

50'

30'

Varies

50'

019611/P

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated
groundwater to lower strata below a confining layer. The telescoping technique consists of drilling to
a confining layer utiliZing a spun casing method with a diamond cutting or augering shoe (a method
similar to the rock coring method described in Section 5.2.9, except that larger casing is used) or by _
using a driven-casing method (see Section 5.2.5 of this gUideline) and installing a specified diameter steel
well casing. The operation consists of three separate steps. Initially, a drilling casing (usually of 8-inch
diameter) is installed followed by installation of the well casing (6-inch-diameter is common for 2-inch
wells). This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole.
The well casing is sealed at the bottom with a bentonite-cement slurry. The remaining depth of the
boring is drilled utilizing a narrower diameter spun or driven casing technique within the outer well
casing. A smaller diameter well casing with an appropriate length of slotted screen on the lower end,
is installed to the surface.

Clean sand is placed in the annulus around and to a point of about 2 feet above the screen prior to
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the
bottom of the outer well casing is sealed with a tremied cement-bentonite slurry which is pressure
grouted or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean
material and grouted at the surface, or it is grouted all the way to the surface.

5.4 Cleanout of Casing Prior to Sampling

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the
advancement of the casing. Loss of wash water during cleaning should be recorded.

For disturbed samples both above and below the water table and where introduction of relatively large
volumes of wash water is permissible, the cleaning operation is usually performed by washing the
material out of the casing with water; however, the cleaning should never be accomplished with a strong,
downward-directed jet which will disturb the underlying soil. When clean out has reached the bottom
of the casing or slightly below (as specified above), the string of tools should be lifted one foot off the
bottom with the water still flowing, until the wash water coming out of the casing is clear of granular soil
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particles. In formations where the cuttings contain gravel and other larger particles, it is often useful to
repeatedly raise and lower the drill rods and wash bit while washing out the hole, to surge these large
particles upward out of the hole. As a time saver, the drilling contractor may be permitted to use a split
barrel (split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material
below the spoon is not disturbed and the shoe of the spoon is not damaged. However, because the ball
check valve has been removed, in some formations it may be necessary to install a flap valve or spring
sample retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn
from the hole. The use of jet-type chopping bits is discouraged except where large boulders and
cobbles or h~ud-cemented soils are encountered. If water markedly softens the soils above the water
table, clean out should be performed dry with an auger.

For undisturbed samples below the water table, or where wash water must be minimized, clean out is
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at
the bottom to carry loose material up into the auger, and up-turned water jets just above the cutting
blades to carry the removed soil to the surface. In this manner, there is a minimum of disturbance at
the top of the material to be sampled. If any gravel material washes down into the casing and cannot
be removed by the clean out auger, a split-barrel sample can be taken to remove it; bailers and
sandpumps should not be used. For undisturbed samples above the groundwater table, all operations
must be performed in a dry manner.

If all of the cuttings created by drilling through the overlying formations are not cleaned from the
borehole prior to sampling, some of the problems which may be encountered during sampling include:

• When sampling is attempted through the cuttings remaining in the borehole. all or part of the
sampler may become filled with the cuttings. This limits the amount of sample from the
underlying formation which can enter and be retained in the sampler, and also raises
questions as to the validity of the sample.

• If the cuttings remaining in the borehole contain coarse gravel and/or other large particles,
these may block the bit of the sampler and prevent any materials from the underlying
formation from entering the sampler when the sampler is advanced.

• In cased borings, should sampling be attempted through cuttings which remain in the lower
portion of the casing, these cuttings could cause the sampler to bec"ome bound into the
casing, such that it becomes very difficult to either advance or retract the sampler.

• When sampler blow counts are 'used to estimate the density or strength of the formation
being sampled. the presence of cuttings in the borehole will usually give erroneously high
sample blow counts.

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is
important that the rig geologist measure the "stickup" of the drill string. This is accomplished by
measuring the assembled length of all drill rods and bits or samplers (the drill string) as they are lowered
to the bottom of the hole, below some convenient reference point of the drill string, then measuring the
height of this reference point above the ground surface. The difference of these measurements is the
depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be
compared with the depth of sampling required (installed depth of casing or depth of borehole drilled).
If the length of drill string below grade is more than the drilled or casing d,epth, the borehole has been
cleaned too deeply, and this deeper depth of sampling must be recorded on the log. If the length of drill
string below grade is less than the drilled or casing depth, the difference. represents the thickness of
cuttings which remain in the borehole. In most cases, an inch or two of cuttings may be left In the
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borehole with little or no problem. However, if more than a few inches of cuttings are encountered, the
borehole must be recleaned prior to attempting sampling.

5.5 Materials of Construction

The effects of monitoring well construction materials on specific chemical analytical parameters are
described and/or referenced in SOP GH-2.1. However, there are several materials used during drilling,
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the
representativeness of soil and ground water samples. .

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for
chemical analysis are to be collected. These slurry materials could be used for installation of long-term
monitoring wells, but the early time data in time series collection of ground water data may then be
suspect. If synthetic or organic polymer muds are proposed for use at a given site, a complete written
justification including methods and procedures for their use must be provided by the site geologist and
approved by the Project Manager. The specific slurry composition and the concentration of suspected
contaminants for each site must be known.

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool
connections. However, there are instances, such as drilling in tight clayey formations or in loose gravels,
when threaded couplings must be lubricated to avoid binding. In these instances, to be determined in
the field by the judgment of the site geologist and noted in the site logbook, and only after approval by
the Project Manager, a vegetable oil or silicone-based lubricant should be used. Petroleum based
greases, etc. will not be permitted. Samples of lubricants used must be provided and analyzed 'for
chemical parameters appropriate to the given site.

5.6 Subsurface Soil Samples

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can
indicate the potential for migration of chemical contaminants in the subsurface. In addition, definition
of the actual migration of contaminants can be obtained through chemical analysis of the soil samples.
Where the remedial activities may include in-situ treatment or excavation and removal of the
contaminated soil. the depth and areal extent of contamination must be known as accurately as possible.

Engineering and physical properties of soil may also be of interest should site construction activities be
planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, unit
weight, and moisture content are some of the physical characteristics that may be determined for soil
samples.

Penetration tests are also described in this procedure. The tests can be used to estimate various
physical and engineering parameters such as relative density, unconfined compressive strength, and
consolidation characteristics of soils.

Surface protocols for various soil sampling techniques !'ire discussed in SOP SA-1.3. Continuous-core
soil sampling and rock coring are discussed below. The procedures described here are representative
of a larger number of possible drilling and sampling techniques. The choice of techniques is based on
a large number of variables such as cost, local geology, etc. The final choice of methods must be made
with the assistance of drilling subcontractors familiar with the local geologic conditions. Alternative
techniques must be based upon the underlying principles of quality assurance implicit in the following
procedures.
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The CME continuous sample tube system provides a method of sampling soil continuously during hollow
stem augering. The 5-foot sample barrel fits within the lead auger of a hollow-auger column. The
sampling system can be used with a wide range of I.D. hollow-stem augers (from 3-1/4-inch to
8-1/4-inch I.D.). This method has been used to sample many different materials such as glacial drift,
hard clays and shales, mine tailings, etc. This method is particularly used when SPT samples are not
required and a large volume of material is needed. Also, this method is useful when a visual description
of the subsurface lithology is required.

Standard sizesBorehole diameter can be drilled to various sizes. depending on the intormatio
of core barrels (showing core diameter) and casing are shown in Finure1.

5.7 Rock Sampling (Coring) (ASTM 02113-83)

Rock coring enables a detailed assessment of borehole conditions to be made, showing precisely al
lithologic changes and characteristics. Because coring is an expensive drilling method, it is comma
used for shallow studies of 500 feet or less, or for specific intervals in the drill hole that require de lied
logging and/or analyzing. Rock coring can, however, proceed for thousands of feet conti ously,
depending on the size of the drill rig, and yields better quality data than air-rotary drilling, alt ugh at a
substantially reduced drilling rate. Rate of drilling varies widely, depending on the char teristics of
lithologies encountered, drilling methods, depth of drilling, and condition of drilling equip. ent. Average
output in a 10-hour day ranges from 40 to over 200 feet. Down hole geophysical 10 ng or television
camera monitoring is sometimes used to complement the data generated by carin .

Core drilling is used when formations are too hard to be sampled soil sampling methods and a
continuous solid sample is desired. Usually, soil samples are us or overburden, and coring begins
in sound bedrock. Casing is set into bedrock before coring egin., to prevent loose material from
entering the borehole, to prevent loss of drilling fluid, and t revent cross-contamination of aquifers.

Drilling through bedrock is initiated by using a diamon Ipped core bit threaded to a drill rod (outer core
barrel) with a rate of drilling determined by the do ward pressure, rotation speed of drill rods, drilling
fluid pressure in the borehole, and the character' ICS of the rock (mineralogy, cementation. weathering).

5.7.1 Diamond Core Drilling

A penetration 'of typically less than 6' ches per 50 blows usipg a 140-lb. hammer dropping 30 inches
with a 2-inch split-barrel sampler II be considered an indication that soil sampling methods may not
be applicable and that coring y be necessary to obtain sample..s.

When formations are enc ntered that are too hard to be sampled by soil sampling methods. the
following diamond core rilling procedure may be used:

• Firmly at a casing into the bedrock or the hard material to prevent loose materials from
ente' g the hole and to prevent the loss of drilling fluid return. Level the surface of the rock
or: ard material when necessary by the use of a fishtail or other bits. If the drill hole can be
etained open without the casing and ~ cross-contamination of aqUifers in the unconsolidated

materials is unlikely, leveling may be omitted.
(

Begin the core drilling using a double-tube swivel-core barrel of the desired size. After drilling
no more than 10 feet (3 m), remove the core barrel from the hole and take out the core. If
the core blocks the flow of the drilling fluid during drilling, remove the core barrel
immediately. In soft materials, a large starting size may be specified for the coring tools;
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FIGURE 1

STANDARD SIZES OF CORE BARRELS AND CASING

Nominal* Set Size* /Coring Bit Size
0.0. 1.0. 0.0. I;

RWT 1 5/32 3/4 1.160 /J.735

EWT 1 1/2 29/32 1.470 / 0.905

EX, EXL, EWG, EWM 1 1/2 13/16 1.470 I 0.845

AWT 1 7/8 1 9/32 1.875 / 1.281

AX, AXL, AWG, AWM 1 7/8 1 3/16 1.875/ 1.185

BWT 2 3/8 1 3,/4 2.31" 1.750

BX, BXL, BWG, BWM 2 3/8 1 5/8 ~45 1.655

NWT 3 2 5/16 /2.965 2.313

NX, NXL, NWG, NWM 3 2 1/8 / 2.965 2.155

HWT 3 29/32 3 3/16 / 3.889 3.187

HWG 3 29/32 3 / 3.889 3.000

2 3/4 x 3 7/8 3 7/8 2:y4 3.840 2.690

4 x 5 1/2 5 1/2 /4 5.435 3.970

6 x 7 3/4 7 3/4 / 6 7.655 5.970

AX Wire line I / 1 7/8 V 1 1.875 1.000

BX Wire line I / ·2 3/8 / 1 7/16 2.345 1.437

NX Wire line I / 3/ 1 15/16 2.965 1.937

* All dimensions are in inche , to convert to millimeters, multiply by 254.

_'_I Wire line dimensio and designations may vary according to manufacturer.

.
.
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FIGURE 1
\

STANDARD SIZES OF CORE BARRELS AND CASING
PAGE TWO

Size Designations
Casing APproximate!tT

Coupling Diameter
Core

Casing; Casing
Casing

barrel Drill rod VCasing D.O.,
bit

bit D.O.,
coupling; Rod; rod Inches 0.0., 1.0., D.O.,

D.O., Inches 7 Thinwall,
Casing couplings Inches Inches Inches

Inches* Inc s Inches
bits; Core
barrel bits

RX RW 1.437 1.437 1.188 1.485 1.160 1.094/ ,--- 0.735

EX E 1.812 1.812 1.500 1.875 1.470 1.~ 0.845 0.905

AX A 2.250 2.250 1.906 2.345 1.875 /625 1.185 1.281

BX B 2.875 2.875 2.375 2.965 2.34§1 . 1.906 1.655 1.750

NX N 3.500 3.500 3.000 3.615 ~5 2.375 2.155 2.313

HX HW 4.500 4.500 3.938 4.625 V3.890 3.500 3.000 3.187

RW RW 1.437 1.4V' 1.160 1.094 --- 0.735

EW EW 1.812 ~75 1.470 1.375 0.845 0.905

AW AW 2.250 - C) V 2.345 1.875 1.750 1.185 1.281
c:

l%BW BW 2.875 '0 2.965 2.345 2.125 1.655 1.750..,
NW NW 3.500 .c 3.615 2.965 2.625 2.155 2.31311l

~

HW HW 4.500 ;; 4.625 3.890 3.500 3.000 3.187Z
PW --- 5.500 5.650 -- --- - --
SW -- 6.625 6.790 --- --- --- --
UW --- 7.625 7.800 --- --- --- ---
ZW -- 8.6'¥' 8.810 --- --- -- --
--- AX I \ ---/, --- --- --- 1.875 1.750 1.000 ---
-- BX 1 \ /- -- -- -- 2.345 2.250 1.437 --
-- NX 1.../ --- - -- --- 2.965 2.813 1.937 ---

* All dimensi s are in inches; to convert to millimeters, multiply by 254.

_1_/ Wir ine dimensions and designations may vary according to manufacturer.

N INAL DIMENSIONS FOR DRILL CASINGS AND ACCESSORIES.
(0 MONO CORE DRILL MANUFACTURERS ASSOCIATION). 288-0-2889
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where local experience indicates satisfactory core recovery or where hard, sound mat lals
are anticipated, a smaller size or the single-tube type may be specified and longer r may
be drilled. NX/NW size coring equipment is the most commonly used size.

• When soft materials are encountered that produce less than 50 percent rec ery, stop the
core drilling. If soil samples are desired, secure such samples in acco ance with the
procedures described in ASTM Method D 1586 (Split-barrel Sampling) or' Method D 1587
(Thin-Walled Tube Sampling); sample soils per SOP SA-1.3. Resume . mond core drilling
when refusal materials are again encountered.

• Since rock structures and the occurrence of seams, fissures, cav' s, and broken areas are
among the most important items to be detected and described ake special care to obtain
and record these features. If such broken zones or cavities . event further advance of the
boring, one of the following three steps shall be taken: (1) ement the hole; (2) ream and
case; or (3) case and advance with the next smaller size re barrel, as conditions warrant.

• In soft, seamy, or otherwise unsound rock, where cor ecovery may be difficult, M-design
core barrels may be used. In hard, sound rock whe a high percentage of core recovery
is anticipated, the single-tUbe core barrel may be played. '

5.7.2 Rock Sample Preparation and Documentati

Once the rock coring has been completed and the are recovered, the rock core shall be carefully
removed from the barrel, placed in a core tray (prev' usly labeled "top" and "bottom" to avoid confusion).
classified, and measured for percentage of recov as well as the rock quality designation (ROD). Each
core shall be described, classified, and logg sing a uniform system as presented in SOP GH-1.4. If

. moisture content will be determined or if it· desirable to prevent drying (e.g., to prevent shrinkage of
clay formations) or oxidation of the core, e core shall be wrapped in plastic sleeves immediately after
logging. Each plastic sleeve shall be I eled with indelible ink. The boring number, run number. and
the footage represented in each slee shall be included, as well as designating the top and bottom of
the core run.

After sampling, rock cores shall e placed in the sequence of recovery in well-constructed wooden boxes
proVided by the drilling can ctor. Rock cores from two different borings shall not be placed In the
same core box unless ac pted by the Project Geologist. The core boxes shall be constructed to
accommodate at least 0 linear feet of core in rows of approximately 5 feet each and shall be
constructed with hing tops secured with screws, and a latch (usually a hook and eye) to keep the top
securely fastened d n. Wood partitions shall be placed at the end of each core run and between rows.

e surface of the boring to the top and bottom of the drill run and run number shall be
marked on th ooden 'partitions with indelible ink. A wooden partition (wooden block) shall be placed
at the end a ach run with the depth of the bottom of the run written on the block. These blocks will
serve to s arate successive core runs and indicate depth intervals for each run. The order of placing
cores s be the same in all core boxes. Rock core shall be placed in the box so that, when the box
is ope ,with the inside of the lid facing the observer, the top of the cored Interval contained within the
box' in the upper left corner of the box, and the bottom of the cored interval is in the lower right comer
of e box. The top and bottom of each core obtained and its true depth shall be clearly and

rmanently marked on each box. The width of each row must be compatible with the core diameter
a prevent lateral movement of the core in the box. Similarly. an empty space in a row shall be filled with

an appropriate filler material or spacers to prevent longitudinal movement of the core in the box.
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The inside and outside of the core-box lid shall be marked by indelible ink to show all p~rti.~iT
the box's contents. At a minimum. the following information shall bB included:

SOIL AND ROCK
DRILLING METHODS

Subject

For easy retrieval whe re boxes are stacked, the sides and ends of the box shall also be labeled and
er, boring number, top and bottom depths of core and box number.

Pr' final closing of the core box. a photograph of the recovered core and the labeling on the inside
over shall be taken. If moisture content is not critical. the core shall be wetted and Wiped clean for the

photograph. (This will help to show true colors and bedding features in the cores.
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; AlTACHMENTA

DRILLING EQUIPMENT SIZES

Designation or
0.0. 1.0. Coupling 1.0.

Drilling Component Hole Size
(Inches) (Inches) (Inches)

(Inches)

Hollow-stem augers 6 1/4 5 2 1/4
(Ref. 7) 6 3/4 5 3/4 2 3/4 ---

7 1/4 6 1/4 3 1/4 --
13 1/4 12 6 --

Thin Wall Tube Samplers --- 2 1 7/8 ---
(Ref. 7) --- 2 1/2 2 3/8 ---

--- 3 2 7/8 ---
--- 3 1/2 3 3/8 ---
--- 4 1/2 4 3/8 ---
--- 5 4 3/4 --

Drill Rods (Ref. 7) RW 1 3/32 23/32 13/32

EW 1 3/8 15/16 7/16

AW 1 3/4 1 1/4 5/8

BW 2 1/8 1 3/4 3/4

NW 2 5/8 2 1/4 1 3/8

HW 3 1/2 3 1/16 2 3/8

E 1 5/16 7/8 7/16

A 1 5/8 1 1/8 9/16

B 1 7/8 1 1/4 5/8

N 2 3/8 2 1

Wall Thickness
~

(Inches)

Driven External Coupled 2 1/2 2.875 2.323 0.276
Extra Strong Steel* Casing 3 3.5 2.9 0.300
(Ref. 8)

3 1/2 4.0 3.364 0.318

4 4.5 3.826 0.337

5 5.63 4.813 0.375

6 6.625 5.761 0.432

8 8.625 7.625 0.500

10 10.750 9.750 0.500

12 12.750 11.750 0.500

* Add twice the casing wall thickness to casing 0.0. to obtain the approximate 0.0. of the
external pipe couplings.
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ATTACHMENT A
DRILLING EQUIPMENT SIZES
PAGE TWO

Designation or
0.0. J.D. Coupling J.D.Drilling Component Hole Size

(Inches) (Inches) (Inches)
i (Inches)

Flush Coupled Casing RX 1 7/16 1 3/16 1 3/16
(Ref. 7) EX 1 13/16 1 5/8 1 1/2

AX 2 1/4 2 1 29/32

BX 2 7/8 2 9/16 2 3/8

NX 3 1/2 3 3/16 3

HX 4 1/2 4 1/8 3 15/16

Flush Joint Casing (Ref. 7) RW 1 7/16 1 3/16 .

EW 1 13/16 1 1/2

AW 2 1/4 1 29/32
) BW 2 7/8 2 3/8

NW 3 1/2 3

HW 4 1/2 4

PW 5 1/2 5

SW 6 5/8 6

UW 7 5/8 7

ZW 8 5/8 8

Diamond Core Barrels EWM 1 1/2 7/8**
(Ref. 7) AWM 1 7/8 1 1/8**

BWM 2 3/8 1 5/8**

NWM 3 2 1/8

HWG 3 7/8 3

2 3/4 x 3 7/8 3 7/8 2 11/16

4 x 5 1/2 5 1/2 3 15/16

6 x 7 3/4 7 3/4 5 15/16

AQ (wireline) 1 57/64 1 1/16**

BQ (wireline) 2 23/64 1 7/16**
NQ (wireline) 2 63/64 1 7/8

HQ (wireline) 3 25/32 21/2

** Because of the fragile nature of the core and the difficulty to identify rock details, use of
smaJl-diameter core (1 3/8") is not recommended.

•
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The purpose of this document is to establish standard procedures and technical guidance on borehole
and sample logging.

2.0 SCOPE

These procedures provide descriptions of the standard techniques for borehole and sample logging.
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface
lithology. While experience is the only method to develop confidence and accuracy in the description
of soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful
observation and by being consistent throughout the classification procedure.

3.0 GLOSSARY

None.

4.0 RESPONSIBILITIES

Site Geologist. Responsible for supervising all boring activities and assuring that each borehole is
completely logged. If more than one rig is being used on site. the Site Geologist must make sure that
each field geologist is properly trained in logging procedures. A brief review or training session may be
necesSary prior to the start up of the field program and/or upon completion of the first boring.

5.0 PROCEDURES

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and
accurateiy use the field classification system described in this SOP. This identification is based on visual
examination and manual tests.

5.1 Materials Needed

When logging soil and rock samples. the geologist or engineer may be equipped with the following:

5.2

•
•
•
•
•
••

Rock hammer
Knife
Camera
Dilute hydrochloric acid (HCI)
Ruler (marked in tenths and hundredths of feet)
Hand Lens

Classification of Soils

019611/P

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is
needed. Details on filling out the boring log are discussed in Section 5.5.

5.2.1 USCS Classification

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of
classification is detailed in Figure 1 (Continued).
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FIGURE 1

BORING LOG (EXAMPLE)

BORING LOG Page__ of__

PROJECT NAME: -------------
PROJECT NUMBER:
DRILLING COMPANY:-------------

WATER LEVEL DATA:

BORING NUMBER: ---
DATE:
GEOLOG-::~IS::-:T=-:---------------

MATERIAL DESCRIPTION
S~ol.

No•• nod

Type 0'
~QD

lUo-.J s.m"I.
•• ~ A-e_" ...yl

"QD .semplil

1'lIo1 LA""",

/
/
1/
1/
/

/
/

1/
v
1/
/
/
/
/
/
/
1/
/
1/
1/
/
/
/

u
s
c
s

Remarks
..De<

"D........

•

• When rock coring enter rock brokeness.

CONVERTEO TO WELL: _ Yes _ No: WELL I.D.#: _
REMARKS: _

Signature(s): _ •
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SOIL TERMS

FIGURE 1 (CONTINUED)
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This method of classification identifies soil types on the basis of grain size and cohesiveness.

Fine-grained soils. or fines. are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C).
Some classification systems define size ranges for these soil particles, but for field classification
purposes. they are identified by their respective behaviors. Organic material (0) is a common

.component of soil but has no size range; it is recognized by its composition. The careful study of the
USCS will aid in developing the competence and consistency necessary for the classification of soils.

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel
not only refer to the size of the soil particles but also to their depositional history. To insure accuracy

. in description. the term rock fragments shall be used to indicate angular granular materials resulting from
the breakup of rock. The sharp edges typically observed indicate little or no transport from their source
area, and therefore the term provides additional information in reconstructing the depositional
environment of the soils encountered. When the term "rock fragments" is used it shall be followed by
a size designation such as "(1/4 inchcp-1/2 inchcp)" or "coarse-sand size" either immediately after the
entry or in the remarks column. The USCS classification would not be affected by this variation in terms.

5.2.2 Color

Soil colors shall be described utilizing a single color descriptor precedlKl, when necessary, by a modifier
to denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light
gray" or "blue-gray." Since color can be utilized in correlating units between sampling locations, it is
important for color descriptions to be consistent from one boring to another.

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically
to describe colors. Samplers tend to smear the sample surface creating color variations between the
sample interior and exterior.

The term "mottled" shall be used to indicate soils irregularly marked with spots of different colors.
Mottling in soils usually indicates poor aeration and lack of good drainage.

Soil Color Charts shall not be used unless specified by the project manager.

5.2.3 Relative Density and Consistency

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type.
Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not adhere
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together
when compressed). .

The density of noncohesive, granular soils is classified according to standard penetration resistances
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating
Procedures GH-1.3 and SA-1.2. Those designations are:

019611/P Brown & Root Environmental
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Standard Penetration
Designation Resistance

(Blows per Foot)

Very loose o to 4

loose 5 to 10

Medium dense 11 to 30

Dense 31 to 50

Very dense Over 50

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding the
number. of blows required to penetrate the last 12 inches of each sample interval. It is important to note
that if gravel or rock fragments are broken by the sampler or if rock fragments are iodged in the tip, the
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall
be noted on the log and referenced to the sample number. Granular soils are given the USCS
classifications GW, GP. GM, SW, SP,SM, GC, or SC (see Figure 1).

The consistency of cohesive soils is determined by performing field tests and identifying the consistency
as shown in Figure 2.

Cohesive soils are given the USCS classifications Ml, MH, Cl, CH, OL, or OH (see Figure 1).

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted

.on a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler.
The sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample
to determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment.
If the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil.
Consistency shall not be determined safely by blow counts. One of the other methods shall be used in
conjunction with it. The designations used to describe the consistency of cohesive soils are shown in
Figure 2.

Brown & Root Environmental
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FIGURE 2

CONSISTENCY FOR COHESIVE SOILS

Standard
Unconfined

Penetration
Compressive

Consistency
Resistance Strength Field Identification

(Blows per Foot) (Tons/Sq. Foot by
pocket penetration)

Very soft o to 2 Less than 0.25 Easily penetrated several inches by fist

Soft
2 to 4 0.25 to 0.50

Easily penetrated several inches by
thumb

Medium stiff
4 to 8 0.50 to 1.0

Can be penetrated several inches by
thumb with moderate effort

Stiff
8 to 15 1.0 to 2.0

Readily indented by thumb but
penetrated only with great effort

Very stiff 15 to 30 2.0 to 4.0 Readily indented by thumbnail

Hard Over 30 More than 4.0 Indented with difficulty by thumbnail

,

-

~

•

•
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In nature, soils are comprised of particles of varying size and shape, and are combinations of the various
grain types. The following terms are useful in the description of soil:

Terms of Identifying Proportion of the Component
Defining Range of

Percentages by Weight

Trace o - 10 percent

Some 11 - 30 percent

Adjective form of the s'oil type (e.g., "sandy") 31 - 50 percent

Examples:

•
•

•

•
5.2.5

Silty fine sand: 50 to 69 percent fine sand. 31 to 50 percent silt.

Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to
30 percent silt.

Fine sandy silt. trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent
clay.

Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand.

Moisture

019611/P

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated.
In dry soil, there appears to be little or no water. Saturated samples obviously have all the water they
can hold. Moist and wet classifications are somewhat subjective and often are determined by the
individual's judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand
or on a porous surface liberates water, I.e., dirties or muddies the surface. Whatever method is adopted
for describing moisture, it is important that the method used by an individual remains consistent
throughout an entire drilling job.

Laboratory tests for water content shall be performed if the natural water content is important.

5.2.6 Stratification

Stratification can only be determined after the sample barrel is opened. The stratification or bedding
thickness for soil and rock is depending on grain size and composition. The classification to be used
for stratification description is shown in Figure 3.

5.2.7 Texture/Fabric/Bedding

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angUlarity
of the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to whether
the particles are flat or bulky and whether there is a particular relation between particles (I.e., all the flat
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g.,
stratified, lensed, nonstratified, heterogeneous varved).
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BEDDING THICKNESS CLASSIFICATION

Thickness
Thickness

(metric)
(Approximate English Classification

Equivalent)

> 1.0 meter > 3.3' Massive

30 em - 1 meter 1.0' - 3.3' Thick Bedded

10 em - 30 em 4" - 1.0' Medium Bedded

3 em - 10 em 1" - 4" Thin Bedded

1 em - 3 em 2/5" - 1" Very Thin Bedded

3 mm - 1 cm 1/8" - 2/5" Laminated

1 mm - 3 mm 1/32" - 1/8" Thinly Laminated

< 1 mm < 1/32" Micro Laminated

(yVeir. 1973 and Ingram. 1954)
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5.2.8 Summary of Soil Classification

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site.
The hierarchy of classification is as follows:

5.3

•
•
•
•
•
•
•
•

Density and/or consistency
Color
Plasticity (Optional)
Soil types
Moisture content
Stratification
Texture, fabric, bedding
Other distinguishing features

Classification of Rocks

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks
are by far the predominant type exposed at the earth's surface. The following basic names are applied
to the types of rocks found in sedimentary sequences:

• Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm
in diameter.

• Siltstone - Made up of granular materials less than 1/16 to 1/256 mm in diameter.
Fractures irregularly. Medium thick to thick bedded.

• Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures
irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of
drilled cores.

• Shale - A fissile very fine-grained rock. Fractures along bedding planes.

• Umestone - Rock made up predominantly o~ calcite (CaC03). Effervesces strongly upon
the application of dilute hydrochloric acid.

• Coal - Rock consisting mainly of organic remains.

• Others - Numerous other sedimentary rock types are present in lesser amounts in the
stratigraphic record. The local abundance of any of these rock types is dependent upon
the depositional history of the area. Conglomerate, halite, gypsum, dolomite, anhydrite.
lignite, etc. are some of the rock types found in lesser amounts.

In classifying a sedimentary rock the following hierarchy shall be noted:

019611/P

•
•
•
•
•
•
•

Rock type
Color
Bedding thickness
Hardness
Fracturing
Weathering
Other characteristics
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As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone
can be used. The modifier indicates that a significant portion of the rock type is composed of the
modifier. Other modifiers can include carbonaceous, calcareous, siliceous, etc. .

Grain size is the basis· for the classification of clastic sedimentary rocks. Figure 4 is the Udden
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are
slightly different than the USCS subdivision for soil classification. For field determination of grain sizes.
a scale can be used for the coarse grained rocks. For example, the division between siltstone and
claystone may not be measurable in the field. The boundary shall be determined by use of a hand lens.
If the grains cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a
siltstone. If the grains are not distinguishable with a hand lens, the rock is a claystone.

5.3.2 Color

Rock color charts shall not be used unless specified by the Project Manager.

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior
to color classifications.

5.3.3 Bedding Thickn.ess •

019611/P

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock
classification.

5.3.4 Hardness

The hardness of a rock is a function of the compaction, cementation. and mineralogical composition of
the rock. A relative scale for sedimentary rock hardness is as follows:

• Soft - Weathered, considerable erosion of core. easily gouged by screwdriver, scratched
by fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This
term is always used for the hardness of the saprolite (decomposed rock which occupies
the zone between the lowest soil horizon and firm bedrock).

• Medium soft - Slight erosion of core, slightly gouged by screwdriver,'or breaks with crumbly
edges from single hammer blow.

• Medium hard - No core erosion, easily scratched by screWdriver, or breaks with sharp
edges from single hammer blow.

• Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot
be scratched with screwdriver.

Note the difference in usage here of the works "scratch" and "gouge." A scratch shall be considered a
slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch
in the rock itself), while a gouge is much deeper. •
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FIGURE 4

GRAIN SIZE CLASSIFICATION FOR ROCKS

Particle Name Grain Size Diameter

Cobbles > 64mm

Pebbles 4·64 mm

Granules 2 - 4 mm

Very Coarse Sand 1 - 2 mm

Coarse Sand 0.5 - 1 mm

Medium Sand 0.25 - 0.5 mm

Fine Sand 0.125 - 0.25 mm

Very Fine Sand 0.0625 - 0.125 mm

Silt 0.0039 - 0.0625 mm

AfterVVentNorth,1922
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The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint
spacing. After eliminating drilling breaks, the average spacing is calculated and the fracturing is
described by the following terms:

• Very broken 01. BR.) - Less than 2-inch spacing between fractures
• Broken (BA.) - 2-inch to 1-foot spacing between fractures
• Blocky (BL.) - 1- to 3-foot spacing between fractures
• Massive (M.) - :3 to 10-foot spacing between fractures

The structural integrity of the rock can be approximated by calculating the Rock Ouality Designation
(ROD) of cores recovered. The ROD is determined by adding the total lengths of all pieces exceeding
4 inches and dividing by the total length of the coring run. to obtain a percentage.

Method of Calculating ROD
(After Deere, 1964)

ROD % = r/I x 100

r

5.3.6 Weathering

Total length of all pieces of the lithologic unit being measured, which are
greater than 4 inches length, and have resulted from natural breaks. Natural
breaks include slickensides. joints. compaction slicks, bedding plane partings
(not caused by drilling), friable zones, etc.

Total length of the coring run.

The degree of weathering is a significant parameter that is important in determining weathering profiles
and is also useful in engineering designs. The following terms can be applied to distinguish the degree
of weathering:

5.3.7

•

•

•

•

Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no
staining and rock has a bright appearance.

Slight - Rock has some staining which may penetrate several centimeters into the rock.
Clay filling of joints may occur. Feldspar grains may show some alteration.

Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened
due to weathering and can be easily broken with hammer.

Severe - All rock including quartz grains is stained. Some of the rock is weathered to the
extent of becoming a soil. Rock is very weak.

Other Characteristics

The following items shall be included in the rock description:

• ' Description of contact between two rock units. These can be sharp or gradational.
• Stratification (parallel, cross stratified).
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• Description of any filled cavities or vugs.
• Cementation (calcareous, siliceous, hematitic).
• Description of any joints or open fractures.
• Observation of the presence of fossils.
• Notation of joints with depth, approximate angie to horizontal, any mineral filling or coating,

and degree of weathering.

All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy
machine for report presentation. The data shall be kept current to provide control of the drilling program
and to indicate various areas requiring special consideration and sampling.

5.3.8 Additional Terms Used in th.e Description of Rock

The following terms are used to further identify rocks:

• Seam - Thin (12 inches or less), probably continuous layer.

• Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For
example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would
be "sandstone -- some shale seams." .

• Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would
be "sandstone -- few shale seams."

• Interbedded - Used to indicate thin or very thin alternating seams of material occurring in
approximately equal amounts. For example, rock composed of thin alternating seams of
sandstone (50 percent) and shale (50 percent) would be "interbedded sandstone and shale."

• Interlayered - Used to indicate thick alternating seams of material occurring in
approximately equal amounts.

The preceding sections describe the classification of sedimentary rocks. The following are some basic
names that are applied to igneous rocks:

I

019611/P

•

•

•
•

•

Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and
pyroxene.

Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine
grained equivalent of a granite.

Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz.

Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and
hornblende.

Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene.
Loosely used for any coarse-grained dark igneous rock.
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The following are some basic names that are applied to metamorphic rocks:

5.4

•

•

•

•
•

Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage.
Contains predominantly chlorite. mica. quartz. and sericite.

Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on
cleavage surface.

Schist - A medium to coarse-grained foliated rock with subparallel. arrangement of the
micaceous minerals which dominate its composition.

Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals.

Quartzite - A fine- to coarse-grained nonfoliated rock breaking across grains. consisting
essentially of quartz sand with silica cement.

Abbreviations

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a
minimum. Following are some of the abbreviations that may be used:

C - Coarse Lt - Light VI - Yellow

Med - Medium BR - Broken Or - Orange

F - Fine BL - BlocKy SS - Sandstone

V - Very M - Massive Sh - Shale

SI - Slight Br - Brown LS - Limestone

Occ - Occasional BI - Black Fgr - Fine-grained

Tr - Trace

5.5 Boring Logs and Documentation

This section describes in more detail the procedures to be used in completing boring logs in the field.
Information obtained from the preceding sections shall be used to complete the logs. A sample boring
log has been provided as Figure 5.

The field geologist/engineer shall use this example as a guide in completing each boring log. Each
boring log shall be fully described by the geologist/engineer as the boring is being drilled. Every sheet
contains space for 25 feet of log. Information regarding classification details is provided either on the
back of the boring log or on a separate sheet, for field use.

••
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FIGURE 5
COMPLETED BORING LOG (EXAMPLE)

BORING LOG Pageiofi
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5.5.1

•

•

•

•

•

•
•

Soil Classification

Identify site name, boring number. job number, etc. Elevations and water level data to be
entered when surveyed data is available.

Enter sample number (from SPT) under appropriate column. Enter depth sample was taken
from (1 block = 1 foot). Fractional footages. Le.. change of lithology at 13.7 feet. shall be
lined off at the proportional location between the 13- and 14-foot marks. Enter blow counts
(Standard Penetration Resistance) diagonally (as shown). Standard penetration resistance
is covered in Section 5.2.3.

Determine sample recoveryjsample length as shown. Measure the total length of sample
recovered from the split-spoon sampler, including material in the drive shoe. Do not include
cuttings or wash material that may be in the upper portion of the sample tube.

Indicate any change in lithology by drawing a line at the appropriate depth. For example.
if clayey silt was encountered from a to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall
be drawn at this increment. This information is helpful in the construction of cross-sections.
As an alternative. symbols may be used to identify each change in lithology.

The density of granular soils is obtained by adding the number of blows for the last two
increments. Refer to Density of Granular Soils Chart on tJack of log sheet. For consistenqy
of cohesive soils refer also to the back of log sheet - Consistency of Cohesive Soils. Enter
this information under the appropriate column. Refer to Section 5.2.3.

Enter color of the material in the appropriate column.

Describe material using the USCS. Limit this column for sample description only. The
predominate material is described last. If the primary soil is silt but has fines (clay) - use
clayey silt. Limit soil descriptors to the following:

Trace:
Some:
And/Or:

o - 10 percent
11 - 30 percent
31 - 50 percent

• Also indicate under Material Classification if the material is fill or natural soils. Indicate
roots. organic material. etc.

• Enter USCS symbol - use chart on back of boring log as a gUide. If the soils fall into one
of two basic groups, a borderline symbol may be used with the two symbols separated by
a slash. For example ML/CL or SM/SP.

• The following information shall be entered under the "Remarks" column and shall include.
but is not limited by, the following:

Moisture - estimate moisture content using the following terms - dry, moist,
wet and saturated. These terms are determined by the individual. Whatever
method is used to determine moisture. be consistent throughout the log.
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Angularity - describe angularity of coarse grained particles using the terms
angular, subangular, subrounded, or rounded. Refer to ASTM D 2488 or Earth
Manual for criteria for these terms.

Particle shape - flat, elongated, or flat and elongated.

Maximum particle size or dimension.

Water level observations.

Reaction with Hel - none, weak, or strong.

• Additional comments:

Indicate presence of mica, caving of hole, when water was encountered,
difficulty in drilling, loss or gain of water.

Indicate odor and Photoionization Detector (PID) or Flame Ionization Detector
(FID) reading if applicable.'

Indicate any change in lithology by drawing a line through the lithology
change column and indicate the depth. This will help when cross-sections are
subsequently constructed.

At the bottom of the page indicate type of rig, drilling method, hammer size
and drop, and any other useful information (Le., borehole size, casing set,
changes in drilling method).

Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the
bottom of each sample to the top of the next sample to indicate consistency
of material from sample to sample, if the material is' consistent. Horizontal
lines shall be drawn if there is a change in lithology, then vertical lines drawn
to that point.

Indicate screened interval of well, as needed, in the lithology column. Show
top and bottom of screen. Other details of well construction are provided on
the well construction forms.

5.5.2 Rock Classification

• Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate
core run depths by drawing coring run lines (as shown) under the first and fourth columns
on the log sheet. Indicate ROD, core run number, ROD percent, and core recovery under
the appropriate columns. '

•. Indicate lithology change by drawing a line at the appropriate depth as explained in
Section 5.5.1.

• Rock hardness is entered under designated column using terms as described on the back
of the log or as explained earlier in this section.
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core shall be scraped clean prior to describing color.

• Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks
use terms as described in Section 5.3. Again, be consistent in classification. Use modifiers
and additional terms as needed. For igneous and metamorphic rock types use terms as
described in Sections 5.3.8.

• Enter brokenness of rock or degree of fracturing under the appropriate column using
symbols VBR, BR, BL. or M as explained in Section 5.3.5 and as noted on the back of the
Boring Log.

• The following information shall be entered under the remarks column. Items shall include
but are not limited to the following:

Indicate depths of joints, fractures and breaks and also approximate to
horizontal angle (such as high, low), Le., 70° angle from horizontal, high angle.

Indicate calcareous zones, description of any cavities or vugs.

Indicat~ any loss or gain of drill water.

•
Indicate drop of drill tools or change in color of drill water.

Remarks at the bottom of Boring Log shall include:

- Type and size of core obtained.

- Depth casing was set.

- Type_of rig used.

•
• As a final check the boring log shall include the following:

- Vertical lines shall be drawn as explained for soil classification to indicate
consistency of bedrock material.

- If applicable, indicate screened interval in the lithology column. Show top and
bottom of screen. Other details of well construction are provided on the well
construction forms.

5.5.3 Classification of Soil and Rock from Drill Cuttings

The previous sections describe procedures for classifying soil and rock samples when cores are
obtained. However, some drilling methods (air/mud rotary) may require classification and borehole
logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only
general information on subsurface lithology. Some procedures that shall be followed when logging
cuttings are:

• Obtain cUtting samples at approximately 5-100t intervals, sieve the cuttings (if mud rotary
drilling) to obtain a cleaner sample, place the sample into a small sample bottle or"zip lock" •
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bag for future reference, and label the jar or bag (Le. hole number, depth, date, etc.).
Cuttings shall be closely examined to determine general lithology.

• Note any change in color of drilling fluid or cuttings, to estimate changes in lithology.

• Note drop or chattering of drilling tools or a change in the rate of drilling, to determine
fracture locations or lithologic changes.

• Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify
potential fracture zones.

• Record this and any other useful information onto the boring log as proVided in Figure 1.

This logging provides a general description of subsurface lithology and adequate information can be
obtained through careful observation of the drilling process. It is recommended that split-barrel and rock
core sampling methods be used at selected boring locations during the field investigation to provide
detailed information to supplement the less detailed data generated through borings drilled using air/mud
rotary methods.

5.6 Review

Upon completion of the borings logs, copies shall be made and reviewed. Items to be reviewed include:

6.0

•
•
•

Checking for consistency of all logs.
Checking for conformance to the guideline.
Checking to see that all information is entered in their respective columns and spaces.

REFERENCES .

019611/P

Unified Soil Classification System (USCS).

ASTM 02488, 1985.

Earth Manual, U.S. Department of the Interior. 1974.

7.0 RECORDS

Originals of the boring logs shall be retained in the project files.
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This guideline is intended to describe procedures for performing in-situ hydraulic conductivity testing
(slug testing) in boreholes and monitoring wells, and provide a short description of commonly used
evaluation techniques for the data generated. Slug tests are used to provide data regarding the hydraulic
properties of the formation tested, A variation of the slug test, called a constant-head test, is also briefly
described.

2.0 SCOPE

Slug tests are short-term tests designed to provide approximate hydraulic conductiVity values for the
portion of a formation immediately surrounding the screened/open interval of a well or boring. These
tests are less accurate than pumping tests, as a much more localized area is involved. Therefore, a
number of slug tests are performed and averaged to determine a representative hydraulic conductivity
value for the formation tested. Performance of slug tests may be preferable to pumping tests in
situations where handling of large volumes of contaminated water is a concern or when time/budget
constraints preclude the more expensive and time-consuming setup and performance of a pumping test.

Constant-head tests also are used to determine hydraulic conductivity values and are similar to slug tests
with regard to the quality of data obtained and time/cost considerations. A disadvantage of constant
head tests is that a significant volume of water may be added to the formation, potentially affecting short
term water quality.

3.0 GLOSSARY

Hydraulic Conductivity (I<) - A quantitative measure of the' ability of porous material to transmit water.
Volume of water that will flow through a unit cross-sectional area of porous material per unit time under
a head gradient. Hydraulic conductivity is dependent upon properties of the medium and fluid. Common
units of expression include centimeters per second (cm/sec), feet per day (ft/day), and gallons per day
per foot2 (gpd/tt2).

Transmissivity CD ~ A quantitative measure of the ability of an aquifer to transmit water. The product of
the hydraulic conductivity times the saturated thickness.

Slug test - A rising head or falling head test used to measure hydraulic conductivity. A slug test consists
of instantaneously changing the water level within a well and measuring the rate of recovery of the water
level to equilibrium conditions. Slug tests are performed by either withdrawing a slug of water (rising
head test) or adding a slug of water (falling head test), then measuring recovery over time. A solid slug
of known volume can be used to displace a volume of water, thereby simUlating the addition orrernoval
of water.

4.0 RESPONSIBILITIES

Project Hydrogeologist - The project hydrogeologist, in conjun~tion with the Project Manager, shall
evaluate the type(s) and extent ·of hydraulic testing required for a given project during the planning
process, and design the field program accordingly. The project hydrogeologist also shall ensure that
field personnel have the necessary training and guidance to property perform the tests, and shall oversee
data reduction activities, inclUding selecting the appropriate evaluation techniques and checking
calculations for accuracy. "
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Field Geologist - The field geologist is responsible for performing the pl~nned field tests as specified in
the project planning documents. (or approved modifications thereto). The field geologist also generally
assists in the data evaluation process. The field geologist shall be knowledgeable in the testing
methodologies used and is responsible for obtaining the necessary support equipment required to
perform the field tests. All applicable data regarding testing procedures, equipment used, well
construction. and geologic/hydrogeologic conditions shall be recorded by the field geologist. The field
geologist shall be familiar enough with testing procedures/requirements to be able to recommend
changes in methodology, should unanticipated field conditions be encountered.

5.0 PROCEDURES

5.1 In-situ Hydraulic Conductivity Testing in Wells

Slug tests are commonly performed in completed wells. Prior to testing, the well shall be thoroughly
developed and allowed to stabilize. in order to obtain accurate results. Once the water level within the
well has stabilized, it shall be quickly raised or lowered and the rate of recovery measured.

One of the basic assumptions of slug testing is that the initial change in water level is instantaneous;
therefore. an effort shall be made to minimize the time involved in raising or lowering the water level
initially. Various methods can be used to induce instantaneous (or nearly instantaneous) changes in
water level within the well. A rise in water levels can be induced by pouring water into the well. A solid
slug of known volume. qUickly lowered below the water level within the well, will displace an equivalent
volume of water and raise the water level within the well. The slug can be left in place until the water
level restabilizes at the static water level. then SUddenly removed to create a drop in water level within
the well. An advantage of using a solid cylinder of known volume (slug) to change the water level Is that
no water is removed or added· to the monitoring well. This eliminates the need to dispose of
contaminated water and/or add water to the system, which might raise doubts regarding the
representativeness of future groundwater samples. A bailer or pump can be used to withdraw water from
the well. (If a pump is used. pumping shall not continue for more than several seconds so that a cone
of depression is not created which would adversely impact testing results. The pump hose shall also be
removed from the well during the recovery period, as data analysis techniques involve volume of
recovery versus time. and leaVing the hose within the well would distort the calculated testing results by
altering the apparent volume of recovery.) Falling head slug tests should only be performed in wells with
fully submerged screens, while rising head slug tests can be performed in wells with either partially or
fully submerged screens/open intervals.

Other methods that can be used to change water levels within a well include creating a vacuum or a high
pressure environment within the well. The vacuum method will raise water levels within the well, while
the pressure method will depress the water level in the well. These methods are particularly useful in
highly permeable formations where other methods are ineffective in creating measurable changes in
water levels. 80th of these methods are limited to wells which have completely submerged screens.

Rate of recovery measurements shall be obtained from time zero (maximum change in water level) until
water level recovery exceeds 90 percent of the initial change in water level. In low permeability
formations, the test may be cut-off short of 90 percent recovery due to time constraints. TIme intervals
between water level readings will vary according to the rate of recovery of the well. For a moderately
fast recovering well, water level readings at O. 0.1, 0.2, 0.3, 0.4, 0.5, 0.75, 1.0, 1.25, 1.5, 2.0, 2.5, 3.0,
4.0, ... minutes may be required. With practice, readings at down to 0.05-minute (3 seconds) time
intervals can be obtained with reasonable accuracy, using a pressure transducer and hand held readout.
For wells which recover very fast, a pressure transducer and data logger may be required to obtain
representative data. Time intervals between measurements can be extended for slow recovering wells.
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A typical schedule for measurements for a slow recovering well would be 0, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0,
3.0, 4.0, 6.0, 8.0, 10.0, 15.0, 20.0, 30.0, ... minutes from the beginning the test. Measurements shall be
taken from the top of the well casing.

Water level measurements can be obtained using an electric water level indicator, popper, or pressure
transducer. Steel tape, coated with chalk or water sensitive paste although very accurate, is a slower
method of obtaining water levels and is generally not recommended for use due to the frequency at
which water level measurements need to be obtained during the performance of a slug test.

The following data shall be recorded when performing slug tests in wells or borings:

• Well/boring ID number
• Total depth of well/boring
• Screened/open interval depth and length
• Gravel pack interval depth and length
• Well and boring radii
• Well stickup above ground surface
• Gravel pack radius
• Static water level
• Aquifer thickness
• Depth to confining layer
• Time/recovery data
• Gravel pack porosity

A variation of the slug test. called a constant-head test, is a test in which water is added to the well at
a measured rate sufficient to maintain the water level in the well at a constant height above the static
water level. Once a stable elevated water level has been achieved, discharge (pumping) rate
measurements are recorded in place of time/recovery data for approximately 10 to 20 minutes. The
hydraulic conductivity is then calculated from this information. The constant-head test is generally not
recommended for monitoring wells as large volumes of water may be introduced into the screened
formation. potentially impacting later sampling events.

5.2 In-situ Hydraulic Conductivity Testing in Borings

Slug tests can be performed in borings while the boring is being advanced. This permits test'
formations at different depths throughout the drilling process. Boreholes to be tested sh drilled
using casing, so that discrete depths may be' investigated. Various tests and te' methods are
described below. The most appropriate test and testing method to be used' situation varies with
drilling, geologic, and general site conditions and shall be selected after reful evaluation of the above
factors.

•

019611/P

Rising head or falling head slug tests can be perfor In saturated and unsaturated formations during
drilling. There are two ways that the tests ca performed. One way entails setting the casing flush
with the bottom of the boring when t esired testing depth has been reached. The hole is then
cleaned out to remove loose mate' , the drill bit and rods are carefUlly withdrawn from the boring, and
a few feet of sand (of higher eability than the surrounding formation) is added to the bottom of the
boring. After the water el in the boring'has stabilized (for saturated formations), the static water level
is measured and orded. The water level is then be raised (falling head test) or lowered (rising head
test) and t ange in water level is measured at time intervals determined by the field hydrogeologist.
Only ng head tests can be performed for depth intervals within the unsaturated (vadose) zone. As •

cribed for wells. time intervals for water level measurements will vary according to the formation's
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hydraulic conductivity. The faster the rate of recovery expected, the shorter the time intervals betwe
measurements shall be. A predetermined pattern of time intervals must be used during each test. e
rate of change of water level will be used to calculate hydraulic conductivity. The testis to be c ucted
until the water level again stabilizes, or for a minimum of 20 minutes. In low permeability f ations, it
is not always practical to run the test until the water level stabilizes, as it may take a 10 Ime to do so.
The top of the casing shall be used as the reference point for all water level meas ments.

The second method for conducting a slug test during drilling consists of pi g a temporary well with
a short screen into the cleaned-out boring, pulling the drilling casing bac expose the screen, allowing
the formation to collapse around the screen (or placing a sand/gr I pack around the screen), and
performing the appropriate hydraUlic conductivity test in the , as described for the first method.
Again, the test shall be conducted until the water level stab" es or for a minimum of 20 minutes. This
method allows for testing a larger section of the for tion and results in more reliable hydraulic
conductivity estimates.

Constant-head tests may also be performed' orings. As described for monitoring wells, once a stable
elevated level has been achieved, the d' arge rate into the boring is measured for a period of time,
usually 10 to 20 niinutes, and the h ulic conductivity is calculated from this. This method is the most
accurate method depicted in thO ection, and shall be given preference over others if the materials are
available to perform the te nd the addition of water to the boring does not adversely impact project
objectives. Once the is over, additional information can be gathered by measuring the rate of the
drop in water level' he boring (for saturated formations). A limitation of the constant-head test is that
foreign' water . troduced into the formation which must be removed from the well area by natural or

s, before a representative groundwater sample can be obtained.

De ed descriptions regarding the performance of borehole hydraulic conductivity tests and SUbsequent
a analysis techniques are provided in Ground Water Manual (1981).

5.3 Data Analysis

There are a number of data analysis methods available to reduce and evaluate slug testing data. The
determination of which method is most appropriate shall be made based on the testing conditions
(including physical setup of the well/boring tested, hydrogeologic conditions, and testing methodology)
and the limitations of each test analysis method. Well construction details, aqUifer type (confined or
unconfined), and screened/open interval (fully or partially penetrating the aqUifer) shall be taken into
account in selecting an analysis method. Cooper, et al. (1967), and Papadapulos, et al. (1973) have
developed test interpretation procedures for fully penetrating wells in confined aquifers. Hvorslev (1951)
developed a relatively simple analytical procedure for point piezometers in an infinite isotropic medium.
In Cedergren (1967), Hvorslev presents a number of analytical procedures which cover a wide variety
of hydrogeologic conditions, testing procedures, and well/boring/piezometer configurations. Bouwer
and Rice (1976) developed an analytical technique applicable to both unconfined and confined
conditions, which factors in partial/full penetration and discusses well screen gravel pack considerations.
The Ground Water Manual (1981) presents a number of testing and test analysis procedures for wells
and borings' open above or below the water table, and for both falling head and constant-head tests.
The methods described above do not represent a complete listing of test analysis methods available, but
are some of the more commonly used and accepted methods. Other methods can be used, at the
discretion of the project hydrogeologist and in concurrence with the Project Manager and client.

One consideration to be noted during data analysis is the determination of the screened/open interval
of a tested well. If a well with a fully SUbmerged screen is installed in a relatively low permeability
formation, and a gravel pack which is significantly more permeable is installed around the screen, the
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length of the gravel pack (if longer than the screened interval) may be used as the screened / open length,
rather than the screen length itself. In situations where the formarion permeability is judged to be
comparable to the gravel pack permeability (within about an order of magnitude) this adjustment is not '
required.

All data analysis applications and c~.Iculations shall be reviewed by technical personnel thoroughly
familiar with testing and test analysis procedures. Upon approval of the calculations and results, the
calculation sheets shall be initialed and dated by the reviewer. Distribution copies shall be supplied to
appropriate project personnel and the original copy stored in the project central file.
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7.0 RECORDS

Field data shall be recorded on the data sheet included 'as Attachment A (or equivalent).' Any notes
regarding testing procedures, problems encountered, and general observations not included on the data
sheet shall be noted in the bound site logbook or field notebook. The boring log and well construction
diagrams for each well/boring tested shall be used as references during testing and data analysis
activities. Original data sheets shall be placed in the project file, along with the logbook/notebook.

, If an automated data recorder is used, the data may be displayed using the printer output from the unit. Such
printouts should be annoted to include the relevant data form, or attached to the form shown as Attachment A.
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ATTACHMENT A
EXAMPLE HYDRAULIC CONDUCTIVITY TESTING DATA SHEET

HYDRAULIC CONDUCTIVITY TESTING DATA SHEET

PROJECT NAME: WELL,IBORING NO.: .

PROJECT NO.: . CEOLOCIST: .

WEU. DIAMElER: ~ ~GlH/DEP1H: lEST NO': .

STATIC WAlER lLVEL. (o.pth/Elevatlon): DAlE: .

lEST T'r'PE (Rlafng/Falilng/Ccn.-tant Head): . OiECKED: : .

UE'THOO Of' INDUCING WATER LEVEL CHANGE: ;............ PAGE Of' .

REFERENCE PT. FOR WL MEAS. (Top 01 Ca8lnQ. Transducer. etc.): , .

i::lAPSED MEASURED DRAWOOWN ELAPSED MEASURED DRAWOOWN WEIJ. SQ1Q!ATIC
TIME WATER LEVEL OR HEAD (lIH) TIME WATER LEVEl OR HEAD (lIH) rc::

(min. '" ,"".j (fu') (I_,) (min. or ooec.) (1_.) (feet> -~ -..eu.. ..

I-----+------+-----'--f------f------t------t ~ /",1'l-o_"O_'D_'_t9_Gl.._l

~t--t-+--->==
1-----+------4------I------4------.J------I~==

3==
is :z;=
~ l::!=1-----+------+------I------4------.J------I ..... ~=

~r==
g

.sz. Incf1cot. S\\\.
Oel>tIl on DrowMq

REMARKS:

...._ ••••••••••••••••:•••••::::••:•••••••:••:•••::.:
CALeS,SKETCH MAPS. ETC.:
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This procedure provides general guidance and information pertaining t6 proper monitoring well design,
installation, and development.

2.0 SCOPE

This procedure is applicable to the construction of permanent monitoring wells. The methods described
herein may be modified by project-specific requirements for monitoring well construction. In addition,
many regulatory agencies have specific regulations pertaining to monitoring well construction and
permitting. These requirements must be determined during the project planning phases of the
investigation, and any required permits must be obtained before field work begins. Innovative monitoring
well installation techniques, which typically are not used, will be discussed only generally in this
procedure.

3.0 GLOSSARY

Monitoring Well - A well which is properly screened (if screening is necessary, e.g., open borehole),
cased, and sealed which is capable of providing a groundwater level and groundwater sample
representative of the zone being monitored.

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers may
range in size from 1/2-inch-diameter plastic tubes to well points or monitoring wells.

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased
to the screened aquifer.

Well Point (Drive Point) - A screened or perforated tube (Typically 1-1/4 or 2 inches in diameter) with a
solid, conical, hardened point at one end. which is attached to a riser pipe and driven into the ground
with a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater
injection and recovery, as piezometers (I.e., to measure water levels) or to provide groundwater samples
for water quality data.

4.0 RESPONSIBILITIES

Driller - The driller proVides adequate and operable equipment. sufficient quantities of materials, and an
experienced and efficient labor force capable of performing all phases of proper monitoring well
installation and construction. The driller may also be responsible for obtaining, in advance, any required
permits for monitoring well installation and construction.

Rig Geologist - The rig geologist supervises and documents well installation and construction performed
by the driller, and insures that well construction is adequate to provide representative groundwater data
from the monitored interval. Geotechnical engineers. field technicians, or other suitable trained personnel
may also serve in this capacity.
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Below is a list of items that may be needed when installing a monitoring well:

5.2

•
•

•

•

Health and safety equipment as required by the Site Safety Officer.

Well drilling and installation equipment with associated materials (typically supplied by the
driller).

Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable
engineers rule, electronic calculator, clipboard, mirror and flashlight -. for observing
downhole activities, paint and ink marker for marking monitoring wells, sample jars, well
installation forms. and a field notebook).

Drive point installations tools (sledge hammer, drop hammer, or mechanical vibrator; tripod,
pipe wrenches. drive points, riser pipe, and end caps).

Well Design

019611/P

The objectives for each monitoring well and its intended use must be clearly defined before the
monitoring system is designed. Within the monitoring system, different- monitoring wells may serve
different purposes and, therefore, require different types of construction. During all phases of the well
design, attention must be given to clearly documenting the basis for design decisions, the details of well
construction, and the materials to be used. The objectives for installing the monitoring wells may
include:

• Determining groundwater flow directions and velocities.
• Sampling or monitoring for trace contaminants.
• Determining aquifer characteristics (e.g., hydraUlic conductivity).

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow
direction. In most cases, groundwater flow and potential well locations can be determined through the
review of geologic data and the site terrain. In addition, data from production wells or other monitoring
wells in the area may be used to determine the groundwater flow direction. If these methods cannot be
used, piezometers, which are relatively inexpensive to install, may have to be installed in a preliminary
investigative phase to determine groundwater flow direction.

I
5.2.1 Well Depth, Diameter, and Monitored Interval

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of
each investigation. Specification of these items generally depends on the purpose of the monitoring
system and the characteristics of the hydrogeologic system being monitored. Wells of different depth,
diameter, and monitored interval can be employed in the same groundwater monitoring system. For
instance, varying the monitored interval in several wells, at the same location (cluster wells) can help to
determine the vertical gradient and the levels at which contaminants are present. Conversely, a fully
penetrating well is usually not used to quantify or vertically locate a contaminant plume, since
groundwater samples collected in wells that are screened over the full thickness of the water-bearing
zone will be representative of average conditions across the entire monitored interval. However, fully
penetrating wells can be used to establish the existence of contamination in the water-bearing zone. The
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well diameter desired depends upon the hydraulic characteristics of the water-bearing zone, sampling
requirements, drilling method and cost.

The decision concerning the monitored interval and well depth is based on the following (and possibly
other) information:

'. The vertical location of the contaminant source in relation to the water-bearing zone.

• The depth, thickness and uniformity of the water-bearing zone.

• The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the
contaminant plume.

• Fluctuation in groundwater levels (due to pumping, tidal influences, or natural
recharge/discharge events).

• The presence and location of contaminants encountered during drilling.

• Whether the purpose of the installation is for determining existence or non-existence of
contamination or if a particular stratigraphic zone is being investigated.

• The analysis of borehole geophysical logs.

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (1 to 2 feet) are
usually required where flow lines are not horizontal, (Le., if the wells are to be used for accurate
measurement of the potentiometric head at a specific point).

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends
on the application. In determining well diameter, the follOWing needs must be considered:

• Adequate water volume for sampling.
• Drilling methodology.
• Type of sampling device to be used.
• Costs.

St~ndard monitoring well diameters are 2, 4, 6, or 8 inches. However. drive points are typically 1-1/4 or
2 inches in diameter. For monitoring programs which requii'e screened monitoring wells, either a 2-lnch
or 4-inch-diameter well is preferred. Typically, well diameters greater than 4 inches are used in
monitoring programs in which open-hole monitoring wells are required. In the smaller diameter wells,
the volume of stagnant water in the well is minimized, and well construction costs are reduced, however,
the type of sampling devices that can be used are limited. In specifying well diameter, sampling
requirements must be considered (up to a total of 4 gallons of water may be required for a single sample
to account for full organic and inorganic analyses, and split samples). The volume of water in the
rlJonitoring well available for sampling is dependent on the well diameter as follows:
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Screens and risers may have to be decontaminated before use because oil-based preservatives and oil
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe, may
corrode and release metal ions or chemically react with organic constituents, but this is considered by
some to be less of a problem than the problem associated with PVC material. Galvanized steel is not

Casing Inside Standing Water Depth to Total Depth 'of Standing
Diameter Obtain 1 Gallon Water Water for 4 Gallons

(Inch) (Feet) (Feet)

2 6.13 25

4 1.53 6

6 0.68 3

However, if a specific well recharges qUickly after purging, then well diameter may not be an important
factor regarding sample volume requirements.

Pumping tests for determining aquifer characteristics may require larger diameter wells; however, in
small-diameter wells in-situ permeability tests can be performed during drilling or after well installation
is completed.

5.2.2 Riser Pipe and Screen Materials

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require'
an additional specification of slot size. Thickness of pipe is referred to as "schedule" for polyvinyl
chloride (PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness
is often referred to as "Strength" and Standard Strength is usually adequate for monitoring well purposes.
With larger diameter pipe, the wall thickness must be greater to maintain adequate strength. The
required thickness is also dependent on the method of installation; risers for drive points require greater
strength than wells installed inside drilled borings.

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface .
materials the well penetrates, the type of contamination expected, and natural water quality and depth.
Cost and the level of accuracy required are also important. The materials generally available are Teflon,
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used
materials are PVC and stainless steel for wells in which screens are installed. Properties of these two
materials are compared in Attachment B. Stainless steel is preferred where trace metals or organic
sampling is required: however, costs are high. Teflon materials are extremely expensive, but are
relatively inert and provide the least opportunity for water contamination due to well materials. PVC has
many advantages, including low cost, excellent availability, light weight, and ease of manipulation;
however. there are also some questions about organic chemical sorption and leaching that are currently
being researched (see Barcelona et aI., 1983). Concern about the use of PVC can be minimized if PVC
wells are used strictly for geohydrologic measurements and not for chemical sampling. The crushing
strength of PVC may limit the depth of installation, but Schedule 80 materials normally used for wells
greater than 50 feet deep may overcome some of the problems associated with depth. However,' the
smaller inside diameter of Schedule 80 pipe may be an important factor when considering the size of
bailers or pumps required for sampling or testing. Due to this problem, the minimum well pipe size
recommended for Schedule 80 wells is 4-inch I.D.

~L...- .....J
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recommended where samples may be collected. for metal analys~~.s, as zinc and cadmium levels in
groundwater samples may become elevated from leaching of the zinc coating.

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and
steel can all be obtained with threaded joints at slightly more costs. Welded-joint steel casing is also
acceptable. Glued PVC may release organic contaminants into the well, and therefore, should not be
used if the well is to be sampled for organic constituents.

When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a well
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated materials,
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally
used when a screen is necessary and the screened interval is artificially packed with a fine sand. The
slot size controls the quantity of water entering the well and prevents entry of natural materials or sand
pack. The screen shall pass no more than 10 percent of the pack material, or in-situ aquifer material.
The rig geologist shall specify the combination of screen slot size and sand pack which will be
compatible with the water-bearing zone. to maximize groundwater inflow and minimize head losses and
movement of fines into the wells. (For example, as a standard procedure, a Morie No. 1 or Ottowa sand
may be used with a 0.01 O-inch slot screen, however, with a 0.020-inch slot screen, the filter pack material
must be the material retained on a No. 20 to No. 30 U.S. standard sieve.)

5.2.3 Annular Materials

Materials placed in the annular space between the borehole and riser pipe and screen include a sand
pack when necessary, a bentonite seal. and cement-bentonite grout. The sand pack is usually a fine
to medium-grained poorly graded, silica sand and should relate to the grain size of the aqUifer sediments.
The quantity of sand placed in the annular space is dependent upon the length of the screened interval.
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivalent) is then
placed to extent from the top of the bentonite pellets to the ground surface.

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be
packed naturally (Le., no artificial sand pack installed), and the natural formation material is allowed to
collapse around the well screen after the well is installed. This method has been used where the
formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible
due to borehole collapse. '

Bentonite expands by absorbing water and provides a seal between the screened interval and the
overlying portion of the annular space and formation. Cement-bentonite grout is placed on top of the
bentonite pellets extending to the surface. The grout effectively seals the well and eliminates the
possibility for surface infiltration reaching the screened interval. Grouting also replaces material removed
during drilling and prevents hole collapse and subsidence around the well. A tremie pipe should be used
to introduce grout from the bottom of the hole upward. to·prevent bridging, and to provide a better seal.
However, in shallow boreholes that don't collapse, it may be more practical to pour the grout from the
surface without a tremie pipe.

Grout is a general term which has several different connotations. For all practical purposes within the
monitoring well installation industry, grout refers to the solidified material which is inslalled and occupies
the annular space above the bentonite pellet seal. Grout, most of the time. is made up of two
assemblages of material, (e.g., cement-bentonite). A cement-bentonite grout normally is a mixture of •
cement, bentonite, and water at a ratio of one 9O-pound bag of Portland Type I cement, plus
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3 to 5 pounds of granular or flake-type bentonite, and 6 gallons of water. A neat cement consists of one
ninety-pound bag of Portland Type I cement and 6 gallons of water.

In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation
depth. For these cases, the well shall be 'backfilled to the desired depth with bentonite pellets or
equivalent. A short (1- to 2-foot) section of capped riser pipe sump is sometimes installed immediately
below the screen, as a silt reservoir, when significant post-development silting is anticipated. This will
ensure that the entire screen surface remains unobstructed.

5.2.4 Protective Casing

When the well is completed and grouted to the surface, a protective steel casing is often placed over the
top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. A vent
hole shall be provided in the cap to allow venting of gases and maintain atmospheric pressure as water
levels rise or fall in the well. The protective casing has a larger diameter than the well and is set into the
wet cement grout over the well upon completion. In addition, one hole is drilled just above the cement
collar through the protective casing which acts as a weep hole for the flow of water which may enter the
annulus during well development, purging, or sampling.

A protective casing which is level with the ground surface is used in roadway or parking lot applications
where the top of a monitoring well must be below the pavement. The top of the riser pipe is placed 4 to
5 inches below the pavement, and a locking protective casing is cemented in place to 3 inches below
the pavement. A large diameter protective sleeve is set into the wet cement around the well with the top
set level with the pavement. A manhole-type lid placed over the protective sleeve. The cement should
be slightly mounded to direct pooled water away from the well head.

5.3 Monitoring Well Installation

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction
ofvarious types of monitoring wells.

5.3.1 Monitoring Wells in Unconsolidated Sediments

After the borehole is drilled to the desired depth, well installation can begin. The procedure for well
installation will partially be dictated by the stability of the formation in which the well is being placed. If
the borehole collapses immediately after the drilling tools are withdrawn, then a temporary casing must
be installed and well installation will proceed through the center of the temporary casing, and continue
as the temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the
augers 'will act to stabilize the borehole during well installation.

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be
measured with an engineer's rule to ensure proper placement. When measuring sections, the threads
on one end of the pipe or screen must be excluded while measuring, since the pipe and screen sections
are screwed flush together.

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed.
A weighted tape measure must be used during the installation procedure to carefully monitor installation
progress. The sand is poured into the annulus between the riser pipe and temporary casing, as the
casing is withdrawn. Sand should always be kept within the temporary casing during withdrawal in order
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater
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than 1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may
occur.

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then
the bentonite pellet seal (or equivalent), can be installed in the same manner as the sand pack. At least
1 to 3 feet of bentonite pellets should be installed above the sand pack.

The cement-bentonite grout is then mixed and either poured or tremied into the annulus as the temporary
casing or augers are withdrawn. Finally, the protective casing can be installed as detailed in
Section 5.2.4.

In stable formations where borehole collapse does not occur, the well can be installed as discussed
above, and the use of a temporary casing is not needed. However, centralizers may have to be installed,
one above and one below the screen, to. assure enough annular space for sand pack placement.

5.3.2 Confining Layer Monitoring Wells

When drilling and installing a well in a confined aquifer, proper well installation techniques must be
applied to avoid cross contamination between the unconfined and confined aquifer. Under most
conditions, this can be accomplished by installing double-cased wells. This is accomplished by drilling
a large-diameter boring through the upper aquifer, 1 to 3 feet into the underlying confining layer, and
setting and pressure grouting or tremie grouting the outer casing into the confining layer. The grout
material must fill the space between the native material and the outer casing. A smaller diameter boring
is then continued through the confining layer for installation of the monitoring well as detailed for
overburden monitoring wells (with the exception of not using a temporary casing during installation).
Sufficient time (determined by the rig geologist), must be allowed for setting of the grout prior to drilling
through the confined layer.

5.3.3 Bedrock Monitoring Wells

019611/P

When installing bedrock monitoring wells, a large diameter boring is drilled through the ov en and
approximately 5 feet into the bedrock. A casing (typically steel) is installed and eit ressure grouted
or tremie grouted in place. After the groUt has cured, a smaller diameter . g is continued through
the bedrock to the desired depth. If the boring does not collapse well can be left open, and a
screen is not necessary. If the boring collapses, then a sc is required and can be installed as
detailed for overburden monitoring wells. However, if een is to be used, then the casing which is
installed through the overburden and into the b ck does not require grouting and can be installed ,
temporary until final well installation is co ted.

5.3.4 Drive Points

Drive points can be . ailed with either a sledge hammer, drop hammer, or a mechanical vibrator. The
screen is thre and tightened onto the riser pipe with pipe wrenches. The drive point is simply
pounded' 0 the subsurface to the desired depth. If a heavy drop hammer is used, then a tripod and
pUll etup is required to lift the hammer. Drive points typically cannot be driven to depths exceeding

feet.

5.3.5 Innovative Monitoring Well Installation Techniques

Certain innovative sampling devices have proven advantageous. These devices are essentially screened
samplers installed in a borehole with only one or two small-diameter tubes extending to the surface.
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Manufacturers of these types of samplers claim that four samplers can be installed in a 3-inch-diameter
borehole. This reduces drilling costs. decreases the volume of stagnant water, and provides a sampling
system that minimizes cross-contamination from sampling equipment. These samplers also perform well
when the water table is within 25 feet of the surface (the typical range of suction pumps). Two
manufacturers of these samplers are Timco Manufacturing Company, Inc., of Prairie du Sac, Wisconsin,
and BARCAD Systems, Inc.. of Concord, Massachusetts. Each manufacturer offers various construction
materials.

Two additional types of multilevel sampling systems have been developed. Both employ individual
screened openings through a small-diameter casing. One of these systems (marketed by Westbay
Instruments Ltd. of Vancouver, British Columbia, Canada) uses a screened port and a sampling probe
to obtain samples and head measurements or perform permeability tests. This system allows sampling
ports at intervals as close as 5 feet, if desired, in boreholes from 3 to 4.8 inches in diameter.

The second system, developed at the University of Waterloo at Waterloo, Ontario, Canada, requires field
assembly of the individual sampling ports and tubes that actuate a simple piston pump and force the
samples to the surface. Where the depth to ground water is less than 25 feet, the piston pumps are not
required. The assembly is made of easily obtained materials; however, the cost of labor to assemble
these monitoring systems may not be cost-effective.

5.4 Well Development Methods

The purpose of well development is to stabilize and increase the permeability of the gravel pack around
the well screen, and to restore the permeability of the formation which may have been reduced by drilling
operations. Wells are typically developed until all fine material and drilling water is removed from the
well. Sequential measurements of pH. conductivity and temperature taken during development may yield
information (stabilized values) that sufficient development is reached. . The selection of the well
development method shall be made by the rig geologist and is based on the drilling methods, well
construction and installation details, and the characteristics of the formation that the well is screened in.
The primary methods of well development are summarized below. A more detailed discussion may be
found in Driscoll (1986).

5.4.1 Overpumping and Backwashing

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or
bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into
the formation. This back and forth movement of water through the well screen and gravel pack serves,
to remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging)
of sand grains. Backwashing can be accomplished by several methods, including pouring water into the
well and then bailing, starting and stopping a pump intermittently to change water levels, or forcing water
into the well under pressure through a water-tight fitting ("rawhiding"). Care should be taken when
backwashing not to apply too much pressure, which could damage or destroy the well screen.

5.4.2 Surging with a Surge Plunger

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and
is used to agitate the water, causing it to move in and out of the screens. This movement of water pulls
fine materials into the well, where they may be removed by any of several methods, and prevents
bridging of sand particles in the gravel pack. There are two basic types of surge plungers; solid and
valved surge plungers. In formations with low yields. a valved surge plunger may be preferred. as solid
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plungers tend to force water out of the well at a greater rate than it will flow back in. Valved plungers
are designed to produce a greater inflow than outflow of water during surging.

5.4.3 Compressed Air

Compressed air can be used to develop a well by either of two methods: backwashing or surging.
Backwashing is done by forcing water out through the screens, using increasing air pressure inside a
sealed well, then releasing the pressurized air to allow the water to flow back into the well. Care shoulc;i
be taken when using this method so that the water level does not drop below the top of the screen, thus
reducing well yield. Surging, or the "open well" method, consists of alternately releasing large volumes
of air sUddenly into an open well below the water level to produce a strong surge by virtue of the
resistance of water head, friction, and inertia. Pumping of the well is subsequently done using the air
lift method.

5.4.4 High Velocity Jetting

In the high velocity jetting method, water is forced at high velocities from a plunger-type device and
through the well screen to loosen fine particles from the sand pack and surrounding formation. The
jetting toot is slowly rotated and raised and lowered along the length of the well screen to develop the
entire screened area. Jetting using a hose lowered into the well may also be effective. The fines washed
into the screen during this process can then be bailed or pumped from the well. .
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7.0 RECORDS

A critical part of monitoring well installation is recording of significant details and events in the site
lobgook or field notebook. The geologist must record the exact depths of significant hydrogeological
features screen placement. gravel pack placement. and bentonite placement.

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed thus ensuring the uniform
recording of data for each installation and rapid identification of missing information. Well depth, length,
materials of construction. length and openings of screen, length and type of riser, and depth and type
of all backfill.materials shall be recorded. Additional information shall include location. installation date,
problems encountered, water levels before and after well installation, cross-reference to the geologic
boring log, and methods used during the installation and development process. Documentation is very
important to prevent problems involVing questionable sample validity. Somewhat different information

Brown & Root Environmental



Subject

GROUNDWATER MONITORING
POINT INSTALLATION

Number

Revision

GH-2.8
Page

11 of 13

Effective Date

03/01/96

will need to be recorded,depending on whether the well is completed in overburden, in a confined layer.
in bedrock with a cased well, or as an open hole in bedrock.

The quantities of sand. bentonit'e. and grout placed in the well are also important. The geologist shall
calculate the annular space volume and have a general idea of the quantity of material needed to fill the
annular space. Volumes of backfill significantly higher than the calculated volume may indicate a
problem such as a large cavity. while a smaller backfill volume may indicate a cave-in. Any problems
with rig operation or down-time shall be recorded and may affect the driller's final fee.
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ATTACHMENT A

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT)

Type of Casing Material

Potentially-Deteriorating
PVC 1

Galvanized Carbon Lo-carbon Stainless Stainless
Teflon*

Substance Steel Steel Steel Steel 304 Steel 316

Buffered Weak Acid 100 56 51 59 97 100 100

Weak Acid 98 59 43 47 96 100 100

Mineral Acid/ 100 48 57 60 80 82 100
High Solids Content

Aqueous/Organic 64 69 73 73 98 100 100
Mixtures

Percent Overall Rating 91 58 56 59 93 96 100

Preliminary Ranking of Rigid Materials:

1 Teflon
<'.l

5 Lo-Carbon Steel
2 Stainless Steel 316 6 Galvanized Steel
3. Stainless Steel 304 7 Carbon Steel
4 PVC 1

* Trademark of DuPont

RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT)

Potentially-
Type of Casing Material

Deteriorating PVC
PP

PE PE
PMM Viton@* Silicone Neoprene Teflon

lll*
Substance Aexible Conv. Linear

Buffered Weak Acid 97 97 100 97 90 92 87 85 100

Weak Acid 92 90 94 96 78 78 75 75 100

Mineral Acid/
100 100 100 100 95 100 78 82 100

High Solids Content

Aqueous/Organic
62 71 40 60 49 78 49 44 100

Mixtures

Percent Overall
88 90 84 88 78 87 72 72 100

Rating

Preliminary Ranking of Semi-Rigid or Elastomeric Materials:

1 Teflon
ill

5 PE Conventional
2 Polypropylene (PP) 6 Plexiglas/Lucite (PMM)
3. PVC Flexible/PE Linear 7 Silicone/Neoprene
4 Viton

lll

* Trademark of DuPont

Source: Barcelona et aI., 1983
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COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION

Characteristic

Strength

Weight

Cost

Corrosivity

Ease of Use

Preparation for
Use

Interaction with
Contaminants·

Stainless Steel

Use in deep wells to prevent
compression and closing of
screen/ riser.

Relatively heavier.

Relatively expensive.

Deteriorates more rapidly in corrosive
water.

Difficult to adjust size or length in the
field.

Should be steam cleaned organics will
be subsequently sampled.

May sorb organic or inorganic
substances when oxidized.

PVC

Use when shear and compressive
strength are not critical.

Light-weight; floats in water.

Relatively inexpensive.

Non-corrosive -- may deteriorate in
presence of ketones, aromatics, alkyl
sulfides, or some chlorinated
hydrocarbons.

Easy to handle and work with in the
field.

Never use glue fittings -- pipes should
be threaded or pressure fitted.
Should be steam cleaned when used
~or monitoring wells.

May sorb or release organic
substances.

019611/P

• See also Attachment A.
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To establish procedures for the use and calibration of colorimetric detector tubes.

2.0 SCOPE

Applies to each usage of colorimetric detector tubes by Brown & Root Environmental personnel.

3.0 GLOSSARY

Detector Tubes - Small, glass tubes filled with solid absorbents such as silica gel, activated alumina, or
inert granules, and impregnated with detecting chemicals, through which air is aspirated at a controlled
rate. These tubes are designed to detect specific airborne substances, by a reaction with the absorbent
causing a color change. Also known variously as "colorimetric tubes" or "indicator tubes."

4.0 RESPONSIBILITIES

Equipment Manager - The Equipment Manager shall ensure that all air monitoring instrumentation for field
activities is operationally checked out, fully charged, and calibrated prior to issuance for field service.
Deficiencies identified by the Equipment Manager will result in removing those instruments from service
until repairs can be facilitated.

Field Operations leader (FOl)/Field Team leader (FTL) - The FOl/FTl shall ensure all field team
members employing detector tubes as part of their assigned duties are adequately trained in the
operation and limitations of these devices. The FOl/FTl shall ensure that they are used as directed by
site guidance documents (Le., Work Plan, Health and Safety Plan. etc.). Additionally, the FOl/FTl shall
ensure that the appropriate documentation and recordkeeping requirements are fulfilled.

Health and Safety' Officer (HSO) - The HSO is responsible for determining air monitoring requirements
for the site activities. Identification of the types of air monitoring devices to be used. and direction for
their proper use will be indicated in the site-specific Health and Safety Plan (HASP).

Site Safety Officer (SSO) - The SSO shall ensure the instruments identified are employed in the manner
directed by the HSO. This will include observing and enforcing any action levels specified for the
application of engineering controls, personal protective equipment (PPE) use, and administrative controls.

~o PROCEDURES

5.1 Preliminary Evaluation

Detector tubes with direct-reading colorimetric indication have many applications. Approximately 350
different substances can be measured with detector tubes. Detector tubes consist of a vial which
contains a chemical preparation that reacts with the measured substance by changing color. The basis
of any direct-reading detector tube is the chemical reaction of the measured substance with the sorbent
media in the tube. For some tubes. the color change reaction in the detector tube is proportional to the
concentration of the reacting contaminant. On scaled tubes, it is possible to quantitate this concentration
by the length of the stain in the tube. When a length of stain indication is not practical, the alternative
is a detector tube with the indication based on interpretation of color intensity according to a given
reference standard or set of standards.

019611/P Brown & Root Environmental
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For many years, only a few gases could be measured with detector tubes. The main area of application
of these devices is the measurement of air contaminants at the workplace, to be compared to
appropriate occupational exposure limits. Decreasing occupational exposure limits have made it
necessary to develop more sensitive detector tubes. In addition, efforts to better understand the
exposure profile in the workplace have resulted in special detector tubes for long-term measurement
which determine time-weighted averages over given time periods.

Short-term tubes are designed for on-the-spot measurements at a particular location over a relatively
short-time period. Short-term measurements may last from 10 seconds to 15 minutes. Some
applications of short-term tubes are the evaluation of concentration fluctuations in the workplace, the
measurement of contaminants in the worker's breathing zone, the investigation of confined spaces prior
to entry, and to check for gas leaks in process pipelines.

Long-term tubes provide integrated measurements that represent the average concentration during a
given sample period. The long-term tubes are used for measurements between one and eight hours.
Long-term tubes can be used as personal or area monitors to determine the time weighted-average
concentrations.

The advantage of detector tubes, as compared to methods requiring laboratory analysis, is that:

• The measurement can be carried out easily and yields a measurement result within minutes.

• No other simple system is currently able to cover such a wide range of gases and vapors
quantitatively and qualitatively.

• The system is light-weight, compact, and economical.

The accuracy of detector tubes is commonly 'within 25 percent of the true concentration of the
contarr.inant being. sampled.

There are some disadvantages and limitations to using detector tubes. They are as follows:

• Specific tubes must be selected before going into the field. Contaminants of concern must be
identified prior to starting activities;

• When complex substances or components that are chemically very similar, (such as methanol,
ethanol, and propanol) are present, direct-reading detector tubes may indicate erroneous results.
Many tubes have various cross sensitivities and may be masked by other compounds that are
present in the air.

• Response time can be slow.

• Stroke or pump number may be excessively high which may result in slow response time.

• Because most tubes contain silica gel, high humidity may affect the results.

• Relative standard deviation can range from 5 to 40 percent.

019611/P

• Variations between lot numbers may lead to different results. Therefore, sample tubes from the
same lot number should be used to obtain comparative results.
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• Over time, the stain on many tubes will ,increase even after removal from the contaminated
atmosphere. Therefore, tubes must be interpreted promptly and they cannot be used to document
or illustrate concentrations after the sampling event.

• Tubes have limited shelf life (typically tubes can be kept for 2 years).

5.2 Types of Detector Tubes

The following types of detector tubes are in current use:

1. Scale tubes: Detector tubes with one or two scales printed on them and with a single indicating
layer.

2. Detector tubes consisting of one or several prelayers and one indicating layer.

3. Detector tubes with a vial (solid, liquid, vaporous) and an indicating layer.

5.3 Pre-Use Check-Out

It is very important to use the same flow rate during both calibration and measurement. The collection
efficiency varies considerably with the flow rate and a number of indicating tubes are therefore very
sensitive to this rate. Hand-held bellows pumps and rubber squeeze bulbs are frequently used for
aspirating the air through the tubes. These devices can deteriorate due to the aging of rubber parts and
obstruction of valves, changing the flow rate through the tube. The flow must be checked at intervals;
either by timing the period of the bulb expansion or by drawing the air (by means of the squeeze bUlb)
through a rotometer (or soap-bulb flowmeter).

It is also important to check whether the instrument is leakproof, in order to avoid draWing (through the
tUbe) a volume of air different from that drawn during calibration. This check is done by inserting an
unopened tube into the holder, squeezing the bulb, and measuring the time of the bulb's expansion or
the beginning of its expansion. There must be no evidence of expansion at the end of a '-minute period
(or other time given in the manufacturer's instructions). In the case of calibrated piston pumps, the
handle shall be pulled out completely, held in this position for 2 minutes, and then released. If more than
5 percent of the piston remains out of its original position, there are leaks and the device should not be
used. To avoid leaks, it is necessary to replace valves, tube connections, or the rubber bulb.

It Is important that the total volume of air be drawn through the tube and, for this reason, enough time
must be allowed for each stroke of the pump. Even upon a full expansion of the pump, the tube may
still be under a vacuum with air still being slowly drawn through it.

5.4 Use of Detector Tubes

The tubes shall be checked and used as follows:

1.

2.

Each batch of new tubes shall be carefully checked. A number of tubes shall be randomly
selected and checked against a known concentration of a gas or vapor. For maximum reliability,
the tubes shall be checked about every 6 months.

Tubes showing a discoloration shall not be used. This indicates that a leak in the tube exists, or
that a breakdown of the indicating chemicals has occurred.

019611/P Brown & Root Environmental
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3. The tubes shall not be overly exposed to light, since some indicating chemicals are sensitive to
light.

4. The tubes shall be stored in a cool, dry area.

5. The tubes shall not be used beyond the indicated expiration date.

6. The sealed tube ends shall be properly broken. Openings larger or smaller than appropriate could
affect the flow rate.

7. With some tubes, the air must flow in one direction. This is usually indicated by an arrow or a dot.
This type of tube may contain a drying agent or a precleaning layer, ahead of the indicating
chemical to remove interfering gases or vapors. Additionally, the tube may contain an oxidizing
layer that releases a certain part of the vapor test molecule which, in turn, reacts with the
indicating chemical.

8. The color or stain produced shall be evaluated immediately. Many colors fade rapidly, and some
stains will increase over time (even after removal from the contaminated atmosphere).

9. If no color develops, the tube shall not be reused.

10. Indicator tubes shall be used within the specified temperature range. If a temperature correction
factor is given, this shall be used. Hot gases and vapors shall be cooled before testing. However,
cooling can condense vapors. Some tubes require pressure (altitUde) corrections.

11. The tubes shall be used at the recommended detection levels.

12. The effect of interfering gases and vapors shall be understood. The presence of mUltiple
contaminants may lead to erroneous results. Care must be taken to rule out interferences from
mixtures of chemicals in the air.

13. If interference is suspected or if the values obtained are doubtful, then the atmosphere shall be
evaluated by using other instrumental or chemical analysis techniques.

ao REFERENCES

"Principles of the Chemistry of Gas Measuring TeChniques," Henry, Manfred, Industrial Hygiene News,
December 1985.

Industrial Hygiene Measurements (550), NIOSH, May 1974.

Encyclopedia of Occupational Health and Safety, I.LO., 1971.

7.0 ATTACHMENTS

None.
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To establish procedures for the use. maintenance. and calibration of the Sensidyne Flame Ionization
Detector (FID).

2.0 SCOPE

Applies to eaci:l usage of this FID instrument by Brown & Root Environmental Personnel.

3.0 GLOSSARY

Analog Meter - The analog meter is a representative indicator of FID response.

Battery Level Indicator - The battery level indicator shows the charge condition of the battery.

Flame Ionization Detector (FID) - A process by which organic vapors and gases are combusted creating
positive and negatively charged ions. These ions are subjected to an electrostatic field for separation
and measurement.

Row Adjust - A dial adjustment regulating the air flow to the unit.

Rowmeter - The flowmeter visually indicates the air flow rate. It is located on the front of the unit.

Freguency Modulated (FM) Tone - The FM tone is an audible tone notifying the user of instrument
response. An intermittent beep indicates that f1ame-out has occurred.

Ignitor - This push button switch ignites the flame inside the chamber.

Intrinsically Safe (I.S.) - Intrinsic safety of an instrument is based on Wiring, design, configuration.
operation, gasketing, construction and approval from an accredited testing laboratory. This designation
indicates that the instrument may be used in locations where flammable gases and/or vapors do or may
exist.

Pressure Gauge - This gauge displays the fuel pressure remaining in the fuel cylinder.

Pressure Regulator - The pressure regUlator controls the amount of fuel flowing from the fuel cylinder to
the FID.

Range Switch - This switch. located on the top of the unit, controls power to the unit and allows the user
to choose the desired measurement range (Range 1 or Range 2).

Speaker - The speaker broadcasts audible FlO responses and flame conditions. An intermittent beep
sounds at startup or when flame-out occurs. If the optional earphones are connected to the unit. the
speaker is inactive and the audible alarm is discernible only through the earphones.

Volume Adjust - This dial adjustment allows the user to control the audio level of the FM tone.

Zero Adjust - The zero control dial adjustment offsets FlO response in the absence of a detectable
substance. The adjustment range is eqUivalent to +90 ppm of methane.

Brown & Root Environmental
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Health and Safety Manager (HSM) - The HSM shall ensure that the user has been appropriately trainedin the usage of the Sensidyne FID.

Equipment Manager - The Equipment Manager shall ensure all air monitoring instrumentation·slated forfield activities has been operationally checked, fully charged, and calibrated prior to issuing anyinstrument for field service. Maintenance deficiencies identified by the Equipment Manager will requirethat those instruments be pulled from service until repairs can be effected.

Field Operations leader (FOl)/Field Team leader (FTl) - The FOl/FTl shall ensure all field teammembers employing the monitoring instruments as part of their assigned duties are adequately trainedin the operation and limitations of this instrument. The FOL/FTL shall ensure that the air monitoringinstruments are employed as directed by site guidance documents (Le., Work Plan, Health and SafetyPlan, etc.). Additionally, the FOl/FTL shall ensure that any instrument action levels specified In theHASP are observed, and that appropriate documentation and recordkeeping requirements are fulfilledincluding Documentation of Calibration and Direct Reading Instrument Response Data Sheets for airmonitoring activities.

Health and Safety Officer (HSO) - The HSO is responsible for determining air monitoring requirementsfor the site activities, and providing direction for air monitoring during specific site activities. Thisidentification of types of air monitoring and direction for use are indicated within the Site-Specific Healthand Safety Plan (HASP).

Site Safety Officer (SSO) - The SSO shall ensure the instruments identified are employed in the mannerdirected by the HSO, and that any action levels specified are observed for the application of engineeringcontrols, personal protective equipment (PPE) use, and administrative controls. Additionally, he/she shallensure the instruments are property maintained and calibrated prior to use in the field. The SSO, duringspecific air monitoring applications including STEL and TWA mode measurements, will be responsiblefor the operation and application of this specialty air monitoring device.

5.0 PROCEDURES

5.1 Principle of Operation

The Sensidyne Flame Ionization Detectors are designed for use in non-explosive, non-flammable areasonly. This instrument is not designed to be explosion proof and is not certified as intrinsically safe.

The detection and measurement of organic gases and vapors is based on the principle of flameionization. The collected sample in ambient air is continuously exposed to the hydrogen flame ~ithlnthe burn chamber. As organic gases and vapors combust, a high voltage electrode inside the chamberproduces an electrostatic field that collects the carbon-eontaining ions.

If the hydrogen carrier is the only substance present in the chamber, the current is small and a baselineresponse is produced. As organic gases and vapors combine with the carrier gas, the current increasesproportionally due to the intensified production of electrons and carbon-containing ions. The resultantcurrent is a measurement of the sample concentration.

Every FlO is factory calibrated using methane. The measurement that is observed when the FlOresponds to an unknown substance is based on its relative response as compared to the calibration gas.If it Is reqUired that the concentration of a specific substance be read directly, the relationship between

Brown & Root Environmental
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the instrument's response to methane and its response to the substance must be determined. This
information is typically specified in the si~e-specific HASP.

The standard FlO measurement range is 0-1000 ppm (methane-equivalent) and does not represent actual
concentrations. This instrument is not approved for hazardous location where percent by volume
measures > 10 percent of the LEL since it is not rated as intrinsically safe.

Measurement fs displayed on a semi-logarithmic analog meter. The meter scale is subdivided Iinearty
in the lower decade and logarithmically in the two subsequent decades. The measurement is also
interpretable at the recorder output (linear only) and as an audible frequency modulated (FM) tone.

5.1.1 Startup

The following specifications describe the startup procedures for the FlO. There are certain special
instructions for the startup of the X10 sensitivity FlO. Be certain to observe the following cautions:

CAUTION

Do not draw water into the unit. Do not SUbmerge the probe in any liquid. It will damage the
i'}strument. Inspect and drain the water trap in the handle frequently.

1. Ughtly grease the o-ring on the fuel cylinder with silicone grease. Place the a-ring into the fuel
cylinder fitting.

2. Carefully slide the gas cylinder onto the carriage below the housing.

3. Align the threads of the fuel cylinder valve with the threads of the fuel cylinder fitting. The threads
of the fuel cylinder fitting are right-handed. Carefully hand tighten the connection (Do Not Use
Tools!)

CAUTION.

Overtightening the connections may damage the threads and may result in hydrogen gas escape.

4. Disconnect the earphone (if used).

5. Tum the volume adjust fully clockwise. Tum the range switch to either Range 1 (RI) or Range 2
(R2), whichever is desired. The intermittent beep will sound, indicating a f1ame-out condition.

6. Verify that the battery level indicator is in the green sector. If the indicator is in the red sector, do
not proceed. The battery requires charging.

7. Check the flowmeter. The float in the flowmeter should rise and the pump will make an audible
sound.

CAUTION

Do not continue with Startup unless pump is operational. If the pump is not operational, report this to
the Equipment Manager.

Brown & Root Environmental
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IMPORTANT

Check the flow rate regularly. Adjust tfow if flow rate changes or a different probe is used. Changesin tfow affect FID response.

9. Slowly open fuel cylinder valve by turning the valve 1/4 to 1/2 turn counter clockwise.
10. Verify that there are no I~aks around the connection of the fuel cylinder valve and the fuel cylinderfitting. Use of a soap solution such as Snoop" is recommended with this instrument for purposesof leak detection. .

WARNING

DO NOT CONTINUE WITH STARTUP IF A HYDROGEN LEAK IS DETECTED. IMMEDIATELY CLOSE FUELCYLINDER VALVE AND SHUT DOWN UNIT. RETURN THE UNIT TO THE EQUIPMENT MANAGER FORREPAIR/REPLACEMENT.

11. Read the pressure gauge and verify that the hydrogen pressure is equal to or greater than 190 psito sustain proper operation of the FlO for 1 hour. Fuel pressure should never be allowed to fallbelow 130 psi. If the indicated pressure is below 130 psi, the fuel cylinder must be refilled orreplaced.

NOTE

Fuel pressure decreases about 58 psi per hour of operation. The FlO can operate for approximately29 hours with a fully charged (1700 psi) cylinder.

12. Allow 30 to 60 seconds to elapse before pressing the ignitor button. Ignition is indicated by adeflection of the meter and a change from intermittent beeping (flame-out) to a solid tone.

NOTE

Several attempts may be needed to obtain ignition.

13. . Turn the zero adjust until the analog meter indicates 0 ppm. The user will no longer hear a tonebut a low pitched tick.

14. If it is not possible to obtain an indication of 0 ppm, there may be extraneous detectablesubstances in the environment. Remove the unit to clean air or supply clean air from anothersource to make the zero adjustment.

Note: Once the instrument is running, allow 10 minutes warm-up time before calibrating or beforeattempting to obtain measurement.

15. The unit Is now ready for calibration and use.
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Follow these instructions for safe equipment shutdown.

1. Turn the fuel cylinder valve clockwise to stop fuel flow to the FlO. Wait until the intermittent beep
is heard and the indication on the pressure gauge decreases slowly to zero. It will take 10 to
15 minutes for the pressure on the lines to discharge fully.

2. Turn the range switch to the "off' position.

3. Remove the fuel cylinder if the instrument is not used on a daily to weekly basis. Removal and
safe storage of the fuel cylinder is recommended when there will be a long interval befo're the next
use, or when the instrument must be forwarded to (or returned from) a site location.

CAUTION

Do not loosen the fitting and remove the fuel cylinder until the pressure gauge reads zero.

4. Remove the fuel cylinder as follows:

5.2

a)

b)

c)

d)

Loosen the connection between the fuel cylinder valve and the fuel cylinder fitting by hand.
Do not use tools!

Slide the cylinder out of the carriage below the housing.

Safely store the fuel cylinder until next use.

The o-ring may fall out of the fitting. Remove the o-ring from the fuel cylinder fitting and
inspect it for wear. If no wear is evident, retain the o-ring. Replace the o-ring if it is badly
worn.

Calibration Verification

1. Startup the unit using instructions in Section 5.1.1 of this SOP.

2. Assemble calibration kit. This should contain:

• A compressed gas cylinder containing a certified concentration of methane in air
• A flow regulator
• A tubing assembly to fit the telescoping probe end
• Calibration labels

Tum the flow regulator valve fully clockwise to ensure that it is closed.

3.

4.

Screw the flow regulator onto the compressed gas cylinder of methane in air. Attach the tubing
assembly to the flow regulator.

Open the valve of the Tedlar bag by loosening the retaining nut and turning the valve one full tum.
Connect the tubing to the regulator and Tedlar bag, open the flow regulator valve, and fill the bag.
Close both the· regulator and the Tediar bag valve.

019611/P Brown & Root Environmental
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5. With the tubing still connected to the Tedlar bag, activate the flow of calibration gas by loosening
the retaining nut, and turning the valve one full turn. With the instrument already running and
warmed up, attach the tubing from the Tedlar bag to the probe assembly.

6. Observe the meter and wait for a stable indication, matching meter detection with certified
concentration indicated on the calibration gas canister.

7. If adjustment is needed:

a) Remove the label covering the calibration adjust port on the front of the FlO.

b) Using a small. standard screwdriver. turn the calibration adjust until the meter indicates
exactly the concentration indicated on the canister.

c) Remove the probe from the tubing assembly and close the flow regulator valve of the Tedlar
bag.

d) .Replace the label covering the calibration adjust with a new label showing the current date
and initials of the person who performed the calibration.

8. Unscrew the flow regulator from the compressed gas cylinder of methane in air.

9. Safely store the calibration kit until next use.

10. Record all calibration activities on the site-specific calibration log sheet.

5.3 Maintenance Activities and Schedule

Fun~ion Frequency

Routine calibration. Prior to each use.

Factory Inspection and calibration. Once a year. or when malfunctioning.

Wipe down the outer casing of the unit. After each use.

Sample inlet filters. Change on a weekly basis or as required by
level of use or environmental conditions.

Battery charging. After each use.

019611/P Brown & Root Environmental
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5.4 Troubleshooting

Problem Cause Remedy

Recharge battery. If battery level
Low battery charge. indicator remains in red after

charging, replace battery.

- If batteries do not hold charge
Spent batteries. after extended charging (72 hours).

Pump does not run when FID is
replace batteries.

turned on Remove sample line from probe
OR . inlet. If normal flow resumes,

Low sample flow rate with flow sample line is obstructed. Check

control on maximum. Sample line is for crimped hoses. Clean all
obstructed. sample lines, probe attachments.

and handle. If not corrected,
internal problems exist. Contact
the Equipment Manager.

I Malfunctioning Pump
motor.

Replace pump assembly.

Battery level indicator moves to red
Low battery charge. Recharge batteries.

sector when FlO is turned on.

Volume control turned
Tum volume control to maximum.

low.

Earphones connected. Disconnect earphones.

Shut down FlO and allow to stand

"Flame out" alarm does not sound Flame is still burning.
with range switch in "off' position
for 2 minutes. Turn back on and

within 10 seconds after FlO is check for "flame out" alarm.
switched on.

Low battery charge. Recharge batteries.

Thermocouple is not Remove FlO cover and replace
connected. thermocouple connector.

Thermocouple is not
Contact the Equipment Manager.

working.

Concentration meter does not
Low battery charge. Recharge batteries.respond to zero adjustment, needle

>0 with adjust fully clockwise.
.

OR Defective batteries. Replace batteries.
No audio output, no meter
movement, or no battery indication Defective circuit

Replace circuit board.
when FlO Is turned on. board.
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Remedy

Hydrogen flame will not light.

Slow signal recovery time
(> 10-15 seconds).

Fuel cylinder valve
closed.

Fuel cylinder pressure
too low.

Ignitpr malfunction.

Contamination of
sample lines.

Open fuel cylinder valve.

Replace fuel cyiinder.

Tum on FlO and zero meter with
flame out. Depress the ignitor. If
meter deflects in positive direction,
ignitor is functioning.

Run pump for extended period of
time to clear sample lines. Clean
all probes. sample lines and
replace filters.

5.5 Variables Affecting Monitoring Data

Monitoring hazardous waste site environment can present a significant challenge in assessing airbome
concentrations and the potential threats that they may impose to site personnel. Several variables may
influence both dispersion and the instrument's ability to detect actual concentrations. Some variables
which may impact these conditions are as follows: .

• Temperature - changes in temperature and pressure will influence volatilization of chemicals and
their resultant airborne concentrations. An increase or decrease in temperature ranges may have
an adverse affect on the instrument's ability to detect airborne concentrations.

• Humidity - excessive levels of humidity may interfere with the accuracy of monitoring results.

• Rainfall - through increased barometric pressure, water may cap or influence dispersion pathways
affecting airborne emissions.

• Electromagnetic interference - high voltage sources, generators. and other electrical equipment
may interfere with the operation and accuracy of direct-reading monitoring instruments.

• . Multisubstance contamination - may influence direct-reading instrument's ability to differentiate
. between substances to determine accurate airborne concentrations. Additionally. multisubstance
environments may result in masking or interference between substances, affecting the instrument's
ability to detect and quantify their presence.

• Work activities - may influence airborne concentrations through disturbance of containment
(source) media, which may result in an increase of the release of airborne emissions.

5.6 Umttatlons

• The FID has an inherent limitation in that it can detect only organic vapors or gases.

• Also. it should not be used at temperatures lower than about 40°F because gases will condense
In the pump and column. In addition, as water vapor is generated by the hydrogen flame.
moisture and freeZing can occur blocking the exhaust port.
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• Because the types of compounds that an FlO can potentially detect are only a fraction of the
chemicals possibly present at a hazardous waste site or incident, a background or zero reading
on this instrument does not necessarily signify the absence of air contaminants.

• FlO instrumen~s can monitor only certain vapors and gases in air. Many nonvolatile liquids, toxic
solids, particulates. and gases and vapors cannot be detected.

• FlO's are generally not specific. Their response to different compounds is relative to the
calibration gas used. This is referred to as the relative response ratio. Instrument readings may
be higher or lower than the true concentration. This can be an especially serious problem when
monitoring for total contaminant concentrations if several different compounds are being detected
at once. The site-specific HASP will specify the relative response ratios of the contaminants of
concern where this instrument is intended for use.

• FlO's are small, portable instruments, they cannot be expected to yield results as accurately as
laboratory instruments.

6.0 SHIPPING

Since the Sensidyne FlO contains hydrogen, it is subject to shipping restrictions when the cylinder Is full.
This regulation also applies to the canisters of calibration gas.

As Personal Luggage

The Sensidyne FlO can be taken on a plane as luggage, providing it is completely drained of hydrogen.
When the tank(s) are full, transport on a passenger aircraft is prohibited.

Air Express

The .following labels must be affixed to both sides of the Sensidyne FlO case when shipping via Parcel
Air Express.

• Danger - Peligro
• Aammable Gas
• Inside Container Complies with O.O.T. Regulations
• Hydrogen UN #1049
• Name and Address of Recipient

A hazardous air bill must be filled out. The following information is requested.

Proper Shipping Name

Oassification

1.0. No.

Net Quantity

Hydrogen, Compressed

2.1 Aammable Gas

UN 1049

300 Cubic Centimeters

019611/P

In addition, the shipping certification must be signed and marked CARGO AIRCRAFT ONLY. See
Figure 6-1 for sample air bill.
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FIGURE 6-1

EXAMPLE HAZARDOUS AIRBILL FOR HYDROGEN
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The following label must be affixed to both sides of the shipping case fo~ sending certified calibration gas
cylinders: "

• Caution
• Compressed Gas, N.O.S. (methane, air)
• Inside Container Complies with D.O.T. Requirements
• Compressed Gas, Nonflammable
• Name and Address of the Recipient

A hazardous airbill must be filled out containing the following information:

•
•
•
•

Proper Shipping Name:
U.N. ID No.:
Hazard Class:
Label:

Compressed Gas, N.O.S. (0.50% methane, air)
1956
2.2, Gas Nonflammable
Gas Nonflammable

019611/P

See Figure 6-2 for sample airbill.

~o REFERENCES

Sensidyne Portable Aame Ionization Detector (FID) Operation and Service Manual, 1/95.
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FIGURE 6-2

EXAMPLE HAZARDOUS AIRBILL FOR METHANE IN AIR
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To establish procedures for the use, maintenance, and calibration of the Biosystems Portable 4 GasDetector.

2.0 SCOPE

Applies to usage of the Biosystems Portable 4 Gas Detector by Brown & Root Environmental personnel.

3.0 GLOSSARY

Combustible Gas Indicator (CGI) - This is a type of flammable gas detector which measures theconcentration of flammable gas or vapor in air: The results are indicated as a percentage of the lowerexplosive limit (LEL) of the calibration gas. Principle of operation is sensor detection based on gaseousdiffusion.

Intrinsic Safety (I.S.) - Intrinsic safety is based on the instruments wiring, configuration, design, operation,gasketing, construction, and approval as determining factors as to whether an instrument may be usedin locations where flammable gases or vapors either do or could possibly exist.

Lower Explosive Limit (LEL) - This marks the lowest concentration of gas or vapor in ambient air whichwill burn or explode in the presence of an ignition source. Concentrations of flammable gas or vaporin air less than the LEL will not burn as the mixture is considered to be too lean..

Short-term Exposure Limit (STEL) - A 15-minute time weighted average (TWA) exposure which shouldhave at least a 60-minute period between exposures with no more than 4 total exposure within a normalworkday.

Time-weighted Average (TWA) - Is the average concentration of a chemical substance to which theaverage worker could be exposed for 8-hours/day, with a 16-hour period between exposures, 40-hoursa week, with a 48-hour period between work week events without adverse effects.

4.0 RESPONSIBILITIES

Equipment Manager - The Equipment Manager shall ensure all air monitoring instrumentation slated forfield activities has been operationally checked out; fully charged; and calibrated prior to issuing anyinstrument for field service. Maintenance deficiencies identified by the Equipment Manager will requirethose instruments to be pulled from service until repairs can be facilitated.

Field Operations Leader (FOL)/Field Team Leader (FTL) - The FOL/FTL shall ensure all field teammembers employing the monitoring instruments as part of their assigned duties are adequately trainedin the operation and limitations of this instrument. The FOL/FTL shall ensure that the air monitoringinstruments are employed as directed by site guidance documents (Le., Work Plan, Health and Safety .Plan, etc.). Additionally. the FOL/FTL shall ensure that the appropriate documentation andrecordkeeping requirements are fulfilled inclUding Documentation of Calibration and Direct ReadingInstrument Response Data Sheets for air monitoring activities.

Health and Safety Officer (HSO) - The HSO is responsible for determining air monitoring requirementsfor the site activities, and proViding direction for air monitoring during specific site activities. Thisidentification of the types of air monitoring and direction for use are indicated within the Site-SpecificHealth and Safety Plan (HASP).

Brown & Root Environmental
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Site Safety Officer (SSO) - The SSO shall ensure the instruments identified are employed in the manner
directed by the HSO~ and that any action levels specified are observed for the application of engineering
controls. personal protective equipment (PPE) use. and administrative controls. Additionally, he/she shall
ensure the instruments are properly maintained and calibrated prior to use in the field. The SSO, during
specific air monitoring applications including STEL and TWA mode measurements, will be responsible
for the operation and application of this specialty air monitoring device.

~o PROCEDURES

5.1 Introduction

The PhD Plus and Ultra are personal, portable, microprocessor controlled datalogging gas detector that
can monitor up to four atmospheric hazards simultaneously. The PhD measures oxygen, combustible
gas, and up to two additional toxic gases. The PhD uses a top-mounted, back-lit, "Supertwist" LCD
(liquid crystal display) to simultaneously show readings of the gases being measured. A loud audible
alarm and individual alarm lights for each gas being monitored warn users of hazards.

The PhD offers a choice of three modes of operation, proViding the right amount of information for users
with different skill levels. The PhD microprocessor software allows true one-button operation. All
proced ures necessary for day to day operation, including automatic calibration adjustment, are controlled
through the single on/off "mode" button. Biosystems EEPROM equipped "Smart Sensors" automatically
let the instrument know if any changes have been made to the sensors since the last time the instrument
was turned on. Two types of interchangeable battery packs (NiCad and disposable alkaline) provide up
to 12 hours of continuous use.

The PhD is Classified by Underwriters Laboratories, Inc. as intrinsically-safe for use in Hazardous
Locations Class I, Division 1, Groups A, B, C, and D.

Classification for intrinsic safety is based on tests conducted in explosive gas/air (21 % oxygen) mixtures
only. The PhD Ultra should not be used for combustible gas monitoring in atmospheres where oxygen
concentrations exceed 23.5% oxygen.

WARNING: SUBSTITUTION OF COMPONENTS MAY IMPAIR INTRINSIC SAFETY.

5.2 Overview of PhD Plus and PhD Ultra Operation

The PhD offers a choice of three modes of operation, 'Text Only," "Basic," and 'Technician." Which mode
is selected is a function of how much information is required, the skill level of the user, and the nature
of the job.

5.2.1 Turning the PhD Ultra On

The large black push-button on the top of the PhD Ultra case is called the "mode" button. It is used to
turn the PhD Ultra on and off, as well as to control most other operations of the instrument. Pushing the
mode button once turns the PhD Ultra on.

5.2.2 Start-up Sequence

After the detector has been turned on, it will automatically go through an electronic self test and start up
sequence that takes approximately twenty seconds. During the self-test sequence, the meter display •
back-light will momentarily turn on, the visual LED alarm lights will flash, and the audible alarm will sound.

Brown & Root Environmental
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The PhD Plus and Ultra will also determine which "Smart Sensors" are currently installed, and whetherthere have been any changes since the last time the instrument was used.

During start-up the LCD display will display several messages or "screens" in sequence. The first screendisplays the software version number.

\. Biosystem.s Inc.
PhD Ultra V. 1.1

Q19611/P

During the start-up and self-test procedure the PhD automatically evaluates itself to determine itselectronic fitness for use.

Several screens will be shown as the instrument loads and evaluates information from the "SmartSensors" which are currently installed....----------,
Loading

Instrument Data

Loading 02
Sensor Data

Loading LEL
Sensor Data

~

etc.

The next screen shows that the PhD is conducting an electronic self-test.

PERFORMING
SELF TEST

During the self-test the audible alarm will sound and each LED alarm light will be briefly activated.

The next screen shows the kind of battery pack installed, the current battery pack voltage, andtemperature in both Centigrade and Fahrenheit. An example display is as follows:

NiCad Bat. 3.6V
Temp. 25 C 77 F

The temperature displayed is not necessarily the temperature of the ambient air which surrounds theinstrument. The temperature shown is actually a reading taken on the inside of the instrument case in

Brown & Root Environmental
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the area where the sensors ate located. This information is used by the PhD Ultra microprocessor to
properly adjust the sensor output when the instrument is used in changing temperatures.

The next sequence of screens display the alarm setpoints of the sensors currently installed.

CURRENT ALARM
SETTINGS

02 19.5%-23.5%
LEL 10%

CO (Ceiling)
35 ppm

CO (STEL) 100 ppm
(TWA) 35 ppm

NOTE: PhD gas reading alarms are user adjustable and may be set anywhere within the range of
the sensor channel. In many cases it is possible to comply with OSHA guidelines while
using higher alarm points than the "default" factory alarm settings.

Once the instrument is on allow a 10 minute warm-up time before calibration and measurements begin.

5.2.3 Other Start-up Screens

Several additional screens may be shown under some circumstances. Usually the screen message is
self explanatory.

5.2.3.1 "Self-Adjusting" or "Correcting"

In some cases the PhD may detect an electronic fault or need for adjustment when first turned on. A
screen will indicate the nature of the error or fault. If the instrument is capable of correctly adjusting
itself. a screen will indicate "Self-Adjusting" or "Correcting." When the correction has been successfully
completed the instrument will continue the self-test and start-up sequence.

5.2.3.2 "Non-Standard Alarms"

019611/P

If the instrument determines that dangerously non-standard or custom oxygen or LEL combustible gas
alarms have been selected. the LCD will display the message "Non-Standard Alarms" at start-up. The
LCD will display the alarm settings for the affected sensors.

Brown & Root Environmental
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Press the mode button to use the non-standard settings.

5.2.3.3 "Needs Cal"

019611/P

Biosystems EEPROM equipped "smart" sensors automatically identify themselves to the PhD in whichthey are installed. The PhD is aware any time sensors are added, deleted, changed or replaced. Anytime a change is madeto the sensors installed, the PhD will display the message "Needs Cal" followedby a list of the affected sensors. This is an indication that the accuracy of the affected sensors shouldbe verified by exposure to known concentration test gas before further use.

Caution: The PhD should not be put back into service or used until the accuracy of any affectedsensor has been verified by exposure to the appropriate known concentration test gas.

The "Needs Cal" warning message may be acknowledged (and silenced) by pressing the mode button.

5.2.4 Turning the PhD Off

Holding the mode button down for three seconds turns the instrument off. In order to prevent accidentalshut dr-wn, the mode button must be depressed for a full three seconds in order to turn the instrumentoff. After three seconds (marked by three beeps of the audible alarm) the LCD display will display themessage "Release button."

Release Button

If the button is released prior to'the "Release' button" message being displayed, the instrument will notturn off.

After the button-is released the LCD display the message, "Begin SHUT DOWN Please wait."

Begin SHUT DOWN
Please Wait

The shut-down sequence is complete when the meter display blanks out in about ten seconds.

Brown & Root Environmental
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The PhD Plus and Ultra offers a choice of three modes of operation, 'Text Only," "Basic," and
'Technician." Which mode is selected is a function of how much information is required, the skill level
of the user, and the nature of the job.

No matter which mode is selected, anytime the PhD is on it is remembering the peak readings of all
gases measured, and is calculating both Time Weighted Averages and Short Term Exposure levels for

. any toxic gas sensors installed. No matter what mode of operation is selected the PhD will go into alarm
whenever any alarm set-point is exceeded.

5.3.1 Text Only Mode

The simplest mode of operation is the 'Text Only" mode. In this mode, during normal operation, the LCD
screen does not display numerical readings, only the indication "OK."

02 LEL

OK - OK

CO

OK

H2S

OK

019611/P

If an alarm condition occurs, that is, when one of the sensor readings exceeds a pre-set alarm level, the
indication changes from "OK" to the numerical- value, the LED alarm light flashes, and the audible alarm
sounds.

02 LEL CO H2S

19.1 OK OK OK

PhD alarms are normally self-resetting. When readings drop back below the pre-set alarm levels, the
screen reverts back to the "OK" indication, and visual and audible alarms cease.

In the Text Only mode, only one push-button is used to turn the instrument on and off, and to switch
screens. Pressing the large black "mode" button allows the user to toggle between available meter
display "screens." Two screens are available to the user in the 'Text Only" mode. The first screen is the
gas level display discussed above. Pressing the mode button displays the second'screen, which shows
battery voltage, running time for the instrument since last turned on (in hours and minutes), and
temperature (in both Fahrenheit and Centigrade).

Run Time=00:25
Bat=3.7V 73F 23C

Pressing the mode button again toggles the display back to the first screen showing current gas levels.

Note: It is not possible to make calibration adjustments while the PhD is operated in the Text Only mode.
The PhD must be operated in either the Basic or the Technician mode in order to initiate the "Auto
Calibration" sequence.

Brown & Root Environmental
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The "Basic" mode of operation is designed for users with a higher level of understanding, and a need fornumerical readings, but who are not experts in gas detection.

In the Basic mode, as in the Text Only mode, the user has access to only two "screens" of informatiori.In both the Text Only and Basic modes, only one push-button (the mode button) is used to turn theinstrument on and off, and to switch screens. The major difference between the two modes is that inthe Basic mode numerical gas level readings are provided, whereas in the Text Only mode only anindication that conditions are "OK" is provided during normal operation. Another important differenceis that it is possible to enter the "Auto-Calibration" mode in order to make zero and span calibrationadjustments while in the Basic mode. This feature is not enabled when the instrument is operated in theText Only mode.

Basic mode current gas level screen:

02 LEL CO H2S

20.9 0 o o

If an alarm condition occurs, that is, when one of the sensor readings exceeds a pre-set alarm level, thenumerical reading changes to reflect the new value, the LED alarm light .f1ashes, and the audible alarmsounds.

02 LEL CO H2S

19.1 0 o o

Q19611/P

PhD alarms are normally self-resetting. When readings drop back below the pre-set alarm levels, visualand audible alarms cease, and normal operation of the instrument resumes.

Pressing the large black mode button allows the user to toggle between available meter display screens.

Two screens are available to the user in the Basic mode. The first screen is the gas level displaydiscussed above. Pressing the mode button displays the second screen, which shows battery voltage.running time for the instrument since last turned on (in hours and minutes), and temperature (in bothFahrenheit and Centigrade).

Run Time=00:25
Bat=3.7V 73F 23C

Pressing the mode button again toggles the display back to the first screen showing current gas levels.

Brown & Root Environmental
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The "Technician" mode provides access to all advanced functions and displays, including Auto
Calibration.

After the completion of the start-up and self-test sequence, the meter display will show numerical
readings of the gases being measured.

02 LEL CO H2S

20.9 0 o o

If an alarm condition occurs, that is, when one of the sensor readings exceeds a pre-set alarm level, the
numerical reading changes to reflect the new value, the LED alarm light flashes, and the audible alarm
sounds.

02 LEL CO H2S

19.1 0 o o

PhD alarms are normally self-resetting. When readings drop back below the pre-set alarm levels, visual
and audible alarms cease, and normal operation of the instrument resumes.

Pressing the large black mode button allows the user to toggle between available meter display screens.
Several additional screens are available to the user in the Technician mode.

The first screen is the gas level display discussed above.

5.3.3.1 Peak Readings

019611/P

Pressing the mode button once displays the "Peak" readings for the gases being measured. These
readings represent the highest (or in the case of oxygen highest and lowest) values registered by the
instrument during any period of operation. Peak readings are updated on a second by second basis.

The instrument will automatically cycle between two peak reading screens, one for oxygen, and one for
the other gases being measured. The oxygen peak reading screen shows both the high (HI) and low
(LO) readings.

I:OEAK
LO 2o~120.6

H

PEAK LEL CO H2S

0 0 0

Brown & Root Environmental
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5.3.3.2 STEL Readings

Pressing the mode button· again displays "STEL" readings for any toxic sensors currently installed.

ISTEL CO
o

The STEL (Short Term Exposure Limit) for a particular toxic gas is the maximum average concentrationto which an unprotected worker may be exposed in any 15 minute interval during the day. The STELvalue displayed by the PhD is the average concentration for the most recently completed 15 minutes ofoperation.

Note: For the first 15 minutes after the PhD is initially turned on the STEL reading is a projected value.The PhD will begin projecting a STEL value after the first 30 seconds of operation. For the first30 seconds the STEL screen will show an "X" where the reading should be.

CO
X

The STEL reading is constantly updated.. Audible and visual gas alarms will be activated immediatelyany time the most recent 15 minute average exceeds the STEL alarm set-point.

5.3.3.3 TWA Readings

Pressing the mode button .again displays -rNA (Time Weighted Average) exposure levels.

CO
X H2~1

-rNA values are calculated by projecting exposures over an eight hour period. It is not possible tocompute a toxic gas TWA until the PhD has between monitoring for at least 15 minutes. Until thisminimum monitoring time has elapsed, the -rNA screen will display an "X" where the reading should be.

Note: After 30 minutes the screen will also begin to indicate how long the instrument has been on. This"run time" indication will be'given in hours and completed 15 minute intervals. .

5.3.3.4 Instrument Status Screen

019611/P

Pressing the mode button again displays the instrument status screen, which shows clock time, numberof data points saved, battery voltage, running time for the instrument since last turned on (in hours andminutes), and temperature (in both Fahrenheit and Centigrade).

12:35 0019 3.9V
00:19:56 72F 22C

Pressing the mode button again toggles the display back to the first screen showing current gas levels.
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It is easily possible to shift from one operating mode to another while the instrul"(1ent is in use without
the loss of data. It is not necessary to turn the instrument off before switching. Simply slide the belt clip
located on the back of the PhD case downward to expose the four push-buttons on the instrument
keypad. Push the "+" and "-" buttons at the same time to change operating modes. Each time the
operating mode is changed the display screen will briefly indicate which operating mode has been
selected.

Note: Shifting modes or otherwise reprogramming the instrument should only be done by employees
who are authorized to do so. Typical application by Brown & Root Environmental employees will
be the Technician mode. The SSO is the only person permitted to authorize change of mode.

5.4 Sampling Retrieval Methods

The PhD will process samples retrieved through the following methods.

• Sample Diffusion - This method exposes sensors to the surrounding environment with no assisted
means to draw air samples across the sensors.

• Manual Pump - This method employs air aspirator bulb with the calibration cap. In this method
compression of the aspirator bulb draws in the sample across the sensors.

• Battery Powered UL Classified Pump - This method employs a battery operated pump to draw air
samples across the sensors. This method will be the typical method employed by Brown & Root
Environmental employees unless otherwise directed by onsite guidance documents such as the
HASP.

The battery powered pump slides over the sensors and automatically activates.

5.5 Calibration Procedures

5.5.1 Calibration Frequency

Verification of accuracy must be performed before each day's use.

5.5.2 Calibration Sequence

1. With the instrument on and warmed-up check to make sure no readings are registering indicating
a possible contaminated atmosphere. If this is so, move to fresh air or supply zero air for
calibration purposes.

2. Press the large mode button three times rapidly to pl~ce the instrument in "Auto-Calibration mode."
At this time zeroing of the instrument.

Zero Calibrating Mode
= Adjust 5

Seconds To Determine Whether or Not To Adjust

Brown & Root Environmental
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3. After the instrument has been successfully zeroed. the Span Calibration screen will be displayed.

Span Calibration
Mode = 5 Second

Timer

Press mode button within 5 seconds

Apply Gas
Mode = Cancel

Attach short section of tubing and the calibration cap adaptor to the instrument. Then engage the
regulator which will automatically begin delivering the calibration gas.

11..__
p
_le_a_s_e_w_a_It 1

The instrument will show if a multi-component calibration gas has been used.

Multi Cal
Gas Detected

The screens will begin to show readings and then adjust to the appropriate calibration level.

LEL Sensor
Reading 46%

LEL Sensor
Adjusted to 50%

This process will take place for each sensor in place.

Note: Verify the concentration certified on the compressed gas canister matches concentration shown.
If not, assign a new calibration concentration before continuing. This function will be performed
by the Equipment Manager. Direction for field application may be found within the User's Manual
In Section 4.3.1.7.

Brown & Root Environmental
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If single component calibration gas canisters are employed, the above procedure'will need repeated as
many times as necessary to calibrate all sensors,

5.5.3 Calibration Documentation

Once calibration is complete, fill out the Documentation of Calibration Sheet as illustrated in Figure 5-1.

At the end of the day apply the calibration gas to the sensors using the sample draw/calibration adaptor
and tUbing setup as described in item 3 of Section 5.5.2. Under normal measurement status record
results to determine any associated instrument drift.

5.6 Maintenance Activities and Schedule

Function

Routine Calibration

Factory inspection and calibration

Wipe down the outer casing of the unit

Sensor replacement

Battery charging

Frequency

Prior to each use.

Once a year, or when malfunctioning.

After each use.

Change on an as needed basis, as
required by level of use, or environmental
conditions.

After each use.

NOTE:

5.7

Do NOT attempt to recharge the disposable alkaline batteries. These batteries may be
replaced with a set of 3 AA batteries which will offer up to twelve hours of continuous use.
The batteries are replaced by removing the Phillips screw holding the cover in place.
Batteries are not to be altered or changed out within hazardous atmospheres.

Troubleshooting

019611/P

There are a few troUbleshooting and repair procedures besides sensor and battery replacement which
can be done in the field.

5.7.1 Re-booting the Microprocessor Software

Occasionally it may be necessary to re-boot or "cold start" the PhD Ultra microprocessor software.
Disconnecting the battery, static discharge, or use of keypad push-buttons in unauthorized combinations
may occasionally cause the microprocessor to lockup or "crash." In this event it may be necessary to
re-boot the microprocessor before the PhD Ultran can be turned back on and put back into normal
operation.

The most significant symptom of a microprocessor which has locked-up is inability to tum the instrument
back on in the normal manner. Inability to,tum the instrument on may also result from a dead battery.

Make sure the NiCad battery is recharged, or the alkaline batteries are replaced before attempting
to re-boot.

Brown & Root Environmental
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If the re-boot is unsuccessful, try the procedure again while the instrument is connected to a 110 VAC
power source through the battery charger.

NOTE: The PhD Ultra detector must not be located in a hazardous location while the battery is
being charged or while the instrument is being operated while connected to the battery
charger.

The PhD Ultra is Classified by Underwriters Laboratories, Inc. as to Intrinsic Safety for use in Hazardous
Locations Class I, Groups A, B, C, and D. This approval is voided while the PhD Ultra is operated while
connected to the battery charger in hazardous areas.

To re-boot the microprocessor:

1. Remove the snap-in battery pack. (Make sure to pull the battery pack completely free from the
instrument.)

2. Replace the battery pack.

3. If the re-boot procedure has been successful, the instrument should automatically turn-on and
resume normal operation.

5.7.2 Specific Problems

5.7.2.1 Problem: Unit Will Not Turn On

Possible causes:

Battery discharged, microprocessor/software malfunction.

Solution(s):

Take the instrument to a non-hazardous location. If equipped with an alkaline battery pack replace the
batteries and attempt to turn on. If equipped with a rechargeable NiCad battery pack, plug the PhD Ultra
into the battery charger for several minutes. With the instrument still connected to the battery charger,
attempt to turn the detector on. If this works, the battery needs to be recharged or replaced. If the
instrument still fails to turn on, re-boot the microprocessor using the procedures discussed in Section
5.2.1. If the instrument still fails to turn on, return to factor for repair.

5.7.2.~ Problem: Unit Will Not Turn Off

019611/P

Possible causes:

Software malfunction, low or bad battery, faulty on/off mode switch.

Solution(s):

Hold mode button down for thirty seconds. This should turn the instrument off. Take the instrument to
a non-hazardous location. If eqUipped with an alkaline battery pack, replace the batteries and attempt
to turn the instrument back on. If equipped with a NiCad battery pack plug the PhD Ultra into the battery
charger for several minutes. With the instrument still connected to the battery charger, attempt to turn
the detector on. If this work, the battery needs to be recharged or replaced. If the instrument still fails

Brown & Root Environmental
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to turn on, re-boot the microprocessor using the procedures discussed in Section 5.2.1. If the instrumentstill fails to turn on, return to factor for repair.

5.7.2.3 Problem: Sensor Readings Unstable

Possible causes:

Loose connection, bad sensor, improper calibration, expired calibration gas.

Solution(s):

Check that the sensor is firmly in place. Check calibration gas dating. Recalibrate sensor. Replacesensor if necessary. '

5.7.2.4 Problem: "X" appears in place of reading for sensor

Possible causes:

Sensor failure. Loose connection.

Solution(s):

Check to see sensor is firmly in place. Recalibrate. Replace sensor if necessary.• 5.7.2.5 Problem: Display Is Blank

Possible causes:

Battery voltage too low. Operating temperature too low. Bad LCD display assembly. MicroprocessorlOCked-Up or "crashed."

Solution(s):

Take the instrument to a non-hazardous location. If cold, allow instrument to warm back up to roomtemperature. If equipped with a NiCad battery pack, plug the PhD Ultra into the battery charger forseveral minutes. With the instrument still connected to the battery charger, attempt to turn the detectoron. If this works, the battery needs to be recharged or replaced. If the instrument still fails to turn on,re-boot the microprocessor using the procedures discussed in Section 5.2.1. If the instrument still failsto turn on, return to factor for repair.

5.7.2.6 Problem: No Audible Alarm

019611/P

Possible causes:

Loose connection, alarm failure.

Solution(s):

Return to factory for repair.

Brown & Root Environmental
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5.7.2.7 Problem: Keypad buttons (+, -, Cal, Alarm) Do Not Work

Possible causes:

Not in Basic or Technician mode, microprocessor locked-Up or "crashed," loose connection, switch
failure.

Solution(s):

Switch to Technician operating mode. Take the instrument to a non-hazardous location. If equipped
with an alkaline battery pack, replace the batteries and attempt to turn the instrument back on. If
equipped with a NiCad battery pack, plus the PhD Ultra into the battery charger for several minutes.
With the instrument still connected to the battery charger, attempt to turn the detector on. If this works,
the battery needs to be recharged or replaced. If the instrument still fails to turn on, re-boot the
microprocessor using the procedures discussed in Section 5.2.1. If keypad buttons still fail to function,
return to factor for repair.

6.0 LIMITATIONS

• The LEL sensor cannot be used in the presence of silanes, silicones, silicates, fuming acids, and
leaded gasoline vapors, all of which can destroy the instrument's sensitivity. LEL sensor overload
to these contaminants will be indicated on the status screen.

• The instrument must be calibrated frequently (prior to used).

• The CGI must be used along with an oxygen detector if the reading is for confined space entry.
This is warranted since an organic-rich atmosphere with an absence of oxygen would not indicate
a reading on the CGI and would present an explosive hazard if enough oxygen is introduced from
the outside atmosphere.

• The instrument is not designed to work in an oxygen-enriched environment (oxygen above 25
percent) nor will it function property in an oxygen-deficient atmosphere (below 14 percent).
Therefore, it should be used in conjunction with the oxygen meter.

• The instrument will not indicate the presence of explosive or combustible mists or sprays such as
lubrication oil or explosive dusts such as grain or coal dusts.

• This instrument is typically calibrated with propane, methane, hexane, or pentane gas. Many other
materials are explosive at concentrations lower than the LELs of propane, methane, hexane, or
pentane. Care must be used in a test atmosphere that may contain these types of materials and
to calculate relative response ratios. .

• The relative humidity must be in the range of 10 to 90 percent.

• Colder temperatures may effect the response intensity and time.

• Specific toxic sensors have shown cross sensitivities for other compounds.

•. Changes in barometric pressure due to altitude will have an effect on the meter reading. The
instrument is calibrated for 20.9 percent oxygen at sea level (1 atm.). At higher altitudes (lower

019611/P Brown & Root Environmental
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pressure and fewer molecules of oxygen per volume), the meter will indicate a lower percentage
of oxygen (by volume).

• Acid mists or other corrosive atmospheres poison the sensor.

• Condensation of moisture on the sensor face will cause low oxygen readings. To avoid this
problem, allow the sensor to reach ambient temperature before taking readings.

• Strong oxidants such as fluorine, chlorine, and ozone will lead. to erroneously high oxygen
readings when these are present in concentrations exceeding 5000 ppm or 0.5 percent.

7.0 SHIPPING

The PhD Plus and PhD Ultra maybe shipped as cargo or carried on as luggage providing there is no
calibration gas cylinder accompanying the kit. When shipping or transporting the calibration gas, a
H~zardous Airbill including the information as stipulated in Figure 7-1 will be entered.

8.0 REFERENCES

Biosystems Inc.; Reference Manuals PhD Plus, and PhD Ultra Multi Gas Detectors. 1994.
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1.0 PURPOSE

To establish procedures for the use, calibration, maintenance, troubleshooting, and shipment of the
Photovac MicroFID handheld flame ionization detector.

2.0 SCOPE

Applies to all Brown & Root Environmental personnel who operate the MicroFID instrument during the
performance of their work.

3.0 GLOSSARY

Non'e.

4.0 RESPONSIBILITIES

Health and Safety Manager (HSMl - The HSM shall ensure that the user has been appropriately trained and
certified in the usage of the Photovac 2020 instrument.

Eguipment Manager - The Equipment Manager shall ensure that all air monitoring instrumentation slated for
field activities has been operationally checked out, fully charged, and calibrated prior to issuance for field
service. Maintenance deficiencies identified by the Equipment Manager will require those instruments to be
pUlled from service until repairs can be facilitated.

Field Operations Leader (FOLl/Field Team Leader (FTLl - The FOL/FTL shall ensure all field team members
using monitoring instruments as part of their assigned duties are adequately trained in their proper operation
and limitations. The FOL/FTL shall ensure that the air monitoring instruments are employed as directed by
site guidance documents (Le., Work Plan, Health and Safety Plan. etc.). Additionally, tbe FOL/FTL shall
ensure that the appropriate documentation and recordkeeping requirements are fulfilled including
Documentation of Calibration and Direct Reading Instrument Response Data Sheets for air monitoring
activities.

•
Health and Safety Officer (HSO) - The HSO is responsible for determining air monitoring requirements for
the site activities, and providing direction for air monitoring during specific site activities. This identification
of types of air monitoring and direction for use are indicated within the Site-$pecific Health and Safety Plan
(HASP).

Site Safety Officer (SSO) - The SSO shall ensure the instruments identified are employed in the manner
directed by the HSO and action levels employed as contingencies marks for the application of engineering
controls. personal protective equipment (PPE) use, and administrative controls are employed as directed.
Additionally, he/she shall ensure the instruments are property maintained and calibrated prior to use in the
field. The SSO during specific air monitoring applications including STEL and TWA mode measurements
will be responsible for operation and application of this specialty air monitoring employment duty.

5.0 PROCEDURES

5.1 Principles of Operation

The MicroFID is a flame ionization detector used for the measurement of combustible organic compounds
in air at parts per million levels. Permanent air gases (argon, carbon dioxide, nitrogen, oxygen, water vapor, •
etc.) are not ionized by the flame.

019611/P Brown & Root Environmental
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When the MicroFID is turned on, the display prompts you to turn on the hydrogen. The internal pump draws
air in through MicroFID's inlet. This sample air provides the oxygen necessary for combustion in the
hydrogen-fueled flame. When the proper ratio of hydrogen to air is present in the combustion chamber, the
flame is automatically started with a glow plug. A thermocouple is used to monitor the status of the flame.
When the sample passes through the flame the combustible organic compounds in the sample will be
ionized. After the compounds have been ionized, they are sUbjected to a continuous electric field between
the repeller electrode at the jet and the collector electrode. The ions in the electric field generate a current
which is proportional to the concentration of the ionized molecules in the ionization chamber. An
electrometer circuit converts the current to a voltage that is then fed to the microprocessor which interprets
the current in units of ppm. After the sample passes through the flame and has become ionized, it is vented
from the detector through a flame arrestor. The flame arrestor prevents the flame from igniting any
flammable gases present in the working atmosphere.

MicroFID is strictly an organic compound detector. It does not respond to inorganic compounds.
MicroFID's sensitivity is highly dependent on chemical structure and bonding characteristics. The
combustion efficiency of a compound determines its sensitivity. Simple saturated hydrocarbons (methane.
ethane, etc.) posses high combustion efficiencies and are among the compounds that produce the highest
MicroFID response. Organic fuels (acetylene, refined petroleum products), burn easily and are also
extremely well detected.

The presence of substituted functional groups (amino, hydroxyl, halogens) on a simple hydrocarbon reduces
its combustion efficiency and the MicroFID's sensitivity to the compound. For example, methanol and
chloromethane are detectable with MicroFID, but not at the same sensitivity as methane. The number of
carbon atoms can also affect the instrument's sensitivity due to substitution. For example. MicroFID is more
sensitive to n-butanol than it is to methanol. For additional information regarding response factors of the
MicroFID, consult Appendix 8.5 of the User's Manual.

Beginning Operation

You can operate MicroFID without the flame to print or review logged data. In this way you can conserve
the hydrogen fuel.

If you choose to start the flame, MicroFID will attempt to ignite the flame once you have turned on the flow
of hydrogen gas. If the MicroFID has not been used for a while, it is possible that the gas supply lines are
filled with air. If the flame cannot be started,·MicroFID will begin a 30 second purge cycle. During the purge
cycle it will flush the gas supply lines with hydrogen. After the purge cycle. it will attempt to light the flame
again. If it fails again, another purge cycle will be performed and MicroFID will try a third time to ignite the
flame. The following steps summarize proper start-up procedures.

1.

2.

3.

Turn the instrument on by pressing the front of the On/Off switch. When the instrument is powered
up, the version number and creation date of the instrument software are displayed. Press ENTER.

You will be prompted to start the flame. If you do not want to start the flame, use the ARROW keys
to select "No Flame Needed" and press ENTER. To start the flame, use the ARROW keys to select
Start Flame and press ENTER.

If you selected "Start Flame," MicroFID will prompt you to turn on the hydrogen. Turn the shut-off
valve counterclockwise to start the flow of hydrogen and press ENTER.

019611/P Brown & Root Environmental
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4. The pump will start and MicroFID will then ignite the flame. You will hear a small pop when the flame
has been ignited. Once the flame has been started the message "Detector flame has been started
OK" will be displayed followed by the default display. '

The default display provides the following information:, instrument status, current detected concentration,
event name (if the datalogger is on), time, and date. If an event name is longer than three characters, the
bottom line of the display will scroll through the information.

The instrument status appears at the left of the upper line of the display and on the Print and Graph outputs.
Each status has a priority assigned to it. If more than one status is in effect, then the status with the highest
priority is displayed until the condition is corrected or until the option is turned off.

5.2 Calibration

The calibration (CAL) key is used to calibrate MicroFID. Before beginning calibration, ensure that you have
a reliable source of both zero air and calibration gas. To document calibration efforts, field personnel will
record information on Figure 1-1. A brief description of the functions under the CAL key are as follows:

1,

2.

3.

4.

5.

6.

7.

019611/P

When you press the CAL key you will first be prompted to select a Cal Memory. Each Cal Memory
stores a unique zero point, sensitivity setting, response factor and alarm level.

You will then be prompted to enter a response factor. Refer to Appendix 8.5 of the User's Manual
for a list of response factors. If the compound is not in that reference, or if you are measuring gas
mixtures, enter a value of 1.00. The concentration <;letected by M!croFID will be multiplied by the
response factor before it is displayed and logged.

Next select Low Range or High Range operation. Use Low Range if you are sampling concentrations
between 0.5 and 2000 ppm (methane equivalents). Use High Range if you are sampling
concentrations between 10 and 50,000 ppm (methane equivalents).

You will now be prompted to connect a supply of zero air. You can use ambient air or, for best
results, use a clean sampling bag filled with zero grade air. In most cases. ambient air will be used
provided calibration is performed in a!"' area in which airborne concentrations of contaminants are not
present. If using ambient air, press < ENTER> to being zeroing.

If you are using a charcoal filter to clean ambient air, connect the filter by loading the Teflon ferrules
into the nut (the ferrules and the nut are supplied with the filter). Connect the nut to MicroFID's inlet.
Do not tighten the nut. Remove the charcoal filter from its plastic bag and insert it into the nut.
Finger tighten the nut onto the inlet. If the filter is not secure, ensure you have inserted the tube far
enough into the nut. Do not over-tighten the fitting. Press < ENTER> and the MicroFID will set its
zero point. NOTE: The charcoal filter does not filter methane or ethane. If these compounds are
present, use a gas bag with a supply of commercial zero air.

If yO,u are using a gas bag with zero air, connect the gas bag to the inlet. Open the bag and press
< ENTER>. MicroFID will set its zero point.

After MicroFID has set its zero point, you can then enter the concentration of the calibration gas (span
gas), and then connect the gas bag adapter to the inlet. Open the bag and press < ENTER> .
MicroFID sets its sensitivity. Note: You must have a supply of calibration gas ready before
calibrating MicroFID. When calibrating MicroFID, ensure the instrument is level. If MicroFID is tilted
from side to side, gravity will affect the flame height and cause erroneous readings.

Brown & Root Environmental
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8. When MicroFID's display reverts to normal, it is calibrated and ready to use. Remove the span gas
bag from the inlet.

9. Press the ALARM key and enter the alarm level for the selected CAL memory.

5.3 Routine Maintenance

5.3.1 Battery Charging

A fully charged battery will power the MicroFID for approximately 15 hours. If the instrument is to be used
for more than 15 hours, carry a spare battery pack. Battery life is reduced if the instrument is turned off and
then on again. repeatedly.

When the instrument status displays "LaBat." the battery pack requires changing. When the "LaBat" status
is displayed, you have a few minutes of operation left. MicroFID will turn itself off before the battery pack
becomes critically low.

To remove the battery. pack:

1. Stop the flow of hydrogen gas by turning the hydrogen shut-off valve fully clockwise. Tum the
instrument off by pressing the On/Off switch twice...

2. Use the MicroFID multi-tool to loosen the two captive screws in the bottom of the battery pack.

3. A retainer at the rear of the instrument helps secure the battery pack to the instrument. Free the
battery pack from the instrument.

4. Connect the charged battery pack to the retainer at the rear of the instrument.

5. Retighten the tWo captive screws and the bottom of the battery pack.

To charge the battery pack:

1. Ensure the correct plug is installed on the line cord of the battery charger.

2. Plug the charger into the jack located on the front of the battery pack.

3. Plug the charger into an AC outlet. The LED, on the battery pack indicates the charge state. Red
indicates the battery is being charged. Green indicates the battery is fully charged and ready for use.
It Is normal for a fUlly charged battery to indicate it Is charging (red light) when first plugged In. The
LED will tum green as the battery charges.

4. When the battery pack is charged remove the charger, first from the wall outlet then from the battery
pack.

Charging a fully discharged battery pack will take approximately 8 hours. Leaving the charger connected
to a charged battery pack will not harm the battery or the charger in any way. If a battery pack is to be left
indefinitely, leave it connected to the charger so that It will be fUlly charged and ready for operation.

019611/P Brown & Root Environmental
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5.3.2 Emptying the Hydrogen Cylinder

When you transport the MicroFID, you should em"pty the internal hydrogen cylinder and then refill It whenyou arrive at your destination.

To empty the cylinder:

1. Turn the MicroFID off and open the hydrogen shut-off valve.

2. Remove the battery pack as described above.

3. Locate the purge outlet. It is located on the underside of the instrument.

4. Use the MicroFID multi-tool to turn the screws counterclockwise. Loosen the screw but do notremove it.

5. Leave the instrument so that the purge outlet is facing up. If the purge outlet is facing down,hydrogen will vent into MicroFID's case.

6. If the cylinder is full, it will take approximately 15 minutes to empty. "

7. Watch the Contents gauge. When the cylinder is empty, close the purge outlet. Use the MicroFIOmulti-tool to turn the screw clockwise.

8. Replace the battery pack as discussed above.

5.3.3 Replacing the Sample Inlet Filter

MicroFID is equipped with a combined dust and water filter to reduce detector contamination. As the filtercollects dust, MicroFIO's inlet flow rate and sensitivity decrease. The filter will not allow water to passthrough, but the filter will not stop all solvents.

Replace the filter on a weekly basis, or more frequently if MicroFID is used in a dusty or wet environment.You must replace the filter if MicroFIO has been exposed to liquid water. The pump will sound labored whenthe filter requires replacement.

1.

2.

3.

4.

Tum off the instrument and unscrew "the filter housing from the detector housing. Be careful not tolose the o-ring seal.

Remove the Teflon/Polypropylene filter and install the new filter. Place the filter in the filter housingwith the Teflon side facing down into the filter housing and the mesh side facing the MlcroFIO.Handle the filter disk only by the edges. The mesh may be damaged or contaminated by excessivehandling. Use forceps if possible.

Replace the filter housing.

Calibrate the CAL Memories that you are using before continuing operation.

Q19611/P
Brown & Root environmental
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This section provides guidance for troubleshooting the MicroFID. If problems are not corrected through
these troubleshooting methods, contact the Photovac Service Department.

5.4.1 MicroFID Fault Messages

When the "CheeR" status is displayed, MicroFID's operation is compromised. Press the <TUTOR> key for
a two-line description of the fault. One exception is the flame out fault. When a flame out fault occurs, the
instrument status changes to "NoFlm."

Fault: Detector flame has gone out.

Cause: The hydrogen gas has run out.

Action: Ensure the shut-off valve is open. Check the hydrogen contents gauge on the side of
the instrument and refill the hydrogen cylinder if necessary. Ensure the cylinder purge outlet has
been closed.

Cause: Oxygen supply is deficient.

Action: Ensure there is an adequate supply of oxygen. If you are sampling very high
concentrations it is possible you are sampling above the flame out concentration. The flame out
concentration for methane is approximately 52,000 ppm (5.2 percent methane in air).

A minimum of 17 percent oxygen is required to start the hydrogen flame. The oxygen is supplied
from the sample as it is drawn in by the pump. A minimum of 10 percent oxygen is required to
maintain the hydrogen flame.

Flame out also may.occur when sampling enclosed or confined spaces where vapors and gases
cannot escape. Watch for indications of increased flame height such as erratic readings or
sudden high concentrations followed by a flame out fault.

If you will be using the MigroFID in a highly contaminated area where it is possible that the oxygen
content Is below 10 percent. watch for indication of reduced flame height such as lowered
detection limits or a flame out fault.

Cause: High concentrations of flammable gases (gases within their flammable range) are present. High
concentrations of flammable gases can act as an additional fuel source. When this happens, the
flame height may increase beyond the confines of the combustion chamber. The hydrogen supply
will then be cut-off and the flame will go out.

Action: Move to a location where there is an adequate supply of air and restart the flame. See
the information above. Watch for indications of increased flame height such as erratic readings
or sudden height concentrations followed by a flame out fault.

019611/P Brown & Root Environmental
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Action: At low temperatures, water vapor, a by-product of the hydrogen flame, may condense
at the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust port.
If the exhaust port becomes obstructed, pump operation will be inhibited. Flame out may also
result'. Operate the MicroFID within the operating temperature range 41 to 105 degrees
Fahrenheit. In the event that the flame arrestor becomes clogged, contact the Photovac Service
Department.

Cause: Sample line is blocked.

Action: Ensure the sample line is not obstructed in any way. If you are using the long sample
probe, ensure flow is maintained through the entire length of tubing.

. Cause: Inlet filter is plugged.

Action: Replace the inlet filter.

Fault: Signal form zero gas is too high.

Cause: Contamination of sample line or fittings before the detector.

Action: Clean or replace the sample line of the inlet filter.

Cause: Span gas is used instead of zero gas.

Action: Ensure clean gas is used to zero the MicroFID. Mark the calibration and zero gas bags
clearly.

Cause: Ambient air is contaminated.

Action: If you are unsure about the quality of the ambient air, use a charcoal filter or a supply of
commercial zero grade air.

Cause: Hydrogen supply is contaminated.

Action: Hydrogen may react with the carbon element of the steel tank to produce methane. This
will only occur if the cylinder is in poor condition and if the hydrogen has a high moisture content.
Replace the hydrogen tank. Empty and refill the MicroFID internal cylinder with fresh hydrogen.

Fault: Signal form the span gas is too small

Cause: Span gas and zero air are switched.

Action: Ensure calibration is used to calibrate MicroFID. Mark the calibration and zero gas bags
clearly. Ensure the span gas is of a reliable concentration.

019611/P Brown & Root Environmental
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Fault: Detector field voltage is low.

Cause: Internal fault in electronics.

Action: Contact the Photovac Service Department.

Problem: No instrument response detected, yet compounds are known to be present.

Cause: MicroFID has not been calibrated properly.

Action: Ensure calibration gas is of a reliable concentration and then calibrate the instrument.
After the instrument has been calibrated, sample the bag of calibration gas. A reading equivalent
to the calibration gas should be displayed. If not, contact the Photovac Service Department.

Action: When calibrating the MicroFfD, ensure the instrument is level. If the MicroFID is tilted side
to side, gravity will affect the flame height and cause erroneous readings. If the sampling location
is difficult to reach without tilting the instrument. use the long sample probe.

Cause: Background contamination from the hydrogen.

Action: It is possible that the hydrogen has become contaminated and is contributing a high
background signal. If the hydrogen supply tank is more than 6 months old it should be replaced
with a new cylinder. When ordering hydrogen, specify ultra-high purity (99.999 percent pure).
Empty the MicroFID hydrogen cylinder and then refill with hydrogen from the new cylinder. •

Problem: Date and time settings are not retained.

Cause: MicroFID has not been used for 3 months or more and the internal battery (not the external battery
pack) has been discharged.

Action: Turn MicroFID on and allow it to run until a "LoBat" status appears. This will take
approximately 15 hours. Remove the battery pack and recharge it overnight. Repeat this
procedure for 3 or 4 days. While MicroFID is running the internal battery is charging.

Problem: Cannot bill the internal hydrogen cylinder to 1800 psig.

Cause: Supply tank has less than 1800 psig of pressure. You can only fill the internal cylinder to a
pressure of less than or equal to the tank pressure.

Action: Fill the internal cylinder to the pressure of the tank or replace the tank with a full one.

Cause: The hydrogen purge outlet is open.

Action: Close the outlet and fill the cylinder.

Cause: There is a problem with the refill adapter.

Action: Contact the Photovac Service Department

019611/P Brown & Root Environmental
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Cause: Rapid change in signal level. The detector electronics have been momentarily saturated.

Action: Wait a few seconds for the status to return to "Ready."

Cause: The detector has become saturated.

Action: Move the MicroFID to a location where it can sample clean air. Sample zero air until the
reading stabilizes around "0." If you were using Low Range, switch to High Range. Calibrate the
CAL Memory you were using when the "Over" status appeared.

Problem: Display contrast bars are on or display is blank.

Cause: Battery pack is critically low.

Action: Recharge the battery pack or connect the MicroFID to ,the battery charger.

Cause: The battery pack is not connected to the instrument properly.

Action: Ensure the battery pack has been aligned correctly. Ensure the battery pack is secured
by the retainer at the rear of the instrument.

Problem: Sample flow rate varies from 600 ml/min. +/-10 percent.

Cause: Inlet filter has not been installed.

Action: Install an inlet filter.

Cause: Inlet filter has not been tightened onto the detector cap.

Action: Finger-tighten the filter cap.

Cause: Inlet filter is plugged.

Action: Replace the inlet filter.

Cause: Pump has been damaged.

Action: Contact the Photovac Service Department

Cause: Exhaust port is blocked.

Action: At low temperatures, water vapor (a by-product of the hydrogen flame) may condense
at the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust port.
If the exhaust port becomes obstructed, pump operation will be inhibited. Flame out may also
result. Operate the MicroFID within the operating temperature range 41 to 105 degrees
Fahrenheit. In the event that the flame arrestor becomes clogged, contact the Photovac Service
Department. .

019611/P Brown & Root Environmental
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Action: Ensure the shut-off valve is open. Check the hydrogen contents gauge on the side of
the instrument and refill the hydrogen cylinder if necessary. Ensure the hydrogen purge outlet is
closed.

Cause: Oxygen supply is deficient.

Action: Ensure there is an adequate supply of oxygen. Do not attempt to ignite the flame in a
location where there is greater than 10,000 ppm methane or the equivalent concentration of a
flammable gas. Move to a location where there are lower concentrations, start the flame and then
begin sampling higher concentrations. If the flame goes out while you are sampling very high
concentrations, it is possible you are sampling above the flame out concentration. The flame out
concentration of methane is approximately 52,000 ppm (5.2 percent methane in air). A minimum
of 17 percent oxygen is required to start the hydrogen flame. Oxygen is supplied from the sample
as it is drawn in by the pump. A minimum or 10 percent oxygen is required to maintain the
hydrogen flame.

Cause: Exhaust port is blocked..

Action: At low temperatures, water vapor (a by-product of the hydrogen flame) may condense
at the exhaust port. At sub-zero temperatures the water will freeze and obstruct the exhaust port.
If the exhaust port becomes obstructed. pump operation will be inhibited. Rame out may also
result. Operate the MicroFID within the operating temperature range 41 to 105 degrees
Fahrenheit. In the event that the flame arrestor becomes clogged, contact the Photovac Service
Department. .

Cause: Hydrogen supply lines are full of ·air.

Action: If MicroFID has not been operated for some time, it is possible that the hydrogen supply
lines contain air. Fill the hydrogen cylinder and then open the hydrogen shut-off valve. Allow the
hydrogen to purge the system for about 5 minutes and then turn MicroFID on and start the flame.

Cause: Hydrogen lines are blocked.

Action: Contact the Photovac Service Department.

Problem: Liquid has been aspirated.

Cause: MicroFID has been exposed to a solvent that can pass through the Teflon/Polypropylene filter.

Action: Contact the Photovac Service Department.

5.5 Transporting MicroFID

When you transport MicroFID, you should empty the internal hydrogen cylinder at:ld then refill it when you
arrive at your destination. If you are traveling by passenger aircraft, you must empty the hydrogen cylinder.
You cannot transport MicroFID by passenger aircraft with hydrogen in the cylinder.
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The MicroFID can be shipped to sites. However, if shipment is to be performed while the cylinder still
contains hydrogen, a hazardous materials airbill must be filled out. Examples of various completed forms
are provided as Figures 6-1 and 6-2.

6.0 SHIPPING

The Photovac may be shipped as cargo or carried on.as luggage providing there is no hydrogen fuel source
or calibration gas cylinder accompanying the kit. If shipping or transporting the hydrogen fuel source, a
Hazardous Airbill (such as the example in Figure 6-1) must be completed. When shipping or transporting
the calibration gas, a separate Hazardous Airbill such as the one illustrated in Figure 6-2 must be prepared.

~o REFERENCES

MicroFID H~ndheld Flame Ionization Detector User's Manual, 1995.
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FIGURE 6-2
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The purpose of this procedure is to provide general reference information regarding the sampling of
groundwater wells.

2.0 SCOPE

This procedure provides information on proper sampling equipment, onsite water quality testing, and
techniques for groundwater sampling. Review of the information contained herein will facilitate planning
of the field sampling effort by describing standard sampling techniques. The techniques described shall
be followed whenever applicable, noting that site-specific conditions or project-specific plans may require
modifications to methodology.

3.0 GLOSSARY

Conductance - The conductance of a conductor 1 centimeter long and 1 square centimeter in cross
sectional area. For groundwater measurements, a volume of water contained in a 1 cm x 1 cm sample
container (the water acts, as the conductor). Conductivity and specific conductance are used
synonymously.

Electrolytic Cell - An electrochemical cell in which electrical energy is supplied from an external source.
This cell functions in much the same way as a galvanic cell, only the current flows in the opposite
direction due to the external source of applied voltage. Electrolytic cells are used in dissolved oxygen
measurement.

Galvanic Cell - A ~Iectrochemical cell in which chemical energy is spontaneously converted to electrical
energy. The electrical energy produced is supplied to an external circuit. Galvanic cells are used in
dissolved oxygen measurement.

Ohm - Standard unit of electrical resistance (R). Used in specific conductance measurement. A siemen
(or umho) is the standard unit of electrical conductance, the inverse of the ohm.

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species
as determined by the electromotive force developed by a noble metal electrode, immersed in water, as
referenceq against a standard hydrogen electrode.

.Qt! - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is related
to the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal. Thus, for
all practical purposes, pH is a measure of the hydrogen ion concentration.

pH Paper - Indi'cator paper that turns different colors depending on the pH of the solution to which it is
exposed. Comparison with color standards supplied by the manufacturer will then give an indication of
the solution's pH.

Resistance - A measure of the solution's ability to oppose the passage of electrical current. For metals
and solutions, resistance is defined by Ohm's Law, E = IR, where E is the potential difference, I is the
current, and Ris the resistance. Used in measurement of specific conductance.
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Project Hydrogeologist - Responsible for selecting and detailing the specific groundwater samplingtechniques, onsite water quality testing (type, frequency, and location), and equipment to be used, andproviding detailed input in this regard to the project plan documents. The project hydrogeologist is alsoresponsible for properly briefing and overseeing the performance of the site sampling personnel.

Project Geologist - is primarily responsible for the proper acquisition of the groundwater samples.He/she .is also responsible for the actual analyses of onsite water quality samples, as well as instrumentcalibration, care, and maintenance. When appropriate, such responsibilities may be performed by otherqualified personnel (e.g., field technicians).

5.0 PROCEDURES

5.1 General

To be useful and accurate, a groundwater sample must be representative of the particular zone of thewater being sampled. The physical, chemical, and bacteriological integrity of the sample must bemaintained from the time of sampling to the time of analysis in order to keep any changes in waterquality parameters to a minimum.

Methods for withdrawing samples from completed wells include the use of pumps, compressed air,bailers, and various types of samplers. The primary considerations in obtaining a representative sampleof the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physicalor chemical alteration of the water due to sampling techniques. In a non-pumping well, there will be littleor no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water inthe screened section will mix with the groundwater due to normal flow patterns, but the well water abovethe scrt::ened section will remain isolated and become stagnant. To safeguard against collecting nonrepresentative stagnant water in a sample, the following approach shall be followed prior to sampleacquisition:

1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to fivevolumes is recommended prior to sampling. In a high-yielding groundwater formation andwhere there is no stagnant water in the well above the screened section, extensive evacuationprior to sample withdrawal is not as critical.

2. For wells that can be purged dry, the well shall be evacuated and allowed to recover priorto sample acquisition. If the recovery rate is fairly rapid, evacuation of more than one volumeof water is required.

3. For high-yielding monitoring wells which cannot be evacuated to dryness, there is noabsolute safeguard· against contaminating the sample with stagnant water. One of thefollowing techniques shall be used to minimize this possibility:

019611/P

• A submersible pump or the intake line of a surface pump or bailer shall be placed justbelow the water surface when removing the stagnant water and lowered as the waterlevel drops. Three to five volumes of water shall be removed to provide reasonable
assurance that all stagnant water has been evacuated. Once this is accomplished, a
bailer or other approved device may be used to collect the sample for analysis.
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• The intake line of the sampling pump (or the submersible pump itself) shall be placed
near the bottom of the screened section, and approximately one casing volume of
water shall be pumped from the well at a low purge rate, equal to the well's recovery
rate (low flow sampling).

Stratification of contaminants may exist in the aquifer. Concentration gradients as a result of mixing and
dispersion processes, layers of variable permeability, and the presence of separate-phase product (Le,
floating hydrocarbons) may cause stratification. Excessive pumping or improper sampling methods can
dilute or increase the contaminant concentrations in the recovered sample compared to what is
representative of the integrated water column as it naturally occurs at that point, thus the result is the
collection of.a non-representative sample.

5.2 Sampling, Monitoring, and Evacuation Equipment

Sample containers shall conform with the gUidelines expressed in SOP SA-6.1.

The following equipment shall be on hand when sampling ground water wells (reference SOPs SA-6.1
and SA-7.1):

• Sample packaging and shipping eguipment - Coolers for sample shipping and cooling,
chemical preservatives, appropriate sampling containers and filler, ice, labels and chain-of
custody documents.

• Field tools and instrumentation - Thermometer, pH paper/meter, camera and film (if
appropriate), appropriate keys (for locked wells), engineer's rule, water level indicator, specific
conductivity meter, and turbidity meter (as applicable).

• Pumps

Shallow-well pumps: Centrifugal, pitcher, suction, or peristaltic pumps with droplines,
air-lift apparatus (compressor and tubing) where applicable.

Deep-well pumps: Submersible pump and electrical power-generating unit, or air-lift
apparatus where applicable.

• Other sampling equipment - Bailers and inert line with tripod-pulley assembly (if necessary).
Bailers or submersible centrifugal pumps shall be used to obtain samples for volatile organics
from shallow and deep groundwater wells.

• Pails - Plastic, graduated.

• Decontamination solutions - Deionized water, laboratory detergents, 10% nitric acid solution
(as required), and analytical-grade solvents (e.g., methanol, acetone, hexane), as required.

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of
delivering variable rates for well flushing and sample collection.
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5.3 Calculations of Well Volume

To insure that the proper volume of water has been removed from the well prior to sampling it is first
necessary to know the volume of standing water in the well pipe. This volume can be easily calculated
by the following method. Calculations shall be entered in the site logbook or field notebook or on a
sample log sheet form (see SOP SA-6.3):

• Obtain all available information on well construction (location, casing, screens, etc.).

• Determine well or casing diameter.

• Measure and record static water level (depth below ground level or top of casing reference
point).

• Determine depth of well by sounding using a clean, decontaminated. weighted tape measure.

• Calculate number of linear feet of static water (total depth or length of well pipe minus the
depth to static water level).

• Calculate one static well volume in gallons v (O.163XTXr2)

where: V =
T =

r =
0.163 =

Static volume of well in gallons.
Thickness of water table in the well measured in feet (i.e., linear
feet of static water).
Inside radius of well casing in inches.
A constant conversion factor which compensates for the
conversion of the casing radius from inches to feet, the
conversion of cubic feet to gallons. and pi.

• Per evacuationvolumes discussed above. determine the minimum amount to be evacuated
before sampling.

5.4 Evacuation of Static Water (Purging)

5.4.1 General

The amount of purging a well shall receive prior to sample collection will depend on the intent of the
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water
resources may require long pumping periods to obtain a sample that is representative of a large volume
of that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a
composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters
such as temperature, electrical conductance, pH, and turbidity (as applicable), have stabilized. Onsite
measurements of these parameters shall be recorded in the site logbook, field notebook, or on
standardized data sheets.
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The following discussion is limited to those devices commonly used at hazardous waste sites.
Attachment A provides guidance on the proper evacuation device to use for given sampling situations.
Note that all of these techniques involve equipment which is portable and readily available.

Bailers

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of
a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with aball
check-valve at the bottom. An inert line is used to lower the bailer and retrieve the sample.

Advantages of bailers include:

• Few limitations on size and materials used for bailers.
• No external power source needed.
• Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of

cross-contamination.
• There is minimal outgassing of volatile organics while the sample is in the bailer.
• Bailers are relatively easy to decontaminate.

Umitations on the use of bailers include the following:

• It Is time consuming to remove stagnant water using a bailer.
• Transfer of sample may cause aeration.
• Use of bailers is physically demanding, especially in warm temperatures at protection levels

above Level D.

Suction Pumps

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, peristaltic,
and pitcher pumps. Centrifugal and diaphragm pumps can b~ used for well evacuation at a fast pumping
rate and for sampling at a low pumping rate. The peristaltic pump is a low volume pump that uses
rollers to squeeze a flexible tubing, thereby creating suction. This tUbing can be dedicated to a well to
prevent cross contamination. The pitcher pump is a common farm hand-pump.

These pumps are all portable, inexpensive and readily available. However, because they are based on
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved
gases and volatile organics.

Air-Uft Samplers

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force
the water up a sampling tube. These pumps are also relatively inexpensive. Air (or gas)-lift samplers
are more suitable for well development than for sampling because the samples may be aerated, leading
to pH changes and subsequent trace metal precipitation, or loss of volatile organics.
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Submersible Pumps

Submersible pumps take in water and push the sample up a sample tube to the surface. The power
sources for these samplers may be compressed gas or electricity. The operation principles vary and the
displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller.
Pumps are available for 2-inch-diameter wells and larger. These pumps can lift water from considerable
depths (several hundred feet).

Limitations of this class of pumps include:

•
•
•
•
•

They may have low delivery rates.
Many models of these pumps are expensive.
Compressed gas or electric power is needed.
Sediment in ~ater may cause clogging of the valves or eroding the impellers with some of
these pumps.
Decontamination of internal components can be difficult and time-consuming.

5.5 Onsite Water Quality Testing

This section describes the procedures and equipment required to measure the following parameters of
an aqueous sample in the field:

•
•
•
•
•
•
•

pH
Specific Conductance
Temperature
Dissolved Oxygen (DO) Concentration
Oxidation Reduction Potential
Certain Dissolved Constituents Using Specific Ion Elements
Turbidity

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted
at a hazardous or nonhazardous site. The procedures and equipment described are applicable to
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, and
colloidal material or suspended matter.

This section provides general information for measuring the parameters listed above with instruments and
techniques in common use. Since instruments from different manufacturers may vary, review of the
manufacturer's literature pertaining to the use of a specific instrument is required before use.

5.5.1 Measurement of pH

5.5.1.1 General

Measurement of pH Is one of the most important and frequently used tests in water chemistry.
Practically every phase of water supply and wastewater treatment such as acid-base neutralization, water
softening, and corrosion control is pH dependent. Likewise, the pH of leachate can be correlated with
other chemical analyses to determine the probable source of contam,ination. It is therefore important that
reasonably accurate pH measurements be taken.
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Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator paper
is used when only a rough estimate of the pH is required. and the pH meter when a more accurate
measurement is needed. The response of a pH meter can be affected to a slight degree by high levels
of colloidal or suspended solids. but the effect is usually small and generally of little significance.
Consequently. specific methods to overcome this interference are not described. The response of pH
paper is unaffected by solution interferences from color, turbidity, colloidal or suspended materials unless
extremely high levels capable of coating or masking the paper are encountered. In such cases, use of
a pH meter is recommended.

5.5.1.2 PrinCiples of Equipment Operation

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or basicity
of the solution created by the addition of the water sample reacting with the indicator compound on the
paper. Various types of pH papers are available, including litmus (for general acidity or basicity
determination) and specific pH range hydrion paper.

The following equipment is needed for taking pH measurements:

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on
establishment of a potential difference across a glass or other type of membrane in response to (in this
instance, hydrogen) ion concentration across that membrane. The membrane is conductive to ionic
species and, in combination with a standard or reference electrode, a potential difference proportional
to the ion concentration is generated and measured.

5.5.1.3 Equipment •
• Stand-alone 150 portable pH meter, or combination meter (e.g., Horiba U-1 0), or combination

meter equipped with an in-line sample chamber.

• Combination electrode with polymer body to fit the above meter (alternately a pH electrode
and a reference electrode can be used if the pH meter is equipped with suitable electrode
inputs).

• Buffer solutions, as specified by the manufacturer.

• pH indicator paper, to cover the pH range 2 through 12.

• Manufacturer's operation manual.

5.5.1.4 Measurement Techniques for Field Determination of pH

pH Meter

• Inspect the instrument and batteries prior to initiation of the field effort.

The following procedure is used for measuring pH with a pH meter (meter standardization is according
to manufacturer's instructions):

• Check the integrity of the buffer solutions used for field calibration. Buffer solutions need to
be changed often as a result of degradation upon exposure to the atmosphere. •
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• Immerse the tip of the electrodes in water overnight. If this is not possible due to field
conditions. immerse the electrode tip in water for at least an hour before use. The electrode
tip may be immersed in a rubber or plastic sack containing buffer solution for field transport
or storage. This is not applicable for all electrodes as some must be stored dry.

• If applicable, make sure all1electrolyte solutions within the electrode(s) are at their proper
levels and that no air bubbles are present within the electrode(s).

• Calibrate on a daily use basis following manufacturer's instructions. Record calibration data
on an equipment calibration log sheet.

• Immerse the electrode(s) in the unknown solution, slowly stirring the probe until the pH
stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift,
the sample temperature may not be stable. a physical reaction (e.g., degassing) may be
taking place in the sample, or the meter or electrode may be malfunctioning. This must be
clearly noted in the logbook.

• Read and record the pH of the solution. pH shall be recorded to the nearest 0.1 pH unit.
Also record the sample temperature.

• Rinse the electrode(s) with deionized water.

• Store the electrode(s) in an appropriate manner when not in use.

Any visual observation of conditions which may interfere with pH measurement. such as oily materials,
or turbidity, shall be noted.

pH Paper

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is
available in several ranges, inclUding Wide-range (indicating approximately pH 1 to 12), mid-range
(approximately pH 0 to 6, 6 to 9, 8 to 14) and narrow-range (many available. with ranges as narrow as
1.5 pH units). The appropriate range of pH paper shall be selected. If the pH is unknown the
investigation shall start with wide-range paper and proceed with successively narrower range paper until
the sample pH is adequately determined.

5.5.2

5.5.2.1

Measurement of Specific Conductance

General

019611/P

Conductance proVides a measure of dissolved ionic species in water and can be used to identify the
direction and extent of migration of contaminants in groundwater or surface water. It can also be used
as a measure of subsurface biodegradation or to indicate alternate sources of groundwater
·contamination.

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This
value depends on the total concentration of the ionized substances dissolved in the water and the
temperature at which the measurement is made. The mobility of each of the various dissolved ions, their
valences, and their actual and relative concentrations affect conductivity.
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It is important to obtain a specific conductance measurement soon after taking a sample, since
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the
specific conductance.

5.5.2.2 Principles of Equipment Operation

An aqueous system containing ions will conduct an electric current. In a direct-current field, the positive
ions migrate toward the negative electrode, while the negatively charged ions migrate toward the positive
electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium carbonate, or
sodium chloride, respectively) are relatively good conductors. Conversely, organic compounds such as
sucrose or benzene, which do not disassociate in aqueous solution, conduct a current very poorly, if at
all.

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used
for measurement of electrical resistance. The ratio of current applied to voltage across the cell may also
be used as a measure of conductance. The core element of the apparatus is the conductivity cell
containing the solution of interest. Depending on ionic strength of the aqueous solution to be tested,
a potential difference is developed across the cell which can be converted directly or indirectly
(depending on instrument type) to a measurement of specific conductance.

5.5.2.3 Equipment

The following equipment is needed for taking specific conductance (SC) measurements:

• Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-10), or
combination meter eqUipped with an in-line sample chamber.

• Calibration solution, as specified by the manufacturer.
• Manufacturer's operation manual.

A variety of conductivity meters are available which may also be used to monitor salinity and
temperatures. Probe types and cable lengths vary, so equipment must be obtained to meet the specific
requirement of the sampling program.

5.5.2.4 Measurement Techniques for Specific Conductance

The steps involved in taking specific conductance measurements are listed below (standardization is
according to manufacturer's. instructions):

019611/P

•
•

•

Check batteries and calibrate instrument before going into the field.

Calibrate on a daily use basis, according to the manufacturer's instructions and record all
pertinent information on an equipment calibration log sheet. Potassium chloride solutions
with a SC closest to the values expected in the field shall be used for calibration. Attachment
B proVides guidance in this regard.

Rinse the cell with one or more portions of the sample to be tested or with deionized water.
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• Immerse the electrode in the sample and measure the conductivity. Adjust the temperature
setting to the sample temperature (if applicable). .

• Read and record the.results in a field logbook or sample log sheet.

• Rinse the electrode with deionized water.

If the specific conductance measurements become erratic, recalibrate the instrument and see the
manufacturer's instructions for details.

5.5.3

5.5.3.1

Measurement of Temperature

General.

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological
action in a water sample. It can also be used to trace the flow direction of contaminated groundwater.
Temperature measurements shall be taken in-situ, or as qUickly as possible in the field. Collected water
samples may rapidly equilibrate with the temperature of their surroundings.

5.5.3.2 Equipment

Temperature measurements may be taken with alcohol-toluene, mercury filled or dial-type thermometers.
In addition, various meters such as specific conductance or dissolved oxygen meters, which have
temperature measurement capabilities, may also be used. Using such instrumentation along with suitable
probes and cables, in-situ measurements of temperature at great depths can be performed.

5.5.3.3 Measurement Techniques for Water Temperature

If a thermometer is used to determine the temperature for a water sample:

• Immerse the thermometer in the sample until temperature equilibrium is obtained (1
3 minutes). To avoid the possibility of cross-contamination, the thermometer shall not be
inserted into samples which will undergo subsequent chemical analysis.

• Record values in a field logbook or sample log sheet.

If a temperature meter or probe is used, the instrument shall be calibrated according to manufacturer's
recommendations.

5.5.4

5.5.4.1

Measurement of Dissolved Oxygen Concentration

General

019611/P

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as
the rate of corrosivity; are dependent on the dissolved oxygen concentration. Thus. analysis for
dissolved oxygen is a key test in water pollution and waste treatment process control. If at all possible.
DO measurements shall be taken in-situ. since concentration may show a large change in a short time
if the sample is not adequately preserved.
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The monitoring method discussed herein is limited to the use of dissolved oxygen meters only. Chemical
methods of analysis (i.e., Winkler methods) are available, but require more equipment and greater sample
manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted
waters, because the probe is completely submersible, and is not susceptible to interference caused by
color, turbidity, colloidal material or suspended matter.

5.5.4.2 Principles of Equipment Operation

Dissolved oxygen probes are normally electrochemical cells that have two solid metal electrodes of
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a suitable
potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at the
cathode surface. An electrical current is developed that is directly proportional to the rate of arrival of
oxygen molecules at the cathode.

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the
cathode, it is important that a fresh supply of sample always be in contact with the membrane.
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low
readings are obtained. It is therefore necessary to stir the sample (or the probe) constantly to maintain
fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that additional
oxygen is introduced through the air-water interface at the sample surface. To avoid this possibility,
some probes are equipped with stirrers to agitate the solution near the probe, while leaving the surface
of the solution undisturbed.

Dissolved oxygen probes are relatively unaffected by'interferences. Interferences that can occur are
reactions with oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide, which are not
easily depolarized from the indicating electrode. If a gaseous interference is suspected, it shall be noted
in the field log book and checked if possible. Temperature variations can also cause interference
because probes exhibit temperature sensitivity. Automatic temperature compensation is normally
provided by the manufacturer.

5.5.4.3 Equipment

The following equipment is needed to measure dissolved oxygen concentration:

• Stand alone portable dissolved oxygen meter, or combination meter (e.g.; Horiba U-10), or
combination meter equipped with an in-line sample chamber.

• Sufficient cable to allow the probe to contact the sample.
• " Manufacturer's operation manual.

5.5.4.4 -Measurement Techniques for Dissolved Oxygen Determination

Probes differ as to specifics of use. Follow the manufacturer's instructions to obtain an accurate reading.
The following general steps shall be used to measure the dissolved oxygen concentration:
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• The equipment shall be calibrated and have its batteries checked in the warehouse before
going to the field.
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• The probe shall be conditioned in a water sample fpr as long a period as practical· before use
in the field. Long periods of dry storage followed by short periods of use in the field may
result in inaccurate readings.

• The instrument shall be calibrated in the field according to manufacturer's recommendations
or in a freshly air-saturated water sample of known temperature. Dissolved oxygen values
for air-saturated water can be determined by consulting a table listing oxygen solubilities as
a function of temperature and salinity (see Attachment C).

• Record all pertinent information on an equipment calibration sheet.

• Rinse the probe with deionized water.

• Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane
by stirring the sample. Probes without stirrers placed in wells can be moved up and down.

• Record the dissolved oxygen content and temperature of the sample in a field logbook or
sample log sheet.

• Rinse the probe with deionized water.

• Recalibrate the probe when the membrane is replaced. or as needed. Follow the
manufacturer's instructions.

Note that in-situ placement of the probe is preferable, since sample handling is not involved. This
however, may not always be practical. Be sure to record whether the liquid was analyzed in-situ, or if
a sample was taken.

Special care shall be taken during sample collection to avoid turbulence which can lead to increased
oxygen solubilization and positive test interferences.

5.5.5

5.5.5.1

Measurement of Oxidation-Reduction Potential

General

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic
compounds to exist in an oxidiZed state. The ORP parameter therefore provides evidence of the
likelihood of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to
reduced species in the sample.

5.5.5.2 Principles of Equipment Operation

019611/P

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at
that electrode depending on the ions present in the solution. If a reference electrode is placed in the
same solution, an ORP electrode pair is established. This electrode pair allows the potential difference
between the two electrodes to be measured and is dependent on the concentration of the ions in
solution. By this measurement, the ability to oxidize or reduce species in solution may be determined.
Supplemental measurements, such as dissolved oxygen, may be correlated with ORP to provide a
knowledge of the, quality of the solution, water, or wastewater.
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5.5.5.3 Equipment

The following equipment is needed for measuring the oxidation-reduction potential of a solution:

•
•
•
•
•

5.5.5.4

Portable pH meter or equivalent, with a millivolt scale.
Platinum electrode to fit above pH meter.
Reference electrode such as a calomel, silver-silver chloride, or equivalent.
Reference solution as specified by the manufacturer.
Manufacturer's operation manual.

Measurement Techniques for Oxidation-Reduction Potential

019611/P

The following procedure is used for measuring oxidation-reduction potential:

• The equipment shall be calibrated and have its batteries checked before going to the field.

• Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If
dirty, polish with emery paper or, if necessary, clean the electrode using aqua regia, nitric
acid, or chromic acid, in accordance with manufacturer's instructions.

• Thoroughly rinse the electrode with deionized water.

• Verify the sensitivity of the electrodes by noting the change in millivolt reading when the pH
of the test solution is altered.. The ORP will increase when the pH of the test solution
decreases and the ORP will decrease if the test solution pH is increased. Place the sample
in a clean container and agitate the sample. Insert the electrodes and note the ORP drops
sharply when the caustic is added (Le., pH is raised) thus indicating the electrodes are
sensitive and operating properly. If the ORP increases sharply when the caustic is added,
the polarity is reversed and must be corrected in .accordance with the manufacturer's
instructiqns. If the ORP does not respond as above when the caustic is addec;l, the
electrodes shall be cleaned and the above procedure repeated.

• After the assembly has been checked for sensitivity, wash the electrodes with three changes
of water or by means of a flowing stream of deionized water from a wash bottle. Place the
sample in a clean container and insert the electrodes. Set temperature compensator
throughout the measurement period. Read the millivolt potential of the solution, allowing
sufficient time for the system to stabilize and reach temperature equilibrium. Measure
successive portions of the sample until readings on two successive portions differ by no more
than 10 mY. A system that is very slow to stabilize properly will not yield a meaningful ORP.
Record all results in a field logbook or sample logsheet, inclUding ORP (to nearest 10 mV),
sample temperature and pH at the time of measurement.

5.5.6 Measurement of Turbidity

5.5.6.1 General. .

Turbidity in water is caused by suspended matter, such as clay, silt, finely divided organic and inorganic
matter, soluble colored organic compounds, and microscopic organisms, including plankton. Turbidity
is an expression of the optical property that causes light to be scattered and absorbed rather than
transmitted in astraight line through the sample.
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It is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes
in turbidity may occur if the sample is stored too long.

5.5.6.2 Principles of Equipment Operation

Turbidity is measured by the Nephelometric Method. This method is based on a comparison of the
intensity of light scattered by the sample under defined conditions with,the intensity of light scattered by
a standard reference suspension under the same conditions. The higher the scattered light intensity, the
higher the turbidity.

Formazin polymer is used as the reference turbidity standard suspension because of its ease of
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid
natural water. The turbidity of a specified concentration of formazin suspension is defined as 40
nephelometric units. This same suspension has an approximate turbidity of 40 Jackson units when
measured on the candle turbidmeter. Therefore, nephelometric turbidity units (NTU) based on the
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical
to them. '

5.5.6.3 Equipment

The follOWing equipment is needed for turbidity measurement:

•

•
•

5.5.6.4

Stand alone portable turbidity meter, or combination meter (e.g., Horiba U-10), or
combination meter eqUipped with an in-line sample chamber.

Calibration solution, as specified by the manufacturer.

Manufacturer's operation manual.

Measurements Techniques for Specific Conductance

The steps involved in taking turbidity measurements are listed below (standardization is according to·
manufacturer's instructions): .

• Check batteries and calibrate instrument before going into the field.

•. Check the expiration date (etc.) of the solutions used for field calibration.

• Calibrate on a daily use basis, according to the manufacturer's instructions and record all
pertinent information on an equipment calibration log ~heet.

• Rinse the cell with one or more portions of the sample to be tested or with deionized water.

• Immerse the probe in the sample and measure the turbidity. The reading must be taken
immediately as suspended solids will settle over time resulting in a lower, inaccurate turbidity
reading.

Q19611/P Brown & Root Environmental
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5.6

5.6.1

•

•

Read and record the results in a field logbook or sample log sheet. Include a physical
description of the sample, including color, qualitative estimate of turbidity, etc.

Rinse the electrode with deionized water.

Sampling

Sampling Plan

The sampling approach consisting of the following, shall be developed as part of the project plan
documents which are approved prior to beginning work in the field:

• Background and objectives of sampling.

• Brief description of area and waste characterization.

• Identification of sampling locations, with map or sketch, and applicable well construction data
(well size, depth, screened interval, reference elevation).

• Intended number, sequence volumes, and types of samples. If the relative degrees of
contamination between wells is unknown or insignificant, a sampling sequence which
facilitates sampling logistics may be followed. Where some wells are known or strongly
suspected of being highly contaminated, these shall be sampled last to reduce the risk of
cross-contamination between wells as a result of the sampling procedures.

• Sample preservation requirements.

• Work schedule.

• Ust of team members.

• Ust of observers and contacts.

• Other information, such as the necessity for a warrant or permission of entry, requirement for
split samples, access problems, location of keys, etc.

5.6.2 Sampling Methods

The collection of a groundwater sample consists of the folloWing steps:

1. The site Health & Safety Officer (or designee) will first open the well cap and use volatile
organic detection equipment (PIO or FlO) on the escaping gases at the well head to
determine the need for respiratory protection.

2. When proper respiratory protection has been donned, sound the well for total depth and
water I~vel (using clean equipment) and record these data on a groundwarer sampling log
sheet (see SOP SA-6.3); then calculate the fluid volume in the well pipe (as preViously
described in this SOP). .

3. Calculate well volume to be removed as stated in Section 5.3.
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4. Select the appropriate purging equipment (see Attachment A). If an electric submersible
pump with packer is chosen, go to Step 10. .

5. Lower the purging equipment or intake into the well to a short distance below the water level
and begin water removal. Collect the purged water and dispose of it in an acceptable
manner (as applicable). Lower the purging device, as required, to maintain submergence.

6. Measure the rate of discharge frequently. A graduated bucket and stopwatch are most
commonly used; other techniques include use of pipe trajectory methods, weir boxes or flow
meters.

7. Observe the peristaltic pump intake for degassing "bubbles." If bubbles are abundant and
the intake is fully submerged, this pump is not suitable for collecting samples for volatile
organics. Never collect volatile organics samples using a vacuum pump.

8. Purge a minimum of three to five casing volumes before sampling. In low-permeability strata
(Le., if the well is pumped to dryness), one volume will suffice. Purged water shall be
collected in a designated container and disposed in an acceptable manner.

9. If sampling using a pump, lower the pump intake to midscreen (or the middle of the open
section in uncased wells) and collect the sample. If sampling with a bailer, lower the bailer
to the sampling level before filling.

10. (For pump and packer assembly only). Lower the assembly into the well so that the packer
is positioned just above the screen or open section. Inflate the packer. Purge a volume
equal to at least twice the screened interval (or unscreened open section volume below the
packer) before sampling. Packers shall always be tested in a casing section above ground
to determine proper inflation pressures for good sealing.

11. In the event that recovery time of the well is very slow (e.g., 24 hours or greater), sample
collection can be delayed until the following day. If the well has been purged early in the
morning, sufficient water may be standing in the well by the day's end to permit sample
collection. If the well is incapable of producing a sufficient volume of sample at any time,
take the largest quantity available and record this occurrence in the site logbook.

12. Fill sample containers (preserve a~d label as described in SOP SA-6.1).

13. Replace the well cap and lock as appropriate. Make sure the well is readily identifiable as
the source of the samples.

14. Process sample containers as described in SOP SA-6.1.

15. Decontaminate equipment as described in SOP SA-7.1.

5.7 Low Flow Purging and Sampling

5.7.1 Scope & Application

Low flow purging and sampling techniques are sometimes required for groundwater sampling activities.
The purpose of low flow purging and sampling is to collect groundwater samples that contain
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"representative" amounts of mobile organic and inorganic constituents in the vicinity of the selected open
well interval, at near natural flow conditions. The minimum stress procedure emphasizes negligible water.
level drawdown and low pumping rates in order to collect samples with minimal alterations in water
chemistry. This procedure is designed primarily to be used in wells with a casing diameter of 2 inches
or more and a saturated screen, or open interval, length of ten feet or less. Samples obtained are
suitable for analyses of common types of groundwater contaminants (volatile and semi-volatile organic
compounds, pesticides, PCBs, metals and other inorganic ions [cyanide, chloride, sulfate, etc.l). This
procedure is not designed to collect non-aqueous phase liquids samples from wells containing light or
dense non-aqueous phase liquids (LNAPLs or DNAPLs), using the low flow pumps.

The procedure is flexible for various well construction types and groundwater yields. The goal of the
procedure is to obtain a turbidity level of less than 5 NTU and to achieve a water level drawdown of less
than 0.3 feet during purging and sampling. If these goals cannot be achieved, sample collection can take
place provided the remaining criteria in this procedure are met.

5.7.2 Equipment

The following equipment is required (as applicable) for low flow purging and sampling:

• Adjustable rate, submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel
or Teflon). Peristaltic pumps may be used only for inorganic sampie collection.

• Disposable clear plastic bottom filling bailers may be used to check for and obtain samples of
LNAPLs or DNAPLs.

• Tubing - Teflon, Teflon lined polyethylene, polyethylene, PVC, tygon steel tubing can be used to
collect samples for analysis, depending on the analyses to be performed and regulatory
requirements.

• Water level measuring device, 0.01 foot accuracy, (electronic devices are preferred for tracking
water level drawdown during all pumping operations).

• Flow measurement supplies.

• Interface probe, ,if needed.

• Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be located
downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the
samples.

• Indicator parameter monitoring instruments - pH, turbidity, specific conductance, and temperature.
Use of a flow-through cell is recommended. Optional Indicators - eH and dissolved oxygen, flow
through cell is required. Standards to perform field calibration of instruments.

• Decontamination supplies.

• Logbook(s), and other forms (e.g., well purging forms).

• Sample Bottles.
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During well purging, monitor field indicator parameters (turbidity, temperature, specific conductance, pH,
etc.) every three to five minutes (or as appropriate). Purging is complete and sampling may begin when

• Sample preservation supplies (as required by the analytical methods).

• Sample tags or labels.

• Well construction data, location map, field data from last sampling event.

• Field Sampling Plan.

• PID or FlO instrument for measuring VOCs (volatile organic compounds).

5.7.3 Purging and Sampling Procedure

Use a submersible pump to purge and sample monitoring wells which have a 2.0 inch or greater well
casing diameter.

Measure and record the water level immediately prior to placing the pump in the well.

Lower pump, safety cable. tUbing and electrical lines sloWly into the well so that the pump intake is
located at the center of the saturated screen length of the well. If possible keep the pump intake at least
two feet above the bottom of the well, to minimize mobilization of sediment that may be present in the
bottom of the well. Collection of turbid free water samples may be difficult if there is three feet or less
of standing water in the well.

When starting the pump, slowly increase the pump speed until a discharge occurs. Check water level.
Adjust pump speed to maintain little or no water I~vel drawdown. The target drawdown should be less
than 0.3 feet and it should stabilize. If the target of less than 0.3 feet cannot be achieved or maintained,
the sampling is acceptable if remaining criteria in the procedure are met. Subsequent sampling rounds
will prubably have intake settings and extraction rates that are comparable to those used in the initial
sampling rounds.

\

Monitor water level and pumping rate every three to five minutes (or as appropriate) during purging.
Record pumping rate adjustments and depths to water. Pumping rates should, as needed. be reduced
to the minimum capabilities of the pump (e.g., 0.1-0.2 I/min) to ensure stabilization of indicator
parameters. Adjustments are best made in the first fifteen minutes of pumping in order to help minimize
purging time. During initial pump start-up, drawdown may exceed the 0.3 feet target and then recover
as pump flow adjustments are made (minimum purge volume calculations should utilize stabilized
drawdown values, not the initial drawdown). If the recharge rate of the well is less than minimum
capability of the pump do not allow the water level to fall to the intake level (if the static water level is
above the screen, avoid lowering the water level into the screen). Shut off the pump if either of the
above is about to occur and allow the water level to recover. Repeat the process until field indicator
parameters stabilize and the minimum purge volume is removed. The minimum purge volume with
negligible drawdown (0.3 feet or less) is two saturated screen length volumes. In situations where the
drawdown is greater than 0.3 feet and has stabilized, the minimum purge volume is two times the
saturated screen volume plus the stabilized drawdown volume. After the minimum purge volume is
attained (and field parameters have stabilized) begin sampling. For low yields wells, commence sampling
as soon as the well has recovered sufficiently to collect the appropriate volume for all anticipated
samples.

~
'----------------------_-.:.._------------------~
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all field indicator parameters have stabilized (variations in values are within ten percent of each other, pH
+/- 0.2 units, for three consecutive readings taken at three to five minute intervals). If the parameters
have stabilized, but turbidity remains above 5 NTU goal, decrease pump flow rate, and continue
measurement of parameters every three to five minutes. If pumping rate cannot be decreased any
further and stabilized turbidity values remain above 5 NTU goal record this information. Measurements
of field parameters should be obtained (as per Section 5.5) and recorded.

VOC samples are preferably collected first and directly into pre-preserved sample containers. Fill all
sample containers by allowing the pump discharge to flow gently down the inside of the container with
minimal turbulence.

If the water column in the pump tubing collapses (water does not completely fill the tubing) before exiting
the tUbing, use one of the following procedures to collect VOC samples: (1) Collect the non-VOCs
samples first, then increase the flow rate incrementally until the water column completely fills the tubing,
collect the sample and record the new flow rate; (2) reduce the diameter of the existing tubing until the
water column fills the tubing either by adding a connector (Teflon or stainless steel), or clamp which
should reduce the flow rate by constricting the end of the tubing; (3) insert a narrow diameter Teflon tube
into the pump's tubing so that the end of the tubing is in the water column and the other end of the
tubing protrudes beyond the pump's tubing, collect sample from the narrow diameter tubing.

Prepare samples for shipping as per SOP SA-6.1.
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ATTACHMENT A

PURGING EQUIPMENT SELECTION

Peristaltic Vacuum
Diaphragm Submersible Submersible Submersible

Diameter Casing Bailer Pump Pump Air-lift "Trash" Diaphragm Electric Electric

Pump Pump Pump Pump
w/Packer

1.25-lnch Water level X X X X
<25 feet

Water Level X>25 feet

2-lnch Water level X X X X<25 feet
X X

Water Level
X X>25 feet

X

4-lnch Water level X X X X<25 feet X X X X

Water Level
X "X>25 feet X X X

6-lnch Water level' X X
<25 feet

X X

Water Level X>25 feet
X X

8-lnch Water level X X<25 feet
X X

Water Level
X>25 feet

X X

019611/P Brown & Root Environmental
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PURGING EQUIPMENT SELECTION »00
PAGE 2

CCc
~(j)Z

Maximum =i 0
Construction -i -':E

Model Principle of Outside Materials Uft Delivery Rates 1982 mO»
Manufacturer Diameter/ Range Price Comments enZ-i

Name/Number Operation Length (w/Unes and (ft) or Volumes (Dollars) :::!»m
Tubing) ZZ:O

(Inches) G)oen
BarCad Systems, Dedicated; gas PE, brass, nylon, 0-150 1 liter for each Requires compressed gas; custom sizes 0»
Inc. BarCad Sampler drive (positive 1.5/16 aluminum oxide with std. 10-15 feet of $220-350 and materials available; acts as Z~

displacement) tubing submergence piezometer. (J)"'tl_r
Master Rex 7570 Portable; (not submersible) 670 mL/min AC/DC; variable speed control available; -im

Cole-Parmer Insl. m
Co. Portable peristaltic . < 1.0/NA Tygonill , silicone 0-30 with 7015- $500-600 other models may have different flow

:ESampling Pump (suction) VitonC!l 20 pump head rates.
~

»
PP, PE, PVC, SS, 0-500 mL/min AC, DC, or gasoline-driven motors

-i
ECO Pump Corp. SAMPUfier Portable; venturi < 1..5 or 0-100 depending on $400-700 m

<2.0/NA Teflon$, Tefzelill available; must be primed. :0
lift

Portable; grab
Geltek Corp. Bailer 219-4 (positive 1.66/38 TeflonCil No limit 1,075 mL $120-135 Other sizes available.

displacement)
:Xl z

Approximately (II c
Dedicated; gas < 3GeoEngineering, PE, PP, PVC, Probably 1 liter for each Acts as piezometer; requires compressed iir

GEe-MONITOR drive (positive 1.5/16 $185 o' c-
Inc. displacement)

VitonC!l 0-150 10 feet of gas. => ~

submergence

Industrial and Portable; Requires compressed' gas; other modelsEnvironmental SS, Teflon(\), 0-2,800 $1,500-
Analysts, Inc. Aquarius bladder (positive 1.75/43 Viton(\) 0-250

mL/min 3,000 available; AC, DC, manual operation

(lEA) displacement) possible.
w en

Portable; grab 850 mL Requires vacuum and/or pressure from
»
I

lEA Syringe Sampler (positive 1.75/43 SS, Teflon(\) No limit sample volum $1,100 .....
displacement) e hand pump. :...

Instrument Model.2600 Portable; PC, silicone, 0-7,500 Requires compressed gas (40 psi
Specialties Co. Well Sampler bladder (positive 1.75/50 Teflon$, PP, PE, 0~150

mL/min $990 minimum).(ISCO) displacement) DetrinCil , acetal

Keck Geophysical SP-81 Portable; helical SS, Teflon(\), PP, 0-4,500Submersible rotor (positive 1.75/25 0-160 $3,500 DC operated.
Instruments, Inc. Sampling Pump displacement) EPDM, Viton(\) mL/min

~
\l
II>

Leonard Mold GeoFilter Small Portable; Requires compressed gas (55 psi' (II (Q

SS, TeflonCil , PC, 0-3,500 $1,400- ~.
(II

and Die Works, Diameter Well bladder (positive 1.75/38 Neoprene(\) 0-400 mL/min 1,500 minimum); pneumatic or AC/DC control <
Inc. Pump (#0500) displacement) module. (II

Portable; grab Other materials and models available; for 0° I\)

Oil Recovery Approximately w~ w
Surface Sampler (positive 1.75/12 acrylic, DetrinQl No limit $125-160 measuring thickness of "floating" .......... (11

SoSystems, Inc. 250 mL 0
displacement) contaminants. .....

.......... I\)

Q.E.D. Well WizardQl Dedicated; 0-2,000 Requires compressed gas; piezometric
CD ~

Environmental Monitoring bladder (positive 1.66/36 PVC 0-230 $300-400 Ol

Systems, Inc. System (P-100) displacement) mL/min level indicator; other materials available.
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PURGING EQUIPMENT SELECTION »00
PAGE 3

CCc
~CJ)z-0

Maximum -i:::j~

Model Principle of Outside Construction Materials Uft Range Delivery Rates 1982 mO»
Manufacturer Diameter/ Price Comments CJ)Z-i

Name/Number Operation (w/Unes and Tubing) (ft) or Volumes ~»mLength (Dollars) ZZ:JJ
(Inches) (j)oen

Randolph Austin Model 500 Portable; peristaltic (Not submersible) $1,200- Row rate dependent on motor and 0»
<0.5/NA Rubber, Tygonlll , or 0-30 See comments tubing selected; AC operated; other Z:E:

Co. Vari-Row Pump (suction) 1,300 CJ)-oNeoprenelll models available. _r
Portable; piston Requires compressed gas; water

-im
Robert Bennett SS, Teflon"', Delrin'" $2,600- m
Co. Model 180 (positive 1.8/22 PP, Viton"', acrylic, PE 0-500 0-1,800 mL/min 2,700 level indicator and flow meter;

~displacement) 'custom models available. »
Requires compressed gas; SS -i

Model 514124 Portable; gas drive m
Slope Indicator Pneumatic (positive 1.9/18 PVC, nylon 0-1,100 250 mL/ $250-350 available; piezometer model :0
Co. (SINCO) . Water Sampler displacement) flushing cycle available; dedicated model

available.

Solinst Canada 5W Water Portable; grab PVC, brass, nylon,(positive 1.9/27 0-330 500 mL $1,300- Requires compressed gas; custom
Ltd. Sampler Neoprenelll 1,800 models available. :0 z

displacement) CD c< 3
Portable; grab Other sizes, materials, models Ci;-

TlMCO Mfg. Co., 1.66/Cust 250 mL/ft of 0' tT

Std. Bailer (positive PVC, PP No limit $20-60 available; optional bottom-emptying :;, !!l
Inc. displacement) om bailer device available; no solvents used.

Air or Gas Uft Portable; gas drive 350 mL/
Requires compressed gas; other

TlMCO Sampler (positive 1.66/30 PVC, Tygonlll, Teflonlll .0-150 flushing cycle $100-200 sizes, materials, models available;
displacement) no solvents used.- C..JPortable; bladder en

Sampling SS, silicone, Delrinlll , $800- Compressed gas required; DC »
Tole Devices Co. (positive' 1.38/48 0-125 0-4,000 mL/min ,

Pump Tygonlll 1,000 control module; custom built. .....
displacement) :.....

Construction Material Abbreviations: Other Abbreviations:

PE Polyethylene NA Not applicable
PP Polypropylene AC Alternating current
PVC Polyvinyl chloride DC Direct current
SS Stainless steel m 'U

PC Polycarbonate
~ III
CD co

EPDM Ethylene-propylene diene (synthetic rubber) !l CD

<'
CIl

NOTE: Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressly designed for this purpose. The list is not' 0 0 N
meant to be all-inclusive and listing does not constitute endorsement for use. Information in the table is from sales literature. and/or personal communication.

(.,)ei ~
_CIl

S.No skimmer, scavenger-type, or high-capacity pumps are included. a.....- N
Source: Barcelona et aI., 1983. co -....I
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ATTACHMENT B

SPECIFIC CONDUCTANCE OF 1 MOLAR KCI
AT VARIOUS TEMPERATURES!

Temperature (0C)
Specific Conductance

(umhos/cm)

15 1,147

16 1,173

17 1,199

18 1,225

19 1,251

20 1,278

21 1,305

22 1,332

23 1,359

24 1,368

25 1,413

26 1,441

27 1,468

28 ,1,496

29 1,524

30 1,552

1 Data derived from the International Critical .
Tables 1-3-8.
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ATTACHMENT C

VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER
AS A FUNCTION OF TEMPERATURE AND SALINITY

Dissolved Oxygen (mg/L)

Temperature Chloride Concentration in Water Difference/
(0C) 100 mg

0 5,000 10,000 15,000 20,000 Chloride
-

0 14.6 13.8 13.0 12.1 11.3 0.017

1 14.2 13.4 12.6 11.8 11.0 0.016
\

2 13.8 13.1 12.3 11.5 10.8 0.015

3 13.5 12.7 12.0 11.2 10.5 0.015

4 13.1 12.4 11.7 11.0 10.3 0.014

5 12.8 12.1 11.4 10.7 10.0 0.014

6 12.5 11.8 11.1 10.5 9.8 0.014

7. 12.2 11.5 10.9 10.2 9.6 0.013

8 11.9 11.2 10.6 10.0 9.4 0.013

9 11.6 11.0 10.4 9.8 9.2 0.012

10 11.3 10.7 10.1 9.6 9.0 0.012

11 11.1 10.5 9.9 9.4 8.8 0.011

12 10.8 10.3 9.7 9.2 8.6 0.011

13 10.6 10.1 9.5 9.0 8.5 0.011

14 10.4 9.9 9.3 8.8 8.3 0.010

15 .10.2 9.7 9.1 8.6 8.1 0.010

16 10.0 9.5 9.0 8.5 8.0 0.010

17 9.7 9.3 8.8 8.3 7.8 0.010

18 9.5 9.1 8.6 8.2 7.7 0.009

19 9.4 8.9 8.5 8.0 7.6 0.009

20 9.2 8.7 8.3 7.9 7.4 0.009

21 9.0 8.6 8.1 7.7 7.3 0.009

22 8.8 8.4 8.0 7.6 7.1 0.008

23 8.7 8.3 7.9 7.4 7.0 0.008

24 8.5 8.1 7.7 7.3 6.9 0.008

25 8.4 8.0 7.6 7.2 6.7 0.008

I
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VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER
AS A FUNCTION OF TEMPERATURE AND SALINITY
PAGE TWO

Dissolved Oxygen (mg/L)

Temperature Chloride Concentration in Water Difference/
(0C) 100 mg

a 5,000 10,000 15,000 20,000 Chloride

26 8.2 7.8 7.4 7.0 6.6 0.008

27 8.1 7.7 7.3 6.9 6.5 0.008

28 7.9 7.5 7.1 6.8 6.4 0.008

29 7.8 7.4 7.0 6.6 6.3 0.008

30 7.6 7.3 6.9 6.5 6.1 0.008

31 7.5

32 7.4

33 7.3

34 7.2

35 7.1

36 7.0
,

37 6.9

38 6.8

39 6.7

40 6.6

41 6.5

42 6.4

43 6.3

44 6.2

45 6.1

46 6.0

47 5.9

48 5.8

49 5.7 ,J

50 5.6

Note: In a chloride solution, conductivity can be roughly related to chloride concentration
(and therefore, used to correct measured D.O. concentration) using Attachment B.

)
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This procedure discusses the methods used to collect surface, near surface. and subsurface soil
samples. Additionally, it describes the method for sampling of test pits and trenches to
determine subsurface soil and rock conditions, and recover small-volume or bulk samples.

2.0 SCOPE

This procedure is applicable to the collection of surface, near surface and subsurface soils for
laboratory testing, which are exposed through hand digging, hand augering, drilling, or machine
excavating at hazardous substance sites.

3.0 GLOSSARY

Composite Sample - A composite sample exists as a combination of more than one sample at
various locations and/or depths and times, which is homogenized and treated as one sample.
This type of sample is usually collected when determination of an average waste concentration for
a specific area is required. Composite samples are IlQt to be collected for volatile organics
analysis.

Grab Sample - One sample collected at one location and at one specific time.

Non-Volatile Sample - A non-volatile sample includes all other chemical parameters (e.g.,
semivolatiles, pesticides/PCBs, metals, etc.) and those engineering parameters that do not
require undisturbed soil for their analysis.

Hand Auger - A sampling device used to extract soil from the ground in a relatively undisturbed
form.

Thin-walled Tube Sampler - A thin-walled metal tube (also called a Shelby tube) used to recover
relatively undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to
5 inches outside diameter (00) and from 18 to 54 inches in length.

Split-Barrel Sampler - A steel tube, split in half lengthWise, with the halves held together by
threaded collars at either end of the tube. Also called a split-spoon sampler, this device can be
driven into resistant materials using a drive weight mounted in the drilling string. A standard split
barrel sampler is typically available in two common lengths, providing either 20-inch or 26-inch
longitudinal clearance for obtaining 18-inch or 24-inch-long samples, respectively. These split
barrel samplers commonly range in size from 2-inch 00 to 3-1/2 inch 00. The larger sizes are
commonly used when a larger volume of sample material is required. '

Test Pit and Trench - Open, shallow excavations, typically rectangular (if a test pit) or longitudinal
(if a trench), excavated to determine the shallow subsurface conditions for engineering,
geological, and soil chemistry exploration and/or sampling purposes. These pits are excavated
manually or by machine (e.g., backhoe, clamshell, trencher 'excavator, or bulldozer).

•

Confined Space - As stipulated in 29 CFR 1910.146, a confined space means a space that: 1) is
large enough and so configured that an employee can bodily enter and perform assigned work; 2)
has limited or restricted means for entry or 'exit (for example tanks, vessels, silos, storage bins,
hoppers, vaults, and pits, and excavations are spaces that may have limited means of entry.); and
3) is not designed for continuous employee occupancy. Brown & Root Environmental considers •
all confined space as permit-required confined spaces.
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Project Manager - The Project Manager is responsible for determining sampling objectives, aswell as, the field procedures used in the collection of soil samples. Additionally, in consultationwith other project personnel (geologist, hydrogeologist, etc.), the Project Manager establishes theneed for test pits or trenches, and determines their approxim~te locations and dimensions.

Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing thetechnical support necessary to implement the project Health and Safety Plan. This will include(but not be limited to) performing air quality monitoring during sampling, boring and excavationactivities, and to ensure that workers and offsite (downwind) individuals are not exposed tohazardous levels of airborne contaminants. The SSO/designee may also be required to advise theFOL on other safety-related matters regarding boring, excavation and sampling, such asmitigative measures to address potential hazards from unstable trench walls, puncturing of drumsor other hazardous objects, etc.

Fjeld Operations Leader (FOL) • The FOL is responsible for finalizing the location of surface, nearsurface, and subsurface (hand and machine borings, test pits/trenches) soil samples. He/she isultimately responsible for the sampling and backfilling of boreholes, test pits and trenches, and.foradherence to OSHA regulations during these operations.

Project GeologjsVSampler - The project geologisVsampler is responsible for the proper acquisitionof soil samples and the' completion of all required paperwork (Le., sample log sheets, fieldnotebook, boring logs, test pit logs, container labels, custody seals, and chain-of-custody forms).

Competent person - A Competent Person, as defined in 29 CFR 1929.650 of Subpart P Excavations, means one who is capable of identifying existing and predictable hazards in thesurroundings, or working conditions which are unsanitary, hazardous, or dangerous to employees,and who has authorization to take prompt corrective measures to eliminate them.

5.0 PROCEDURES

5.1 Overview

Soil sampling is an important adjunct to groundwater monitoring. Sampling of the soil horizonsabove the groundwater table can detect contaminants before they have migrated into the watertable, and can establish the amount of contamination sorbed on aquifer solids that have thepotential of contributing to groundwater contamination.

Soil types can vary considerably on a hazardous waste site. These variations, along withvegetation, can effect the rate of contaminant migration through the soil. It is important, therefore,that a detailed record be maintained during the sampling operations, particularly noting thelocation, depth, and such characteristics as grain size, color, and odor. Subsurface conditions areoften stable on a daily basis and may demonstrate only slight seasonal variation especially withrespect to temperature, available oxygen and light penetration. Changes in any of theseconditions can radically alter the rate of chemical reactions or the associated microbiologicalcommunity, thus further altering specific site conditions. As a result, samples must be kept at their
at~epth temperature or lower, protected from direct light, sealed tightly in approved glasscontainers and be analyzed as soon as possible.

0196111P
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The physical properties of the soil, its grain size, cohesiveness, associated moisture, and such
factors as depth to bedrock and water table, will limit the depth from which samples can be
collected and the method required to collect them. Often this information on soil properties can be
obtained from published soil surveys available through the U.S. Geological Surveys and other
government or farm agencies. It is the intent of this procedure to present the niost commonly
employed soil sampling methods used at hazardous waste sites.
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5.2 Soil Sample Collection

5.2.1 Procedure for Collecting Volatile Soil SamplesVolatile samples are only collected
as grab samples and maintained and handled in as near an undisturbed state as possible. The
sample is transferred directly into an approved glass container with a Teflon lined cap. The
sample must be packed down as much as possible to reduce air space within the sample
container to an absolute minimum. Also, a properly filled volatile organics sample container will
have no head space.

5.2.2 Procedure for Collecting Non-Volatile Soil Samples

Non-volatile soil samples may be collected as either grab or composite samples. The non-volatile
soil sample is thoroughly mixed in a stainless steel or disposable, inert plastic tray, using a
stainless steel trowel or other approved tool, then transferred into the appropriate sample
container(s). Head space is permitted in a non-volatile soil sample container to allow for sample
expansion.

5.2.3 Procedure for Collecting Undisturbed Soil Samples (ASTM 01587-83)

When it is necessary to acquire undisturbed samples of soil for purposes of engineering
parameter analysis (e.g., permeability), a thin-walled, seamless tube sampler (Shelby tube) will be
employed. The following method will be used:

1. Remove all surface debris (e.g., vegetation, roots, twigs, etc.) from the specific sampling
location and drill and clean out the borehole to the sampling depth, being careful to minimize
the chance for disturbance of the material to be sampled. In saturated material, withdraw the
drill bit slowly to prevent loosening of the soil around the borehole and to maintain the water
level in the hole at or above groundwater level.

2. The use of bottom discharge bits or jetting through an open-tube sampler to clean out the
borehole shall not be allowed. Use of any side-discharge bits is permitted.

3. A stationary piston-type sampler may be required to limit sample disturbance and aid in
retaining the sample. Either the· hydraulically operated or control rod activated-type of
stationary piston sampler may be used. Prior to inserting the tube sampler into the borehole,
check to ensure that the sampler head contains a check valve. The check valve is necessary
to keep water in the rods from pushing the sample out the tube sampler during sample
withdrawal and to maintain a suction within the tube to help retain the sample.

4. To minimize chemical reaction between the sample and the sampling tube, brass tubes may
be required, especially if the tube is stored for an extended time prior to testing. While steel
tubes coated with shellac are less expensive than brass, they're more reactive, and shall only
be used when the sample will be tested within a few days after sampling or if chemical
reaction is not anticipated. With the sampling tube resting on the bottom of the hole and the
water level in the boring at. groundwater level or above, push the tube into the soil by. a

•

•
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continuous and rapid motion, without impacting or twisting. In no case shall the tube bepushed farther than the length provided for the soil sample. Allow about 3 inches in the tubefor cuttings and sludge.•
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5. Upon removal of the sampiing tube from the hole, measure the length of sample in the tUbeand also the length penetrated. Remove disturbed material in the upper end of the tube andmeasure the length of sample again. After removing at least an inch of soil from the lowerend and after inserting an impervious disk, seal both ends of the tube with at least a 1/2-inchthickness of wax applied in a way that will prevent the wax from entering the sample. Cleanfiller must be placed in voids at either end of the tube prior to sealing with wax. Place plasticcaps on the ends of the sample tube, tape the ~ps in place, and dip the ends in wax.

6. Affix label(s) to the tube as required and record sample number, depth, penetration, andrecovery length on the label. Mark the "up" direction on the side of the tube with indelible ink,and mark the end of the sample. Complete Chain-of-Custody and other required forms (seeSOP SA-6.3). Do not allow tubes to freeze, and store the samples vertically with the sameorientation they had in the ground, (Le., top of sample is up) in a cool place out of the sun atall times. Ship samples protected with suitable resilient packing material to reduce shock,vibration, and disturbance.

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soilto be sampled. Often, very loose and/or wet samples cannot be retrieved by the samplers, andsoils with a consistency in excess of very stiff cannot be penetrated by the sampler. Devices suchas Dennison or Pitcher core samplers can be used to obtain undisturbed samples of stiff soils.Using these devices normally increases sampling costs, and therefore their use shall be weighedagainst the need for acquiring an undisturbed sample.

5.3 Surface Soil Sampling

The simplest, most direct method of collecting surface soil samples (most commonly collected to adepth of 6 inches) for subsequent analysis is by use of a stainless steel trowel.

In general, the following equipment is necessary for obtaining surface soil samples:

• Stainless steel trowel.
• Real-time air monitoring instrument (e.g., PID, FlO, etc.).
• Latex gloves.
• Required Personal Protective Equipment (PPE).
• Required paperwork.
• Required decontamination equipment.
• Required sample container(s).
• Wooden stakes or pin flags.
• Sealable polyethylene bags (i.e., Ziploc baggies).
• Heavy duty cooler.
• Ice (if required) double-bagged in sealable polyethylene bags.
• Chain-of-custody records and custody seals.

When acquiring surface soil samples, the following procedure shall be used:

1. Carefully remove vegetation, roots, twigs, litter, etc., to expose an adequate soil surface areato accommodate sample volume requirements. .
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2. Using a decontaminated stainless steel trowel, follow the procedure cited in Section 5.2.1 for
collecting a volatile soil sample.
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3. Thoroughly mix (in-situ) a sufficient amount of soil to fill the remaining sample containers and
transfer the sample into those containers utilizing the same stainless steel trowel employed
above. Cap and securely tighten all sample containers.

4. Affix a sample label to each container. Be sure to fill out each label carefully and clearly,
addressing all the categories described in SOP SA-6.3.

5. Proceed with the handling and processing of each sample container as described in SOP
SA-6.2.

5.4 Near-5urface Soil Sampling

Collection of samples from near the surface (depth of 6-18 inches) can be accomplished with tools
such as shovels and stainless steel trowels.

The following equipment is necessary to collect near surface soil samples:

• Clean shovel.
• Plus the equipment listed under Section 5.3 of this procedure.

To obtain near-surface soil samples, the following protocol shall be observed:

1. With a clean shovel, make a series of vertical cuts to the depth required in the soil to form a •
square approximately 1 foot by 1 foot.

2. Lever out the formed plug and scrape the bottom of the freshly dug hole with a
decontaminated stainless steel trowel to remove any loose soil.

3. Follow steps 2 through 5 listed under Section 5.3 of this procedure.

5.5 Subsurface Soil Sampling With a Hand Auger

A hand augering system generally consists of a variety of all stainless steel bucket bits (Le.,
cylinders 6-1/2" long, and 2-3/4", 3-1/4", and 4" in diameter), a series of extension rods (available
in 2', 3',4' and 5' lengths), and a cross handle. A larger diameter bucket bit is commonly used to .
bore a hole to the desired sampling depth and then withdrawn. In tum, the larger diameter bit is
replaced with a smaller diameter bit, lowered down the hole, and slowly turned into the soil at the
completion depth (approximately 6"). The apparatus is then withdrawn and the soil sample
collected.

The hand auger can be used in a wide variety of soil conditions. It can be used to sample soil
both from the surface, or to depths in excess of 12 feet. However, the presence of rock layers
and the collapse of the borehole normally contribute to its limiting factors.

To accomplish soil sampling using a hand augeringsystem, the following equipment is required:

• Complete hand auger assembly (variety of bucket bit sizes).
• Stainless steel mixing bowls.
• Plus the equipment listed under Section 5.3 of this procedure. •
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To obtain soil samples using a hand auger, the following procedure shall be followed:•
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1. Attach a properly decontaminated bucket bit to a clean extension rod and further attach thecross handle to the extension rod.

2. Clear the area to be sampled of any surface debris (vegetation, twigs, rocks, litter, etc.).

3. Begin augering (periodically removing accumulated soils from the bucket bit) and addadditional rod extensions as necessary. Also, note (in a field notebook or on standardizeddata sheets) any changes in the color, texture or odor of the soil.

4. After reaching the desired depth, slowly and carefully withdraw the apparatus from theborehole.

5. Remove the soiled bucket bit from the rod extension and replace it with another properlydecontaminated bucket bit. The bucket bit used for sampling is commonly smaller in diameterthan the bucket bit employed to initiate the borehole.

6. Carefully lower the apparatus down the borehole. Care must be taken to avoid scraping theborehole sides.

7. Slowly turn the apparatus until the bucket bit is advanced approximately 6 inches.

8. Discard the top of the core (apprOXimately 1"), which represents any loose material collectedby the bucket bit before penetrating the sample material.

9. Fill volatile sample container(s), using a properly decontaminated stainless steel trowel, withsample material directly from the bucket bit. Refer to Section 5.2.1 of this procedure.

10. Utilizing the above trowel, remove the remaining sample material from the bucket bit andplace into a properly decontaminated stainless steel mixing bowl and thoroughly homogenizethe sample material prior to filling the remaining sample containers. Refer to Section 5.2.2 ofthis procedure.

11. Follow steps 4 and 5 listed under Section 5.3 of this procedure.

5.6 Subsurface Soil Sampling With a Split-Barrel Sampler (ASTM P1586-84)

Split-barrel (split-spoon) samplers consist of a heavy carbon steel or stainless steel sampling tubethat can be split into two equal halves to reveal the soil sample (see Attachment A). A drive headis attached to the upper end of the tube and serves as a point of attachment for the drill rod. Aremovable tapered nosepiece/diive shoe attaches to the lower end of the tube and facilitatescutting. A basket-like sample retainer can be fitted to the lower end of the split tube to hold loose,dry soil samples in the tube when the sampler is removed from the drill hole. This split-barrelsampler is made to be attached to a drill rod and forced into the ground by means of a 140-lb. orlarger casing driver.

Split-barrel samplers are used to collect soil samples from a wide variety of soil types and fromdepths greater than those attainable with other soil sampling equipment.

• The follOWing equipment is used for obtaining split-barrel samples: .

019611/P
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• Split-barrel samplers (0.0. 2 inches, 1.0. 1-3/8 inches, either 20 inches or 26 inches long);

Larger 0.0. samplers are available if a larger volume of sample is needed.

• Drive weight assembly, 140-lb. weight, driving head and guide permitting free fall of 30 inches.

• Stainless steel mixing bowls.

• Plus equipment listed under Section 5.3 of this procedure.

The folloWing steps shall be followed to obtain split-barrel samples:

1. Remove the drive head and nosepiece, and open the sampler to reveal the soil sample.
Immediately scan the sample core with a real-time air monitoring instrument (e.g., OVA, HNu,
etc.). Carefully separate the soil core, with a decontaminated stainless steel knife or trowel, at
about 6-inch intervals while scanning the center of the core for elevated readings. Also scan
stained soil, soil lenses, and anomalies (if present), and record readings.

2. Collect the volatile sample from the center of the core where elevated readings occurred. If
no elevated readings where encountered the sample material should still be collected from the
core's center (this area represents the least disturbed area with minimal atmospheric contact).
Refer to Section 5.2.1 of this procedure.

3. Using the same trowel, remove remaining sample material from the split-barrel sampler
(except for the small portion of disturbed soil usually found at the top of the core sample) and
place the soil into a decontaminated stainless steel mixing bowl. Thoroughly homogenize the
sample material prior to filling the remaining sample containers. Refer to Section 5.2.2 of this
procedure.

4. Follow steps 4 and 5 listed under Section 5.3 of this procedure.

5.7 Excavation and Sampling of Test Pits and Trenches

5.7.1 Applicability

This subsection presents routine test pit or trench excavation techniques and specialized
techniques that are applicable under certain conditions.

During the excavation of trenches or pits at hazardous waste sites, several health and safety
concerns arise which control the method of excavation. No personnel shall enter any test pit or
excavation except as a last resort, and then only under direct supervision of a Competent Person
(as defined in 29 CFR 1929.650 of Subpart P - Excavations). Whenever possible, all required
chemical and lithological samples should be collected using the excavator bucket or other remote
sampling apparatus. If entrance is still required, all test pits or excavations must be stabilized by
bracing the pit sides using specifically designed wooden or steel support structures. Personnel
entering the excavation may be exposed to toxic or explosive gases and oxygen-deficient
environments. Any entry may. constitute a Confined Space and must be done in conformance
with all applicable regulations. In these cases, substantial air monitoring is required before entry,
and appropriate respiratory gear and protective clothing is mandatory. There must be at least two
persons present at the immediate site before entry by Q.ne of the investigators. The reader shall

•

•
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refer to OSHA regulations 29 CFR 1926, 29 CFR 1910.120, 29 CFR 1910.134, AND 29 CFR1910.146.•
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Excavations are generally not practical where a depth of more than about 15 feet is desired, andthey are usually limited to a few feet below the water table. In some cases, a pumping systemmay be required to control water levels within the pit, providing that pumped water can beadequately stored or disposed. If data on soils at depths greater than 15 feet are required, thedata are usually obtained through test borings instead of test pits.

In addition, hazardous wastes may be brought to the surface by excavation .equipment. Thismaterial, whether removed from the site or returned to the subsurface, must be properly handledaccording to any and all applicable federal, state, and local regulations.

5.7.2 Test Pit and Trench Excavation

These procedures describe the methods for excavating and logging test pits and trenchesexcavated to determine subsurface soil and rock conditions. Test pit operations shall be loggedand documented as described in SOP SA-6.3.

Test pits and trenches may be excavated by hand or by power equipment to permit detaileddescription of the nature and contamination of the in-situ materials. The size of the excavation willdepend primarily on the following:

• The purpose and extent of the exploration.
• The space required for efficient excavation.
• The chemicals of concern.
• The economics and efficiency of available equipment.

Test pits normally have a cross section that is 4 to 10 feet square; test trenches are usually 3 to6 feet wide arid may be extended for any length required to reveal conditions along a specific line.The following table, which is based on equipment efficiencies, "gives a rough guide for designconsideration:

Equipment

Trenching machine

Backhoe

Track dozer

Track loader

Excavator

Scraper

Typical Widths, in Feet

2

2-6

10

10

10

20

•
The lateral limits of excavation of trenches and the position of test pits shall be carefully markedon area base maps. If precise positioning is required to indicate the location of highly hazardouswaste materials, nearby utilities, or dangerous conditions, the limits of the excavation shall besu'rveyed. Also, if precise determination of the depth of buried materials is needed for design orenvironmental assessment purposes, the elevation of the ground surface at the test pit or trenchlocation shall also be determined by survey. If the test piUtrench will not be surveyed immediately,
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it shall be backfilled and its position' identified with stakes placed in the ground at the margin of the
excavation for later surveying.
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The construction of test pits and trenches shall be planned and designed in advance as much as
possible. However, field conditions may necessitate revisions to the initial plans. The final depth
and construction method shall be determined by the field geologist. The actual layout of each test
pit, temporary staging area and spoils pile will be predicated based on site conditions and wind
direction at the time the test pit is made. Prior to excavation, the area can be surveyed by
magnetometer or metal detector to identify the presence of underground utilities or drums.

As mentioned previously, no personnel shall enter any test pit or excavation except as a last
resort, and then only under direct supervision of a Competent Person. If entrance is still required,
Occupational Safety and Health Administration (OSHA) requirements must be met (e.g., walls
must be braced with wooden or steel braces, ladders must be in the hole at all times, and a
temporary guardrail must be placed along the surface of the hole before entry). It is emphasized
that the project data needs should be structured such that required samples can be collected
without requiring entrance into the excavation. For example, samples of leachate, groundwater,
or sidewall soils can be taken with telescoping poles, etc.

Dewatering may be required to assure the stability of the side walls, to prevent the bottom of the
pit from heaVing, and to keep the excavation dry. This is an important consideration for
excavations in cohesionless material below the groundwater table. Liquids removed as a result of
dewatering operations must be handled as potentially contaminated materials. Procedures for the
collection and disposal of such materials should be discussed in the site-specific project plans.

5.7.3

5.7.3.1

Sampling in Test Pits and Trenches

General •
Test pits and trenches are usually logged as they are excavated. Records of each test pit/trench
will be made as described in SOP SA-6.3. These records include plan and profile sketches of the
test pit/trench showing materials encountered, their depth and distribution in the pit/trench, and
sample locations. These records also include safety and sample screening information.

Entry of test pits by personnel is extremely dangerous, shall be avoided unless absolutely
necessary, and can occur only after all applicable Health and Safety and OSHA requirements
have been met.

The final depth and type of samples obtained from each test pit will be determined at the time the
test pit is excavated. Sufficient samples are usually obtained and analyzed to quantify
contaminant distribution as a function of depth for each test pit. Additional samples of each waste
phase and any fluids encountered.in each test pit may also be collected.

In some cases, samples of soil may be extracted from the test pit for reasons other than waste
sampling and chemical analysis, for instance, to obtain geotechnical information. Such
information would include soil types, stratigraphy, strength, etc., and could therefore entail the
collection of dist.urbed. (grab or bUlk) or relatively undisturbed (hand-carved or pushed/driven)
samples, which can be tested for geotechnical properties. The purposes of such explorations are
very similar to those of shallow exploratory or test borings, but often test pits offer a faster, more
cost-effe~tive method of sampling than installing borings. •
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The following equipment is needed for obtaining samples for chemical or geotechnical analysisfrom test pits and trenches:

• Backhoe or other excavating machinery.

• Shovels, picks and hand augers, stainless steel trowels.

• Sample container - bucket with locking lid for large samples; appropriate bottleware forchemical or geotechnical analysis samples.

• Polyethylene bags for enclosing sample containers; buckets.

• Remote sampler consisting of 10-foot sections of steel conduit (1-inch-diameter), hose clampsand right angle adapter for conduit (see Attachment B).

5.7.3.3 Sampling Methods

•

•

The methods discussed in this section refer to test pit sampling from grade level. If test pit entry isrequired, see Section 5.7.3.4.

• Excavate trench or pit in several depth increments. After each increment, the operator willwait while the sampler inspects the test pit from grade level to decide if conditions areappropriate for sampling. (Monitoring of volatiles by the SSO will also be used to evaluate theneed for sampling.) Practical depth increments range from 2 to 4 feet.

• The backhoe operator, who will have the. best view of the test pit, will immediately ceasedigging if:

• Any fluid phase or groundwater seepage is encountered in the test pit.

• Any drums, other potential waste containers, obstructions or utility lines are encountered.

• Distinct changes of material are encountered.

This action is necessary to permit proper sampling of the test pit and to prevent a breach of safetyprotocol. Depending upon the conditions encountered, it may be reqUired to excavate moreslowly and carefully with the backhoe.

For obtaining test pit samples from grade level, the following procedure shall be followed:

• Remove loose material to the greatest extent possible with backhoe.

• Secure walls of pit if necessary. (There is seldom any need to enter a pit or trench whichwould justify the expense of shoring the walls. All observations and samples should be takenfrom the ground sUrface.)

• Samples of the test pit material are to be obtained either directly from the backhoe bucket orfrom the material once it has been deposited on the ground. The sampler or Field OperationsLeader directs the backhoe operator to remove material from the selected depth or locationwithin the test piUtrench. The bucket is brought to the surface and moved away from the pit.

'019611/P
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The sampler and/or SSO then approaches the bucket and monitors its contents with a
photoionization or flame ionization detector. The sample is collected from the center of the
bucket or pile and placed in sample containers us.ing a decontaminated stainless steel trowel
or spatula.
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•
• If a composite sample is desired, several depths or locations within the pit/trench are selected

and a bucket is filled from each area. It is preferable to send individual sample bottles filled
from each bucket to the laboratory for compositing under the more controlled laboratory
conditions. However, if compositing in the field is required, each sample container shall be
filled from materials that have been transferred into a mixing bucket and homogenized. Note
that homogenization/compositing is not applicable for samples to be subjected to volatile
organic analysis.

• Using the remote sampler shown in Attachment 8, samples can be taken at the desired depth
from the side wall or bottom of the pit. The face of the pit/trench shall first be scraped (using a
long-handled shovel or hoe) to remove the smeared zone that has contacted the backhoe
bucket. The sample shall then be collected directly into the sample jar, by scraping with the
jar edge, eliminating the need to utilize samplers and minimizing the likelihood of cross
contamination. The sample jar is then capped, removed from the assembly, and packaged
for shipment.

• Complete documentation as described in SOP SA-6.3.

Under rare conditions, personnel may be required to enter the test pit/trench. This is necessary
only when soil conditions preclUde obtaining suitable samples from the backhoe bucket (e.g.,
excessive mixing of soils or wastes within the test pit/trench) or when samples from relatively
small discrete zones within the test pit are required. This approach may.also be necessary to
sample any seepage occurring at discrete levels or zones in the test pit that are not accessible
with remote samplers.

5.7.3.4 In-pit Sampling

•
In general, personnel shall sample and log pits and trenches from the ground surface, except as
provided for by the following criteria:

• There is no practical alternative means of obtaining such data.

• The Site Safety Officer and Competent Person determines that such action can be....,
accomplished without breaching site safety protocol. This determination will be based on
actual monitoring of the pit/trench after it is dug (including, at a minimum, measurements of
volatile organics, explosive gases and available o~gen).

• A Company-designated Competent Person determines that the pit/trench is stable or is made
stable (by grading the sidewalls or using shoring) prior to entrance of any personnel. OSHA
requirements must be strictly observed.

If these conditions are satisfied, one person will enter the pit/trench. On potentially hazardous
waste sites, this individual will be dressed in safety gear as required by the conditions in the pit,
usually Level 8. He/she will be affixed to a safety rope and continuously monitored while in the
pit. •

Brown & Root Environmental



A second individual will be fully dressed in protective clothing including a self-contained breathingdevice and on standby during all pit entry operations~ The individual entering the pit will remaintherein for as brief a period as practical, commensurate with performance of his/her work. Afterremoving the smeared zone, samples shall be obtained with a decontaminated trowel or spoon.As an added precaution, it is advisable to keep the backhoe bucket in the test pit when personnelare working below grade. Such personnel can either stand in or near the bucket while performingsample operations. In the event of a cave-in they can either be lifted clear in the bucket, or atleast climb up on the backhoe arm to reach safety.

•
Subject

SOIL SAMPLING.

Number

Revision
SA-1.3

4

Page

13 of 17
Effective Date

04111/97

5.7.3.5 Geotechnical Sampling

•

•

In addition to the equipment described in Section 5.7.3.2, the following equipment is needed forgeotechnical sampling:

• Soil sampling equipment, similar to that used in shallow dril/ed boring (Le., open tubesamplers), which can be pushed or driven into the floor of the test pit.

• Suitable driving (Le., a sledge hammer) or pushing (Le., the backhoe bucket) equipment whichis used to advance the sampler into the soil.

• Knives, spatulas, and other suitable devices for trimming hand-carved samples.

• Suitable containers (bags, jars, tubes, boxes, etc.), labels, wax, etc. for holding and safelytransporting collected.soil samples.

• Geotechnical equipment (pocket penetrometer, torvane, etc.) for field testing collected soilsamples for classification and strength properties.

Disturbed grab or bulk geotechnical soil samples may be collected for most soils in the samemanner as comparable soil samples for chemical analysis. These collected samples may bestored in jars or plastic-lined sacks (larger samples), which wil/ preserve their moisture content.Smaller samples. of this type are usually tested for their index properties to aid in soil identificationand classification, while larger bulk samples are usually required to perform compaction tests.

Relatively undisturbed samples are usually extracted in cohesive soils using open tube samplers,and such samples are then tested in a geotechnical laboratory for their strength, permeabilityand/or compressibility. The techniques for extracting and preserving such samples are similar tothose used in performing Shelby tube sampling in borings, except that the sampler is advanced byhand or backhoe, rather than by a drill rig. Also, the sampler may be extracted from the test pit byexcavation around the sampler when it is difficult to pull it out of the ground. If this excavationrequires entry of the test pit, the requirements described in Section 5.7.3.4 of this procedure mustbe followed. The open tube sampler shall be pushed or driven vertically into the floor or stepsexcavated in the test pit at the desired sampling elevations. Extracting tube samples horizontallyfrom the walls of the test pit is not appropriate, because the sample wil/ not have the correctorientation.

A sledge hammer or the backhoe may be used to drive or push the sampler or tube into theground. Place a piece of wood,over the top of the sampler or sampling tube to prevent damageduring driving/pushing of the sample. Pushing the sampler with a constant thrust is alwayspreferable to driVing it with repeated blows, thus minimizing distUrbance to the sample. If thesample cannot be extracted by rotating it at least two revolutions (to shear off the sample at thebottom), hand-excavate to remove the soil from around the sides of the sampler. If hand-

'019611/P
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excavation requires entry of the test pit, the requirements in Section 5.7.3.4 of this procedure must
be followed. Prepare, label, pack and transport the sample in the required manner, as described
in SOP SA-6.3.
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•
5.7.4 Backfilling of Trenches and Test Pits

All test pits and excavations must be either backfilled, covered, or otherwise protected at the end
of each day. No excavations shall remain open during non working hours unless adequately
covered or otherwise protected. "'"

Before backfilling, the onsite crew shall photograph all significant features exposed by the test pit
and trench and shall include in the photograph a scale to show dimensions. Photographs of test
pits shall be marked to include site number, test pit number, depth, description of feature, and
date of photograph. In addition, a geologic description of each photograph shall be entered in the
site logbook. All photographs shall be indexed and maintained as part of the project file for future
reference.

After inspection, backfill material shall be returned to the pit under the direction of the FOL.

If a low permeability layer is penetrated (resulting in groundwater flow from an upper contaminated
flow zone into a lower uncontaminated flow zone), backfill material must represent original
conditions or be impermeable. Backfill could consist of a soil-bentonite mix prepared in a
proportion specified by the FOL (representing a permeability equal to or less than original
conditions). Backfill can be covered by "clean" soil and graded to the original land contour.
Revegetation of the disturbed area may also be required.

5.8 Records

The appropriate sample log sheet (see SOP SA-6.3; Field Documentation) must be completed by
the site geologist/sampler. All soil sampling locations must be documented by tying in the location
of two or more nearby permanent landmarks (building, telephone pole, fence, etc.) and shall be
noted the appropriate sample log sheet, site map. or field notebook. Surveying may also be
necessary, depending on the project requirements.

Test pit logs (see SOP SA-6.3; Field Documentation) shall contain a sketch of pit conditions.. In
addition, at least one photograph with a scale for comparison shall be taken of each pit. Included
in the photograph shall be a card showing the test pit number. Boreholes, test pits and trenches
shall be logged by the field geologist in accordance with SOP GH-1.5.

Other data to be recorded in the field logbook include the following:

•

• Name and location of job.

• Date of boring and excavation.

• Approximate surface elevation.

• Total depth of boring and excavation.

• Dimensions of pit.

• Method of sample acquisition.

• Type and size of samples.

• Soil and rock descriptions.

• Photographs.
• Groundwater levels. •

'019611/P Brown & Root Environmental



• Organic gas or methane levels.
• Other pertinent information, such as waste material encountered.•
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The objective of this Standard Operating Procedure is to specify the proper approach and methodologies
to identify and quantify airborne chemical contamination levels through the use of direct reading
instrumentation and air sample collection. The results of these activities provide vital information for site
characterization and risk assessment considerations.

"-
2.0 SCOPE

Applies to all Brown & Root Environmental site activities where the potential for personnel exposures to
respiratory health hazards exists.

3.0 GLOSSARY

Direct Reading Instruments (ORis) - Instrumentation operating on various detection principles such as
flame ionization or photoionization providing real time readings of ambient contaminants in air.

Personal/Area Air Sampling - Personal/area air sampling is conducted utilizing an air sampling pump
and a specific collection media to quantify airborne contaminants.

Meteorological Considerations - Meteorological information must be collected on site to properly
determine air sampling results. as well as aid in the characterization of contaminant potential plume
migration and intensity. This information will also be used to support the selection of sampling locations
and determine which samples should be analyzed. The meteorological information will be used to
estimate downwind concentration levels based on short-term field levels encountered at the source.

4.0 RESPONSIBILITIES

Project Manager (PM) - Responsible for all aspects of project implementation and direction. The project
manager is responsible for providing the necessary resources in support of all air monitoring and
sampling applications.

Field Operations leader (FOl) - Responsible for implementing the air monitoring program as detailed
in approved project plans for the specific site. Air monitoring requirements will be inCluded in both the
Field Sampling and Analysis Plan (FSAP) and the site-specific Health and Safety Plan (HASP).

Health and Safety Officer (HSO) - The health and safety officer provides technical assistance to the FOL
concerning air monitoring and sampling applications. collection methodologies. data interpretations. and
establishes action items based on results. This information is further used to assess atmospheric
migration of airborne chemical contaminants.

•
019611/P Brown & Root Environmental
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Air monitoring is used to help establish criteria for worker safety, document potential exposures, anddetermine protective measures for the site personnel and the surrounding public. To accomplish this,it is necessary for an effective air surveillance program to be tailored to meet the conditions found ateach work site.

During site operations, data are collected concerning air contaminants representative for site operations.Surveillance for vapors, gases. and particulates is performed using ORIs, air sampling systems, andmeteorological considerations. ORis can be used to detect many organics as well as a few inorganicsand can provide approximate total concentrations through applications of relative response ratios ofcontaminants to reference standards. If specific chemicals (organics and inorganics) have beenidentified, then properly calibrated ORis can be used for more accurate onsite assessments.

The most accurate method for evaluating any air contaminant is to collect samples and analyze themat a qualified laboratory. Although accurate, this method presents two disadvantages: (1) cost and(2) the time required to obtain results. Analyzing large numbers of laboratory samples can be expensive,especially if results are needed quickly. Onsite laboratories tend to reduce the turnaround time, butunless they can analyze other types of samples, they may also be costly. In emergencies, time is oftennot available for laboratory analysis of samples either on site or off site.'

To obtain air monitoring data rapidly at the site, DRI utilizing flame ionization detectors (FIDs) ,photoionization detectors (PIDs), and other detection methodology can be used. Some of these maybe used as survey instruments or operated as gas chromatographs. As gas chromatographs, theseinstruments can provide .real-time, qualitative/quantitative data when calibrated with standards of knownair contaminants. Combined with selective laboratory analysis of 'samples, they provide a tool forevaluating airborne organic hazards on a real-time basis and at a lower cost than analyzing samples ina laboratory.

5.2 Air Sampling

For more complete information about air contaminants, measurements obtained with ORis can besupplemented by collecting and analyzing air samples. To assess air contaminants more thoroughly,air sampling devices equipped with appropriate collection media may be placed at various locationsthroughout the area and on persons within at-risk occupations. These samples provide air qUalityinformation for the period of time they are taken, and can indicate contaminant types and concentrationsover the sampling period. As a result; careful selection of sampling types, numbers, and locations, bya qualified health and safety professional is essential to obtain representative information. As data isobtained (from the analysis of samples, ORis, knowledge about materials involved, site operations, andthe potential for airborne toxic hazards), adjustments can be in the types of samples, number of samplescollected, frequency of sampling, and analysis required. In addition to air samplers, area monitoringstations may also include ORis equipped with recorders and operated as continuous air monitors.

Brown & Root Environmental
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Area air sampling locations may be located as required by project and site needs in various places
including, but not limited to:

5.3

•

•

•

•

•

Upwind - Because many hazardous incidents occur near industries or highways that
generate air pollutants, samples may be taken upwind of the site to establish background
levels.

Support Zone (SZ) - Samples may be taken near the command post or other support
facilities to ensure that they are, in fact, located in an unaffected area, and that the area
remains clean throughout operations at the site.

Contamination Reduction Zone (CRZ) - Air samples may be collected along the
decontamination line to ensure that decontamination workers are properly protected and
that onsite workers are not removing their respiratory protective gear in a contaminated
area.

Exclusion Zone (EZ) - The Exclusion Zone presents the greatest risk of release/generation
of contaminants and requires the highest concern for air sampling. The location of
sampling stations shall be based upon factors such as hot-spots detected by DRls, types
of substances present, and potential for airborne contaminants. The data from these
stations, in conjunction with intermittent walk-around surveys with DRls, are used to verity
the selection of proper levels of worker protection and EZ boundaries as well as to provide
a continual record of air contaminants.

Downwind - One or more sampling stations f!1ay be located downwind from the site to
indicate if any air contaminants are leaving the site. If there are indications of airborne
hazard,S in populated areas, appropriate response action must be taken and additional
samplers should be placed downwind. Downwind locations are further determined based
on meteorological considerations concerning generation, air plume migration, and intensity.

Media for Collecting Air Samples

019611/P

Hazardous material incidents' and abandoned waste sites can involve thousands of potentially dangerous
,substances, such as gases, vapors, and particulates that could become airborne. A variety of media are
used to collect these substances. Sampling systems typically include a calibrated air sampling pump,
which draws air into selected collection media. It is essential that appropriate, approved air sampling
methodologies (such as those published by NIOSH, OSHA, and EPA) be followed for the collection of
each specific analyte. Some of the most common types of samples and the collection media used for
them are described in the following information:

One of the most common types of collection media is activated carbon which is an excellent adsorbent
for most organic vapors. However, other solid adsorbents (such as Tenax, silica gel, and Florisil) are
routinely used to sample specific organic compounds or classes of compounds that do not adsorb or
desorb well on activated carbon.' To avoid stocking a large number of sorbents for all substances
anticipated, a smaller number is generally chosen for collecting the widest range of materials or for
substances known to be present. The vapors are collected using an industrial hygiene personal sampling
pump with either one sampling port or a manifold capable of simultaneously collecting samples on
several sorbent tubes (provided that sampling parameters such as flow rates and sample volumes are
satisfied). For example, in a manifold with four sorbent tubes (or on individual pumps with varying flow •
rates), the tubes mightcontain:' .

Brown & Root Environmental
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5.3.1

•
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•

•

•
•

•

Activated carbon to collect vapors of materials with a boiling point above zero degreesCentigrade. Common materials collected on activated carbon include organic vapors suchas solvents, BTEX, and ketones. .

A porous polymer, such as Tenax or Chromosorb, to collect substances (such as highmolecular-weight hydrocarbons, organophosphorus compounds, and the vapors of certainpesticides) that adsorb poorly onto activated carbon. Some of these porous polymers alsoab!)orb organic materials at low ambient temperatures more efficiently than carbon.

A polar sorbent, such as silica gel, to collect organic vapors (aromatic amines, for example)that -exhibit a relatively high dipole moment.

Another specialty absorbent selected for the specific site. For example, a Aorisil tube couldbe used if polychlorinated biphenyls are expected.

Uquid impingers - aldehydes, ketones, phosgene, phenols.

Glass fiber filters, membrane filters, Teflon filters - Inorganics and other semivolatilecompounds.

Airborne particulates can be either solid or liquid. Examples of common' particUlateanalytes include some metals, fibers such as asbestos, and condensed particUlates suchas welding fumes. Dusts, fumes, smoke, and fibers are dispersed solids; mists and fogsare dispersed liquids. For air sampling, most particulates are collected using glass fiber,mixed cellulose ester, or polyvinyl chloride filters, depending on the filter's ability to collectthe SUbject material and its suitability for laboratory analysis. A cyclone is used to collectparticles of respirable size. Atomic Absorption Spectrophotometry, Emission Spectroscopy,Phase Contrast Microscopy, and other techniques are used to. analyze various types ofparticulates.' Direct-reading monitors are also used to quantify particulate concentrations,and are usually based on the light-scattering properties of the particulate matter.

Other Methods

019611/P

Colorimetric detector tubes can also be used with a sampling pump when monitoring for some specificcompounds. Passive organic vapor monitors can be substituted for the active monitoring if they areavailable for the types of materials suspected to be present at a given site.

5.3.2 NIOSH Methods

The National Institute for Occupational Safety and Health's (NIOSH) Manual of Analytical Methods,4th ed., contains acceptable methods for collecting and analyzing air samples for a variety of chemicalsubstances. Consult these volumes for specific procedures.

5.4 Collection and Analysis

Collection and analysis of air samples is a multi-faceted task, and is part of the overall air surveillanceprogram. The program is structured to cover the following air pathway analyses:

Brown & Root Environmental
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5.4.1 Selecting Monitoring Constituents

Applications within this program are accomplished using two considerations:

5.4.2

•

•

Air surveillance for specific constituents is based on quantity of the pollutant and the
likelihood for vapor release or generation.

Controlling to,xicity - These substances. even when represented in limited quantities, present
the greatest threat to the public or worker safety, and influence environmental impact.

Specifying Meteorological Considerations

The following factors will influence sample collection:

• Wind direction and speed
• Sigma theta (atmospheric stability)
• Temperature
• Barometric pressure
• Humidity

These factors will provide information essential to property arrive at accurate air sampling concentration
results. This information is also used to identify how airborne chemical contaminants will react for
modeling and for monitoring purposes. The results will provide indicators of plume movement, intensity,
and dilution.

5.4.3 Design of Monitoring Network

The air surveillance network is structured to consider:

5.4.4

•

•
•
•
•

Source characteristics (physical state; vapor release and/or generation; emission rates; and
disturbance of the source impacting these aspects)

Receptor sites (receptor sites are monitored and tracked based on priority)

Meteorological consideration

Air modeling input

Data quality objectives

Air Monitoring Documentation/Data Reduction

5.4.4.1 Air Monitoring Documentation

019611/P

Elements of the air surveillance program are used to provide documentation valuable to safely
performing/containing site activities.

Air monitoring results from ORis must be recorded, such as on instrument results reporting forms, or in
the field logbook. This information. where applicable. will be correlated to air sampling information
if/when collected.

Brown & Root Environmental
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Air sampling results for personnel and area measurement efforts must be validated, prior to notifyingaffected individuals. Personal air sampling results notification is accomplished through verbal or writtencommunications.

Results of air monitoring/sampling activities can be identified on site maps. This information is used tostructure operational zones and identify levels of protection.

5.4.4.2 Data Reduction

019611/P

Data reduction combines and correlates the DRI results, air sampling results, and meteorologiCB:1information to determine area and source airborne contaminant levels and movement.

All air sampling surveillance efforts must incorporate appro'priate and approved NIOSH, OSHA, or EPAanalytical methods. These procedures identify specific sample collection media. samplingmethodologies, and analytical procedures. Sample analysis for health and safety considerations mustbe further supported by using American Industrial Hygiene Association accredited laboratories.

5.5 Personnel Monitoring

In addition to area atmospheric sampling, personnel monitoring ~- both active and passive -- can be usedto sample for air contaminants. Representative workers must be identified, and equipped withappropriate personal sampling systems to determine contaminants at specific locations or for specificwork being performed. When sampling devices are placed on workers (generally within 1 foot of themouth and ,nose) the results are used to indicate worker exposures.

5.6 Calibration

As a rule. the entire air sampling system shall be calibrated. Proper pre-and post-calibration activitiesare essential for correct operation and for accurate data. In some instances. additional calibration duringthe sampling period may be required. The overall frequency of calibration will depend upon theparticular sampling event, including the general handling and use of a given sampling system. Pumpmechanisms shall be calibrated after repair. when newly purchased. and following suspected abuse. AllORis will be calibrated according to manufacturers instructions. All calibration activities for both airmonitoring and sampling equipment must be properly documented. such as through the use of acalibration form. This form will be kept on site throughout the life of the project. The calibration log willbe submitted as documentation that instrument calibration was performed on a regular basis.

5.7 Meteorological Considerations

Meteorological information is an integral part of an air surveillance program. Data concerning windspeed and direction, temperature. barometric pressure. and humidity (singularly or in combination) areneeded for:

• Selecting air sampling locations
• Calculating accurate air sampling results
• Calculating air dispersion '
• Calibrating instruments
• Determining popUlation at risk or environmental exposure from airborne contaminants

Knowledge of wind speed and direction is necessary to effectively place air samplers. In source-orientedambient air sampling. samplers need to be located downwind (at different distances) of the source and
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others need to be placed to collect background samples. Shifts in wind direction must be known.
Consequently, the samplers must be relocated or corrections made for these shifts. In addition,
atmospheric simulation models for predicting contaminant dispersion and concentration need windspeed
and direction as inputs for predictive calculations. Information may be needed concerning the frequency
and intensity that winds blow from certain directions (windrose data). Consequently, the wind direction
must be continually monitored when use of this type of data is contemplated.

Air sampling systems need to be calibrated before use. This must include corrections in the calibration
curves for actual temperatures and pressures during the sampling event. After sampling, collected air
volumes are also mathematically corrected for temperature and pressure conditions.

Air sampling is sometimes designed to-assess population exposure (and frequently potential worker
exposure). Air samplers are generally located in population centers, irrespective of wind direction. Even
in these instances, however, meteorological data is needed for air dispersion modeling. Models are then
used to predict or verify popUlation-oriented sampling results.

Proper data is collected by haVing meteorological stations on site or by obtaining the information from
one or more of several government or private organizations, which routinely collect this data. The choice
of how information is obtained depends on the availability of reliable data at the location desired,
resources needed to obtain meteorological equipment, accuracy of information needed, and use of
information. -

The collection, handling, and analysis of air samples is an -intricate, involved process. Appropriate
methodologies, media, and equipment must be used to collect accurate data. Furthermore, selection •
of appropriate numbers, types, and locations of samples is essential if the data collected are to be used
for personnel exposure criteria. For these reasons, air sampling activities must be coordinated and
conducted by properly qualified and experienced industrial hygiene professionals. Air monitoring
activities also need to be established and monitored carefully. However, as the proper use of these
instruments is not as complicated as air sampling, it is commonly acceptable to cross-train capable
environmental professionals to use ORis, with adequate technical support provided by health and safety
professionals.

6.0 REFERENCES

Standard Operating Safety Guides, EPA, November 1984.
NIOSH Manual of Analytical Methods, 4th Edition.

7.0 ATTACHMENTS

None.

•
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The purpose of this Standard Operating Procedure (SOP) is to provide information on sample
preservation. packaging, and shipping procedures to be used in handling environmental samples
submitted tor chemical constituent, biological. or geotechnical analysis. Sample chain-ot-custody
procedures and other aspects of field documentation are addressed in SOP SA-6.3. Sample identification
is addressed in SOP CT-04.

2.0 SCOPE

This procedure:

3.0

•

•

Describes the appropriate containers to be used for samples depending on the analyses
to be performed. and the steps necessary to preserve the samples when shipped off site
for chemical analysis.

Provides instruction for sample packaging and shipping in accordance with current
U.S. Department of Transportation (DOT) regulations.

GLOSSARY

019611/P

Hazardous Material - 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. Under 49 CFR, the term includes
hazardous substances, hazardous wastes. marine pollutants. and elevated temperature materials, as well
as materials designated as hazardous under the provisions of §172.1 01 and §172.102 and materials that
meet the defining criteria for hazard classes and divisions in Part 173.

Hazardous Waste - Any substance listed in 40 CFR, Subpart 0 (y261.30 etseq.), or otherwise
characterized as ignitable, corrosive, reactive. or toxic (as defined by Toxicity Characteristic Leaching
Procedure, TCLP. analysis) as specified under 40 CFR, Subpart C (y261.20 et seq.), that would be
subject to manifest requirements specified in 40 CFR 262. Such substances are defined and regUlated
by EPA.

Marking - A descriptive name, identification number, instructions, cautions, weight, specification or UN
marks, or combination thereof required on outer packaging of hazardous materials.

n.oJ - Not otherwise indicated (may be used interchangeably with n.o.s.).

n.o.s. - Not otherwise specified.

ORM - Other regUlated material (see DOT 49 CFR 173.144).

Packaging - A receptacle and any other components or materials necessary for compliance with the
minimum packaging requirements of 49 CFR 174, including containers (other than freight containers or
overpacks). portable tanks, cargo tanks, tank cars, and multi-unit tank-car tanks to perform a
containment function in conformance with the minimum packaging requirements of
49 CFR 173.24(a) & (b).

Placard - Color-coded, pictorial sign which depicts the hazard class symbol and name and which is
placed on the side of a vehicle transporting certain hazardous materials.

Brown & Root Environmental
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Common Preservatives:

• Hydrochloric Acid - HCI
• Sulfuric Acid - H2S04

• Nitric Acid - HN03
• Sodium Hydroxide - NaOH
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• Zinc Acetate
• Sodium Thiosulfate - Na2S20 3

Normality (N) - Concentration of asolution expressed as eqUivalent per liter, an eqUivalent being the
amount of a substance containing 1 gram-atom of replaceable hydrogen or its eqUivalent. Thus, a
one-molar solution of HCI, containing 1 gram-atom of H, is "one normal," whereas a one-molar solution
of H2S04, containing 2 gram-atoms of H. is "two normal."

Reportable Quantity (RQ) - For the purposes of this SOP, means the quantity specified in column 3 of
the Appendix to DOT 49 CFR §172.1 01 for any material identified in column.1 of the appendix. A spill
greater than the amount specified must be reported to the National Hesponse Center.

Sample - A sample is physical evidence collected from a faciWy or the environment, which is
representative of conditions at th'e location and time of collection.

4.0 RESPONSIBILITIES

Field Operations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping,
and custody of samples up to and including release to the shipper. '

Field Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3), implementing
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished
to another custodian or to the common carrier.

~o PROCEDURES

Sample identification, labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3.

5.1 Sample Containers

Different types of chemicals react differently with sample containers made of various materials. For
example, trace metals adsorb more strongly to glass than to plastic, whereas many organic chemicals
may dissolve various types of plastic containers. Attachments A and B show proper containers (as well
as other information) per 40 CFR 136. In general, the sample container shall allow approximately 5-10
percent air space ("ullage") to allow for expansion/vaporization if the sample warms during transport.
However, for collection of volatile organic compounds, head space shall be omitted. The analytical
laboratory will generally provide certified-clean containers for samples to be analyzed for chemical
constituents. Shelby tubes or other sample containers are generally provided by the driller for samples
requiring geotechnical analysis. Sufficient lead time shall be allowed for a delivery of bottle orders.
Therefore, it is critical to use the correct container to maintain the integrity of the sample prior to analysis.

Brown & Root Environmental
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Once opened. the container must be used at once for storage of a particular sample. Unused but
opened containers are to be considered contaminated and must be discarded; because of the potential
for introduction of contamination. they cannot be reclosed and saved for later use. Likewise. any unused
containers which appear contaminated upon receipt. or which are found to have loose caps or a missing
Teflon liner (if required for the container). shall be discarded.

5.2 Sample Preservation

Many water and soil samples are unstable and therefore require preservation to prevent changes in either
the concentration or the physical condition of the constituent(s) requiring analysis. Although complete
and irreversible preservation of samples is not ·possible. preservation does retard the chemical and
biological changes that inevitably take place after the sample is collected. Preservation techniques are
usually limited to pH control. chemical addition(s). and refrigeration/ freezing (certain biological samples
only).

5.2.1 Overview

The preservation techniques to be used for various analytes are listed in Attachments A and B. Reagents
required for sample preservation will either be added to the sample containers by the laboratory prior"
to their shipment to the field or be added in the field (in a clean environment). Only high purity reagents
shall be used for preservation. In general. aqueous samples of low-concentration organics (or soil
samples of low- or medium-concentration organics) are cooled to 4°C. Medium-concentration aqueous
samples and high-hazard organics samples are typically not preserved. Low-concentration aqueous
samples for metals are acidified with HN03• whereas medium-concentration and high-hazard aqueous •
metal samples are not preserved. Low- or medium-concentration soil samples for metals are cooled to
4°C. whereas high-hazard samples are not preserved.

The following subsections describe the procedures for preparing and adding chemical preservatives.
Attachments A and B indicate the specific analytes which require these preservatives.

5.2.2 Preparation and Addition of Reagents

Addition of the following acids or bases may be specified for sample preservation; these reagents shall
be analytical reagent (AR) grade or purer and shall be diluted to the required concentration with
deionized water before field sampling commences. To avoid uncontrolled reactions. be sure to .6dd Acid
to water (not vice versa). A dilutions guide is provided below.

Estimated Amount
Acid/Base Dilution Concentration Required for

Preservation

Hydrochloric 1 part concentrated HCI: 1 part
6N 5-10 mL

Acid (HCI) double-distilled. deionized water

Sulfuric Acid 1 part concentrated H2SO4: 1 part
18N 2 - 5 mL

(H2SO4) double-distilled. deionized water

Nitric Acid
Undiluted concentrated HN03 16N 2- 5 mL

(HN03)

Sodium 400 grams solid NaOH dissolved in
Hydroxide 870 mL double-distilled. deionized 10N 2 mL •(NaOH) water; yields 1 liter of solution

019611jP Brown & Root Environmental
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Continue with proper acidification of the sample as described, generally, above.

For biological samples, 10% buffered formalin or isopropanol may also be required for preservation.
Questions regarding preservation requirements· should be resolVed through communication with the
laboratory before sampling begins.

The amounts required for preservation shown in the above table assumes proper preparation of the
preservative and addition of the preservative to one liter of aqueous sample (assuming that the sample
is initially at pH 7, is poorly buffered, and does.not contain particulate matter; as these conditions vary,
more preservative may be required). Consequently, the final sample pH must be checked using narrow
range pH paper, as described in the generalized procedure detailed below:

• Pour off 5-10 mL of sample into a dedicated, clean container. Use some of this sample to
check the initial sample pH using wide range (0-14) pH paper. Never dip the pH paper into
the sample; always apply a drop of sample to the pH paper using a clean stirring rod or
pipette.

• Add about one-half of the estimated preservative required to the original sample bottle. Cap
and invert gently several times to mix. Check pH (as described above) using medium
range pH paper (pH 0-6 or pH 7.5-14, as applicable).

• Cap sample bottle and seal securely.

Additional considerations are discussed below:

• To text if ascorbic acid must be used to remove oxidizing agents present in the sample
before it can be properly preserved, place a drop of sample on Kl-starch paper. A blue
color indicates the need for ascorbic acid addition.

If required, add a few crystals of ascorbic acid to the sample and retest with the KI-starch
paper. Repeat until a drop of sample produces no color on the KI-starch paper. Then add
an additional 0.6 grams of ascorbic acid per each liter of sample volume.

Continue with proper base preservation of the sample as described, generally, above.

• Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 mL) of 2N zinc
acetate solution per 100 ml of sample.

The 2N zinc acetate solution is made by dissolVing 220 grams of zinc acetate in 870 mL of
double-distilled, deionized water to make 1 liter of solution.

The sample pH is then raised to 9 using the NaOH preservative.

• To test of sodium thiosulfate must be added to remove residual chlorine from a sample. test
the sample for residual chlorine using a field test kit especially made for this purpose.

If residual chlorine is present, add 0.08 grams of soidum thiosulfate per liter of sample to
remove the residual chlorine.

,
L..- .....;........
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At times. field-filtration may be required to provide for the analysis of dissolved chemical constituents.
Field-filtration must be performed prior to the preservation of samples as described above. General
procedures for field filtration are described below:

Samples collected for shipment from a site shall be classified as either environmental or hazardous
material samples. Samples from drums containing materials other than Investigative Derived Waste (lOW)
and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous
materials. A distinction must be made between the two types of samples in order to:

5.4

•

".

•

The sample shall be filtered through a non-metallic. O.45-micron membrane filter,
immediately after collection. The filtration system shall consist of dedicated filter canister,
dedicated silicon tUbing, and a peristaltic pump with pressure or vacuum pumping squeeze
action (since the sample is filtered by mechanical peristalsis, the sample travels only
through the tubing).

To perform filtration, thread the silicon tubing through the peristaltic pump head. Attach the
filter canister to the discharge end of the silicon tubing (note flow direction arrow); attach
the aqueous sample container to the intake end of the silicon tubing. Turn the peristaltic
pump on and perform filtration.

Continue by preserving the filtrate (contained in the filter canister), as applicable arid
"generally described above.

Sample Packaging and Shipping

•
• Determine appropriate procedures for transportation of samples (if there is any doubt, a

sample shall be considered hazardous and shipped accordingly.)

• Protect the health and safety of transport and laboratory personnel receiving the samples
(special precautions are used by the shipper and at laboratories when hazardous materials
are received.)

Detailed procedures for packaging environmental and hazardous material samples are outlined in the
remainder of this section.

5.4.1 Environmental Samples

Environmental samples are packaged as follows:

• Place sample container, property identified and with lid securely fastened in a plastic bag
(e.g. zip-lock baggie), and seal the bag.

• Place sample in a cooler constructed of sturdy material which has been lined with a large,
plastic (e.g. "garbage" bag).

• Pack with enough noncombustible, absorbent, cushioning materials such as vermiculite
(shoulders of bottles must be iced if required) to minimize the possibility of the container
breaking. •

Q19611/P Brown & Root Environmental
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• It cooling is required (see Attachments A and B)i double-bag ice in zip-lock baggies and
place around container shoulders. and on top of absorbent packing material (minimum of
8 pounds' of ice for a medium-size cooler).

• Seal (i.e.. tape or tie top in knot) large liner bag.

• Attach appropriate completed chain-at-custodY form to inside lid of container (no DOT
shipping papers are required).

• Close and seal outside of cooler as described in SOP SA-6.3. Signed custody seals must
be used.

Coolers must be marked as containing "Environmental Samples." The appropriate side of the container
must be marked 'This End Up" and arrows placed appropriately. No DOT marking or labeling is
required; there are no DOT restrictions on mode of transportation.

5.4.2 Determination of Shipping Classification for Hazardous Material Samples

Samples not determined to be environmental samples, or samples known or expected to contain
hazardous materials, must be considered hazardous material samples and transported according to the
requirements listed b"elow.

5.4.2.1 Known Substances

If the substance in the sample is known or can be identified, package, mark, label, and ship according
to the specific instructions for that material (if it is listed) in the DOT Hazardous Materials Table,
49 CFR 172.101. (DOT Guide for shippers can be found in Attachment 0 of this document.)

To determine the proper shipping name, use the following steps to help locate the shipping name on the
Hazardous Materials Table. DOT 49 CFR 172.101.

019611/P

1.

2.

3.

4.

5.

Look first for the chemical or technical name of the material, for example, ethyl alcohol.
Note that many chemicals have more than one technical name, for example,
perchloroethylene (not listed in 172.101) is listed as tetrachloroethylene (listed 172.101).
It may be useful to consult a chemist for all possible technical names a material can have.
If your material is not listed by its technical name, then. . . .

Look for the chemical family name. For example, pentyl alcohol is not listed but the
chemical family name is: alcohol, n.o.S. (not otherwise specified). If the chemical family
name is not listed, then . . . '

Look for a generic name based on end use. For example, Paint, n.o.s or Fireworks, n.o.s.
If a generic name based on end use is not listed, then ...

Look for a generic family name based on end use, for example, drugs, n.O.s. or cosmetics,
n.o.s. Finally, if your material is not listed by a generic family name but you suspect or
know the material is hazardous because it meets the definition of one or more hazardous
classes, then ...

You will have to use the general hazard class for a proper shipping name. For example,
Flammable Liquid, n.o.s, or Oxidizer, n.o.s.

Brown & Root Environmental
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5.4.2.2 Unknown Substances

For samples of hazardous substances of unknown content, select the appropriate transportation category
according to the [jOT hazardous materials classification of a material having more than one hazard. This
procedure is outlined in DOT Regulation 49 CFR 173.2a. (This can be found in Attachment C of this
SOP.)

The correct shipping classification for an unknown'sample is selected through a 'process of elimination,
as .outlined in DOT Regulation 49 CFR 172.101 (c)(11). By using the provisions in this paragraph, the
proper shipping name and description will be determined. A step-by-step guide is provided by the
Department of Transportation (DOT) and can be found in Attachment 0 of this SOP.

5.4.3

5.4.3.1

Packaging and Shipping of Samples Classified as Flammable Liquid (or Solid)

Packaging

Applying the word "flammable" to a sample does not imply that it is in fact flammable. The word
prescribes the class of packaging according. to DOT regulations.

1.

2.

3.

4.

5.

5.4.3.2

1.

Containerize sample as required (see Attachments A and B). To prevent leakage, fill
container no more than 90 percent full. Seal lid with teflon tape or wire.

Complete sample label and attach securely to sample container.

Seal container and place in 2-mil-thick (or thicker) polyethylene bag (e.g., zip-lock baggie),
one sample per bag. Position sample identification label so that it can be read through
bag. Seal bag.

For soil jars, place sealed bag inside metal can (available from laboratory or laboratory
supplier) and cushion it with enough noncombustible, absorbent material (for example,
vermiculite or diatomaceous earth) between the bottom and sides of the can and bag to
prevent breakage and absorb leakage. Pack one bag per can. Use clips, tape, or other

.positive means to hold can lid securely, tightly and permanently. Mark can as indicated in
Paragraph 1 of Section 5.3.4.2, below. Single 1-gallon bottles do not need to be placed in
metal cans.

Place one or more metal cans (or a single 1-gallon bottle) into a strong outside container,
such as a metal picnic cooler or a DOT-approved fiberboard box. Surround cans (or bottle)
with noncombustible, absorbent cushioning materials for stability during transport. The
.absorbent material should be able to absorb the entire contents of the container. Mark
container as indicated in Paragraph 2 below.

Marking ILabeling

Use abbreviations only where specified. Place the following information, either hand-printed
or in label form, on the metal can (or 1-gallon bottle):

• Laboratory name and address.

•
019611/P Brown & Root Environmental
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• Proper shipping name from the hazardous materials table (DOT Regula
tion CFR 49172.101). Example: "Flammable Liquid, n.o.S. UN1993" or "Flammable
Solid, n.o.s. UN1325." This will include packing group (see Section 5.3.4.2, No.2.)

Not otherwise specified (n.o.s) is not used if the flammable liquid (or solid) is identified. If
identified. the name of the specific material is listed before the category (for example,
Acetone, Flammable Liquid). followed by its appropriate UN number found in the DOT

.Hazardous Materials table (49 CFR 172.101).

2. Determine packing group. The packing group is part of the proper shipping name and
must be included on the shipping papers in the description section.

I. Most Hazardous
II. Medium Hazard
III. Least Hazardous

The packing group will be listed in the hazardous materials table, column 5.

3. Place all information on outside shipping container as on can (or. bottle), specifically:

• Proper shipping name
• UN or NA number
• Proper label(s)
• Addressee and sender

.Place the following laqels on the outside shipping container: "Cargo Aircraft Only" and DOT
label such as: "Flammable Liquid" (or "Flammable Solid"). "Dangerous When Wet" label
shall be used if the Flammable Solid has not been exposed to a wet environment.
"Laboratory Samples" and 'THIS SIDE UP" or 'THIS END UP" shall also be marked on the
top of the outside container, and upward-pointing arrows shall be placed on all four sides
of the container.

5.4.3.3

1.

Shipping Papers

Use abbreviations only where specified. Complete the carrier-provided bill of lading and
sign certification statement. Provide the following information in the order listed (one form
may be used for more than one exterior container): ..

019611/P

•

•
•
•

•

Proper shipping name. (Example: "Flammable Liquid, n.o.s. UN1993" or "Flammable
Solid, n.o.s. UN1325 Packing Group I, II, III").

"Umited Quantity" (or "Ltd. Qty."). (See No.3, below.)

"Cargo Aircraft Only.'~

Net weight (wt) or net volume (vol), just before or just after "Flammable Liquid, n.o.s."
or "Aammable Solid, n.o.s.," by item, if more than one metal can is inside an exterior
container.

"Laboratory Samples" (if applicable).

Brown & Root Environmental
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seals.

3. "Limited Quantity" means the maximum amount of a hazardous material for which there is
a specific labeling or packaging exception (DOT CFR 49 171.8). This may mean that
packages are exempted from labeling requirements. To determine if your sample meets
the Limited Quantity Exception, refer to DOT Regulation CFR 49 Subpart C 173.50 through
173.156. First, determine the proper classification and shipping name for the material; then
refer to the exception requirements for that particular class of material beginning with
173.50.

Example: "Flammable L,iquid n.o.S. UN1993 Packing Group 1." The outer package can
weigh no more than 66 pounds gross weight. The inner package or container can weigh
no more than 0.1 gallon net capacity for each container.

To determine whether the material can be shipped as a "Limited Quantity," you must check
the specific requirement for that class of material.

5.4.3.4

1.

2.

3.

4.

5.5

Transportation

The majority of unknown hazardous substance samples will be classified as flammable
liquids. The samples will be transported by rented or common carrier truck, railroad, or
express overnight package services. Do not transport samples on "any passenger-carrying
air transport system, even if the system has cargo-only aircraft. DOT regulations permit
regular airline cargo-only aircraft, but difficulties with most suggest avoiding them. Instead.
ship by airline carriers that carry only car~o. If unsure of what mode of transportation to
use, consult the FOL or Project Manager. .

For transport by government-owned vehicle. including aircraft, DOT regulations do not
apply. However, procedures described above, with the exception of execution of the bill
of lading with certification, shall still be followed.

Use the hazardous materials shipping check list (Attachment E) as a guidance to ensure
that all sample-handling requirements are satisfied.

In some cases. various materials may react if they break during shipment. To determine
if you are shipping such materials, refer to the DOT compatibility chart in Attachment F.

Shipment of Lithium Batteries

•

" 019611/P

Monitoring well data are analyzed using either the Hermit SE 1000 or the Hermit SE 2000 environmental
data logger. These instruments are powered by lithium batteries. The Department of Transportation has
determined that lithium batteries are a hazardous material and are to be shipped using the following
information:

1 Note: If you are unsure as how to ship the sample (hazardous or environmental sample).
contact the FOL or Project Manager so that a decision can be made as to the proper
shipping practices. The DOT penalties for improper shipment of a hazardous material are
stringent and may include a prison term for intentional violations.

Brown & Root Environmental
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• DOT Proper Shipping Name
Lithium batteries. contained in equipment. UN3091

• Classification or Division
Class 9

Shipment of equipment containing lithium batteries must be accompanied by shipping papers completed
as indicated in Attachment G. .The instrument will be shipped by Federal Express as a Hazardous
Material. Place the instrument in the same container in which it was received. This container or case
is a DOT-approved shipping container. For Federal Express procedures to ship hazardous materials.
call 1-800-238-5355, extension 922-1666. In most cases, the return shipping papers and DOT labels will
be shipped to you from the company warehouse or the vendor. An example of the types of labels used
for shipment and the wording are shown in Attachment G. These labels will be attached to the outside
container with the following wording:

6.0

• Lithium Batteries Contained in Equipment
UN-3091
Shipped Under CA-9206009

REFERENCES

019611/P

American Public Health Association. 1981. Standard Methods for the Examination of Water and
Wastewater, 15th Edition. APHA, Washington, D.C.

U.S. Department of Transportation, 1993. Hazardous Materials Regulations, 49 CFR 171-177.

U.S. EPA, 1984. "Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean
Water Act." Federal Register, Volume 49 (209), October 26. 1984, p. 43234.

U.S. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600j4-79-Q20, U.S. EPA-
EMSL, Cincinnati, Ohio. .
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ATTACHMENT A

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS

Sample Type and Concentrati!Jn Container(1} Sample Size Preservation l21 Holding Timel2)

WATER

VOC Low Borosilicate glass 2 x 40 mL Cool to 4°C 14 daysl9)
HCI to :s 2

Extractables (Low 2x2 Lor 4x1 L 7 days to extraction;
Organics SVOCs and Amber glass Cool to 4°C 40 days after
(GC&GC/MS) pesticide/PCBs) extraction

Extractables (Medium 2x2 Lor 4xl L 7 days to extraction;
SVOCs and Amber glass None 40 days after
pesticide/PCBs) extraction

Metals Low High-density polyethylene 1 L HN03 to pH :s 2
6 months (Hg-28
days)

Medium Wide-mouth glass 16 oz. None 6 months
Inorganics

NaOH toCynide Low High-density polyethylene 1 L 14 days
pH>12

Cyanide Medium Wide-mouth glass t6 oz. None 14 days

Organic/ High Hazard Wide-mouth glass 8 oz. None 14 days
Inorganic

SOIL

VOC Wide-mouth glass with 2 x 4 oz. Cool to 4°C 14 days
teflon liner

Extractables (Low 14 days to extraction;
Organics SVOCs and Wide-mouth glass 8 oz. Cool to 4°C 40 days after
(GC&GC/r-::S) pesticides/PCBs) extraction

Extractables (Medium 14 days to extraction;
SVOCs and Wide-mouth glass 8 oz. Cool to 4°C 40 days after
pesticides/PCBs) extraction

6 months
Inorganics Low/Medium Wide-mouth glass 8 oz. Cool to 4°C (Hg - 28 days)

Cyanide (14 days)

Organic/ High Hazard Wide-mouth glass 8 oz. None NA
Inorganic

7 days until

Dioxin/Furan All Wide-mouth glass 4 oz. None extraction:
40 days after
extraction

7 days until
TCLP All Wide-mouth glass 8 oz. None preparation; analysis

as per fraction

AIR

Volatile Low/Medium Charcoal tube - 7 cm 100 Lair Cool to 4°C 5 days
Organics long, 6 mm 00, 4 mm 10 recommended

111 All glass containers should have Teflon cap liners or septa.
(21 See Attachment E. Preservation and maximum holding time allowances per 40 CFR 136.

019611/P Brown & Root Environmental
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ATTACHMENT 8

ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES,
AND HOLDING TIMES

Parameter Number/Name Container(1) Preservation(2) (3)
Maximum Holding ITime(4)

INORGANIC TESTS:
Acidity P, G Cool,4°C 14 days

Alkalinity P, G Cool,4°C 14 days

Ammonia - Nitrogen P, G Cool, 4°C; H2S04 to pH 2 28 days

Biochemical Oxygen Demand (BOD) P, G Cool,4°C 48 hours "
Bromide P, G None required 28 days

Chemical Oxygen Demand (COD) P, G Cool. 4°C: H2S04 to pH 2 28 days

Chloride P, G None required 28 days

Chlorine, Total Residual P, G None required Analyze immediately

Color .p,G Cool,4°C 48 hours

Cyanide, Total and Amenable to P, G Cool, 4°C; NaOH to pH 12: 14 daysl61
Chlorination 0.6 g ascorbic acidi51

Fluoride P None required 28 days

Hardness P, G HN03 to pH 2: 6 months
H2S04 to pH 2

Total Kjeldahl and Organic Nitrogen P,G Cool, 4°C; H2S04 to pH 2 28 days

Nitrate - Nitrogen P,G None required 48 hours

Nitrate-Nitrite - Nitrogen P,G Cool, 4°C; H2S04 to pH 2 28 days

Nitrite - Nitrogen P, G Cool,4°C 48 hours

Oil & Grease G Cool, 4°C; H2S04 to pH 2 28 days

Total Organic Carbon (TOC) P, G Cool, 4°C; HCI or H2S04 to 28 days
pH 2

Orthophosphate P. G Filter immediately: 48 hours
Cool, 4°C

Oxygen, Dissolved-Probe G Bottle & top None required Analyze immediately

Oxygen, Dissolved-Winkler G Bottle & top Fix on site and store in dark 8 hours

Phenols G Cool, 4°C: H2S04 to pH 2 28 days

Phosphorus, Total P,G Cool, 4°C: H2S04 to pH 2 28 days

Residue, Total P,G Cool,4°C 7 days

Residue, Filterable (TDS) P,G Cool,4°C 7 days

Residue, Nonfilterable (TSS) P,G Cool,4°C 7 days

Residue, Settleable P,G Cool,4°C 48 hours

Residue, Volatile (Ash Contentl P,G Cool,4°C 7 days

Silica P Cool,4°C 28 days

Specific Conductance P,G Cool,4°C 28 days

Sulfate P, G Cool,4°C 28 days

019611/P Brown & Root Environmental



Subject Number Page

SA-6.1 14 of 23

Revision Effective Date
- SAMPLE HANDLING 4 03/01/96

ATTACHMENT 8
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES,

AND HOLDING TIMES

PAGE TWO

Parameter Number/Name Container(1) Preservation(2) (3)
Maximum Holding

Time(4)

INORGANIC TESTS (Cont'd):

Cool, 4'C; add zinc acetate
Sulfide P, G plus sodium hydroxide to 7 days

pH 9

Sulfite P, G None required Analyze immediately

Turbidity P, G Cool,4'C 48 hours

METALS:I"

Chromium VI (Hexachrome) P, G Cool. 4'C 24 hours

Mercury (Hg) P,G HN03 to pH 2 28 days

Metals. except Chromium VI and P, G HN03 to pH 2 6 months
Mercury

ORGANIC TESTS:t81

Purgeable Halocarbons G. Teflon-lined
Cool. 4'C; 0.008% N~SP3151 14 days

septum

Purgeable Aromatic Hydrocarbons G, Teflon-lined Cool, 4'C; 0.008% N~SZ03(5) 14 days
septum HCI to pH 2 (9)

Acrolein and Acrylonitrile G. Teflon-lined Cool. 4'C; 0.008% N1Sz0 3(5) 14 days
septum adjust pH to 4-5 0)

Phenolslll) G, Teflon-lined
Cool, 4'C; 0.008% N~SZ03151

7 days until extraction;
cap 40 days after extraction

Benzidinesllll.l1Z) G, Teflon-lined
Cool, 4'C; 0.008% N~S203{51 7 days until extractionl131

cap

Phthalate esters(11)
G, Teflon-lined Cool,4'C

7 days until extraction;
cap 40 days after extraction

Nitrosaminesll11.1141 G, Teflon-lined Cool, 4'C; store in dark; 7 days until extraction;
cap 0.008% NazSZ0 3(5] 40 days after'extraction

pCBs1111 G, Teflon-lined Cool,4°C 7 days until extraction;
cap 40 days after extraction

Nitroaromatics & Isophorone1ll)
G, Teflon-lined Cool. 4°C; 0.008% 7 days until extraction;

cap N~SZ03 (5); store in dark 40 days after extraction

Polynuclear Aromatic Hydrocarbons G, Teflon-lined Cool, 4°C; 0.008% 7 days until extraction;
(PAHs)lllI.1141 cap N~SZ03(5); store in dark 40 days after extraction

Haloetherslll)
G, Teflon-lined

Cool, 4°C; 0.008% N~S203(51
7 days until extraction;

cap 40 days after extraction

Dioxin/Furan (TCDD/TCDF)(111 G, Teflon-lined
Cool, 4°C: 0.008% N~SZ03(5)

7 days until extraction;
cap 40 days after extraction

019611/P Brown & Root Environmental
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ATTACHMENT B
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES,
AND HOLDING TIMES
PAGE THREE

Parameter Number/Name' IContainer(1) I
RADIOLOGICAL TESTS:

Preservation (2) (3) Maximum Holding
Time(4) .

1-5 Alpha, beta and radium p, G HN03 to pH 2 6 months

019611/P

(1) Polyethylene (P): generally 500 ml or Glass (G): generally 1L.
(2) Sample preservation should be performed immediately upon sample collection. For composite chemical samples

each aliquot should be preserved at the time of collection. When use of an automated sampler makes it impossible
to preserve each aliquot, then chemical samples may be preserved by maintaining at 4°C until compositing and
sample splitting is completed.

(3) When any sample is to be shipped by common carrier or sent through the United States Mail. it must comply with
the pepartment of Transportation Hazardous Materials Regulations (49 CFR Part 172).

(4) .Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that
samples may be held before analysis and still be considered valid. Samples may be held for longer periods only if
the permittee, or monitoring laboratory. has data on file to show that the specific types of samples under study are
stable for the longer periods. and has received a variance from the Regional Administrator.

(5) Should only be used in the presence of residual chlorine.
(6) Maximum holding time is 24 hours when sulfide is present. Optionally, all samples may be tested with lead acetate

paper before pH adjustments are made 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 obtaineci. The sample is filtered and then NaOH
is added to pH 12.

(7) Samples should be filtered immediately on site before adding preservative for dissolved metals.
(8) Guidance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds.
(9) Sample receiving no pH adjustment must be analyzed within 7 days of sampling.
(10) The pH adjustment is not required if acrolein will not be measured. Samples for acrolein receiving no pH

adjustment must be analyzed within 3 days of sampling.
(11) When the extractable analytes of concern fall within a single chemical category, the specified preservative and

maximum holding times should be observed for optimum safeguard of sample integrity. When the analytes of
concern fall within two or more chemical categories, the sample may be preserved by cooling to 4°C. reducing
residual chlorine with 0.008% sodium thiosulfate, storing in the dark, and adjusting the pH to 6-9; samples preserved
in this manner may be held for 7 days before extraction and for 40 days after extraction. Exceptions to this optional
preservation and holding time procedure are noted in footnote 5 (re: the requirement for thiosulfate reduction of
residual chlorine) and footnotes 12. 13 (re: the analysis of benzidine).

(12) If 1,2-diphenylthydrazine is likely to be present, adjust the pH of the sample to 4.0±0.2 to prevent rearrangement to
benzidine.

(13) Extracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free)
atmosphere.

(14) For the analysis of diphenylnitrosamine, add 0.008% N~S203 and adjust pH to 7-10 with NaOH within 24 hours of
sampling.

(15) The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are
extracted within 72 hours of collection. For the analysis of aldrin, add 0.008% Na2S20 3.

Brown & Root Environmental
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DOT HAZARDOUS MATERIAL CLASSIFICATION
(49 CFR 173.2a)

Effective Date
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*

1. Radioactive material (except a limited quantity)

2. Division 2.3, Poisonous Gases

3. Division 2.1, Flammable Gas

4. Division 2.2, Nonflammable gas

5. Division 6.1, Poisonous Liquids, Packing ,Group 1 (poison by inhalation only)

6. Division 4.2, Pyrophoric Material

7. Division 4: 1, Self-Reactive Material

8. Class 3, Flammable Liquids*

9. Class 8, Corrosive Material

10. Division 4.1, Flammable Solid*

11. Division 4.2, Spontaneously Combustible Materials*

12. Division 4.3, Dangerous When Wet Materials*

13. Division 5.1, Oxidizers*

14. Division 6.1, Poisonous Liquids or Solids (other than Packing Group 1)*

15. Combustible liquid

16. Class 9, Miscellaneous Hazardous Materials

If a material has or meets the criteria for more than one hazard class, use the precedence of hazardous
table on the following page for Classes 3 and 8 and Divisions 4.1, 4.2, 4.3, 5.1, and 6.1. The following table
ranks those materials that meet the definition of Classes 3 and 8 and Divisions 4.1, 4.2, 4.3, 5.1, and 6.1 .

•

•
019611/P Brown & Root Environmental



~
CD
Ol-----"U

III

~
:3

llo

~
g

!rs.
o
:3
3
CD
:3

~

"W"" - --- I en
X> c

~
0"

PRECEDENCE OF HAZARD TABLE
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(Hazard Class and Packing Group) ::: »
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6.1 6.1 8 8 8 8 8 8

-I m
Class

Packing
4.2 4.3

5.1 5.1 5.1
I I

6.1 6.1
I I II II III III

n I
Group 1(11 1111) 11I11) II III n »

(Dermal) (Oral) (Liquid) (Solid) (Liquid) (Solid) (Liquid) (Solid) Z
0 0

3 I 3 3 3 3 3 (e) 3 (e) 3 Ie) :::J C=.
:::J Z

3 II 3 3 3 3 8 (el 3 (e) 3 (el C (j)
Cl)

0-
3 III 61 6.1 6.1 31d) 8

(e)
8 (e) 3 (e) -

4.1 lib 4.2 4.3 5.1 4.1 4.1 6.1 6.1 4.1 4.1 (el 8 (el 4.1 lei 4.1

4.1 IIIb 4.2 4.3 5.1 4.1 4.1 6.1 6.1 6.1 4.1 Ie) 8 lei 8 Ie) 4.1

4.2 II 4.3 5.1 4.2 4.2 6.1 6.1 4.2 4.2 lei 8 lei 4.2 Ie) 4.2

4.2 III 4.3 5.1 4.2 4.2 6.1 6.1 6.1 4.2 lei 8 (e) 8 Ie) 4.2

4.3 I 5.1 4.3 4.3 6.1 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3 4.3
:D z

4.3 II 5.1 4.3 4.3 6.1 4.3 4.3 4.3 8 8 8 4.3 4.3 4.3 CD c
< 3in'
0' 0"

4.3 III 5.1 4.3 4.3 6.1 6.1 6.1 4.3 8 8 8 8 4.3 4.3 :3 ~

5.1 II 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1 5.1
,

5.1 III 6.1 5.1 5.1 5.1 8 8 8 5.1 5.1 5.1

5.1 111" 6.1 6.1 6.1 5.1 8 8 8 8 5.1 5.1 ~ en»
6.1 I, Dermal 8 6.1 6.1 6.1 6.1 6.1 ~

~

6.1 I, Oral 8 6.1 6.1 6.1 6.1 6.1

6.1
II,

8 6.1 6.1 6.1 6.1 6.1Inhalation

6.1 II, Dermal 8 6.1 8 6.1 6.1 6.1
gJ "U

6.1 II, Oral 8 8 8 6.1 6.1 6.1
III

CD <0
!l CD

6.1 III 8 8 8 8 8 8 <'
CD

0° ~

(.)el. .....,
(II There are at present no established criteria for determining Packing Groups for liquids in Division 5.1. At present, the degree of hazard is to be assessed

_CD

S-o
~

by analogy with listed substances, allocating the substances to Packing Group I, Great; Group II, Medium; or Group III, Minor Danger. - I\)

(b) Substances of Division 4.1 other than self-reactive substances. ~
U)

lei Denotes an impossible combination.
lei) For pesticides only, where a material has the hazards of Class 3, Packing Group III, and Division 6.1, Packing Group III, the primary hazard is Division 6.1,

Packing Group III.
'.
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USE OF GUIDE - This guide is presented as an aid to shippers of hazardous materials. It does not contain or
refer to all of the DOT requirements for shipping hazardous materials. For specific details, refer to all of the
DOT requirements for shipping hazardous materials, as provided in the Code of Federal Regulations (CFR) ,
Title 49, Transportation, Parts 100-199.

The following is offered as a step-by-step procedure to aid in compliance with the applicable DOT regulations.

STEP 1 - DETERMINE THE PROPER SHIPPING NAME. The shipper must determine the proper shipping
name of the materials as listed in the Hazardous Materials Table, 49 CFR 172.101, Column (2).

STEP 2 - DETERMINE THE HAZARD CLASS OR CLASSES.
a. Refer to the Table, 49 CFR 172.101, Column (3), and locate the hazard class of the material.
b. If more than one class is shown for the proper shipping name, determine the proper class by

definition.
c. If the materials have more than one hazard, classify the material based on the order of hazards in

49 CFR 173.2.

STEP 3 - SELECT THE PROPER IDENTIFICATION NUMBERS.
a. Refer to the Table, 49 CFR 172.101, Column (3a), and select the Identification Number (ID) that

corresponds to the proper shipping name and hazard class. •
b. Enter the 10 number(s) on the shipping papers and display them, as required, on packagings,

placards and/or orange panels.

STEP 4 - DETERMINE THE MODE(S) OF TRANSPORT TO ULTIMATE DESTINATION.
a. As a shipper, you must assure yourself that the shipment complies with various modal

requirements.
b. The modal requirements may affect the folloWing: (1) Packaging; (2) Quantity per Package;

(3) Marking; (4) Labeling; (5) Shipping Papers; and (6) Certification.

STEP 5 - SELECT THE PROPER LABEL(S) AND APPLY AS REQUIRED.
a. Refer to the Table, 49 CFR 172.101, Column (4) for required labels.
b. For details on labeling refer to (1) Additional Labels, 49 CFR 172.402; (2) Placement of Labels,

49 CFR 172.406; (3) Packagings (MiXed orConsolidated), 49 CFR 172.404(a) and (h); (4) Packages
Containing Samples, 49 CFR 172.402(h); (5) Radioactive Materials, 49 CFR 172.403; and
(6) Authorized Label Modifications, 49 CFR 172.405.

STEP 6 - DETERMINE AND SELECT THE PROPER PACKAGES.
a. Refer to the Table, 49 CFR 172.101, Column (Sa) for exceptions and Column (5b) for specification

packagings. Consider the following when selecting an authorized package: Quantity per Package;
Cushioning Material, if required; Proper Closure and Reinforcement; Proper Pressure; Outage; etc.,
as required.

b. If packaged by a prior shipper, make sure the packaging is correct and in proper condition for
transportation.

•
019611/P Brown & Root Environmental
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ATTACHMENT 0 (Qontinued)
GUIDE FOR HAZARDOUS MATERIALS SHIPPERS

STEP 7 - MARK THE PACKAGING (INCLUDING OVERPACKS).
a. Apply the required markings (49 CFR 172.300); Proper shipping name and 10 number, when

required (49 CFR 172.301); Name and address of Consignee or Consignor (49 CFR 172.306).
b. For details and other required markings, see 49 CFR 172.300 through 172.338.

STEP 8 - PREPARE THE SHIPPING PAPERS.
a. The basic requirements for preparing shipping papers include Proper Shipping Name; Hazard

Class; ID Number; Total Quantity: Shipper's Certification; and Emergency Response Telephone
Number.

b. Make all entries on the shipping papers using the information required and in proper sequence
(49 CFR 172.202).

STEP 9 - CERTIFICATION.
a. Each shipper must certify by printing (manually or mechanically) on the shipping papers that the

materials being offered for shipment are properly classified. described, packaged. marked and
labeled. and in proper condition for transportation according to the applicable DOT Regulations
(49 CFR 172.202).

STEP 10· LOADING. BLOCKING. AND BRACING. When hazardous materials are loaded into the transport
vehicle or freight container, each package must be loaded, blocked, and braced in accordance with the
requirements for mode of transport.

a. If the shipper loads the freight container or transport vehicle, the shipper is responsible for the
proper loading, blocking, and bracing of the materials.

b. If the carrier does the loading, the carrier is responsible.

STEP 11 - DETERMINE THE PROPER PLACARD(S). Each person who offers hazardous materials for
transportation must determine that the placarding requirements have been met.

a. For Highway, unless the vehicle is already correctly placarded, the shipper must provide the
required placard(s) and required ID number(s) (49 CFR 172.506).

b.. For Rail, if loaded by the shipper, the shipper must placard the rail car if placards are required
(49 CFR 172.508).

c. For Air and Water shipments, the shipper has the responsibility to apply the proper placards.

STEP 12· HAZARDOUS WASTE/HAZARDOUS SUBSTANCE.
a. If the material is classed as a hazardous waste or hazardous substance, most of the above steps

will be applicable.
b. Pertinent Environmental Protection Agency regulations are found in the Code of Federal

Regulations, Title 40, Part 262.

As a final check and before offering the shipment for transportation, Visually inspect your shipment. The
shipper should ensure that emergency response information is on the vehicle for transportation of
hazardous materials.

NOTE: This material may be reproduced without special permission from this office.

Revised March 1995.

Q19611/P . Brown & Root Environmental
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1. Check DOT 173.24 for appropriate type of package for hazardous substance.

2. Check for container integrity, especially the closure.

3. Check for sufficient absorbent material in package.

4. Check for sample tags and log sheets for each sample and for chain-of-custody record.
I

SHIPPING PAPERS

1. Check that entries contain only approved DOT abbreviations.

2. Check that entries are in English.

3. Check that hazardous material entries are specially marked to differentiate them from any
nonhazardous materials being sent using same shipping paper.

4. Be careful that all hazardous classes are shown for multiclass materials.

5. Check total amounts by weight, quantity, or other measures used.

6. CheCk that any limited-quantity exemptions are so designated on the shipping paper.

7. Check that certification is signed by shipper.

8. Make certain driver signs for shipment.

RCRA MANIFEST

1. Check that approved state/federal manifests are prepared.

2. Check that transporter has the following: valid EPA identification number, valid driver's license,
valid vehicle registration, insurance protection. and proper DOT labels for materials being shipped.

3. Check that destination address is correct.

4. Check that driv~r knows where shipment is going.

5. Check that the driver is aware of emergency procedures for spills and accidents.

6. Make certain driver signs for shipment.

7. Make certain one copy of executed manifest and shipping document is retained by shipper. •
019611/P Brown & Root Environmental



2.3 2.3 6.1
! gas gas liquids 8

1.1- Zone Zone PG-I liquids

Class or Division Notes 1.2 1.3 1.4 1.5 1.6 2.1 2.2 A* B* 3 4.1 4.2 4.3 5.1 5.2 Zone A* 7 only'

Explosives .............. 1.1 and 1.2 A * * * * * X X X X X X X X X X X X X

Explosives .. . . . . . . . . . . . . . . . . .. 1.3 * * * * * X X X X X X X X X X

Explosives .. . . . . . . . . . . . . . . . . .. 1.4 * * * * * 0 0 0 0 0 0 0

Very insensitive explosives .. , . . . .. 1.5 A * 4 * * * X X X X X X X X X X X X Xtel('

Extremely insensitive explosives . . .. 1.6 * * * * *

Flammable gases. . . . . . . . . . . . . .. 2.1 X X 0 X X 0 0 0

Non-toxic, non-flammable gases . . .. 2.2 X X

Poisonous gas - Zone A** ....... 2.3 X X 0 X X X X X X X X X

Poisonous gas • Zone B** ....... 2.3 X X 0 X 0 0 0 0 0 0 0 0

Aammable liquids ............... 3 X X 0 X X 0 0 X

Aammable solids . . . . . . . . . . . . . .. 4.1 X X X 0 X 0

Spontaneously combustible materials 4.2 X X 0 X X 0 X X

Dangerous-when-wet materials . . . .. 4.3 X X X X 0 X' 0

Oxidizers ............... ' . . . . . 5.1 A X X X X 0 0 X 0

Organic peroxides .............. 5.2 X X X· X 0 X 0

Poisonous liquids PG I - Zone A** .. 6.1 X X 0 X 0 X X X X X X X

Radioactive materials ............. 7 X X 0

Corrosive liquids ................ 8 X X 0 X X 0 0 X 0 0 0 X

~

~
~

........
"tl

ATTACHMENT F

DOT SEGREGATION AND SEPARATION CHART

No entry means that the materials are compatible (have no restrictions).
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X These materials may not be loaded, transported, or stored together in the same vehicle or facility.
o The materials may not be loaded, transported, or stored together in the same vehicle or facility unless they are separated for 4 feet on all sides.
* Check the explosives compatibility chart in 49 CFR 179.848(f).
A Ammonium nitrate fertilizers may be stored with Division 1.1 materials,
** Denotes inhalation hazardous for poisons; consult field team leader or project manager if you encounter a material in this class before shipment.
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~ 3'2 24637861 Two completed and signed copleB of thl. Declaration mus'"t'be '

handed to the operator.

S WARNING . S
TRANSPORT DETAILS Failure to comply In all respects with the applicable Dangerous Goods

S
11l1a .....,.,... .. wIIIlln 1M Airport 01 De,*,," Regulatlona may be In breach of the applicable law, subject to leg81 S."'lIa1lonl~_tOf:
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The purpose of this Standard Operating Proc.edure (SOP) is to identify and designate the field data
record forms, logs and reports generally initiated and maintained for documenting Brown & Root
Environmental field activities.

2.0 SCOPE

Documents presented within this procedure (or equivalents) shall be used for all Brown & Root
Environmental field activities, as applicable. Other or additional documents may be required by specific
client contracts. .

3.0 GLOSSARY

None

4.0 RESPONSIBILITIES

Project Manager - The Project Manager is responsible for obtaining hardbound, controlled-distribution
logbooks (from the appropriate source), as needed. In addition, the Project Manager is responsible for
placing all forms used in site activities (Le., records, field reports, and upon the completion of field work,
the site logbook) in the project's central file.

Field Operations Leader (FOL) - The Field Operations Leader is responsible for ensuring that the site
logbook, notebooks, and all appropriate forms and field reports illustrated in this gUideline (and any
additional forms required by the contract) are correctly used, accurately filled out, and completed in the
required time-frame.

5~ PROCEDURES

5.1 Site Logbook

5.1.1 General

The site logbook is a hard-bound, paginated controlled-distribution record book in which all major onsile
activities are documented. At a minimum, the following activities/events shall be recorded (daily) in the
site logbook:

• All field personnel present
• Arrival/departure of site visitors
• Arrival/departure of equipment
• Start or completion of boreholeltrench/monitoring well installation or sampling activities
• Daily onsile activities performed each day
• Sample pickup information
• Health and Safety issues (level of protection observed, etc.)
• Weather conditions

A site logbook shall be maintained for each project. The site logbook shall be initiated at the start of the
first onsite activity (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day
that onsite activities take place which involve Brown & Root Environmental or subcontractor personnel.
Upon completion of the fieldwork, the site logbook must become part of the project's central file.

Brown & Root Environmental
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The following information must be recorded on the cover of each site logbook:

•
•
•
•
•

Project name
Brown & Root Environmental project number
Sequential book number
Start date
End date

Information recorded daily in the site logbook need not be duplicated in other field notebooks (see
Section 5.2), but must summarize the contents of these other notebooks and refer to specific page
locations in these notebooks for detailed information (where applicable). An example of a typical site
logbook entry is shown in Attachment A.

If measurements are made at any location, the measurements and equipment used must either be
recorded in the site logbook or reference must be made to the site notebook in which the measurements
are recorded (see Attachment A).

All logbook, notebook, and log sheet entries shall be made in indelible ink (black pen is preferred). No
erasures are permitted. If an incorrect entry is made, the data shall be crossed out with a single strike
mark, and initialed and dated. At the completion of entries by any individual, the logbook pages used
must be signed and dated. The site logbook must also be signed by the Field Operations Leader at the
end of each day.

5.1.2 Photographs •When movies, slides, or photographs are taken of a site or any monitoring location, they must be
numbered sequentially to correspond to logbook entries. The name of the photographer, date, time, site
location. site description, and weather conditions must be entered in the logbook as the photographs
are taken. A series entry may be used for rapid-sequence photographs. The photographer is not
required to record the aperture settings and shutter speeds for photographs taken within the normal
automatic exposure range. However, special lenses, films, filters, and other image-enhancement
techniques must be noted in the logbook. If possible, such techniques shall be avoided, since they can
adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend upon
the subject matter, type of film, and the processing.it requires. Film used for aerial photography,
confidential information, or criminal investigation require chain-of-custody procedures. Adequate logbook
notation and receipts must be compiled to account for routine film processing. Once processed, the
slides of photographic prints shall be consecutively numbered and labeled according to the logbook
descriptions. The site photographs and associated negatives must be docketed into the project's central
file.

5.2 Site Notebooks

Key field team personnel may maintain a separate dedicated notebook to document the pertinent field
activities conducted directly under their supervision. For example, on large projects with multiple
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain
a separate site notebook. Where several drill rigs are in operation simultaneously, each site geologist
assigned to oversee a rig must maintain a site notebook.

•
019611/P Brown & Root Environmental
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A summary of the forms illustrated in this procedure is shown as the listing of Attachments in the Table
of Contents for this SOP. Forms may be altered or revised for project-specific needs contingent upon
client approval. Care must be taken to ensure that all essential information can be documented.
Guidelines for completing these forms can be found in the related sampling SOP.

5.3.1

5.3.1.1

Sample Collection, Labeling, Shipment and Request for Analysis

Sample Log Sheet

Sample Log Sheets are used to record specified types of data while sampling. Attachments B-1 to B-4
are examples of Sample Log Sheets. The data recorded on these sheets are useful in describing the
waste source and sample as well as pointing out any problems encountered during sampling. A log
sheet must be completed for each. sample obtained, inclUding field quality control (QC) samples.

5.3.1.2 Sample Label

A typical sample label is·illustrated in Attachment B-5. Adhesive labels must be completed and applied
to every sample container. Sample labels can usually be obtained from the appropriate Program source
or are supplied from the laboratory subcontractor.

5.3.1.3 Chain-of-Custody Record Form

The Chain-of-Custody (COC) Record is a multi-part form that is initiated as samples are acquired and
accompanies a sample (or group of samples) as they are transferred from person to person. This form
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are
performed on site or off site. One part of the completed form is retained by the field crew while the other
two portions are sent to the laboratory. An example of a Chain-of-Custody Record form is provided as
Attachment B-6. A supply of these forms are purchased and stocked by the field department of the
various Brown & Root Environmental offices. Alternately, COC forms supplied by the laboratory may be
used. Once the samples are received at the laboratory, the sample cooler and contents are checked
and any problems are noted on the enclosed COC form (any discrepancies between the sample labels
and COC form and any other problems that are noted are resolved through communication between the
laboratory point-at-contact and the Brown & Root Environmental Project Manager). The COC form is
signed and one of the remaining two parts are retained by the laboratory while the last part becomes
part of the samples' corresponding analytical data package. Internal laboratory chain-of-custody
procedures are documented in the Laboratory Quality Assurance Plan (LQAP).

5.3.1.4 Chain-of-Custody Seal

019611/P

Attachment B-7 is an example of a custody seal. The Custody seal is also an adhesive-backed label.
It Is part of a chain-of-custody process and is used to prevent tampering with samples after they have
been collected in the field and sealed in coolers for transit to the laboratory. The COC seals are signed
and dated by the samplers and affixed across the opening edges of each cooler containing
environmental samples. COC seals may be available from the laboratory; these seals may also be
purchased from a supplier.

Brown & Root Environmental
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5.3.2 Geohydrological and Geotechnical Forms

5.3.2.1 Groundwater Level Measurement Sheet

A groundwater level measurement sheet, shown in Attachment C-1 must be filled out for each round of.
water level measurements made at a site.

5.3.2.2 Data Sheet for Pumping Test

During the performance of a pumping test (or an in-situ hydraulic conductivity test), alar unt of
data must be recorded, often within a short time period. The achment C-2)
facilitates this task by standardizing the data collect' at, and allowing the time interval for collection
to be laid out in advance.

5.3.2.3

Summary Log of Boring

A pa test report form shown in Attachment C-3 must be completed for each well upon which a
cker test is conducted following well installation.

15.3:2.4

During the progress of each boring. a log of th~ materials encountered, operation and driving of casing,
and location of samples must be kept. The Summary Log of Borin9 (Attachment C-4) is used for this
purpose and must be completed for each soil boring performed. In addition, if volatile organics are
monitored on cores, samples or cuttings from the borehole (using HNU or OVA detectors), these results
must be entered on the boring log (under the "Remarks" column) at the appropriate depth. The
"Remarks" column can also be used to subsequently enter the laboratory sample number and the
concentration of a few key analytical results. This feature allows direct comparison of contaminant
concentrations with soil characteristics.

5.3.2.5 Monitoring Well Construction Details Form

A Monitoring Well Construction Details Form must be completed for every monitoring well piezometer
or temporary well point installed. This form contains specific information on length and type of well riser
pipe and screen, backfill, filter pack. annular seal and grout characteristics, and surface seal
characteristics. This information is important in evaluating the performance of the monitoring well,
particularly in areas where water levels show temporal variation, or where there are multiple (immiscible)
phases of contaminants. Depending on the type of monitoring well (in overburden or bedrock), different
forms are used (see Attachments C-5 through C-9). Similar forms are used for flush-mount well
completions. The Monitoring Well Construction Details Form is not a controlled document.

5.3.2.6

When a test pit or trench is constructed for investigative or sa a Test Pit Log
(Attachment C-10) must be filled out by. the responsible field geologist or sampling technician.

5.3.3 Equipment Calibration and Maintenance Form

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure the
proper operation and response of the equipment, to document the accuracy, precision or sensitivity of
the measurement, and determine if correction should be applied to the readings. Some items of

019611/P Brown & Root Environmental
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equipment require frequent calibration. others infrequent. Some are calibrated by the manufacturer.
others by the user.

Each instrument requiring calibration has its own Equipment Calibration Log (Attachment D) which
documents that the manufacturer's instructions were followed for calibration of the equipment. including
frequency and type of standard or calibration device. An Equipment Calibration Log must be maintained
for each electronic measuring device used in the field; entries must be made for each day the equipment
is used.

5.4 Field Reports

The primary means of recording onsite activities is the site logbook. Other field notebooks may also be
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required
for data interpretation or documentation. but are not easily useful for tracking and reporting of progress.
Furthermore, the field logbook/notebooks remain onsite for extended periods of time and are thus not
accessible for timely review by project management. .

5.4.1 Weekly Status Reports

To facilitate timely review by project management. Xeroxed copies of logbook/notebook entries may be
made for internal use. To provide timely oversight of onsite contractors. Daily Activities Reports are
completed and submitted as described below.

It should be noted that in addition to the summaries described herein. other summary reports may also
be contractually required.

5.4.2

5.4.2.1

Daily' Activities Report

Description

The Daily Activities Report (DAR) documents the activities and progress for each day's field work. This
report must be filled out on a daily basis whenever there are drilling. test pitting. well construction, or
oth~r related activities occurring which involve subcontractor personnel. These sheets summarize the
work performed and form the basis of payment to subcontractors (Attachment E is an example of a Daily
Activities Report). '

5.4.2.2 Responsibilities

It is the responsibility of the rig geologist to complete the DAR and obtain the driller's signature
. acknowledging that the times and quantities of material entered are correct.

5.4.2.3 Submittal and Approval

019611/P

At the end of the shift, the rig geologist must submit the Daily Activities Report to the Field Operations
Leader (FOL) for review and filing. The Daily Activities Report is not a formal report and thus requires
no further approval. The DAR reports are retained by the FOL for use in preparing the site logbook and
in preparing weekly status reports for submission to the Project Manager.
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ATTACHMENT A
TYPICAL SITE LOGBOOK ENTRY

START TIME: DATE:

SITE LEADER:
PERSONNEL:

BROWN & ROOT ENV. DRILLER EPA

WEATHER: Clear, 68D F, 2-5 mph wind from SE

ACTIVITIES:

1. Steam jenney and fire hoses were set up.

2. Drilling activities at well resumes. Rig geologist was See
Geologist's Notebook, No. 1. page 29-30, for details of drilling activity. Sample No. 123-21
S4 collected; see sample logbook, page 42. Drilling activities completed at 11 :50 and a
4-lnch stainless steel well installed. See Geologist's Notebook, No.1, page 31, and well
construction details for well .

3. Drilling rig No. 2 steam-cleaned at decontamination pit. Then set up at location of
well ---

4, Well drilled. Rig geologist was . See Geologist's Notebook,
No.2, page for details of drilling activities. Sample numbe'rs 123-22-S1, 123-22-S2,
and 123-22-S3 collected: see sample logbook, pages 43, 44, and 45.

5. Well was developed. Seven 55-gallon drums were filled in the flushing stage. The
well was then pumped using the pitcher pump. for 1 hour. At the end of the hour, water
pumped from well was "sand free."

6. EPA remedial project manger arrives on site at 14:25 hours.

7. Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up
over test pit _

8. Test pit dug with cuttings placed in dump truck. Rig geologist was
_.,......,..,----,.,--_. See Geologist's Notebook, No.1, page 32, for details of test pit
activities. Test pit SUbsequently filled. No samples taken for chemical analysis. Due to
shallow groundwater table, filling in of test pit resulted in a very soft and wet area. A
mound was developed and the area roped off.-

9. Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at
17:50 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked.

019611/P
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ATTACHMENT B-1
EXAMPLE GROUNDWATER SAMPLE LOG SHEET

GROUNDWATER

SAMPLE LOG SHEET Page __ of __

Project Site Name: _

Project No.: ,....- _

o Dome.tic Well Data
o Monitoring Well Deta
o Other Well Type: _
o QA Sample Type: -'-_

Date: _
Time: _

Method:

Date: __"'- _

Method:

Monitor Reading (ppm):

. Semple 10 No.: _

Sample Locetion: _

Sempled Bv: _

C.O.C. No.: _

Well Casing Dia. & Material
Type:

Total Well Depth ITOI:
Static Water LevellVVll:

TD-Wl 1ft.) -

One Cesing Voluma: (gaI/L)

Start Purge (hr••I:

End Purge (hr•.):

Totel Purge TIma (min):

Total Amount Purged (gaUL):

2

J

4

5

. Obeervationa/Notll8:

MSIMSO

TBO: To Be Determined •
019611/P Brown & Root Environmental
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ATIACHMENT B-2
EXAMPLE SURFACE WATER SAMPLING LOG SHEET

SURFACE WATER
SAMPLING LOG SHEET Page __ of __

o Pond

o Lake

Project~ Name: _

Project NO.\~~ _
o Spring \
o Streamo Other ~ _

o QA Sample Typ~--------

Sample 10 No.: _

Sample Location: _

Sampled By: _

C.O.C. No.: ---:- _

[\

Observations/Notes:

lBf4111i.__]l'tl[i~iB~:~l~~~lli~ttl:I_~'Signature(s):

MS/MSD IDuplicate 10 No.:

TBD: To Be Determined

019611jP
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ATTACHMENT B-3
EXAMPLE SOIL/SEDIMENT SINGLE SAMPLE LOG SHEET

SOIL/SEDIMENT
SINGLE SAMPLE LOG SHEET

Pago __ of __

Project Site Name: _

Project No.: _

o Surface Soil
o Subsurface Soil
o Sedimento Other _
o QA Sample Type: _

Sample 10 No.: _

Sample Location: _

Sampled By: _

C.D.C. No.: _

/

019611/P

Sample Method:

Depth Sampled:

Sample Date and Time:

TyDI of Samole
o Grab
.0 Composite
o Grab-Composite
o High Concentration
o Low Concentration

ObservanonslNotes:

Duplicate 10 No:

Time ColorIDescription

•
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CONTAINER SAMPLE LOG SHEET FORM
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Brown & Root Environmental

o Container Data

Page _of_

Case#: _

By: _

Project Site Name: ~ Project Site No. _

Brown & Root Env. Source No. _ Source Location: _

o Drum
o Bung Top
o Lever Lock
o Bolted Ring
o Other _

o Bag/Sack
o Tank
o Other _

Disposition of Sample

Color:

Condition:

Markings:

Vol. of Contents:

Other:

Sample Description

o Container Sampled
o Container opened but not

sampled. Reason: _

o Container not opened.
Reason: _

Phase
Color
Viscosity
% of Total

Volume
Other

Layer 1
OSol. OLiq.

OL OM OH

Layer 2
OSol. OLiq.

OL OM OH

Layer 3
OSol. OUq.

OL OM OH

o Low Concentration
o High Concentration

Monitor Reading:

Sample Method:

Type of Sample
o Grab
o Composite
o Grab-composite

Sample Date & Time:

Sampled by:

Signature(s) :

Analysis:

019611/P

Sample Identification

Date Shipped

Time Shipped

Lab

Volume

Organic Inorganic

Brown & Root Environmental
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FIELD DOCUMENTATION
Number

SA-6.3
Page

14 of 32

Revision

4
Effective Date

03/01/96

ATTACHMENT B-5

SAMPLE LABEL

Brown & Root Environmental
PROJECT: _

HIGH 0

PRESERVATION

TIME: hrs.

SEDIMENT 0 0

MEDIUM 0
SOIL 0

LOW 0

COMPOSITE 0

STATION LOCATION: _

DATE: ! !
MEDIA: WATER 0

CONCENTRATION:

TYPE: GRAB 0
ANALYSIS

VOA 0 BNAs D
PCBs 0 PESTICIDES 0
METALS: TOTAL 0 DISSOLVED C
CYANIDE 0
___________ 0

Cool to 4°C
HN03 to pH < 2
NaOH to pH > 12

o
o
o
o

Sampled by: . _

Remarks:

•

•
019611/P Brown & Root Environmental
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ATTACHMENT 8-6
:!!
m

CHAIN-OF-CU5TODY RECORD FORM r
0

(Original is 8.5 x 11") 0
0
()
c
~

7//////
m

PROJECT NO. PllOJECT NAME Z
--i

~
SAM'UIlS: (SigNC.-) NO.Of - 0

CONlA.ERS IlEMAIlKS Z

STANO. DATE TIME STATIONlOOlTION 1/ / 7 / / / /

:D Z
ID l:< 3iii·
o· 0"
::;) ~

.j:>. (J)

»
0,
iN

gJ "U
II>

Relinquished bv: (Sign,turel
D,ti

ln
"

Received by: (SigAlI..e) R.linquished by: (~t'''1 D,tifTim
• Re<e1vedby: (Signiture)

ID (Q

!l- IDc:.
ID

Relinquished bv: (Sign,lure) D,tjam. Rec.lved by: (S~ture) R.linquishedbv: (SigMI...)
0° ......

DlteITam. Il.ulved by: (SigMture) W~ OJ

I
.......... ID
0 0...... -

........sIled by: (SiQIYI...) R.celved'or ubor,lory b,: OIlefTilRe
.......... W

DliefTim. 1Ie",,,k,, <0 I\)

I
(Slgftltur.)

I
OJ
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FIELD DOCUMENTATION
Number

SA-6.3

Revision

4

ATTACHMENT B-7

CHAIN-OF-CUSTODY SEAL

Page

16 of 32
Effective Date

03/01/96

Q19611/P

.'.q
'''39 AaO~9nO

CUSTODY SEAL

bate
§lgnatur.

.,

Brown & Root Environmental
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Revision
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Page

17 of 32

Effective Date

03/01/96

ATIACHMENT C-1
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET

GROUNDWATER LEVEL
MEASUREMENT SHEET Page_of_

PROJECT NAME: -:....______ LOCATION: _
PROJECT NUMBER: MEASURING DEVICE: _
PERSONNEL: ADJUSTMENT FACTOR: _
DATE: REMARKS: _
WEATH-E.....R:O--C-O-N---D-IT.....I-::O-N-S=-:-_-=--=--=--=--=--=--=--=--=--=--=--=- .,-- _

!11[£1it_!~\tl!_

019611/P

·M08suremonts to nearest 0.01 root. Signature (s): _

Brown & Root Environmental



Subject Number Page

/FIELD DOCUMENTATION SA-6.3 18 of 32

- Revision Effective Date /4 03/01/96

ATTACHMENT C-2 /EXAMPLE PUMPING TEST DATA SHEET

~. ~ of

PUMPING TEST DATA SHEET

PROJECT NAME: PUMPING WELL NUMBER: c"
PROJECT NUMBER: MEASURED WELL NUMB~:
PUMPING TEST: [ ] STEP DRAW DOWN TE9'T [ ]
TEST NUMBER: MONITORING POINT:
METHOD OF MEASUREMENT: DEPTH CORRECTlml(tt)
DATE(s): PUMP SETTING (Ft;6elow monitoring point):
STATIC H20 LEVEL (tt) (SO) DISTANCE FROryUMPING WELL (tt) (r):
PUMPING TEST PERFORMED BY:
REMARKS: /,

ELAPSED
DRAW

TIME SINCE
WATER LEVEL CORRECTION DOWN OR ~METER PUMPINGMIUTARY

READING REMARKS
TIME

PUMP START
1Ft.' IFI.' RECOVER) RATE (GPMI

: OR STOP
1Ft.'

(GAI•• j

(Mln.t

/ :

/
/

I/'

/
/

/
/

/

/
/

/
/

/
V

I
/

/
/

/
/

/
/

/
/

'1/

/

1/ SIGNATURE(s):

019611/P Brown & Root Environmental
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11-1
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4((m"t<~ •
61.10
~ IIlI,,)

~Crv,'I' CPQ'"Cp
~. Hp.
(HI Of Hl)

ATTACHMENT C-3

~
..

~. ~.

111'(p"1 It)

PACKER TEST REPORT FORM

H,'
(Ill

now~t.

II
IgeUm".,

6 Flow,
~

ClliO

6 Flow.

l~
Flow

"
udlfl

9

Flow ren

lli.l!!.!ll
!lmt
(m...)

'--1 I _. I I I _h'__.. -.--

~
(",,)

~,

PROJECT: PROJECT NO.: TEST NO: PAGE __
BORING NO.: CASING DEPTH: CONTRACTOR: STATIC WATER lEVEL _

TESTINTERVAl: BY: CHECKED: PACKER PRESSUR:.E.==========
r---- __ u •• __ -_. (;)Iculal" Rnuiu I ri;si ~o.;lGUllAnoll .,_.......)

-Pip-I)

f----t t -I t= J t=±=-j t=Fs,~-~---- ..: -f

I I I I I r-I I I I ,""" +._..,L.__ I I

'" "'-.

"'\;"'"
~.

""'.'\,

~

I I I I I I I 1 I I I 1- I I

.....~I.- I:':.,

mo:e
:J

po

~
9.

CP = (1/12. l)) 1.( LJr) (70,31 S S)
7.48 Gallons = I FI)
I psi = 2.l111head
Remarks:

• HI is used when lhe lesl lenglh is below the waler lable.
Hz i. used when Ihe lest lenglh i. above the waler table.

---------------_._-------

,
,.
•
III ••.

"l!O...

".«10 11.101 l •.~..... t,too '.-.... "'" ,...
..,'" -- '.NO.....
t.t. J.... 1100

I .... ',Iao I ....

"U
III

<C
(D

gJ
:So
o
:J
3
(D
:J
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FIELD DOCUMENTATION
Number

SA-6.3
Page

20 of 32
Revision

4
Effective Date

03/01/96

ATTACHMENT C-4
EXAMPLE BORING LOG

BORING LOG Page__ of_

PROJECT NAME: _
PROJECT NUMBER: _
DRILLING COMPANY: _

WATER LEVEL DATA:

BORING NUMBER: _
DATE: _
GEOLOGIST: _

........
No, lind

Type 0'

MD

1/
/
/
/
/
1/
1/
1/
1/
1/
1/

/
1/
v
1/
/
1/

1/
1/
1/
1/
1/

I When rock coring enter lock brokeness.

WELL I.D.#: _CONVERTED TO WELL: _ Yes _ No;
REMARKS: _

Signature(s): _

019611/P Brown & Root Environmental
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LEGEND

SOIL TERMS

en
c
0
lD'
,!l

Boundll,.y ciassificationsl SOlh possesslno ch.rllct.rlstlcs or two oroups .". deSlgn.t@'d by (-~lnlnu gruup syntloOh. tor ....~I •• C1J ce. _11 ",·..~d "'· .... al-\4ml ml.tufa wllh cl"io' blnde,·.
All sl.ve stzes on th1s cha,.t are U.S. StAnd.llrd. .

COARSE-GRAINED SOILS

More Then Helf of MetDriel .. LARGER Then No. 200 Sieve Size

flHD IOENTIFIC""ION PROCEOUA£S
([xcluellng P.r.rtlcle, L.rger rh.n ] Inche" And SoI!>lnO rr.ClIOOS on

[Jot 11N1lad welQhb

(scw.~.")~[IL/S4"0 I ~t~....y;":~~~; I~'::t~~~1 '~~:: :~':I;nd
Int.~t.t. PArticle stln.

z
c
3
0-
!!l

::!!
m
r
o
o
o
()
c
s:
m
Z

~
oz

~
<
in'
0'
::J

IYPICAI NA"'l-j

uru..nl. \llls. ..n" 0"1,,1"""· .. ,Il-.:I,.ys. of
low pl.~s.t lcltr.

InOrg.lnlC stlts .lind ...ery fine '.nrts. rock
flour. stlty 0" clayey fine s.nds. .lth
slight plntlclty.

Inorg.tnlC cl.ys of low to medium
pl<lStlclty. or."ell, cl.ys. sdnfly .;Id,ys.
silty (:I.ys. le..n cl .. ys..

Inorg.ln\c ,>llts. ml"do..:I:'O<1S or dldl()(1'l,le~QU'

Ilne \<I"dy or silty SOils., el<lstl~ \lltS.

In(JHJ_IIl1. clot,\ "I rllUh pl .... tlt:Il.,. f.1t
,1,,)'\.

O,o..nl<.' ,l<llys ut n"".Jlurn to '11111
p1<llst ICltr.

Pedt ..nd olhe,- orOdlllc s.olls.

Cl

PI

(;~utJP

SY!'tOOl

.UlO IO(HTlrICATIOfIl PAOCIDURI'l.
([.eludlng P"'lICI81o l""~" 'holn J Incheli. .n<1 e"'IolnlJ 1,.,-IIU"1 00

[sll"",,'ed W.I\Ilt~)

FINE-GRAINED SOILS

MOle Then Helf of Met."i.1 is SMALLER Then No. 200 Sieve Size

OA, snUNCTH o""A"'" I TOU.......
(Crush Ino (RellctlOf! to (Coflsuteney Nellr

(n.r.cter IS t lCS) Sholklno) Plntlc limit)

S"TS"" ICUI'S NOne to ~11~t QuiCk to SIOOoO
l1qu1d

lImit <!!IO

I Hone to lIeryMedIum to Itl\,llh
S1~

Sll\,11ht LO Jlte-dnJll' SI~ I Slluht

SI~~:y~ I Sll\,IIht to 1IIt!I1IUIl' SlOw to "".n,· I Sll\,1ht 10 IW'<Jlu",

llqultS
I '"'1 t ·~o

ItI"". I .. '''', ""ul' "'ul'

Medium 10 ttl'" :>1 'yhl til literllum

ldentlftc.tlon Proc:e·d.lI'eS on frolctloo $lTWlIt",' th.n NO. 40 $,.". Sll.V

iii

UNIFIED SOIL CLASSIFICATION (USCS)

H'-Il.:"l HA"lS

Poorly g,..dod "r ....... Is.. o,. .....el s.nd
miitur-es. Iitt Ie or no fines.

well gr-.l.ded grol....eh. gr-....... I."Mld
mtxtures. 11ttl. or no fines.

Silty gr ....els. poorly gr.c1t!d
gr....el_s.nd·s lit mt.tures.

CI.)'ey grll"eh. poorly or ..del1
or.vlll-s.nd_cl.lY mllturlls.

well grllc1ed SlInri. vr.v.ll~ \"nlt\.
Ilttl. or no Iln8\.

Poorly grlldc!d " ..ndS. Qf' .. ~ellr \.nds.
HUle or no flnes.

~:~~~r::~ds. poor Iy O"lIded ".nd_S II t IOA~IIr.;:l:OllS I~:::~t :~; I ~ :~~: ~~~~~;e~")f. 'IKmg, lee I "/HI

Cillylly 'IInds. poor'l)' grlldt.'f1 s ..nd_
eilly mt.tures.

oc

'"

""

sw

""

Sf>

SC

,.,

""0'""
SrJl60l

PI.u.tte fines (for tdentHt.
Cllt ion procedures. SH CL)

Predoenln.ntly one sIZe or A
rAn~ 01 slles wHh sooe
lntermed'At. 10 IZ." mt"s Ing.

P"~ln.ntl'Y ooe s'ze or ..
,..noo or shes with 'ion.
lntermedule slles mllslng.

PIIIstic lIne' (lor ldc!ntlf1CII_
t Ion procedUres. aee CI)

(~~": ~~::) I~~:t:~~~1 t:,,:~~~ ~~Z:l~nd
InterJrlldt.te p.rtlcle 1011.10.

GAAV[LS Hon.plnltc "nn (for ldentlfl.
W/flNES c.ltlon procedUru. see In)(H'gh'" flnos) .- _

(~-::s ...WI:t~:"S) I~;~.I~~~~::. (:: ~~tlll-

SAfII)S
S01.(·)<1/4"0

DENSITY OF GRANULAR SOILS CONSISTENCY OF COHESIVE SOILS

DESIGNATION

Very Loose

loose

STANDARD p(NnRAlION
RU ISTAHCE·DLOWS/roo,

0-4

5-10

CONS I S J[Ne'

v... y Soft

Soft

UNC COfIFR(SSIV[
~TR[NCTH

(IUMS/SQ. n.)

Leu th.n 0.2~

0.25 to O.SO

S UHOAAO P[N(JRA TlON
IU :.151 ANt:l. UllIWS/fOOI

o \0 2

2 to 4

flHD IOrNtlrlC"llON "rmOOS

[.slly punl,'.Lod ulverlll lnche\ by fl\t

[.stly penetr.ted se...er.l Inches. by thuffC.

~ en'
»
~
(,.)

Medium Loose 11-30 MedluJ!l St1" 0.50 to 1.0 .. to D can.be penetr.ted several lnches by thuffC.

0."'. 31-50 Stirf 1.0 to 2.0 8 to I~ Re.dlly Indented by thum.

Very Dense O...er 50 Very Stl rr 2.0 to 4.0 1~ to 30 Ae.ldt Iy Indent&d by thunbn.ll.

twrd More ttl.n 4.0 Indente'" w1th diffIculty by thurmn<l11.

ROCK TERMS

ROCK HARDNESS (FROM CORE SAMPLESI

o - Other !...~Iel. 5pec1 foy in Rtm\l.rks

5·Z" $pltt_Barrol s.q»1.

ST.'" 0.0. undtstLlrbed 5apl.

II -0

£
<D

<'
<D

0° I\)
(,.)~ ....

-......<D
00.... --...... (,.)

(0 I\)
Ol

st.bt I tZed lev.' w/OAt. ..
Depth

. Inttt.' level wio.te .. Depth

~

~

12/18

WATER LEV[LS

IZ/II

ROCK BROKENESS

Deser1ptl". Terms Abbrevt.t1on Spae,no

Very Broken (V. Sr.) 0.2"

Brot<.en (S.... ) 2"-1·

Blocky (Bl. ) 1'_3 M

..."st ..... (".) ]'-10'

AOCII: SANPL[S - TYPES

(Con"... t1onan Co.-. (_2·1/." 0.0.)

Q-NQ (wtr.l1n.) eM. (_1_1/." 0.0.)

l - othel- to... Stzes. s,p.ctfy .n RefNlrk~

H.1Ill1'I"er [fle<:ts

Dre.k" (one blow). eruffCly edOe1o

Crushes when pr.s~ed wtth h ..mner

Breaks (one blow); sh....p edges

Breaks concho1d.ally (".v.,..' blows). ~harp edges

SCrewdriver or 1C.n1f. (ffects

C.nnot be scratched

Coin be ~ged

C..... be sera·tched

(ntly~~'"

SOIL SAMPLES - TYPES

oe~crtptt..... lltnla

l'tedlum Soft

Nord

MedIUlll tUrd

Soft

leG-ElIOt

m

~
;;,

Il'>

~
2
~
<
~r
;;,
3
<D
;;,

~
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FIELD DOCUMENTATION
Number

SA-6.3
Page

22 of 32

OVERBURDEN
MONITORING WELL SHEET

AITACHMENT C-5
EXAMPLE OVERBURDEN MONITORING WELL SHEET

BORING NO.: _

4
Revision Effective Date

03/01/96 •1-------.;..-------1..-------1----_-------1

PROJ ECT __""--"<______ LOCATION _
PROJ ECT NO. _-->.,."-_____ BORI NG_.:....- _
ELEVATION __'\.~____ DATE _

FIELD GEOLOGIST-"~\.----------------

DRILLER _

DRILLING

METHOD -------
DEVELOPMENT
METHOD

GROUND
ELEVATION

•
......,.."-~\._-.,..-__-+il_ ELEVATION OF TOP OF SU RFACE CASING:
~ .~---+!- ELEVATION OF TOP OF RISER PIPE:

I\.I·.~---~- STICK· UP TOP Of SURFACE CASING:
14'__--- STICK· UP RISER PIPE:

fA..--L- TYPE OF SURFACE SEAL: _

y",,-:
~...--~I- 10. OF SURFACE CASING: _

I'\.TYPE OF SURFACE CASIN~ _

1::'Jf----t- 5:E I.D. _
~~;~RISERPIPE: _ •
BOREHO~METER:

Il+----+- TYPE OF BAC~: _

iliIl·.---t-- ELEVATION I DEPT~POF SEAL:

.~t----1f-TYPE OF SEAL: --'-'\.~OC-"":"-------
\.

I

I

.,,. DEPTH TOP OF SANDPACK~'

II--~~~:+---t- ELEVATION / OEPTH TOP OF SCR N:

- .".
_-4i!f-----+-- TYPE OF SCREEN: "

- SLOT SIZE x LENGTH: ----',,~--

~ 1.0. OF SCREEN: ---------"'-".r-

. rc::

-{,

f+---+- TYPE OF SAN D PACK: _,..-- _

_ ·tl

= ;~.~
- ~Jj

~--+- ELEVATION / DEPTH BOTTOM OF SCREEN:

---r- ELEVATlO N / DEPTH BOTTOM OF SAN D PACK:
TYPE OF BACKFILL BELOW OBSERVATION
WElL: _

,+---+- ELEVATION./ DEPTH OF HOLE: •
019611/P Brown & Root Environmental
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FIELD DOCUMENTATION
Number

SA-6.3
Page

23 of 32

Revision

4
Effective Date

03/01/96

ATIACHMENT C-5A
EXAMPLE OVERBURDEN MONITORING WELL SHEET (FLUSHMOUNT)

MONITORING WELL SHEET. - -- _.. ,- -_. -

--_ ...
BORING NO.: ------l

LOCATION _
BORING _
DATE _

PROJECT _
PROJECT NO. _
ELEVATION _
FIELD GEOLOGIST _

DRILLER _

DRILLING
METHOD ---- _

DEVELOPMENT
METHOD

~ 1~IM.lETER OF HOLE:

r;-,-----:-TYPE OF RISER PIPE: _

~:% RISER PIPE 1.0.: ......;., _

%8:
v~:'O--~~TYPe: OF BACKtlLL/SEAL: _

~
~t%

'

Ground

Ele""'tion----- ,.., SER~ ELEVATION TOP OF RJ :

t-~~----~~=-.':"":~~.7T:::8;1;:;;V'<:::---~V'q.VZ:-:~·.·::":~7···-=;-;-j~TYPE OF SURFACE SEAL: _

Flush mount_I ~ f'; TYPE OF PROT£CnVE CASING: _
surface casin ....9__-,Y'.J v
with lock 1.0. OF PROT£CTIVE CASING: _

~
~:%
~
~%
~
~
~
~
~

DEPTH/ELEVAnON TOP Of' SCREEN:

~--_rDEP'Tli/ELEVAnON TOP OF SAND:

SLOT SIZE x LENC1l-l: _

TYPE OF' SCREEN: _

I

I

I

I

I
I,'.
I'~ ·:';1
1'/ .'. i
(" :~.I
t .. I

I:' - "1
roO - 'C,
r: - :~·I

~~ =":1
C =:~l
I'~: =.:"\
( - ·...~;.---r-TYPE OF' SAND PACK: _

(' ='~Ii.':' =:.] DIAMETER OF HOLE IN BEDROCK: _

r.;: :: (1.............-f-DEPTH/ELEVA1l0N BOnOM OF SCREEN:

L., '-~ OEPTH!ELEVAllON eonOM OF SAND:

!·:·)\':'l!---r-OEPTH/ELEVATION BOnOM OF HOLE:
~... - BACKtlLL MAT£RIAL BELOW SAND:

019611/P Brown & Root Environmental
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FIELD DOCUMENTATION
Number

Revision

SA-6.3

4

Page

24 of 32

Effective Date

03/01/96

ATTACHMENT C-6
EXAMPLE CONFINING LAYER MONITORING WELL SHEET

BORING NO.: __~__

CONFINING LAYER
MONITORING WELL SHEET

LOCATION _
BORING _
DATE _

PROJECT _

PROJECT NO._-----
ELEVATION --------
FIELD GEOLOG1ST _

DRILLER _

DRILLING

METHOD -------
DEVELOPMENT
METHOD

019611/P

GROUND
ELEVATION

.A<"lIro---.....---t-- ELEVATION OF TOP OF SURFACE CASING;
ELEVATION OF TOP OF RISER PIPE:
ELEVATION TOP OF PERM. CASING:
TYPE OF SURFACE SEAL: _

1.0 OF SURFACE CASING: . _
TYPE OF SURFACE CASING: _

"----+- RISER PIPE 1.0.
TYPE OF RISER PIPE:

.....--+- BOREHOLE DIAMETER:

;,----+- PERM. CASING 1.0.
TYPE OF CASING & BACKFilL: -------
ELEVATION I DEPTH TOP CONFINING LAYER:
ELEVATION I DEPTH BOTTOM OF CASING:
ELEVATION I DEPTH BOT. CONFINING LAYER:

~A'lt---+_BOREHOLE DIA. BELOW CASING: _
~---+_ TYPE OF BACKFILL: _

:;< -----I-. ELEVATION I DEPTH TOP OF SEAL:
TYPE OF SEAL: _

g ..t----t- DEPTH TOP OF SAND PACK:

ELEVATION/DEPTH TOP OF SCREEN:
TYPE OF SCREEN: _

TYPE OF SAND PACK: _

- "I-j

=~
=b
=~----1-- ELEVATION I DEPTH BOTTOM OF SCREEN:

----+-- ELEVATION I DEPTH BOTTOM OF SAND PACK:
TYPE OF BACKFILL BELOW OBSERVATIONWElL: _

---r- ELEVATION I DEPTH OF HOLE:

Brown & Root Environmental



Subject Number Page
FIELD DOCUMENTATION SA-6.3 25 of 32

-~.

Revision Effective Date /~.
- 4 03/01/96

ATTACHMENT C-7. .~
EXAMPLE BEDROCK MONITORING WELL SHEET - OPEN HOLE WELL

;;t..etI_ BEDROCK
MONITORING WELL SHE

OPEN HOLE WELL

AILLER
PROJECT LOCATION DRILLING
PROJECT NO. BORING :I METHOD
ELEVATION DATE DEVelOPMENT
FIELD GEOLOGIST /

METHOD/

ELEVATION OF TOP CASING:• I
! STICK UPOF CASI G ABOVE GROUND

i~
SURFACE:

GROUND

~ELEVATION " TYPE OF SU FACE SEAL:

I ~~ ~
~ ~ I.D. OF ASING:
I TYPE CASING:,

~,
I

~ TE . I PERM.:I

~
~i
~?a
~ /•

I
DIAMETER OF HOLE:

I
I
I,,,

TYPE OF CASING SEAL:,
T.O. R. ,

_III_III: Ir. J."'_' 1- DEPTH TO TOP OF ROCK:

- ~=
DEPTH TO BOTTOM CASING:

~III III
111

III II =111
DIAMETER OF HOLE IN BEDROCK:

DESCRIBE IF COREl REAMED WITH BIT:

DESCRIBE JOINTS IN BEDROCK AND DEPTH:

I
I III ---

=~III ELEVATION I DEPTH OF HOLE: I:; 111=111=
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Page

BORING NO.: ~_

DRILLER _~:.....- _

DRILLING
METHOD;.-------_
DEVEl MENT
MET 0

SA-6.3

4

Number

Revision

BEDROCK
MONITORING WELL SHEET

WELL INSTALLED IN BEDROCK

LOCATION _
BORING _

DATE \

FIELD DOCUMENTATION

PROJECT _
PROJECT NO. _
ELEVATION _
FIELD GEOLOGI5T__~ _

Subject

GROUND
ELEVATION

_F====;"---~ELEVATION OF TOPOF SURFACE

I~_-----Ji..-- STICK UP OF CASING ABOVE G
SURFACE:

-,- ELEVATION TOP OF RISER'
U~~==1'- TYPE OF SURFACE SEAL::~--------

l'l'Al!06----I-- 10 OF SURFACE

ELEVATION I DEPTH TOP OF SEAL: ~.
_ ELEVATION/DEPTH TOPOFBEDROCK:

_I
TYPE OF SEAL:

ELEVATION / DEPTH TOP OF SAND: I

ELEVATION / DEPTH TOP OF SCREEN: I

TYPEOFSCREEN:

III SLOT SiZE x LENGTH:

1.0. SCREEN:

TYPE OF SAND PACK:

DIAMETER OF HOLE IN BEDROCK:

COREl REAM:

ELEVATION I DEPTH BOnOM SCREEN: I
ELEVATION I DEPTH BOnOM OF HOLE: I
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EXAMPLE BEDROCK MONITORING WELL SHEET
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BORING NO.: /

/
BEDROCK

MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK

PROJECT: _

PROJECT NO.: _

ELEVATION: _

FIELD GEOLOGIST:

LOCATlON: _

BORING: _

DATE: _

ORILLER: /

DRILLING /
METliOO: __--.~---_

DEVELOPMENT /
METliOO:

•

\

G<'ound 7Elevation _
./ ELEVATION TOP OF RISER:

t-r"-~~~·,.·:~~~t~~··::;::yi·¥!
Flush mount &\ ~ ~~··~--TYPE OF SURFACE SEAL: ----/....".----

surface casing,,_.--4.....r.~ Vl TYPE OF' PROTECTIve: CASING:-_~-----
with lock ~ 1.0. OF PROTECTlve: CASING: _-",7~ _

~ ~ DlAMmR OF HOl~ __/---I-/~ _
~ ~ TYPE OF RISER PIPE: ....,;Z.--------

.~ ~ RISER PIPE 1.0.: ---::~/------_

~ ~
~ /'/-=,.,.r-,,.....,.Ei-D !ELEVATION TOP OF BEDROCK:

Top of RO.i'ic....k.....,......,....!I!! ,"'
11E3IE

31E31 ~ ~ ~~

II.:. ~.~--+- DEPIH/ELEVAllON TOP OF SANO:

Depth/Elevotlon :/1/ ::~:
Static Water Level l). .:
(Appro".) /,,;::

..J--~""'.---4-0EPTH/£LEVAllONTOP or SCREEN:
~. - ",'

".. -"( TYPE OF SCREEN:_~ _

::,=:",
.n;:;;:;W;;;:l .; - ,'. SLOT SIZE " L£NGni: ----------

:~ - ;
::"= .

I

I

I

"':-.\..~. - ., _ "'~"---+-T'r'PE OF SAND PACK: ....;.._
.'. - .
", -,(':: =~.:1---+-OIAMETER OF HOLE IN BEOROCK: _

.. -.:':

V
-.......----t-OEPTH/ELEVATlON BOnO OF SCREEN:

2' PVC Trcp 2'1'- ,~- OEPTH/ElEVATlON Bono OF SAND:

/

' ~ .~ •..••~\eCl[lo~W,::-~I'r.'01~;~~:" -l-OEPTH/ELEVATlON Bono OF HOLE:
V __ . 'v __.__ BACKFILL MATERIAL BELOW SAND:

I

/
I

I
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EXAMPLE TEST PIT LOG

~ et>
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PROJECT: '\. TEST PIT NO.:

PROJECT NO '\. DATE:
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flfLD GEOLOGJST~.

~ATERIAL DESCRIPTION
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PHOTO LOG
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"""
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,

e·

e

•
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ATTACHMENT E
EXAMPLE DAILY ACTIVITIES RECORD

~
~DAILY ACTIVITIES RECORD I Brown a Root Envi'oniwntal
~ml1lJl._~~~~~~~~l~;'':.

...~..,-_.,. <-~ ":>,»'S;;-~ ..~ ':'~:-":\o:.;~,;,;;",",,:.,::~:,

'~.'.~

PROJECI LOCATION
CLIENT· ARRIVAL TIME JOB NO.
IDATE DEPARTURE TIME
CONTRACTOR DRILLER
BORING NO: HNUS REPRESENTATIVE

I
r

PREVIOUSI CUMULATIVE
ITEM iOUANTITY QUANTITY TOTAL QUANTITY

, ESTIMATE TODAY QUANTITY TO DATE

-

"

COMMENTS:

APPROVED BY:

HNUS FIELD REPRESENTATIVE DRILLER OR REPRESENTATIVE
-

•

•

•
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Date:
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The purpose of this procedure is to provide gUidelines regarding the appropriate procedures to be
followed when decontaminating drilling equipment, monitoring well materials, chemical sampling
equipment and field analytical equipment.

2.0 SCOPE

This procedure addresses drilling equipment and monitoring well materials decontamination, as well as
chemical sampling and field analytical equipment decontamination. This procedure also provides general
reference information on the control of contaminated materials.

3.0 GLOSSARY

Acid - For decontamination of equipment when sampling for trace levels of inorganics, a 10% solution
of nitric acid in deionized water should be. used. Due to the leaching ability of nitric acid, it should not
be used on stainless steel. .

Alconox/Liguinox - A brand of phosphate-free laboratory-grade detergent.

Deionized Water - Deionized (analyte free) water is tap water that has been treated by passing through
a standard deionizing resin column. Deionized water should contain no detectable heavy metals or other
inorganic compounds at or above the analytical detection limits for the project.

Potable Water - Tap water used from any municipal water treatment system. Use of an untreated
potable water supply is not an acceptable substitute for tap water.

Solvent - The solvent of choice is pesticide-grade Isopropanol. Use of other solvents (methanol,
acetone, pesticide-grade hexane, or petroleum ether) may be required for particular projects or for a
particular purpose (e.g. for the removal of concentrated waste) and must be justified in the project
planning documents. As an example, it may be necessary to use hexane when analyzing for trace levels
of pesticides, PCBs, or fuels. In addition, because many of these solvents are not miscible in water, the
equipment should be air dried prior to use. Solvents should not be used on PVC equipment or well
construction materials.

4.0 RESPONSIBIUTIES

Project Manager - Responsible for ensuring that all field activities are conducted in accordance with
approved project plan(s) requirements.

Field Operations leader (FOll - Responsible for the onsite verification that all field activities are
performed in compliance with approved Standards Operating Procedures or as otherwise dictated by
the approved project plan(s).

5.0 PROCEDURES

To ensure that analytical chemical results reflect actual contaminant concentrations present at sampling
locations, the various drilling equipment and chemical sampling and analytical equipment used to acquire
the environment sample must be properly decontaminated. Decontamination minimizes the potential for
cross-contamination between sampling locations, and the transfer of contamination off site.

Brown & Root Environmental
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Prior to the initiation of a drilling program, all drilling equipment involved in field sampling activities shallbe decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure shall beperformed using a high-pressure spray of heated potable water producing a pressurized stream of steam.This steam shall be sprayed directly .onto all surfaces of the various equipment which might contactenvironmental samples. The decontamination procedure shall be performed until all equipment Is freeof all visible potential contamination (dirt, grease, oil, noticeable odors, etc.) In addition, thisdecontamination procedure shall be performed at the completion of each sampling and/or drilJlnglocation, inclUding soil borings, installation of monitoring wells. test pits, etc. Such equipment shallinclude drilling rigs, backhoes, downhole tools, augers, well casings, and screens. Where the drilling rigis set to perform mUltiple borings at a single area of concern, the steam-cleaning of the drilling rig itselfmay be waived with proper approval. Downhole equipment. however. must always be steam-eleanedbetween borings. Where PVC well casings· are to be installed. decontamination is not reqUired if themanufacturer provides these casings in factory-sealed, protective, plastic sleeves (so long as theprotective packaging is not compromised until immediately before use).

The steam cleaning area ·shall be designed to contain decontamination wastes and waste waters and canbe a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must beprovided which is connected to' a holding facility. A shallow above-ground tank may be used or apumping system with discharge to a waste tank may be installed.

In certain cases such an elaborate decontamination pad is not possible. In such cases, a plastic linedgravel bed pad with a collection system may serve as an adequate decontamination area. Alternately,a lined sloped pad with a collection pump installed at the lower end may be permissible. The locationof the steam cleaning area shall be onsite in order to minimize potential impacts at certain sites.

Guidance to be used when decontaminating drilling equipment shall include:

• As a general rule. any part of the drilling rig which extends over the borehole, shall besteam cleaned.

• All drilling rods, augers, and any other equipment which will be introduced to the hole shallbe steam cleaned.

• The drilling rig, all rods and augers, and any other potentially contaminated equipment shallbe decontaminated between each well location to prevent cross contamination of potentialhazardous substances.

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilJlng rigsand transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned, aspracticable. A drilling rig left at the drilling location does not need to be steam cleaned until it Is finisheddrilling at that location.

5.2 Sampling Equipment

5.2.1 Bailers and Bailing Line

The potential for cross-eontamination between sampling points through the use of a common bailer orits attached line is high unless strict procedures for decontamination are followed. For this reason, it Ispreferable to dedicate an individual bailer and its line to each sample point, although this does not

Brown & Root environmental
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eliminate the need for decontamination of dedicated bailers. For non-dedicated sampling equipment,
the following conditions and/or decontamination procedures must be followed.

Before the initial sampling and after each successive sampling point, the bailer must be decontaminated.
The following steps are to be performed when sampling for organic contaminants. Note: contract
specific requirements may permit alternative procedures.

• Potable water rinse
• A1conox or Liquinox detergent wash
• Scrubbing of the line and bailer with a scrub brush (may be required if the sample point is

heavily contaminated with heavy or extremely viscous compounds)
• Potable water rinse
• Rinse with 10 percent nitric acid solution*
• Deionized water rinse
• Pesticide-grade isopropanol (unless otherwise required)
• Pesticide-grade hexane rinse *
• Copious distilled/Deionized water rinse
• Air dry

If sampling for volatile organic compounds (VOCs) only, the nitric acid, isopropanol, and hexane rinses
may be omitted. Only reagent grade or purer solvents are to be used for decontamination. When
solvents are used, the bailer must be thoroughly dry before using to acquire the next sample.

In general, specially purchased pre-eleaned disposable sampling equipment is not decontaminated (nor
is an equipment rinsate blank collected) so long as the supplier has provided certification of cleanliness.
If decontamination is performed on several bailers at once (Le., in batches), bailers not immediately used
may be completely wrapped in aluminum foil (shiny-side toward equipment) and stored for future use.
When batch decontamination is performed, one equipment rinsate is generally collected from one of the
bailers belonging to the batch before it is used for sampling.

It Is recommended that clean, dedicated braided nylon or polypropylene line be employed with each
bailer use.

5.2.2 Sampling Pumps

Mostsampling pumps are low volume Oess than 2 gpm) pumps. These include peristaltic, diaphragm,
air-lift, pitcher and bladder pumps, to name a few. If these pumps are used for sampling from more than
one sampling point, they must be decontaminated prior to initial use and after each use.

The procedures to be used for decontamination of sampling pumps compare to those used for a bailer
except that the 10 percent nitric acid solution is omitted. Each of the liquid factions is to be pumped
through the system. The amount of pumping is dependent upon the size of the pump and the length
of the intake and discharge hoses. Certain types of pumps are unacceptable for sampling purposes.
For peristaltic pumps, the tUbing is replaced rather than cleaned.

* Due to the leaching ability of nitric acid on stainless steel, this step is to be omitted if a stainless
. steel sampling device is being used and metals analysis is required with detection limits less than

approximately 50 ppb.
** If sampling for pesticides. PCBs, or fuels.

Brown & Root Environmental
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5.3.2 Probes

Probes (e.g., pH or specific-ion electrodes, geophysical probes, or thermometers) which would comein direct contact with the sample, will be decontaminated using the procedures specified above unlessmanufacturer's instructions indicate otherwise (e.g., dissolved oxygen probes). Probes that contact avolume of groundwater not used for laboratory analy~es can be rinsed with deionized water. For probeswhich make no direct contact, (e.g., OVA equipment) the probe is self-cleaning when exposure to

An additional problem is introduced when the pump relies on absorption of water via an inlet or outlethose. For organic sampling, this hose should be Teflon. Other types of hoses leach organics (especiallyphthalate esters) into the water being sampled or adsorb organics from the sampled water. For.all othersampling, the hose should be Viton, polyethylene, or polyvinyl chloride (listed in order of preference).Whenever possible, dedicated hoses should be used. It is preferable that these types of pumps not beused for sampling, only for purging.

5.2.3 Filtering Equipment·

On occasion, the sampling plan may require acquisition of filtered groundwater samples. Field-filteringis addressed in SOP SA-6.1 and should be conducted as soon after sample acquisition as possible. Tothis end, three basic filtration systems are most commonly used: the in-line disposable Teflon filter, theinert gas over-pressure filtration system, and the vacuum filtration system.

For the in-line filter, decontamination is not required since the' filter cartridge is disposable, however, thecartridge must be disposed of in an approved receptacle and the intake and discharge lines must stillbe decontaminated or replaced before each use.

For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come incontact with the sample must be decontaminated as outlined in the paragraphs describing thedecontamination of bailers. (Note: Varieties of both of these systems come equipped from themanufacturer with Teflon-lined surfaces for those that would come into contact with the sample. Thesefiltration systems are preferred when decontamination procedures must be employed.)

5.2.4 Other Sampling Equipment

Field tools such as trowels and mixing bowls are to be decontaminated in the same manner as describedabove.

5.3 Field Analytical Equipment

5.3.1 Water Level Indicators

Water level indicators that come into contact with groundwater must be decontaminated using thefollowing steps:

• Rinse with potable water
• RInse with deionized water
• Pesticide-grade isopropanol (unless otherwise directed by manufacturer)•. RInse with deionized water

Water level indicators that do not come in contact with the groundwater but may encounter incidentalcontact during installation or retrieval need only undergo the first and laststeps stated above.

,
~------------ "';"' ...J

019611/P
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uncontaminated air is allowed and the housing can be wiped clean with paper-towels or cloth wetted with
. alcohol.

5.4 Waste Handling

For the purposes of these procedures, contaminated materials are defined as any byproducts of field
activities that are suspected or known to be contaminated with hazardous substances. These byproduets
include such materials as decontamination solutions, disposable equipment, drilling muds, well
development fluids, and spill-contaminated materials and Personal Protection Equipment (PPE).

The procedures for obtaining permits for investigations of sites containing hazardous substances are not
clearly defined at present. In the absence of a clear directive to the contrary by the EPA and the states,
it must be assumed that hazardous wastes generated during field activities will require compliance with
Federal agency requirements for generation, storage, transportation, or disposal. In addition, there may
be state regUlations that govern the disposal action. This procedure exclusively describes the technical
methods used to control contaminated materials.

The plan documents for site activities must include adescription of control procedures for contaminated
materials. This planning strategy must assess the type of contamination, estimate the amounts that
would be produced, describe containment equipment and procedures, and delineate storage or disposal
methods. As a general policy, it is wise to select investigation methods that minimize the generation of
contaminated spoils. Handling and disposing of potentially hazardous materials can be dangerous and
expensive. Until sample analysis is complete, it is assumed that all produced materials are suspected
of contamination from hazardous chemicals and require containment.

5.5 Sources of Contaminated Materials and Containment Methods

5.5.1 Decontamination Solutions

All waste decontamination solutions and rinses must be assumed to contain the hazardous chemicals
associated with the site unless there are analytical or other data to the contrary. The waste solution
volumes could vary from a few gallons to several hundred gallons in cases where large equipment
required cleaning.

Containerized waste rinse solutions are best stored in 55-gallon drums (or equivalent containers) that can
be sealed until ultimate disposal at an approved facility. Larger equipment such as backhoes and
tractors must be decontaminated in an area provided with an impermeable liner and a liquid collection
system. A decontamination area for large equipment could consist of a bermed concrete pad with a
floor drain leading to a buried holding tank.

5.5.2 Disposable Equipment

Disposable equipment that could become contaminated during use typically includes PPE, rubber gloves,
boots, broken sample containers, and cleaning-wipes. These items are small and can easily be
contained in 55-gallon drums with lids. These containers should be closed at the end of each work day
and upon project completion to provide secure containment until disposed.

5.5.3 Drilling Muds and Well-Development Fluids

Drilling muds and well-development fluids are materials that may be used in groundwater monitoring well
Installations. Their proper use could result inthe surface accumulation of contaminated liquids and muds

Brown & Root Environmental
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that require containment. The volumes of drilling muds and well-development fluids used depend on welldiameter and depth, groundwater characteristics, and geologic formations. There are no simplemathematical formulas available for accurately predicting these volumes. It is best to rely on theexperience of reputable well drillers familiar with local conditions and the well installation techniquesselected. These individuals should be able to estimate the sizes (or number) of containment structuresrequired. Since guesswork is involved, it is recommended that an slight excess of the estimated amountof containers required will be available.

Drilling muds are mixed and stored in what is commonly referred to as a mud pit. This mud pit consistsof a suction section from which drilling mud is withdrawn and pumped through hoses, down the drill pipeto the bit, and back up the hole to the settling section of the mud pit. In the settling section, the mud'svelocity is reduced by a screen and several flow-restriction devices, thereby allOWing the well cuttingsto settle out of the mud/fluid.

The mud pit may be either portable above-ground tanks commonly made of steel (which is preferred)or stationary in~ground pits as depicted in Attachment A. The above-ground tanks have a majoradvantage over the in-ground pits because the above-ground tanks isolate the natural soils from thecontaminated fluids within the drilling system. These tanks are also portable and can usually be cleanedeasily.

As the well is drilled, the cuttings that accumulate in the settling section must be removed. This is bestdone by shoveling them into drums or other similar containers. When the drilling is complete, thecontents of the above-ground tank are likewise shoveled or pumped into drums, and the tank is cleanedand made available for its next use.

if In-ground pits are used, they should not extend into the natural water table. They should also be linedwith a bentonite-cement mixture followed by a layer of flexible impermeable material such as plasticsheeting. Of course, to maintain its impermeable seal, the lining material used would have to benonreactive with the wastes. An advantage of the in-ground pits is that well cuttings do not necessarilyhave to be removed periodically during drilling because the pit can be made deep enough to containthem. Depending on site conditions, the in-ground pit may have to be totally excavated and refilled withuncontaminated natural soils when the drilling operation is complete.

When the above-ground tank or the in-ground pit is used, a reserve tank or pit should be located at thesite as a backup system for leaks, spills, and overflows. In either case, surface drainage should be suchthat any excess fluid could be controlled within the immediate area of the drill site.

The containment procedure for well-development fluids is similar to that for drilling muds. The volumeand weight of contaminated fluid will be determined by the method used for development. When a.newwell is pumped or bailed to produce clear water, substantially less volume and weight of fluid result than) when backwashing or high-velocity jetting is used.

5.5.4 Spill-Contaminated Materials

A spill is always possible when containers of liquids are opened or moved. Contaminated sorbents andsoils resulting from spills must be contained. Small quantities of spill-contaminated materials are usuallybest contained in drums, while larger quantities can be placed in lined pits or in other impermeablestructures. In some cases, onsite containment may not be feasible and Immediate transport to anapproved disposal site will be required.

019611/P
Brown & Root environmental
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5.6 Disposal of Contaminated Materials

Actual disposal techniques for contaminated materials are the same as those for any haZardous
substance, that is, incineration, landfilling, treatment, and so on. The problem centers around the
assignment of responsibility for disposal. The responsibility must be determined and agreed upon by
all involved parties before the field work starts. If the site owner or manager was involved in activities
that precipitated the investigation, it seems reasonable to encourage his acceptance of the disposal
obligation. In instances where a responsible party cannot be identified, this responsibility may fall on the
public agency or private organization investigating the site.

Another consideration in selecting disposal methods for c;ontaminated materials is whether the disposal
can be incorporated into subsequent site cleanup activities. For example. if construction of a suitable
onsite disposal structure is expected, contaminated materials generated during the investigation should
be stored at the site for disposal with other site materials. In this case, the initial containment structures
should be evaluated for use as long-term storage structures. Also, other site conditions such as drainage
control, security, and soil type must be considered so that proper storage is provided. If onsite storage
is expected. then the containment structures should be specifically designed for that purpose.

~o REFERENCES

Brown & Root Environmental: Standard Operating Procedure No. 4.33, Control of Contaminated
Material.

Brown & Root Environmental



Subject

DECONTAMINATION OF WASTE
EQUIPMENT AND WASTE HANDLING

Number

Revision

ATTACHMENT A

SA-7.1
Page

9 of 9

Effective Date

01/21/97

TWO TYPES OF MUD PITS USED IN WELL DRILUNG

019611/P Brown & Root environmental


	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ACRONYMS AND ABBREVIATIONS

	PREFACE
	SUMMARY OF SAMPLING ACTIVITY
	SAMPLE NETWORK DESIGN AND RATIONALE
	SAMPLE CUSTODY PROCEDURE
	SAMPLE CONTAINERS, SAMPLE PRESERVATION, MAXIMUM HOLDING TIME, AND VOLUME REQUIREMENTS
	SAMPLE HANDLING, PACKAGING, AND SHIPMENT
	DECONTAMINATION PROCEDURES
	SAMPLING EQUIPMENT AND PROCEDURES
	FIELD-RELATED QC SAMPLE PROCEDURES
	FIELD MEASUREMENT/SCREENING
	PREVENTIVE MAINTENANCE AND CORRECTIVE ACTION
	SAMPLE DISPOSAL
	REFERENCES
	APPENDICES
	APPENDIX A FIELD DOCUMENTATION
	APPENDIX B STANDARD OPERATING PROCEDURES




