


8/88

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor Battelle Memorial Institute, nor any or their employees, makes any
warranty, expressed or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily consti-
tute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof, or Battelle Memorial Institute. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

PACIFIC NORTHWEST LABORATORY
operated by
BATTELLE MEMORIAL INSTITUTE
for the
UNITED STATES DEPARTMENT OF ENERGY
under Contract DE-AC06-76RLO 1830

Printed in the United States of America
Available from
National Technical Information Service
United States Department of Commerce
5285 Port Royal Road
Springfield, Virginia 22161

NTIS Price Codes
Microfiche A01

Printed Copy

Price
Pages Codes
001-025 A02
026-050 A03
051075 AD4
076-100 AD5
101-125 AD6
126-150 A07
151175 A08
176-200 A09
201-225 A10
226-250 A1l
251-275 A12
276-300 A13




40 CFR 265 INTERIM-STATUS GROUND-WATER
MONITORING PLAN FOR THE 2101-M POND

M. A. Chamness
S. P. Luttrell
S. Dudziak

March 1989

Prepared for
the U.S. Department of Energy
under Contract DE-AC06-76RLO 1830

Pacific Northwest Laboratory
Richland, Washington 99352



PREFACE

Although this document is being printed in 1989, it was prepared in
April 1988. The procedures, preliminary interpretations, and schedt 2s in
this document reflect conditions in the first half of 1988 and are thus sub-
ject to changes as a result of ongoing technical audits and reviews.



ClIMMA DV

This report ¢ .lines a ground-water monitoring plan for he 21( -M pond,
located in the southwestern part of the 200-East Area on the Hanford Site in
south-central Washington State. It has been determined that hazardous
materials may have been discharged to the ond. Installation of an interim-
status ground-water monitoring system is required under the Resource Conser-
vation and Recovery Act to determine if hazardous chemicals are moving out of
the pond.

This plan describes the location of new wells for the monitoring system,
how the we¢ Is are to be completed, the data to be cc lected, and how those
data can be used to determine the source and extent of any ground-water con-
tamination from the 21( -M pond. Four new wel s are plannt , one upgradient
and three downgradient.
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.0 INTRODUCTION

This chapter presents the purpose, objectives, and scope of the ground-
water monitoring plan for the 2101-M pond.

PURPOSE AND OBJECTIVES

The pur ose of this plan is to present an indici or evaluation ground-
water monitoring program that is capable of determining the impact on ground-
wi 2r quality in the uppermost aquifer underlying the 2101-M pond as | juired
by 40 CFR 265.90: . Specific ot :ctives of the plan include

e designing a well network that is able to detect constituents
migrating from the site » the ground water

e Jocating these wells based on the flow paths beneath the acility
e presenting a ground-water sampling and analysis plan

e presenting an outline of the assessment-level program.

crnnc

A Resource Conservation and Recovery Act CRA) Part A (interim status)
permit application has been submitted for the 2101-M pond. 1e pond receives
waste water from the 2101-M Building in the 200-East Area. Before 1985, this
waste water might have contained hazardous waste and materials; since 1985,
physical controls and operating procedures have been modified to avoid
inadvertent discharge of chemicals to the waste-water stream. Because the
2101-M pond is not expected to receive additional hazardous substances, the
U.S. Department ¢ Energy, Richland Operations Office (DOE-RL) as proposed
that the 2101-M pond be closed under RCRA interim status, although the pond
will continue to receive non-RCRA-regulated waste water.

This document is an indicator evaluation ground-water monitoring plan
for the 2101-M pond. This monitoring plan is based on ground-water monitor-
ing requirements for RCRA interim-status facilities. The applicable monitor-
ing requirements are described in 40 CFR 265, Subpart F, and Washington
Administrative Code (WAC) 173-303 (Ecology 1986).
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of the Cold Creek syncline lies to the south (see Figure 2.4). Much of the
Separations Areas lies above the south-dipping basalt surface between these
two structures.

Overlying the basalt are the slightly to strongly indurated fluvial and
lacustrine sediments of the Ringold Formation, consisting of variably mixed
and interbedded layers of gravel, sand, silt, and clay. The thickness of the
Ringold Formation ranges from 0 ft in the northern part of the 200-East Area
to more than 700 ft southwest of the 200-West Area (DOE 1988; Tallman et al.
1979). The formation thickens substantially south of the Separations Areas
near the axis of the Cold Creek syncline.

The Ringold Formation is divided into four stratigraphic units: basal,
lower, middle, and upper. The basal Ringold unit consists of silty sandy
gravel overlain by fine-grained sand, silt, or clay. Overlying the basal
Ringold is the lower Ringold unit, consisting of silty coarse- to medium-
grained sand, sandy silt, and clay. Sediments of the lower Ringold unit are
often indurated and have been recognized as a potential confining layer in
places. The fine-grained portion of the basal Ringold can be difficult to
distinguish from the lower Ringold.

The Ringold Formation is dominated by the middle unit throughout the
Separations Areas. ~ e predominant lithology consists of well-rounded sandy
gravel with some sand and silty sand lenses. The gravels typically range
from pebble to cobble in size; however, boulders are locally common (Tallman
et al. 1979). Because of their texture¢ . ti )‘arse-grained basal and middle
Ringol units are difficult to distinguish unless separated by the fine-
grained sediments of the lower and/or upper basal Ringold units. The
uppermost unit, the upper Ringold, is another sequence of thinly bedded,
well-sorted sands, silts, and silty clay.

Not all of the units of the Ringold Formation are present throughout the
Separations Areas. Uplift along the flanks of the anticlinal ridges, along
with erosion by the ancestral Columbia River and catastrophic flooding during
the Pleistocene, have removed or prevented deposition of some or all of the
Ringold Formation in areas (Bjornstad 1984; Tallman et al. 1979). A1l four
units are currently identified only in the western and southern portions ‘
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of the 200-West Area, while no units of the Ringold Formation are present in
the northeastern part of the 200-East Area.

A well-developed caliche horizon and/or locally derived basaltic gravel,
informally called the Plio-Pleistocene unit, is found on the uppermost
surface of the eroded Ringold sediments in the western portion of the Pasco
Basin. This unit can be up to 80 ft thick (Bjornstad 1984). In places, the
Plio-Pleistocene unit is overlain by the early "Palouse" soil, an eolian
deposit of fine-grained sand and silt. Both of these units are found only in
the 200-West Area, having either been eroded or not deposited in the 200-East
Area.

The catastrophic flooding that helped erode the Ringold Formation also
deposited a sequence of unconsolidated silts, sands, and gravels informally
named the Hanford formation. The fine-grained sands and silts, called the
Touchet Beds, were deposited in protected areas, while the Pasco Gravels were
deposited in and near the floodwater channels. Thickness of the formation
ranges from approximately 70 ft in part of the 200-West Area to a maximum of
approximately 350 ft east of the 200-East Area (Tallman et al. 1979). Within
much of the southern portion of the Separations Areas, the Hanford formation
consists of sand.

The contact between the Hanford and Ringold Formations is commonly dis-
tinguished by a transition upward from more indurated deposits containing a
variety of lithologies (Ringold Formation) to very weakly cemented or uncon-
solidated sediments with a high proportion of basaltic gravels (Hanford form-
ation). The texture of the Pasco Gravels and the middle Ringold unit are
similar, although the difference in gravel lithologies can be used to dis-
tinguish between the two. However, in some places, basalt-rich gravel layers
have been found in the middle Ringold unit, and if the middle Ringold and
Pasco Gravels are not separated by the upper Ringold or early "Palouse" soil,
they can be difficult to distinguish. This is particularly true where con-
siderable reworking and incorporation of the Ringold sediments into the Han-
ford formation has occurred. Other methods of defining the contact between
the two formations are currently being evaluated. Further wor , including




this project, will also help determine the position of the contact more
precisely. Locally, the Hanford formation is overlain by a thin (0- to
10-ft) veneer of fine-grained eolian sand.

Typically, the sediments in the 200-East Area contain little calcium
carbonate, and to date no caliche horizons have been identified. Where
present, cementation of the Ringold Formation is generally by siliceous
material.

Stra*dnwankye Dan~qth the 2101- _Pond

Information on the geology beneath the 2101-M pond has been summarized
from well log data collected during previous drilling and well installations
in the area (Appendix A). Drilling logs were reviewed for two wells located
within 2000 ft of the pond (see Figure 2.6). The cross section in Figure 2.7
illustrates the stratigraphy at the pond, based on data from these logs.

The depth to basalt beneath the 2101-M pond is not precisely known.
Basalt was encountered at a depth of 445 ft in well 299-E23-2, located
approximately 1700 ft northeast of the pond, and at a depth of 524 ft in well
299-E19-1, Tlocated approximately 1600 ft southwest of the pond (see Fig-
ures 2.6 and 2.7). The thickness of the sediments overlying the basalt
beneath the 2101-M pond is approximately 490 ft, based on interpolation
between those two wells.

The present Tevel of subsurface information precludes any definitive
distinction between tI Hanford and Ringold Formations in the vicinity of the
2101-M pond. Therefore, the following discussion provides only a general
description of the textures identified in two wells near the pond, 299-E19-1
and 299-E23-2.

The sediments in this part of the 200-East Area may be divided into
five major textural units. These units are, in ascending order, a clayey
sandy gravel, a silty sandy cobble-to-boulder gravel, a clay, a silty
gravelly sand, and a silty sand (see Figure 2.7). The clayey sandy gravel
(44 ft thick) and the clay (58 ft thick) units occur only in well 299-E19-1,
apparently pinching out to the north before reaching well 299-E23-2. It is
unknown whether these units occur beneath the pond.

2.12
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The Towermost continuous textural unit is the indurated silty sandy
cobble-to-boulder gravel unit, which occurs directly above the basalt in well
299-E23-2. 1Its thickness ranges from approximately 60 to 88 ft. This unit
is distinguished from the silty gravelly sand to silty sandy gravel overlying
it by the lack of cementation in the latter. Near the top of the middle
Ringold unit in well 299-E19-1 is a 15-ft-thick layer of fine sand and silt.
The extent of this fine-grained layer to the north is unknown. Overall, the
middle unit’s thickness ranges from approximately 135 to 170 ft.

The uppermost unit is approximately 200 ft thick and consists predomi-
nantly of silty sand. Interbedded gravelly sands occur southwest of the pond
(well 299-E19-1), while sand makes up much of the unit toward the northwest
(well 299-E23-2). The lateral extent of the gravelly sands is unknown.

The surface in the vicinity of the 2101-M pond has been disturbed by
past construction activities. Surface sediments generally consist of silty
gravelly sand to sand, which grades into the underlying silty sand unit.

HYDROGEOLOGY

This section provides background information on the hydrogeology of the
Hanford Site. Detailed descriptions of the area’s hydrogeology are available
in reports by DOE (1988); Gephart et al. (1979); Graham et al. (1981);
Graham, Last, and Fecht (1984); and Law, Serkowski, and Schatz (1987), and
water-level data collected and reported semiannually, such as Schatz and
Ammerman (1988).

Regional Setting

The Hanford Site has an arid climate and receives an average of 6.25 in.
of precipitation a year. Evaporation rates are expected to far exceed this
(DOE 1988); therefore, most precipitation 1ikely is transpired or evaporated
back to the atmosphere (Graham et al. 1981). Recharge rates range from near
zero to more than 4 in./yr, depending on surface conditions (Gee 1987).

Small recharge rates generally occur where fine-textured sediments and deep-
rooted plants occur. The Targer values are associated with areas having a



coarse gravelly surface and no vegetative cover. The Hanford Site is drained
by the Yakima and Columbia rivers (see Figure 2.4).

Ground water beneath the Hanford Site occurs under both unconfined and
confined conditions. The unconfined aquifer is contained primarily within
the middle unit of the Ringold Formation and extends up into the Hanford for-
mation in some areas. The base of the unconfined aquifer is the uppermost
basalt flow of the Columbia River Basalt Group or, in some areas, the clay of
the lower Ringold Formation (see Figure 2.7). The confined aquifers beneath
the Hanford Site generally consist of sedimentary interbeds and interflow
zones that occur between dense basalt flows of the Columbia River Basalt
Group. Because the Elephant Mountain Basalt is assumed to be an effective
confining layer between the unconfined and confined aquifers in most of the
Separations Areas, this discussion is limited to the hydrologic properties of
the uppermost portion of the unconfined aquifer contained in the Hanford and
Ringold Formations.’

The source of natural recharge to the unconfined aquifer and some of the
confined aquifers is rainfall from areas of high relief west of the Hanford
Site and ephemeral streams in the Cold Creek and Dry Creek valleys. Dis-
charge from the unconfined aquifer is primarily to the Columbia River, with
lesser amounts of discharge to the Yakima River (Graham et al. 31).

Ground-Water Hydrology of the Separations Areas

The unconfir | aquifer rec v ; artificial recharge from liquid disposal
areas. This artificial recharge is estimated to be 10 times greater than
natural recharge (Graham et al. 1981). The major sources of artificial
recharge in the northern Hanford Site have been three waste ponds designated
U Pond, Gable Mountain Pond, and B Pond, all located near or in the Separa-
tions Areas. These areas of artificial recharge have had a major effect on
the flow system of the unconfined aquifer. Both U Pond and Gable Mountain
Pond were decommissioned within the past 4 years. B Pond is scheduled for
decommissioning in the 1990s.

The'depth to water of the unconfined aquifer within the Separations
Areas ranges from approximately 190 ft beneath the former U Pond to approxi-
mately 340 ft west of the 200-East Area. The thickness of the unconfined
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aquifer ranges from 0 ft at the north edge of 200-East Area to more than
250 ft in the northwestern part of 200-West Area.

Ground-water elevation contours for December 1987 (Schatz and Ammerman
1988) for the unconfined aquifer in the Separations Areas are shown in ig-
ure 2.8. The regional flow direction in the Separations Areas is from west
to east, but is affected by the two ground-water mounds that have resulted
from discharges to U Pond and B Pond. Ground-water flow beneath the 200-West
Area is generally toward the north and the east, away from the mound created
by past discharges to U Pond. The horizontal hydraulic gradient in the
200-West Area is sufficiently high, partly because of the mound, to determine
flow directions v th a large degree of certainty. Vertical hydraulic grad-
ients are ¢ 0 present within the unconfined aquifer in portions of the
200-West Area as a result of the ground-water mound. As this mound dissi-
pates because of the discontinuance of discharges to U Pond, the horizontal
hydraulic gradient will decrease and shift to a more easterly direction, and
the vertical gradient will decrease.

Discontinuous perched water tables occur in parts of the 200-West Area,
often 1ying above the caliche horizon in the Plio-Pleistocene unit or above
markedly finer grained sediments in the Hanford Formations and upper
Ringold. The lateral extent of these perched water tables has not een
defined in detail. Perched water is generally found only near sources of
discharge of large quantities of water to the sediment column in the
Separations Areas.

Ground-water flow beneath the 200-East Area is complex because flow con-
verges from the west and east and then diverges with a component flowing
northward between Gable Butte and Gable Mountain and another component flow-
ing southeast toward the Columbia River. In addition, the high transmis-
sivity beneath most of the 200-East Area results in very small hydraulic
gradients, ranging from 104 to 1075 ft/ft. Flow directions shift because of
changing rates of waste-water discharge into B Pond and other disposal sites.
Therefore, it is often difficult to define flow directions at specific sites.

The principal geologic units controlling the ground-water flow in the
Separations Areas are, in ascending order, the Elephant Mountain Basalt,
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which generally forms the base of the unconfined aquifer, and the Ringold and
Hanford formations, which contain the unconfined aquifer (see Figure 2.5).

The Ringold Formation exhibits a variety of hydrologic characteristics,
including hydraulic conditions ranging from confined to unconfined. In some
areas, the lower Ringold unit is the base of the unconfined aquifer. In the
southern portion of the 200-East Area and much of the 200-West Area, the
basal Ringold unit is locally confined by the overlying lower Ringold unit
(Graham, Last, and Fecht 1984). In other areas, the lower Ringold unit is
missing, and the basal and middle Ringold units contain the unconfined aqui-
fer. Textural changes, vertically between formations and laterally within
them, cause the unconfine aquifer to exhibit widely varying hydraulic pro-
perties (Table 2.2). The values given in this table are generalizations; in
some locations, hydraulic properties lie outside the ranges given.

In general, the Hanford formation contains only the upper portion of the
unconfined aquifer, but in the northeastern part of the 200-East Area where
the Ringold Formation is missing, the unconfined aquifer is totally within
the Hanford formation. The ranges in hydrologic properties for the Hanford
formation in the Separations Areas are also given in Table 2.2.

In the 200-West Area, the unconfined aquifer occurs within the middle
Ringold unit, which is often at least partially cemented. Transmissivities
range from 300 to 5400 ftz/d. In the 200-East Area, the aquifer is in either
the unconsolidated Hanford formation, the middle Ringold unit, or both,
leading to a wide range of transmissivities from 5 to 135,000 ft2/d (Graham
et al. 1981).

fme=4 Wat-- Hydroliogy Beneath the 2101-M Pond

Previous hydrologic investigations in the 200-East Area have focused on
areas to the north and east of the 2101-M pond. The i1 2tus for conducting
hydrologic investigations in those areas has been an evaluation of B Pond,
Gable Mountain Pond, and other liquid waste disposal facilities in and near
the 200-East Area. Unfortunately, very 1ittle data are available on hydro-
logic properties near the 2101-M pond.
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APPENDIX A

DRILLING AND WE'' ~ONS JCTION LOGS




APl IDIX A

DRILLING AND WELL CONS JCTION LOGS

Drilling logs from existing wel s in t. vicinity of the 2101-M pond are
, incl :d here for reference. These 3gs were structed from wells dril 2d
by Rockwell Hanford Operations and Pacific No  west Laboratory. The litho-
logic and well construction information was obtained from driller’s logs or
geologist’s logs, where available. The well g information was sed, where
| poss le, to substantiate site-specific gec »)gic information and evalui : the
| construction. The following well logs were reviewed and are included in this

appendix:

Location (by

Date Hanford coordinate
Well Number Completed number)
299-E13-14 12/56 N 36080/W 55150
299-E19-1 12/57 N 38085/W 56023
299-E23-2 5/65 N 40000/W 53000

A.l






Well Completion

[0}

50

150

200

250

300

Feet Below Land Surface

350

400

450

500

536

-

Not to Scale

8-in. Carbon
| &~ Steel Casing

4-in. Carbon

Steei Casing
//

3-in. Carbon

/ Steel Casing

and Grouted

Open Hole
Filled with
Dritling Mud

299-E1941
Lithology Drithing Comments

Cable Tool Methods
Sand. Silt and Gravel

Coarse Sand and Silt

Coarse Sand. Silt and Gravel

Coarse Sand and

Coarse Sand, Gravel and Silt

Fine Sand and SHt, Almost Clay

Coarse Sand and Gravel

Gravel

Gravel, Sand and Silt

Gravel, Boulders and Cobbles

Sand. Silt. Cobbles and Boulders

Exhibtts Increased

Cla
\ Hardness in Areas

Shghtly Clayey Sand

Gravelly Sand to Sandy

Gravel with Some Clay Some Induration

Clay-Rich Sand

Sandy Gravel with Some Clay

Palagonite (7). Some Clay

Basait, Vesicular Badly
Weathered in Places

Logged by Driller
Date Dnilled 12 57
Casing Elevatuon 736 01 ft
Depth to Water This well is currently not monitoring
the unconfined aquifer

A.3

-— 200

—J 250

400

—450

— 500

Feet Below Land Surface
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APPENDIX B

DATA LISTI™rce ~vn SUMMARIES

This appendix presents an excerpt of existing chemical data available
for wells near the 2101-M pond. Samples from 200-East Area wells have been
analyzed for the various parameters listed in Table B.1, although samples
from the vicinity of the 2101-M pond have not been analyzed for all these
parameters. Table B.2 1ists the constituents that have been analyzed for in
the wells near the pond. Less-than flags indicate that the samples were
below detection limits. Minus signs appearing for certain radiological con-
stituents indicate that the samples were below background radiation levels.

B.1




Constituent
Name

1,1,1-T
1,1,2-T
1,1-DIC
1,2-DIC
1112-tc
1122-tc
12-dben
123-trp
1234TE
1235TE
123TRI
13-dben
135TRI
14-dben
ACETILE
ACROLIN
ACRYILE
ALKALIN
ALPHA
AMMONIU
BENZENE
BETA
BISTHER
BROMONE
BROMORM
CARBIDE
CHLBENZ
CHLFORM
CHLORID
CHL”™ R
CHMTHER
C0-60
CONDFLD
CROTONA
CS-137
CYANIDE
DIBRCHL
DIBRETH
DIBRMET
DIBUTEN
DICDIFM
DICETHY
DICPANE
DICPENE
DIETHY
DIOXANE

Faptr B.1. Sample Parameters

Constituent Long Name

1

2

d

d
1,2-tetrachlorethane
2,2-tetrachlorethane
dichlorobenzene
3-trichloropropane
3,4-tetrachlorobenzene
3,5-tetrachlorobenzene
3-trichlorobenzene
dichlorobenzene
,5-trichlorobenzene
1,4-dichlorobenzene
Acetonitrile

Acrolein

Acrylonitrile

Alkalinity

Gross alpha

Ammonium ion

Benzene

Gross beta
Bis(chloromethyl) ether
Bromoacetone

Bromoform

Carbon disulfide
Chlorobenzene

Chloroform

Chloride

2 1loroethyl vinyl et
Chloromethyl methyl ether
Cobalt-60

Specific conductance
Crotonaldehyde
Cesium-137

Cyanide
1,2-dibromo-3-chloropropane
1,2-dibromoethane
Dibromomethane
1,4-dichloro-2-butene
Dichlorodifluoromethane
1,1-dichloroethylene
1,2-dichloropropane
1,3-dichloropropene
Diethylarsine

Dioxane

’
’
1

L Y Y Y R

B.2

Analysis

—Units

PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
mg CaCO3/L
pCi/L
PPB
PPB
pCi/L
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
pCi/L
umho
PPB
pCi/L
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB




Constituent
Nar~

ETHMETH
ETHOXID
FALUMIN
FANTIMO
FARSENI
FBARIUM
FBERYLL
FCADMIU
FCALCIV
FCHROMI
FCOPPER
FIRON
FLEAD
FLUORID
FMAGNES
FMANGAN
FMERCUR
FNICKEL
FORMALN
FPOTASS
FSELENI
FSILVER
FSODIUM
FSTRONT
FVANADI
FZINC
HEXACHL
HEXCBEN
HEXONE
HNITRAT
HYDRSUL
TODOMET
KEROSEN
LFLUORD
M-XYLE
METACRY
METHACR
METHBRO
METHCHL
METHONE
METHTHI
METHYCH
NAPHTHA
NITRATE
NNDIEHY
OPXYLE

TABLE B.1. (contd)

“onstituent Long Name

Ethyl methacrylate
Ethylene oxide
Aluminum, filtered
Antimony, filtered
Arsenic, filtered
Barium, filtered
Beryllium, filtered
Camium, filtered
Calcium, filtered
Chromium, filtered
Copper, filtered
Iron, filtered
Lead, filtered
Fluoride

Magnesium, filtered
Manganese, filtered
Mercury, filtered
Nickel, filtered
Formalin

Potassium, filtered
Selenium, filtered
Silver, filtered
Sodium, filtered
Strontium, filtered
Vanadium, filtered
Zinc, filtered
Hexachlorophene
Hexachlorobenzene
Hexone

Nitrate, high detection Tlevel
Hydrogen sulfide
Iodomethane
Kerosene

Fluoride, low detection level
Xylene-m

Methyl methacrylate
Methacrylonitrile
Methyl bromide
Methyl chloride
Methyl ethyl ketone
Methanethiol
Methylene chloride
Naphthalene

Nitrate
N,N-diethylhydrazine
Xylene-o,p

B.3

Analysis

Units

PPB
PPB
PR
P
P
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
I3
|3
PPB
PPB
PPB
PPB
PPB
’B
PPB
PPR
P
P
PPB
PPB
PPB
PPB
PPB
PPB
B
B
PPB
PPB
PPB




Constituent
Name

PENTACH
PENTCHB
PERCENE
PH-LAB
PHENOL
PHFIELD
PHOSPHA
PU-238
PU39-40
PYRIDIN
RU-106
SR 90
SULFATE
TC
TC-99
TETRANE
TETRCHB
TOC
TOLUENE
TOXLDL
TRANDCE
TRCMEOL
TRCMFLM
TRCPANE
TRIBUPH
TRICENE
TRICHLB
TRITIUM
U
VINYIDE

TABLE B.1. (contd)

Constituent Long Name

Pentachloroethane
Pentachlorobenzene
Perchloroethylene

pH, laboratory measurement
Phenol

pH, field measurement
Phosphate

Plutonium-238
Plutonium-239/40

Pyridine

Ruthenium-106

Strontium-90

Sulfate

Total carbon

Technetium-99
Tetrachloromethane
1,2,4,5-tetrachlorobenzene
Total organic carbon
Toluene

Total organic halogen, low det. level

Trans-1,2-dichloroethene
Trichloromethanethiol
Trichloromonofluoromethane
Trichloropropane
Tributylphosphoric acid
Trichloroethylene
1,2,4-trichlorobenzene
Tritium

Uranium

Vinyl chloride

B.4

Analysis

Units

PPB
PPB
PPB

PPB

PPB
pCi/L
pCi/L
PPB
pCi/L
pCi/L
PPB
PPB
pCi/L
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
pCi/L
pCi/L
PPB



WELL
NAME (@)

2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14

TABLE B.2.

Ground-Water Data

LESS

COLLECTION CONSTITUENT CONSTITUENT THAN

DATE

2/26/86
6/01/86
8/11/88
106/28/88
3/30/87
3/30/87
3/30/87
3/30/87
3/30/87
3/30/87
3/36/87
3/39/87
3/30/87
§/22/87
5/22/87
5/22/87
5/22/87
5/22/87
5/22/87
§/22/87
5/22/87
5/22/87
5/22/87
5/22/87
5/22/87
5/22/87
5/22/87
5/22/87
5/22/87
5/22/87
5/22/87
6/22/87
5/22/87
§/22/87
5/22/87
5/22/87
5/22/87
5/22/87
5/22/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87

CODE

111
111
111
111
910
224
234
109
1092
104
198
111
121
111
111
191
199
207
212
A8l
AB4
A87
AB8
A89
A79
A71
A89Q
A93
B14
ce9
C79
C72
C73
C74
C76
C76
(o: 1)
H42
HE8
919
924
234
129
192
124

(a) All wells prefixed by 299-.

B.5

NAME

BETA
BETA
BETA
BETA
c0-80
€S-137
RU-106
PU39-40
PU-238
U
TRITIUM
BETA

SR 90
BETA
BETA
CONDFLD
PHFIELD
PH-LAB
ALPHA
TETRANE
METHONE
1,1,1-T
1,1,2-T
TRICENE
PERCENE
OPXYLE
CHLFORM
METHYCH
M-XYLE
TOC
CYANIDE
NITRATE
SULFATE
FLUORID
CHLORID
PHOSPHA
AMMONIU
TOXLDL
ALKALIN
C0-80
€S-137
RU-106
PU39-49
PU-238
U

FLAG

AAAAAAAAANANAN AAAAN

AAAAN

ANALYSIS ANALYSIS

VALUE

6.2400E+00
5.2600E+00
8.9300E+00
4 ,4000E+00
8 .0900E+00
1.5100E+00
-1.2729%E+g1
9.9 JE+00
@ . OuVIE+00
1.8000E+00
2.9100E+92
6 .0700E+00
7 .6600E-01
8 .7400E+00
8.1100E+00
3 .6000E+92
€ .6000E+00
7 .6600E+00
2.8100E+00
1.0000E+01
1.0000E+01
1.9900E+a1
1.0000E+01
1.0000E+01
1.99000E+01
1.9000E+01
1.0000E+01
1.0000E+01
1.0000E+01
1.8400E+02
1.9990E+01
1.1920E+24
3.8700E+04
5 .0000E+02
7.3000E+03
1.0000E+03
8 .8000E+901
2.7800E+01
1.3400E+06
7 .6100E+00
-3.3300E+00
2 .0000E+01
5.2100E-04
-2.6100E-03
2.2800E+00

UNITS

PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
UMHO

PCI/L
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB

PCI/L
PCI/L
PCI/L
PCI/L
PCI/L
PCI/L




WELL
NAME

2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14

TABLE B.2.

(contd)

LESS

COLLECTION CONSTITUENT CONSTITUENT THAN

DATE

8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87

8/03/87

8/03/87
8/03/87
8/03/87
8/03/87
8/93/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/03/87
8/93/87
8/03/87
8/03/87
8/03/87

CODE

108
111
111
121
191
199
207
212
A1
A82
AB83
A4
A85
Ag8
A87
AB8
AB89
A79
A71
A72
A73
A74
A76
A78
A77
A78
A79
A8Q
A8l
A82
A83
A4
A8E
A88
A87
A88
A89
A90
A91
A92
A93
A94
ASB

A99

B.6

NAME

TRITIUM
BETA
BETA

SR 90
CONDFLD
PHFIELD
PH-LAB
ALPHA
TETRANE
BENZENE
DIOXANE
METHONE
PYRIDIN
TOLUENE
1,1,1-T
1,1,2-T
TRICENE
PERCENE
OPXYLE
ACROLIN
ACRYILE
BISTHER
BROMONE
METHBRO
CARBIDE
CHLBENZ
CHLTHER
CHLFORM
METHCHL
CHMTHER
CROTONA
DIBRCHL
DIBRETH
DIBRMET
DIBUTEN
DICDIFM
1,1-DIC
1, IC
TRANDCE
DICETHY
METHYCH
DICPANE
DICPENE
NNDIEHY
HYDRSUL

FLAG

<

AAANAANAAANAANAAAAANAAAAANAAAAAANAAANAAANAAANAANAAAANAN

ANALYSIS
VALUE

2.1000E+02

. 5.4000E+00

1.050QE+91
5.2300E-01
3.6000E+02
7.7000E+00
7.7400E+00
2.8790E+00
1.0000E+Q1
1.0000E+21
6.0000E+02
1.2000E+91
5.0000E+02
1.9000E+01
1.0000E+01
1.0900E+01
1.0000E+01
1.0000E+21
1.0000E+01
1.9000E+21
1.0000E+Q1
1.000QE+0Q1
1.0000E+Q1
1.9000E+Q1
1.0000E+01
1.9900E+01
1.0000E+21
1.9000E+@1
1.000QE+31
1.0000E+@1
1.9000E+01
1.0000E+01
1.9000E+@1
1.000QE+@1
1.0000E+01
1.0000E+01
1.09000E+01
1.0000E+01
1.9000E+21
1.0000E+Q1
1.0000E+01
1.0000E+Q1
1.0000E+Q1
1.0000E+21
1.0000E+01

ANALYSIS
UNITS

PCI/L
PCI/L
PCI/L
PCI/L
UMHO

PCI/L
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB



WELL
NAME

2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13~14
2-E13-14
2-E13-14
2-E13~14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-~-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2~-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14

TABLE ° ”

(contd)

LESS

COLLECTION CONSTITUENT CONSTITUENT THAN

DATE

8/963/87
8/863/87
8/03/87
8/963/87
8/03/87
8/03/87
8/963/87
8/03/87
8/@3/87
8/@3/87
8/@3/87
8/@3/87
8/03/87
8/@3/87
8/@3/87
8/@3/87
8/03/87
8/@3/87
8/93/87
8/03/87
8/03/87
8/03/87
8/93/87
8/03/87
8/93/87
8/03/87
8/@3/87
8/@83/87
8/@3/87
12/08/87
12/08/87
12/08/87
12/06/87
12/08/87
12/08/87
12/08/87
12/096/87
12/06/87
12/08/87
12/98/87
12/98/87
12/08/87
12/06/87
12/98/87
12/08/87

CODE

Bo1
BoO2
823
Bo4
B@S
Bos
Bo8
B@9
B19
811
B12
B13
Bl4
B1S
Co4
c89
72
c71
C72
c73
C74
C76
c78
(1)
Ho8
H18
H42
HE8
HB83
111
111
191
199
207
212
A81
A82
AB83
AB4
A8BE
A88
A87
AgsB
A89
A70

B.7

NAME

IODOMET
METHACR
METHTHI
PENTACH
1112-tc
1122-t¢
BROMORM
TRCMEOL
TRCMFLM
TRCPANE
123-trp
VINYIDE
M=-XYLE
DIETHY
METACRY
TOC
CYANIDE
FORMALN
NITRATE
SULFATE
FLUORID
CHLORID
PHOSPHA
AMMONIU
ETHMETH
TC
TOXLDL
ALKALIN

" LFLUORD

BETA
BETA
CONDFLD
PHFIELD
PH-LAB
ALPHA
TETRANE
BENZENE
DIOXANE
METHONE
PYRIDIN
TOLUENE
1,1,1-T
1,1,2-T
TRICENE
PERCENE

FLAG

AAAAAAAAAAAAAAAAANAN

A AN

AAAAAAAAAA

ANALYSIS ANALYSIS

VALUE

1.0000E+91

- 1.0000E+01

1.0000E+01
1.90000E+21
1.90000E+01
1.00090E+91
1.0000E+01
1.0000E+01
1.0000E+01
1.0000E+01
1.0000E+01
1.0000E+01
1.0000E+01
1.0000E+01
1.0000E+01
2.1400E+02
1.9000E+01
6 .0000E+02
1.4800E+04
3 .5600E+04
6 .0000E+32
8.7800E+03
1.0000E+03
6 .0000E+01
1.0000E+01
3.5200E+04
2 .5000E-01
1.49090E+05
3.96800E+02
4 .3800E+00
8.4300E+00
3.6300E+02
7 .4000E+00
8 .2800E+00
3.0100E+00
5 .0000E+00
5 .0000E+00
5 .0000E+02
1.0000E+01
6 .0000E+02
5 .0000E+00
5 .0000E+00
5 .000CE+Q0
5.0000E+00
6 .0000E+00

UNITS

PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB

PPB
PCI/L
PCI/L
UMHO

PCI/L

PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
P




TABLE B.2. (contd)

LESS
WELL COLLECTION CONSTITUENT CONSTITUENT THAN ANALYSIS ANALYSIS
NAME DATE CODE NAME FLAG VALUE UNITS
2-E13-14 12/06/87 AT1 OPXYLE < 5.0000E+00 PPB
2-E13-14 12/86/87 AT2 ACROLIN { - 1.0000E+91 PPB
2-E13-14 12/86/87 A73 ACRYILE < 1.0000E+21 PPB
2-E13-14 12/06/87 AT4 BISTHER < 1.0000E+01 PPB
2-E13-14 12/06/87 A75 BROMONE < 1.0000E+01 PPB
2-E13-14 12/06/87 A78 METHBRO < 1.0000E+01 PPB
2-E13-14 12/06/87 AT7 CARBIDE < 1.0000E+@1 PPB
2-E13-14 12/06/87 A78 CHLBENZ < 1.0000E+01 PPB
2-E13-14 12/06/87 A79 CHLTHER < 1.0000E+@1 PPB
2-E13-14 12/@6/87 AB@ CHLFORM < 5.0000E+00 PPB
2-E13-14 12/06/87 AS1 METHCHL < 1.0000E+01 PPB
2-E13-14 12/868/87 A82 CHMTHER < 1.0000E+01 PPB
2-E13-14 12/08/87 A83 CROTONA < 1.0000E+21 PPB
2-E13-14 12/86/87 A84 DIBRCHL < 1.0000E+81 PPB
2-E13-14 12/06/87 A8E DIBRETH < 1.0000E+01 PPB
2-E13-14 12/08/87 A88 DIBRMET < 1.0000E+21 PPB
2-E13-14 12/08/87 A87 DIBUTEN < 1.0000E+81 PPB
2-E13-14 12/06/87 A88 DICDIFM < 1.0020E+81 PPB
2-E13-14 12/06/87 A89 1,1-DIC < 1.0000E+01 PPB
2-E13-14 12/08/87 A9Q 1,2-DIC < 1.0000E+01 PPB
2-E13-14 12/06/87 A91 TRANDCE < 1.0000E+81 PPB
2-E13-14 12/06/87 A92 DICETHY < 1.0002E+21 PPB
2-E13-14 12/06/87 A93 METHYCH < 1.0000E+31 PPB
2-E13-14 12/06/87 A94 DICPANE < 1.0000E+31 PPB
2-E13-14 12/068/87 ¥-1 DICPENE < 1.0000E+21 PPB
2-E13-14 12/08/87 A98 NNDIEHY < 1.0000E+81 PPB
2-E13-14 12/06/87 A99 HYDRSUL < 1.0000E+81 PPB
2-E13-14 12/08/87 801 IODOMET < 1.0000E+31 PPB
2-E13-14 12/08/87 B2 METHACR < 1.0000E+01 PPB
2-E13-14 12/068/87 BO3 METHTHI < 1.0000E+01 PPB
2-E13-14 12/08/87 B4 PENTACH < 1.0000E+01 PPB
2-E13-14 12/06/87 BA5 1112-tc < 1.0000E+21 PPB
2-E13-14 12/06/87 B@6 1122-tc < 1.0000E+@1 PPB
2-E13-14 12/06/87 Bo8 BROMORM < 1.0000E+21 PPB
2-E13-14 12/88/87 809 TRCMEOL < 1.0000E+01 PPB
2-E13-14 12/06/87 810 TRCMFLM < 1.0000E+01 PPB
2-E13-14 12/06/87 811 TRCPANE < 1.0000E+81 PPB
2-E13-14 12/08/87 812 123-trp < 1.0000E+01 PPB
2-E13-14 12/08/87 813 VINYIDE < 1.0000E+31 PPB
2-E13-14 12/06/87 B14 M-XYLE < 5.0000E+00 PPB
2-E13-14 12/08/87 B15 DIETHY < 1.0000E+01 PPB
2-E13-14 12/06/87 B19 ACETILE < 3.0000E+03 PPB
2-E13-14 12/96/87 8681 12-dben < 1.0000E+21 PPB
2-E13-14 12/06/87 B62 13-dben < 1.0000E+31 PPB
2-E13-14 12/06/87 863 14-dben < 1.0000E+01 PPB
B.8




WELL
NAME

2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13~-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2~-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14

TABLE B.2.

(contd)

LESS

COLLECTION CONSTITUENT CONSTITUENT THAN

DATE

12/06/87
12/06/87
12/06/87
12/06/87
12/08/87
12/06/87

12/08/87

12/06/87
12/06/87
12/08/87
12/06/87
12/06/87
12/08/87
12/06/87
12/06/87
12/08/87
12/08/87
12/068/87
12/88/87
12/08/87
12/06/87
12/96/87
12/06/87
12/068/87
12/96/87
12/98/87
12/06/87
12/96/87
12/26/87
12/06/87
12/08/87
12/06/87
12/06/87
12/96/87
12/088/87
12/26/87
12/08/87
12/06/87
12/06/87
12/96/87
12/06/87
12/08/87
12/06/87
12/08/87
12/06/87

CODE

889
Co4
c2s
Cc37
C43
C54
C66
csé
Ccs7
cbs
Cb69
cea
ce9
c79
Cc71
c72
Cc73
C74
C78
c7e
c79
(o-1
HOB
H@8
H18
H18
H19
H20
H21
H22
H23
H24
H2B
H28
H27
H28
H29
H398
H31

H33
H36
H38
H37
H38

B.9

NAME

HEXCBEN
METACRY
PENTCHB
TETRCHB
TRICHLB
HEXACHL
NAPHTHA
123TRI
PHENOL
136TRI
1234TE
1236TE
TOC
CYANIDE
FORMALN
NITRATE
SULFATE
FLUORID
CHLORID
PHOSPHA
KEROSEN
AMMONIU
ETHOXID
ETHMETH
TC
FZINC
FCALCIV
FBARIUM
FCADMIU
FCHROMI
FSILVER
FSODIUM
FNICKEL
FCOPPER
FYANADI
FALUMIN
FMANGAN
FPOTASS
FIRON
FMAGNES
FBERYLL
FSTRONT
FANTIMO
FARSENI
FMERCUR

FLAG

AN AAANAAAANAAANAAAANAN

A AANAAAN

A A AN AN A A

AAA

HOH NI WO O - - AR DD TTWHWO M H ~NOTA - O] WH

ANALYSIS ANALYSIS

VALUE

.PROVE+D1
.00G0E+0]
.PPOOE+01
.9000E+01
.O000E+21
.O000E+01
.O000E+1
. 9992 -g1
000 021
. 0000E+01
.P000E+01
.20Q0E+01
.2800E+03
.Q00GE+91
. OPQOE+02
.4000E+04
. 1800E+04
.8700E+02
.ATQOE+23
.O000E+03
.O000E+04
.2000E+01
. O000E+03
. 0000E+01
.1200E+04
. OO00E +00
.3300E+04
. 2000E+01
. O0OGE~+00
. 2000E+01
. O00OE+01
.8100E+04
. 9200E+01
. DOO0E+01
. 2000E+01
.6000E+02
.00Q0OE+920
. 1900E+93
.O000E+01
.4800E+04
. OOGOE+00
.G790E+02
. DOOBE+02
. OO00E+00
. O000E-01

UNITS

PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB




TABLE B.2. (contd)

LESS

WELL COLLECTION CONSTITUENT CONSTITUENT THAN ANALYSIS ANALYSIS

NAME DATE CODE NAME FLAG VALUE UNITS
2-E13-14 12/88/87 H39 FSELENI < 5.0000E+08 PPB
2-E13-14 12/08/87 H41 FLEAD < 5.0000E+00 PPB
2-E13-14 12/06/87 H42 TOXLDL < 3.6000E+00 PPB
2-E13-14 12/06/87 HE8 ALKALIN 1.3700E+05
2-E13-14 12/06/87 H83 LFLUORD 4 .2000E+02 PPB
2-E13-14 12/06/87 Hes HEXONE < 1.0000E+21 PPB
2-E13-14 12/06/87 121 TRIBUPH < 1.0000E+21 PPB
2-E13-14 1/27/88 111 BETA 5.3800E+00 PCI/L
2-E13-14 1/27/88 111 BETA 8.6200E+90 PCI/L
2-E13-14 1/27/88 191 CONDFLD 3.9700E+02 UMHO
2-E13-14 1/27/88 199 PHFIELD 8.0000E+00
2-E13-14 1/27/88 207 PH-LAB 7.9900E+09
2-E13-14 1/27/88 212 ALPHA < 4.1800E-01 PCI/L
2-E13-14 1/27/88 A81 TETRANE < 6.0000E+00 PPB
2-E13-14 1/27/88 A82 BENZENE < 5.0000E+20 PPB
2-E13-14 1/27/88 A83 DIOXANE < 5.0000E+22 PPB
2-E13-14 1/27/88 AB4 METHONE < 1.0000E+81 PPB
2-E13-14 1/27/88 A85 PYRIDIN < 5.0000E+02 PPB
2-E13-14 1/27/88 Ase TOLUENE < 5.0000E+08 PPB
2-E13-14 1/27/88 A87 1,1,1-T < 6.0000E+08 PPB
2-E13-14 1/27/88 A8s 1,1,2-T < 5.0000E+29 PPB
2-E13-14 1/27/88 AB9 TRICENE < 6.0000E+20 PPB
2-E13-14 1/27/88 ATO PERCENE < 6.0000E+28 PPB
2-E13-14 1/27/88 AT1 OPXYLE < 5.0000E+0¢ PPB
2-E13-14 1/27/88 AT2 ACROLIN < 1.0000E+@1 PPB
2-€13-14 1/27/88 A73 ACRYILE < 1.0000E+21 PPB
2-E13-14 1/27/88 AT4 BISTHER < 1.0000E+@1 PPB
2-E13-14 1/27/88 A7S BROMONE < 1.0000E+21 PPB
2-E13-14 1/27/88 A78 METHBRO < 1.0000E+01 PPB
2-E13-14 1/27/88 AT7 CARBIDE < 1.0000E+31 PPB
2-E13-14 1/27/88 AT8 CHLBENZ < 1.0000E+31 PPB
2-E13-14 1/27/88 AT9 CHLTHER < 1.0000E+31 PPB
2-E13-14 1/27/88 ABO CHLFORM < 5.0000E+2¢ PPB
2-E13-14 1/27/88 A81 METHCHL < 1.0000E+21 PPB
2-E13-14 1/27/88 A82 CHMTHER < 1.0000E+21 PPB
2-€13-14 ° 1/27/88 A83 CROTONA < 1.0000E+01 PPB
2-E13-14 1/27/88 A84 DIBRCHL < 1.0000E+21 PPB
2-E13-14 . 1/27/88 ASE DIBRETH < 1.0000E+01 PPB
2-E13-14 1/27/88 Ase DIBRMET < 1.0000E+01 PPB
2-E13-14 1/27/88 A87 DIBUTEN < 1.0000E+21 PPB
2-E13-14 1/27/88 A88 DICDIFM < 1.0000E+21 PPB
2-E13-14 1/27/88 A89 1,1-DIC < 1.0000E+01 PPB
2-E13-14 1/27/88 A90 1,2-DIC < 1.0000E+31 PPB
2-E13-14 1/27/88 A91 TRANDCE < 1.0000E+01 PPB
2-E13-14 1/27/88 A92 DICETHY < 1.0000E+31 PPB

B.10




WELL
NAME

2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13~-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14
2-E13-14

COLLECTION CONSTITUENT CONSTITUENT

DATE

1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88

1/27/88 "

1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88
1/27/88

TABLE B.2.

CODE

A93
A94
A9b
A98
A99
Bo1
BO2
B@3
Bo4
BO6
Bo6
Bo8
B99
B1@
B1l1
B12
B13
B14
B16
B19
B81
B62
B63
B89
Co4
Cc2s
c37
C43
Cb4
C56
C68
(9:-¥4
Ccs8
Ccs9
ceo
ce9
c70
7
c72
c73
C74
C76
c78
C79
c8o

(contd)

NAME

METHYCH
DICPANE
DICPENE
NNDIEHRY
HYDRSUL
IODOMET
METHACR
METHTHI
PENTACH
1112-tc
1122-tc
BROMORM
TRCMEOL
TRCMFLM
TRCPANE
123-trp
VINYIDE
M-XYLE
DIETHY
ACETILE
12-dben
13-dben
14-dben
HEXCBEN
METACRY
PENTCHB
TETRCHB
TRICHLB
HEXACHL
NAPHTHA
123TRI
PHENOL
136TRI
1234TE
1236TE
TOC
CYANIDE
FORMALN
NITRATE
SULFATE
FLUORID
CHLORID
PHOSPHA
KEROSEN
AMMONIU

B.11

SS
1HAN
FLAG

AAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAAAAAAAAN

AAAN

ANALYSIS ANALYSIS

VALUE

1.9900E+01

- 1.0000E+81

1.0000E+01
1.0000E+21
1.0000E+91
1.2000E+01
1.0000E+01
1.0000E+a1
1.9900E+01
1.0900E+01
1.0000E+01
1.09000E+91
1.0000E+01
1.9200E+01
1.9000E+@1
1.0000E+01
1.0990E+01
5 .0000E+00
1.90000E+01
3.0000E+23
1.9000E+01
1.9000E+01
1.2900E+01
1.99090E+01
1.0000E+01
1.0000E+91
1.0900E+01
1.0000E+31
1.90090E+01
1.9000E+01
1.0000E+01
1.2900E+01
1.9000E+01
1.0000E+01
1.0000E+91
3.2100E+02
1.9900E+01
5 .0000E+02
1.3800E+24
7.7000E+04
5 .0000E+02
9.2409%¢+p3
1.000 .93
1.000m++04
6.000 @1

UNITS

PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB
PPB




T, LE B.2. (contd)

LESS l

WELL COLLECTION CONSTITUENT CONSTITUENT THAN  ANALYSIS ANALYSIS

NAME DATE CODE NAME FLAG VALUE UNITS
2-E13-14 1/27/88 HOE ETHOXID < 3.0000E+03 PPB |
2-E13-14 1/27/88 HE8 ETHMETH < 1.0000E+01 PPB
2-E13-14 1/27/88 H18 TC 2.8900E+04 PPB
2-E13-14 1/27/88 H18 FZINC < 5.0000E+00 PPB ‘
2-E13-14 1/27/88 H19 FCALCIU 4.2000E+04 PPB
2-E13-14 1/27/88 H20 FBARIUM 4.5000E+01 PPB
2-E13-14 1/27/88 H21 FCADMIU < 2.0000E+00 PPB
2-E13-14 1/27/88 H22 FCHROMI 2.8000E+01 PPB
2-E13-14 1/27/88 H23 FSILVER < 1.0000E+21 PPB
2-E13-14 1/27/88 H24 FSODIUM 2.0900E+04 PPB
2-E13-14 1/27/88 H26 FNICKEL < 1.0000E+21 PPB
2-E13-14 1/27/88 H28 FCOPPER < 1.0000E+81 PPB
2-E13-14 1/27/88 H27 FVANADI 9.0000E+08 PPB
2-E13-14 1/27/88 H28 FALUMIN < 1.65000E+82 PPB
2-E13-14 1/27/88 H29 FMANGAN < 5.0000E+00 PPB
2-E13-14 1/27/88 H30 FPOTASS 5.7300E+03 PPB ,
2-E13-14 1/27/88 H31 FIRON < 3.0000E+01 PPB
2-E13-14 1/27/88 H32 FMAGNES 1.5600E+04 PPB
2-E13-14 1/27/88 H33 FBERYLL < 5.0000E+00 PPB
2-E13-14 1/27/88 H36 FSTRONT 2.2000E+02 PPB
2-E13-14 1/27/88 H38 FANTIMO < 1.0000E+82 PPB
2-E13-14 1/27/88 H37 FARSENI < 5.0000E+00 PPB
2-E13-14 1/27/88 H38 FMERCUR < 1.0000E-01 PPB
2-E13-14 1/27/88 H39 FSELENI < 5.0000E+20 PPB
2-E13-14 1/27/88 H41 FLEAD < 5.0000E+08 PPB
2-E13-14 1/27/88 H42 TOXLDL < 4.9000E+00 PPB
2-E13-14 1/27/88 HE8 ALKALIN 1.1700E+25
2-£13-14 1/27/88 HE3 LFLUORD 3.7700E+02 PPB *
2-E13-14 1/27/88 HE8 HEXONE < 1.0000E+01 PPB |
2-E13-14 1/27/88 121 TRIBUPH < 1.0000E+21 PPB
2-E13-14 1/29/88 210 c0-80 < -2.8800E+00 PCI/L
2-E13-14 1/29/88 224 €S-137 < 2.3200E+00¢ PCI/L ‘
2-E13-14 1/29/88 234 RU-108 < -1.1400E+01 PCI/L
2-E13-14 1/29/88 104 v 1.7800E+80 PCI/L
2-E13-14 1/29/88. 108 ~ TRITIUM < 7.7600E+01 PCI/L
2-E13-14 1/29/88 121 SR 9@ 1.0100E+00 PCI/L
2-E13-14 1/29/88 197 TC-99 < 2.4800E+00 PCI/L
2-E13-14 1/29/88 HE6 HNITRAT 1.2900E+04 PPB
2-E13-14 4/19/88 111 BETA 6.8800E+00 PCI/L
2-E13-14 4/19/88 111 BETA 7.0300E+00 PCI/L
2-E13-14 4/19/88 191 CONDFLD 4.7300E+02 UMHO
2-E13-14 4/19/88 199 PHFIELD 7.7000E+00
2-E13-14 4/19/88 207 PH-LAB 8.2000E+00
2-E13-14 4/19/88 212 ALPHA 1.6800E+08 PCI/L
2-E13-14 4/19/88 A81 TETRANE < 5.0000E+00 PPB

B.12




TABLE B.2. (contd)

LESS
WELL COLLECTION CONSTITUENT CONSTITUENT THAN  ANALYSIS ANALYSIS
NAME DATE CODE NAME FLAG VALUE UNITS

2-E13-14 4/19/88 A82 BENZENE < 5.0000E+00 PPB

2-E13-14 4/19/88 A83 DIOXANE < - 6.0000E+@2 PPB
2-E13-14 4/19/88 AB4 METHONE < 1.0080E+01 PPB
2-E13-14 4/19/88 A86 PYRIDIN < 6.0000E+22 PPB
2-E13-14 4/19/88 Ag8 TOLUENE < 6.0000E+02 PPB
2-E13-14 4/19/88 AB7 1,1,1-T < 65.0000E+00 PPB
2-E13-14 4/19/88 A88 1,1,2-T < 5.0000E+0¢ PPB
2-E13-14 4/19/88 A89 TRICENE < 6.0000E+00 PPB
2-E13-14 4/19/88 ATS PERCENE < 5.0000E+0¢ PPB
2-E13-14 4/19/88 AT1 OPXYLE < 5.0000E+00 PPB
2-E13-14 4/19/88 AT2 ACROLIN < 1.000CE+01 PPB
2-E13-14 4/19/88 A73 ACRYILE < 1.0000E+01 PPB
2-E13-14 4/19/88 AT4 BISTHER < 1.0000E+01 PPB
2-E13-14 4/19/88 A7S BROMONE < 1.0000E+01 PPB
2-E13-14 4/19/88 A78 METHBRO < 1.0000E+01 PPB
2-E13-14 4/19/88 A77 CARBIDE < 1.0000E+01 PPB
2-E13-14 4/19/88 AT8 CHLBENZ < 1.0000E+01 PPB
2-E13-14 4/19/88 AT9 CHLTHER < 1.0000E+01 PPB
2-E13-14 4/19/88 A80 CHLFORM < 6.0000E+0¢ PPB
2-E13-14 4/19/88 AB1 ME THCHL < 1.0000E+01 PPB
2-E13-14 4/19/88 AB2 CHMTHER < 1.0000E+01 PPB
2-E13-14 4/19/88 A83 CROTONA < 1.0000E+01 PPB
2-E13-14 4/19/88 A84 DIBRCHL < 1.000¢E+01 PPB
2-E13-14 4/19/88 A8S DIBRETH < 1.0000E+21 PPB
2-E13-14 4/19/88 AB8 DIBRMET < 1.000¢E+01 PPB
2-E13-14 4/19/88 A87 DIBUTEN < 1.0000E+@1 PPB
2-E13-14 4/19/88 A88 DICDIFM < 1.800CE+01 PPB
2-E13-14 4/19/88 A89 1,1-DIC < 1.000¢E+01 PPB
2-E13-14 4/19/88 A9D 1,2-DIC < 1.0000E+61 PPB
2-E13-14 4/19/88 A91 TRANDCE < 1.0000E+01 PPB
2-E13-14 4/19/88 A92 DICETHY < 1.9000E+21 PPB
2-E13-14 4/19/88 A93 METHYCH < 1.0000E+01 PPB
2-E13-14 4/19/88 A94 DICPANE < 1.0000E+01 PPB
2-E13-14 4/19/88 A9E DICPENE < 1.0000E+01 PPB
2-E13-14 4/19/88 A98 NNDIEHY < 1.0000E+21 PPB
2-E13-14 4/19/88 A99 HYDRSUL <'  1.0000E+@1 PPB
2-E13-14 4/19/88 801 IODOMET < 1.0000E+01 PPB
2-E13-14 4/19/88 802 METHACR < 1.0000E+91 PPB
2-E13-14 4/19/88 8@3 METHTHI < 1.000¢E+01 PPB
2-E13-14 4/19/88 B4 PENTACH < 1.8000E+01 PPB
2-E13-14 4/19/88 BO6 1112-tc < 1.0000E+01 PPB
2-E13-14 4/19/88 B@6 1122-tc < 1.0000E+01 PPB
2-E13-14 4/19/88 B@8 BROMORM < 1.9000E+81 PPB
2-E13-14 4/19/88 B9 TRCMEOL < 1.0000E+01 PPB
2-E13-14 4/19/88 810 TRCMFLM < 1.0000E+0¢1 PPB
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TABLE B.2. (contd)

LESS

WELL - COLLECTION CONSTITUENT CONSTITUENT THAN  ANALYSIS ANALYSIS

NAME DATE CODE NAME FLAG VALUE UNITS
2-E13-14 4/19/88 811 TRCPANE < 1.0000E+01 PPB
2-E13-14 4/19/88 B12 123-trp < - 1.0000E+21 PPB
2-E13-14 4/19/88 B13 VINYIDE < 1.0000E+01 PPB
2-E13-14 4/19/88 B14 M-XYLE < 65.0000E+00 PPB
2-E13-14 4/19/88 B15 DIETHY < 1.0000E+21 PPB
2-E13-14 4/19/88 B19 ACETILE < 3.0000E+@3 PPB
2-E13-14 4/19/88 co4 METACRY < 1.0000E+01 PPB
2-E13-14 4/19/88 ce9 TOC < 1.8400E+82 PPB
2-E13-14 4/19/88 c71 FORMALN < 5.0000E+02 PPB
2-E13-14 4/19/88 €72 NITRATE 1.4200E+04 PPB
2-E13-14 4/19/88 c73 SULFATE 3.9700E+04 PPB
2-E13-14 4/19/88 C74 FLUORID < 6.0000E+02 PPB
2-E13-14 4/19/88 C76 CHLORID 7.6000E+83 PPB
2-E13-14 4/19/88 c76 PHOSPHA < 1.0000E+23 PPB
2-E13-14 4/19/88 cse AMMONIU < 6.0000E+01 PPB
2-E13-14 4/19/88 HES ETHOXID < 3.0000E+@3 PPB
2-E13-14 4/19/88 HO8 ETHMETH < 1.0000E+01 PPB
2-E13-14 4/19/88 H18 TC 3.1600E+04 PPB
2-E13-14 4/19/88 H37 FARSENI < 6.0000E+00 PPB
2-E13-14 4/19/88 H38 FMERCUR < 1.0000E-01 PPB
2-E13-14 4/19/88 H39 FSELENI < 5.0000E+20 PPB
2-E13-14 4/19/88 H41 FLEAD < 5.0000E+00 PPB
2-E13-14 4/19/88 H58 ALKALIN 1.3900E+06
2-E13-14 4/19/88 HE3 LFLUQRD 3.7100E+02 PPB
2-E13-14 4/19/88 Hes HEXONE < 1.0000E+01 PPB
2-E23-2 10/29/86 108 TRITIUM 1.0600E+04 PCI/L
2-E23-2 10/29/86 111 BETA 8.06800E+28 PCI/L
2-E23-2 10/29/88 C72 NITRATE < 6.0000E+02 PPB
2-E23-2 3/27/87 108 TRITIUM 2.5900E+@4 PCI/L
2-E23-2 3/27/87 111 BETA 5.1100E+8¢ PCI/L
2-E23-2 3/27/87 c72 NITRATE < 6.0000E+02 PPB
2-E23-2 8/29/87 108 TRITIUM 3.3600E+04 PCI/L
2-E23-2 8/29/87 111 BETA . 7.7700E+00 PCI/L
2-E23-2 8/29/87 H66 HNITRAT < 2.5@00E+23 PPB

(a) All wells prefixed by 299-.
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APPENDIX C

FUNCTIONAL DESIGN AND CONSTRUCTION STANDARDS IR
GROUND-WATER MONITQPTNE WELLS

INTRODUCTION

Four ground-water monitoring wells will be drilled near the 2101-M pond
to fulfill the objectives of the detection-level monitoring plan. Well loca-
tions are considered tentative until underground and overhead utilities are
checked by Westinghouse Hanford Company personnel before drilling.
Single-completion shallow wells will be installed at each location. The well
depths will be approximately 332 ft below ground surface. A summary of
Tocations estimated and dimensions of the wells is presented in Table C.1.

TABLE C.1. Planned Well Locations and Depths for the 2101-M Pond

Approximate Approximate Approximate

Well Location Depth to Depth of Length of
M- ] B (Hanford Coord.) “-*er (ft) Borehole “**) Screen (ft)
E18-1 Shallow Monitoring N 38520 315 332 20

W 54425
E18-2 Shal low Monitoring N 38775 315 332 20

W 54155
E18-3 Shallow Monitoring N 38725 315 332 20

W 54926
E18-4 Shallow Monitoring N 38660 315 332 28

¥ 54025

The purpose of this appendix is to discuss the minimum design, construc-
tion, and testing standards required to meet the objectives of detection-Tevel
monitoring. Four tasks are discussed:

Task 1. Dril ing

Task 2. Geologic sampling

Task 3. Well construction

Task 4. Hydrologic testing.
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TASK 1. DRILLING

A cable-tool drill rig is the recommended drilling method. Temporary
steel casing will be driven concurrent with drilling, because most of the
geologic formations are expected to be uncemented and unconsolidated. Hard
tool may be used for drilling through gravel, boulders, and cobbles and once
the water table is reached, otherwise core barrel drilling is preferred. A
split-tube sampler may be used to take relatively undisturbed samples of
s; :ific lay °s when necessary.

Fittings may be greased and fluids carefully added to the drill rig before
cleaning. Petroleum- and synthetic-based lubricants shall not be used on the
drilling and sampling tools or fittings. Only Teflon (TFE) lubricants such
as Chevron Poly FM grease, "Green Stuff" (manufactured by King 0il1 Tools,
Inc.), or a pure vegetable oil will be permitted. Precaution should be taken
to prevent contamination of the well with oil and grease.

innhn] a QA5 va

The minimum borehole diameter will be 8 in. Telescoping of successively
smaller casings will be required in each well to achieve a minimum 8-in.-dia.
borehole, prevent hydraulic interconnection through any confining layers, and
prevent problems in pulling the casing. The cable-tool driller will begin
the boreholes with 10-in.-dia. schedule 40, carbon steel casing conforming to
American Society for Testing and Materials (ASTM) A53 Grade B or API 5L Grade B
(ASTM 1986). After drilling and driving to the appropriate depth, 8-in.-dia.
casing will be telescoped inside, and drilling will continue to the desired
total depth.

If perched water is encountered, special precautions will be taken to
prevent contamination migration. In no instance shall any one size of temporary
casing be extended across the entire thickness of a confining layer, because
this may connect two aquifers or a perched zone of water to the ground water.
The uppermost casing shall not penetrate less than 2 ft nor more than 5 ft or
20% of the known thickness of the confining unit. The smaller casing shall
be telescoped through the remé¢ 1der of the confining Tayer into the next
permeable unit. Bentonite slurry will be added to the annulus while drilling
through the confining layer to form a seal.
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Qualific=*i~n of Drillers

Drillers should have at least 5 years' experience as a dri” 2r and
licensed in the state of Washington. Drillers should have a mir num of 2 years'
experience specifically in cable-tool drilling. At least 1 year of - is
experience should be as a driller, not as a helper or a derrick an. The
cable-tool drillers should have specific experience for underreaming and pulling
casing. In addition, the drillers should have extensive experience installing
monitoring wells for hazardous waste investigations. In accordance with
Occupational Safety and Health Act (OSHA) regulations (29 CFR Part 1910.120),
the drilling company that is contracted must meet OSHA medical, monitoring,
and hazardous waste training requirements.

Equipment

The drilling contractor will provide all equipment required to success-
fully complete all tasks outlined in the detailed drilling specifications.
Equipment will be in good working order and steam cleaned just before arriving
onsite. Equipment failure is the responsibility of the contract *, and any
time lost because of equipment failure will constitute downtime.

Temporary M=taprjals

A1l temporary casing should be clean, undamaged sections of ca on stes
pipe. The sizes that may be required are 10 and 8 in. Casing should be
Schedule 40 and meet ASTM specification A53 Grade B or API 5L Grade B (ASTM
1986) .

The temporary continuous-slot telescoping well screens to be used for
aquifer testing will be constructed of type 304 or 316 stainless steel and
shall be a nominal 8-in. dia. These screens will have a flat stainless steel
plate and bailer hook welded to the bottom. Temporary screens will remain in
place after the aquifer tests and the monitoring wells completed at the desired
depth within the temporary screen.

wn'lrli_ng
Because retrieveé of temporary casing may be difficult, precautions will

be taken to help maintain high-integrity welds (i.e., beveling cuts before
welding, grinding, and crushing to remove slag between passes). Welds : ould
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not be ground flush to the casing. An extra bead should be considered on
welds near the top of the casing string. The contractor will be responsible
for broken welds.

Drill Cuttings and Water Disposal

Cuttings and drill-water bailed or cored from the hole will be surveyed
periodically with radiation and organic-vapor-detection monitoring instru-
ments. Materials with any contamination above prescribed action levels will
be stored onsite until the proper disposal method is identified. Uncontaminated
soil and water will be disposed of in the vicinity of the borehole.

TASK 2 ~rEALACTA CAMDIL TAN

The drilling contractor will be responsible for proper operation of the
equipment to be used both for the sediment sample collection and for the aquifer
tests. Sediment samples will be collected at a minimum of 5-ft intervals
during installation of the well. Samples will be collected using a core barrel
where possible or with a dart bailer when using the hard tool method. Samples
collected for chemical analysis should be collected wi- the core-barrel method.

TASK 2 Lt t CONSTRLII‘TTI\II

A generic diagram of the planned well construction is presented in Figure
C.1. This type of well construction represents the state of the art in
ground-water monitoring and exceeds all Washington State Department of Ecology
(hereafter called Ecology) minimum standards for well construction given in
WAC-173-160.

CONSTRUCTIQON MAT=PTALS

This section describes the types of materials required for construction
of a monitoring well meeting federal and state regulations.

Stainless Steel Screens and Casing

The wells should be constructed of 4-in.-diameter, flush-threaded stainless
steel well screen and pipe. The monitoring well casing will be Schedule 5§,
meeting ASTM specification A312 or A778 (ASTM 1986). The end
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fittings will be Schedule 40, double entry Stub, ACME flush screw threads
with a Viton o-ring on male end fittings. The pipe should be furnished in

various lengths to eliminate the need for cutting. The well requires 20 ft

of well screen to ensure that there will always be sufficient water in the

well for sampling of the uppermost water surface. Well screens will probably

be primarily 0.020-slot size, but the final determination will be made in the 1
field by the site geologist. All well screens will be the continuous slot .
type. A bottom plate should be welded to each well screen. Silt traps should ;
not be used. A1l factory welding of fittings to screen or casing and welding

to the lock in caps be performed with an MIG or TIG stainless steel wire feed |
welding process. The stainless steel wire feed must be of the same material |
as the ci ing or sc1 'n being welc [. The stain is steel well screen and 1
pipe may be composed of types 304, 304L, 316, or 316L. Type 304 and 304L or |
316 and 316L may be combined; however, individual sections should not be

composed of 304 or 304L and 316 or 316L welded together.

To minimize damage to the well screen and pipe, the following should be |
required: i
all male threads should be wrapped with expandable polyethylene mesh

e all pipe and screen must be wrapped in 7-mil polyethylene packaging

e each wooden box containing pipe and screen should be clearly marked
as to the material type ‘

e the our de of the wooden shipping box shall be clearly labeled with
the description (including material type), quantity, and part number
of the stainless steel product contained in the shipping box

stainless steel caps and centralizers must be the same type (not just
the same series) of stainless steel as the well casing to which it is
attached.

In areas where constituents of concern include chromium or certain
radionuclides (particularly selenium-75, strontium-85 and -90, and cesium-137),
the corrosion-resistant stainless steel should be passivated by the manufacturer
or supplier to prevent the release of chromium from the well screen and pipe
or adsorption of constituents (Raber, Garrison, and Oversby 1983). Passiva-
tion is also needed for cathodic protection in high chloride or fluoride
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environments (e.g., areas where large amounts of hydrochloric acid (HCL) ave
been released into the ground water). Pretreatment used before - e passivation
shall be in accordance with Mil-spec-5002; shall leave the surface of the

pipe and screen free of oil, grease, rust, scale, and other fore n matter,

and shall have no deleterious effect on the material properties. The stainless
steel parts shall be passivated in accordance with Mil-spec QQ-P-358B.
Specifically, these parts shall be immersed in an aqueous solutic of 38 to
42% nitric acid, by vc ime, in accordance with 0-N-350, and 2 to 3% sodium
dichromate, by weight, in accordance with 0-S-595. The materie¢ 5 should be
immersed in the solution at 70 to 120°F for 25 to 30 min, to be fo' wed by a
clean rinse and an immersion in a 4 to 6% sodium dichromate solution for 30
min. The materials should then be rinsed a final time in clean water and air
dried.

The stainless steel casing, well screen, and accessories (c. s, central-
izers, etc.) must conform to all applicable items in the above specifications
with all supporting test data certified, submitted to, and approved by Pacific
Northwest Laboratory (PNL) and the drilling contractor, before shipment.

Filter Pack

Because the rate at which sand grains will settle in water is controlled
by particle size and shape, it is desirable to obtain a filter pack that con-
sists of sand grains that are uniform in shape and size. The particle size
of the sand pack should be of a size that will prevent sediment from the
formation entering the screen in large quantities. Generally, the smallest
particles should be slightly Targer than the slot size of the screen, if the

airticles are too large, finer-grained sediments could still enter the screen
through the pack. The filter pack surroundii the we' screen should consist
of kiln-dried, rounded, and spherical grains of sand composed of at least 96%
quartz. The sand grains shall be composed of subrounded to rounded grains;
that is, at least 90% of the grains shall have a Powers roundness of 3.0 to
6.0, or a Krumbein roundness of 0.6 to 1.0. The maximum projection sphericity
(Sneed and Folk 1958) shall be 0.6 to 1.0. The sand partic 2s should be very
uniform in size. Specifically, the uniformity coefficient should be equal to
or less than 2.0. The effective size shall be proportional to the sieve size.
For example, the 10 to 20 U.S. mesh size shall have an effective size of 0.033
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to 0.045 in. (1.0 to 1.2 mm), and the 8 to 12 U.S. mesh size shall have an
effective si: of 0.067 to 0.079 in. (1.7 to 2.0 mm). The paper sacks
containing the sand should have polyethylene liners to prevent contamination
and water damage. The two currently approved supply sources for the quartz
sand pack are the Fountain Sand and Gravel Company, Pueblo, Colorado, ar the
Colorado Silica Sand, Inc., Colorado Springs, Colorado.

Secondary Filter Pack (Optir~-1)

A secondary filter is often desirable and is mandatory if a bentonite
slurry is to be placed above the sand pack rather than a seal of pellets,
crumbles, or granules. A secondary filter is a 1- to 2-ft layer of material
that is placed in the annular space between the filter pack and the bentonite
seal or between the bentonite seal and the grout. Unlike the filter pack,
which is very uniform in size, the secondary filter above the sand pack should
be less uniform. The greater variation in size will allow the coarser grained
sand fraction of the secondary filter to settle first on equivalently coarse
sand pack and second on progressively finer-grained sand. Thus, the finest
sand particles are adjacent to the overlying fine-grained bentonite slurry or
crumbles. This prevents migration of the bentonite into the filter pack. A
properly graded secondary filter shall consist of two particle sizes of sand
including: 20 to 40 mesh [efi :tive particle size of 0.016 to 0.019 in. (0.4
to 0.5 mm)] and 40 to 140 mesh, commonly called 100 mesh [effective particle
size of 0.0055 to 0.0066 in. (0.14 to 0.17 mm)]. The sand materials shall be
packaged in sacks with polyethylene liners to prevent contamination and water
damage.

Bentonite Sealants

Bentonite pellet seals shall be composed of commercially available pellets
that have a dry bulk density of at least 80 1b/ft3 and are a nominal 0.25 to
0.375 in. in diameter.

Granular bentonite shall be composed of coarse, granular bentonite
crumbles, 8 to 20 U.S. sieve size. The sacks of bentonite shall be shipped
on pallets and sealed with plastic sheeting.

The bentonite grout shall be a bentonite clay grout powder with a specific
gravity of 2.5, a dry bulk density of 55 1b/ft3 and a pH of 9 to 10.5. The
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bentonite grout powder shall be Volclay grout (or an approved equal) below

the water table and regular bentonite powder and/or granules above the water
table. The sacks of bentonite shall be shipped on pallets and sealed with
plastic sheeting. Water from an approved source shall be mixed with these
powders or granules to form thick, bentonite slurries. When used, slurry

seals shall have a thick, batter-like consistency with a Marsh Funnel viscosity
of at Teast 100 sec. Volclay grout should maintain a weight of 94.3 to

94.5 1bs/ft3. Maximum placement thickness of a slurry seal in a single 1ift
should be 25 ft.

Cement Grout

Cement grout should consist of a mixture of Portland cement (A! Y C150;
ASTM 1986) and water in the proportion of 5 to 6 gal of clean water per bag
(94 1bs or 1 ft3) of cement. Because the volumetric shrinkage is about 17%,
an additive should be added to the cement to cause it to expand on setting,
thus providing tighter seal (Aherns 1970). The two primary ch ces are
ali inum powder (1%) and gypsum (3 to 6%). Both additives also accelerate
setting, but aluminum powder produces a stronger grout and is less expensive
than gypsum.

Concrete P2 =nd Seal

Concrete, when used in monitoring well construction, shall be composed
of either premixed, bagged concrete, or a mix of six sacks of cement per cubic
yard. Except for an air-entraining agent, neither additives nor borehole
cuttings shall be mixed wi- the concrete. With the addition of water, the
maximum slump ’ould be 6 in. The concrel should : steel reinforced. The
steel will be of sufficient size, configuration, and placement to minimize
damage to the pad during normal use for its expected lifetime.

Guard Posts

Protective steel posts should be composed of carbon steel casing that is
new, free from pits or breaks, and has a 4-in. nominal diameter. ° e pipe
shall be Schedule 40 meeting ASTM specification A120 (ASTM 1986). The indi-
vidual 6-ft segments shall have straight, beveled cuts. The posts should be
painted yellow to make them easily visible.
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INSTALLATION PROCEDURES

This section provides general information on how the final casing, screen,
and annular materials should be installed in the well.

Sta-in]aes Stee] f‘:c-?nn— and g_c—tpnn

The stainless steel well screen and casing is lowered to the desired
depth and suspended in position until the sand pack has been implaced.
Centralizers should be attached immediately above the well screen and at the
appropriate distances along the length of the casing necessary to assure an
adequate seal.

Filter Pack

The volume of the filter pack required to fill the annular space between
the well screen and the well hole must be computed and carefully measured.
The filter pack should be extended at least 1 ft above the top of the screen
for every 3 ft of screen length, up to a maximum of 5 ft above the top of the
screen. While suspending the riser pipe, the temporary casing should be
carefully withdrawn until the lowermost point on the casing is just below the
top of the filter packed portion of the hole; this may be accomplished in
increments, if necessary.

Secondary Filter Pack

To prevent downward migration of a bentonite slurry-into the sand pack,
a carefully measured volume of secondary filter sand should be placed above
the top of the primary filter pack. This filter material is poured into the
annular space through a clean, flush-threaded, tremie pipe that has been lowered
to no more than 20 ft above the placement interval. If used, the secondary
filter should be 1 to 2 ft thick. Where conditions warrant, the secondary:
filter may be eliminated.

Rentonite Seal

Where a bentonite seal is required above the water table and the pellet
seal, bentonite granules or crumbles shall be used to seal the annular space
to within 21 ft below land surface. Pellets or crumbles should be dropped
into the annulus slowly and measured frequently to ensure that the bentonite
particles are not bridging. The use of Volclay grout will be Timited
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Quality Assurance

The reliability of ground-water samples analyzed for hazardous constituents
are known to be affected by drilling methods and equipment used. The following
quality assurance procedures v |1 be followed:

1. All equipment in contact with earthen materials or borehole fluids shall
be steam cleaned (high pressure at 80 psi and high temperature at 180°F
is also acceptable) between each borehole. The contractor shall supply
the equipment necessary for this decontamination. Tools and sampling
equipment (e.g., split-spoon sampler, submersible pumps) to be used for
soil sampling or aquifer testing shall be decontaminated by wiping or
scrubbing off visible particulate matter; washing with a laboratory-
grade detergent (e.g., trisodium phosphate); clean water and methanol
(technical grade or better) rinsing; and final rinsing with clean water
free of oils and contaminants of concern. The trisodium phosphate,
methanol (where necessary), distilled water, and all other items (e.g.,
brushes, clean water, etc.) must be provided and obtained by the
contractor.

2. The soil around the borehole is a potential contamination source;
therefore, all materials (casings, drill rods, etc.) will be stored on
stands, pallets, support vehicles, etc.

3. Only preapproved lubricants, such as "Green Stuff," will be allowed on
any drillil - v § lul 1its will | ue

4. Any water used during drilling will be obtair | from a designated source.
No drilling additives (i.e., drill foam) will be used unless approved by
the site geologist.

5. A1l monitoring well pipe, screen, and accessories (cap, centralizers)
shall be cleaned and decontaminated after cutting and threading at the
factory. Cleaning shall be done using a mild detergent, followed by an
isopropyl or methanol alcohol rinse, and then rinsed with clean water or
by using an approved equivalent cleaning procedure. The materials shall
be air dried and hermetically sealed in plastic to minimize the poten-
tial for contamination before installation in the borehole. Chlorinated
solvents shall not be used for cleaning pipe or screen. The personnel
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handling the materials will have clean hands or use new rubber gloves
and are required to wear clean coveralls.

6. Proper installation of each well is critical to the integrity of the
data collected from it. Design specifications will be followed as
closely as possible. Any deviations from prescribed design must meet
the approval of the site geologist.

TASK * "“DROLOGIC TESTING

Aquifer testing will be performed on chosen wells if no ground-water
contamination above acceptable 1imits is detected on reaching the water
table. These tests may include bailer, slug, step-drawdown, 8-hour pumping,
and 8-hour recovery. Observation wells will be used where possible. A pre-
test analysis (generally a step-drawdown test) based on an estimated range
of transmissivity will be conducted. The purpose of this step-drawdown test
is to determine the type of test and the size of pump most applici le to the
given field situation. The aquifer test will not be performed until water
levels have recovered fully from the step-drawdown test.

Proper disposal of discharge water from pumping tests is oft¢ a problem
at hazardous waste sites. An Effluent Monitoring Plan will be in Tace
before aquifer testing begins. This will identify the acceptable limits of
contamination for disposal of pumped water to the ground surface. A ground-
water sample will be collected and analyzed before aquifer testing. If no
contamination is detected above acceptable 1imits, the test will proceed,
with discharge to the ground surface at an acceptable distance from any waste
disposal facilities. If ground-water contamination is detected, aquifer
testing will not occur until a decision is made on whether treatment and
disposal of pumped water is necessary.
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APPENDIX D

SAMPLING AND ANALYSIS PLAN

This plan introduces the procedures that will be used for s 1ple collec-
tion (including well evacuation and sample withdrawal me' ods), field measure-
ments, sample preservation and shipment, chemical analysis, chain of custody,
and quality control.

A1l sampling activities are currently performed under contract by Pacific
Northwest Laboratory (PNL). United States Testing Company (UST) currently
conducts sample analyses for most constituents. The procedures in this appendix
have been extracted primarily from PNL's Environmental Monitoring Procedures
manual (PNL-MA-580). The procedures for laboratory analyses done by UST are
documented in UST-RD-PM-9-80, Vol. 1 and 2, for radioactive constituents and
UST-RD-PM-9-80, Vol. 3 for hazardous constituents (UST 1986). If any of these
procedures are updated, the new procedures will be followed for this program,
superseding any previous procedures.
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1.1

that

1.2

1.0 SAMPLE COLLECTION PROCEDURES

LNTDQBIIPTM

These procedures are intended for use in collecting ground-water samples
will be analyzed for hazardous chemicals.

CNIITDMENMT

The following equipment may be needed in the field during sampling:
® truck-mounted air compressor and generator
bladder-pump controller box

bladder-pump hoses (set of two)

extra discharge line for bladder pump
extra discharge line for submersible pump
Teflon bailer

pH and conductivity meter

digital thermometer

steel measuring tape

blue chalk

electrical tape

engineer's measurement tape

a copy of Hanford Wells (PNL-5397) (McGhan, Mitchell, and Argo 1985)
stopwatch or watch with second hand

bucket or jug (for measuring flow rate)

d il 1y

ziplock bags

ice chests with ice
plastic gloves
aprons

towels

indelible marker
extra sample labels
sample seals

a copy of all relevant procedures
sample containers with caps and liners (including extras)
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e field record forms
chain-of-custody forms
e sample analysis request forms.

1.3 SAMPLING PRECAUTIONS

Do not smoke, eat, or handle any objects not necessary for sampling
while performing sampling procedures.

Do not sample downwind of any potential sources of volatile organics
such as car exhausts or open fuel tanks. These could contaminate the sample.
If any such sources are unavoidable, make a note of them on the field record
forms.

Leave caps on the sample containers until just before filling.

Avoid handling the Teflon bottle cap liners. Do not use any liner that
fa Is out of the cap and onto the ground.

Wear gloves when taking samples and when handling containers, especially
those with added preservative.

1.4 SAMPLE COLLECTINN USING ©''PMERSIR!'F DIMD

Take water Tevel measurements according to the water level measurement
procedure (Section 2.1).

Check to see that the hose bibb for the submersible pump is open.
CAUTION: Be sure the power switch on the 230-V outlets is turne off!

PTug the power cord into one of the 30-V outlets on the generator on
the truck and into the out’ . at the well head.

Start the electric generator.

Turn the power switch « to begin pumping process. Be sure not to
handle energized power cords. If the pump does not work properly, as indi-
cated by a lack of air flow out the discharge hose or by failure of the gen-
erator to "lug" down, turn the switch off immediately. After waiting a few
seconds, turn the switch on and off several times rapidly, finally pausing in
the ON position to determine if the pump has started to function properly.
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After the water begins to flow from the outlet, pump the well for 15 min
(or Tonger, if the pH, temperature, and specific conductivity have not
stabilized).

NOTE: Some wells pump down after a period of time. If the well pumps
dry while purging, it does not generally mean that a sample
cannot be collected. A sample can still be obtained by follow-
ing these steps:

1. Turn off the submersible pump when the well pumps dry.

2. Wait for the well to recharge. This should be about 15 min, but
may take as long as 30 min.

3. Measure the depth to water using the electrical tape. Make sure
that the water level is above the pump intake.

4. Turn the submersible pump back on. Collect the samples that are
designated for collection with the submersible pump.

Measure the pH, temperature, and specific conductivity of the discharged
water at least three times during purging, according to the standard proce-
dur ;5 for measuring pH and conductivity (explained in Section 2.0 of this
appendix). The pH will be considered stable when two consecutive measure-
ments agree within 0.2 pH units. Temperature will be considered stable when
two consecutive measurements agree within 0.2°C. Conductivity will be
considered stable when two consecutive measurements agree within 10 gmhos.

If pH, temperature, and conductivity do not stabilize with- the calculated
purging tin , contact tt technical suf ‘visor befor collecting samples.

Enter time, date, and your initials on all sample labels.

Record information on field record form as it becomes available. The
information that must be recorded on the field record forms is described in
Section 2.0, "Chain-of-Custody Procedures."

Check the labels on the sample containers to determine which ones can be
filled using the submersible pump. (A blue line on the right side of the
sample label indicates that the submersible pump should not be used to fill
that particular container.)
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Fi11 the appropriate sample containers as described in Section 1.8,
"General Sample Collection Procedure."

Attach a sample seal to each container and place it in a cooler or ice
chest.

1.5 SAMPLE COLLECTION USING BLADDER PUMP

If the well has a dedicated bladder ump, turn on the air compressor and
use the procedure described below. If the well does not have a bladder pump,
use the procedures given for the Teflon bailer to collect the remaining samples.

Attach the compressor to the bladder-pump pressure inlet on the face of
the controller panel, using the female portion of the coupling supplied.

Connect either end of the controller's red air hose to the w supply
on the right side of the control panel. Connect the other end of the controller
air hose to the quick-connect nipple »>cated in the well cap asse »ly.

Attach the appropriately 1ibeled extension line to the bladder-pump
discharge line.

Five of the 15 pumping cycles are required to purge the air from the
b adder pump and tubing. Full water flow from the sample supply tube should
then begin. After water flows from the outlet tube, run the t 31 ler pump for
at least 5 min before taking samples.

To reduce tl water flow rate during sample collection, turn the throttie
control on the left side of the control panel in the counterclockwise direction.
To increase the flow rate, turn the throttle control clockwise.

1.6 SAMPLE rni'E=CTICM USING THE PISTON PUMP_(HYDROSTAR)

Upon arrival at the well head, immediately determine depth to water using
the appropriate tapes, and record the determined values on the field record
form.

Wear gloves when taking samples and when handling containers, especially
those with added preservative.
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Attaching the Pneuma**~ ~**<-q4~- Assembly

Insert the support for the pneumatic cylinder into the column support on
the well head assembly.(a)

Pull the cylinder rod down until it is fully extended and has stopped.

Align the eyelet on the top portion of the turnbolt with the clevis pin
hole on the Tower portion of the cylinder rod.

Align the hole on the cylinder support with the column support on t well
head so that the turnbolt eyelet and clevis pin hole on the cylinder rod
are aligned when the piston is fully extended.

Insert the clevis pin through one of the intersecting pairs of holes on
the column support and clip a hitch pin into the holes in the small end of
the clevis pin.

Check the alignment on the turnbolt eyelet with the hole on the cylinder
rod. The alignment must be nearly perfect, neither too high nor too Tow.

Adjust by rotating the turnbolt clockwise or counterclockwise.

Operating the Pneumatic Cylinder

Attach either the purging hose (Targe diameter) or the Teflon sampling
hose to the outlet on the discharge tee of the sampling pump.

Attach the quick-connect on the supply hose to the unattached end of the
control valve on the pneumatic cylinder. The input air pressure should
not exceed 120 psi.

When inserting the cylinder support into the column support on the pump
assembly, at Teast two holes on the cylinder support must overlap with
two holes on the column support. If less than two holes overlap use the
extension supplies with the Hydrostar pneumatic cylinder. Align the
pumping system in the same manner as described above.
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Turn air supply on to the control valve.

Turn on the control valve on the pneumatic cylinder. The piston will
begin to operate.

Adjust stroke rate to no more than 60 per minute.(2) The stroke speed of
the pneumatic cylinder can be adjusted with the control valve located on
the top of the pneumatic cylinder. A stroke is defined as one downward
and one upward extension.

Sampling with Pneumatic Piston Assembly

Slow down the pumping rate until the piston operates smoothly. This rate
will be Tess than 10 strokes per minute.

Attach the Teflon sampling hose and purge at this rate for a minimum of 2
min.

Proceed with sampling all unfiltered samples according to PNL-MA-580.

Attach the filter assembly and purge the filter according to directions
Tisted in PNL-MA-580. 1If too much pressure is exerted across the filter
the membrane will rupture, usually resulting in a popping noise. If this
happens, replace the filter and restart the filtering procedure.

Dismantle the pneumatic pumping assembly as described below.

Removing the Pneumatic Pumping Assembly

Disconnect the air supply at the pneumatic cylinder.

Disassemble pneumatic cylinder in reverse order of steps 1 through 7 in
tl ser jon "Attaching Pneumatic slinder Assembly."

Replace well cap over top of well head.

(a)

If the pneumatic cylinder assembly is not operating correctly, and the
problems are not due to the well or the pump in the well, tI well may
be hand pumped as described in "Manual Operation."
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Maniia T NnAawvadtiAane

1. Insert the handle support into the column support on the pump head
assembly so that at least two holes on the handle support overlap
two holes on the column support.

2. Slide the clevis pin through one of the intersecting pairs of holes
on the column support.

3. Clip the hitch pin into the hole in the small end of the clevis
pin.
4. Remove the turnbolt on the top of the rod at the well head.

5. Attach the turnbolt on the end of the wire rope attached to the
handle assembly onto the threaded rod at the top of the well head.

6. Lift the handle so that the flat edge of the cam nearest the shackle
is approximately parallel with the ground.

7. Pull all the slack out of the wire rope.

8. Using either an adjustable or 9/16-in. open-end wrench, tighten
both nuts on the shackle until the sheath on the wire rope is com-
- pressed. Remembering to keep all slack out of the wire rope.

Manual Well Sampling

1. Attach either the purging hose (large diameter) or the Teflon sampling
hot (small diameter) to the outlet on the dischar¢ tee of the
sampling pump.

2. Begin pumping the operating handle with smooth, even strokes. For
best performance, use 20 to 45 strokes per minute for purging the
well. Use less than 10 strokes per minute during sampling. When
the filter assembly is attached, special attention is required to
prevent rapid build up of pressure across the filter. If too much
pressure is exerted across the filter the membrane will rupture,
usually resulting in a popping noise. If this happens, replace the
filter and begin sampling for the filtered sample according to the
written procedure.
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3. When sampling is completed follow the direction below to disassemble
the handle assembly from the well head.

P~movi~~ the Handle Assembly

Disassemble the handle assembly in reverse order of steps 1 through 8 in
the section "Manual Operations."

1.7 SAMPLE COLLECTION UST™~ TEFLON BAT'EFR

Unclasp the metal bailer from the winch line and replace it with the
Teflon bailer.

Disengage the winch clutch and slowly lower the bailer into the water.
Engage the winch clutch when the bailer strikes the water surface.

{Tow about 30 ¢ for t| sample - »oe to fill.
Turn the electric winch and <7wly raise the Teflon bailer to the surface.
Lower and rinse the bailer twice before collecting a sample.

Unscrew the cap of the sample container, being careful not to touch the
lip of the bottle or the inside of the Teflon liner. Avoid touching the mouth
of the Teflon bailer.

Unclasp the Teflon bailer.

Pour the water from the bailer into the sample container slowly to prevent
trapping any air bubbles. Avoid splashing or agitating the water while the
sample container is being filled.

1.7.1 Teflnn Bailer Fla=ning Procedure

Wash the inside and the outside of the bailer with a mild mixture of
dish soap and water.

Rinse the bailer twice with tap water.

Store the bailer in a sealable plastic bag between uses.
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1.8 GENERAL SAMPLE COLLECTION PROCEDURE

Unscrew the cap from the sample container, being careful not to touch
the 1ip of the bottle or the inside of the Teflon liner. Also avoid touching
the mouth of the discharge line.

Fill the sample bottle slowly by placing the outlet tube against the
inner side of the sample bottle to prévent trapping any air bubbles. Avoid
splashing or agitating the water while the bottle is being filled.

NOTE: For those bottles requiring no headspace, the bottle should be
filled completely so that a meniscus forms. Cap the bottle
immediately, turn it upside down, tap it a few times and check
for air bubbles in the sample. If a bubble exists, discard the
sample and repeat the sampling procedures until an air-free
sample is obtained. There is an exception to this; if the bottle
to be filled contains a preservative, only one attempt will be
made to obtain an air-free sample.

As each container is filled, attach a sample seal to it and place it in
a cooler or ice chest.

Survey the sample container with a GM instrument. If the count is greater
than 200 cpm, record it on the field record form and use Radiation Work
Procedure 318-EE-1. Contact t : EM Supervisor for instructions concerning
where the sample is to be take

Turn off the air compressor.

Turn the power switch off and then turn the generator off. Unplug the

power cord.

Complete the chain-of-custody and sample analysis request forms.

Deliver the sample to the appropriate laboratory for analysis as soon as
possible, following chain-of-custody procedures. If it cannot be delivered
to the lab the same day, store the sample in a refrigerator located inside a
locked building or within a secured area. The refrigerator must maintain a
constant temperature of 4°C (39°F). Leave the cooler to be used when the
samples are delivered.
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1.9 FIELD MEASUREMENTS

1.9.1 Water-Level Measurement P+v~~adure

Intrnduction

Water level measurements are taken each time a well is sai led, before
it is purged. These measurements are taken as depth to water from the top of
the well casing. They must be subtracted from the surveyed elev :ion of the
casing given in Hanford Wells (McGhan, Mitchell, and Argo 1985, PNL-5397) to
obtain the elevation of the water table. The water table elevations obtained

for all wells in the sampling network during a particular sampling episode
can be used to produce a contour map showing the ground-water surface at the
time that the measurements were made. These contour maps can be use to help
characterize the ground-water flow system and to ensure that the sampling
network is adequate.

Graduated steel measuring tapes are more accurate than electrical tapes
and so should be used for official measurements. However, an ¢ 2ctrical tape
can be used to determine the approximate depth to water.

Equirmant
The following equipment will be needed:
steel measuring tape with attached weight

e blue carpenter's chalk
a copy of Hanford Wells (PNL-5397)
electrical tape

e engineer's measuring tape
field rec d fc ;.

Graduated Steel Tape Me*hod

Chalk the 1-ft section of steel tape below the zero reading oint.

Find the elevation of the measuring point and the estimated water level
in Hanford Wells, or use an electric tape to find the approximate depth to

water.

Lower the steel tape from the well's measuring point (marked with paint
on the top of the casing) to the estimated water level. Note the amount of
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tape that is in the well by reading the tape at the measuring point. This
value is referred to as the "hold point."

Remove the steel tape and check the wetted portion below the zero reading
point.

NOTE: If the chalked portion is not wet, repeat the procedure, but
allow more of the tape to go down the well (i.e., use a greater
hold point).

Add the unwetted length of the chalked portion of the tape to the hold
point value to obtain the depth-to-water measurement.

If the chalked portion is not wet, repeat until the water level is arked
on the chalked portion of the tape.

Repeat the procedure until two steel tape measurements agree within +0.05
ft.

Record the depth-to-water measurements, time of measurements, measuring
device, and the name of the person taking the measurements on the field record
form.

Electric Tape Method

Lower the electric tape from the measuring point into the borehole until
the buzzer and the light indicate contact with the water.

Mark the _ « .ric tape at the measuring point and ident.. the nearest
graduation on the electric tape.

If the water level is deeper than the nearest graduation marked on the
tape, add the difference to the depth identified to obtain the true depth to

water.

If the water level is shallower than the nearest graduation marked on
the tape, subtract the difference from the depth identified to obtain the
true depth to water.

Record the depth-to-water measurements, time of measurements, measuring
device, and the name of the person taking the measurements on the field record

form.
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NOTE: This measurement should be used only as an approximate depth to
water, because the electric tape is less reliable than the steel
tape.

1.9.2 Temperature Measurement Prnradiva

Introduction

Temperature measurements are taken during and after purging of the well,
just before sample collection. Measurements taken during purging are used to
help ensure that the well bore has been sufficiently evacuated, as indicated
by stabilization of the temperature. (The pH and conductivity are measured
at the same time for the same reason.) The temperature is considered stable
when two consecutive measurements agree within 0.2°C. The final temperature
measurement is taken just before sampling and is recorded as an analytical
value for the sample. The digital thermometers are regularly checked against
a standard thermometer for accuracy.

Equipment

The following equipment will be needed:
digital thermometer
e field record forms.

Temperature Measurement P+~~2dure

Turn on the digital thermometer. Make sure that the switch is positioned
so that the measurements will be in degrees centigrade.

Place the probe into the stream of water being discharged from the pump.

The temperature is indicali | by flashing display, which will normally
fluctuate for a few seconds. Wait until fluctuation ceases (i.e., until the
same temperature is indicated on three consecutive flashes), and - en record
the temperature on the field record form.

1.9.3 Conductivity Ca'’*k+ation and Measurement Procedures

Introduction

Conductivity measurements are taken during and after purging of the well,
just before sample collection. Measurements taken during purging are used to
help ensure that the well bore has been sufficiently evacuated, as indicated
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by stabilization of the conductivity. The pH and temperature are measured at
the same time for the same reason.) Conductivity is considered stable when
two consecutive measurements agree within 10 ugmhos. The final conductivity
measurement is taken just before sampling and is recorded as an analytical
value for the sample. The conductivity meter should be calibrated once a
day, before it is taken to the field to begin sampling.

The following equipment will be needed:
conductivity meter
e distilled or deionized water
small screwdriver
e standard solution
field record forms.

Conductivi+v Calibration Procedure

Tntarnal C+and ard

Empty the sample cup on t : meter. Rinse it out with distilled or
deionized water. Dry the cup thoroughly.

Turn the range switch to TEST.
Press the OPERATE button.

Use tI sr "1 scy wdriver to: |1 t the CAL ATE until t| meter or
display reads 8.

NOTE: This is to be done as a rough calibration or battery check.

Standard Solution

Empty the sample cup. Rinse it out with distilled or deionized water.
Fill the cup with standard solution.
Turn the MODE switch to conductivity.

Turn the RANGE selector switch to the correct range for the standard
solution.

Press the OPERATE button.
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Use the small screwdriver to adjust the CAlL 3RATE until - e meter or
display reads the solution value.

NOTE: Do not return the conductivity standard sc ition to the container.
Always discard it.

fanductivity Measurement Procedure

Check that the conductivity meter is properly calibrate by using the
internal standard.

Remove the cap from the sample cup.

Rinse the cup with the water to be tested and dump it several times.
Then fill the cup with the sample.

Turn the conductivity RANGE switch to the correct range.

Range in umhos

X1. 0-10
X10. 0 - 100
X100. 0 - 1,000
X1,000. 0 - 10,000

irn the MODE switch to CONDUCTI\V TY.
Press the QPERATE button on the side of the meter.

Read the conductivity on the digital display to the nearest umho and
record on field record form. Multij ;s the meter reading times the scale factor
to obtain the correct placement of the decimal point.

After taking the reading, dump the sample and refill the cup with distilled
water.

Replace the cap.

1.9.4 pH Calibratian_and Mag-:vement Procedure

Introduction

Measurements of pH are taken during and after purging of the well, just
before sample collection. Measurements taken during purging are sed to help
ensure that the well bore has been sufficiently evacuated, as indicated by
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stabilization of the pH. (Conductivity and temperature are measured at the
same time for the same reason.) The pH is considered stable when two con-
secutive measurements agree within 0.2 pH units. The final pH measurement is
taken just before sampling and is recorded as an analytical value for the
sample. The pH instrument should be calibrated once a day, before it is taken
to the field for sampling.

Equipment

The following equipment will be needed:
pH meter

distilled or deionized water

small screwdriver

buffer solutions

field record forms.

nil £Cal 1"-\\05-&-:1\11 Ppnppd"re

Wash the meter's sample cup with distilled water.
Fill e cup with 4.0 pH buffer solution.
Turn the MODE switch to pH.

Press the OPERATE button. Use the small screwdriver to adjust the ZERQ
to make the display read 4.00 pH on the upper meter scale or on the digital

« splay.
Discard the buffer solution. Wash the cup twice with distilled or
deionized water.

Fill the cup with 10.00 buffer solution.
Adjust the SLOl . to ake the display read 10.00 pH.

Rinse the cup again and refill it with 4.0 pH buffer solution. Recheck
the 4.0 pH value and adjust the ZERO if necessary.

Singe Buffer Calibration

After the SLOPE is calibrated the first time each day, it may be left
alone for subsequent cal' ration. Recheck the slope as desired.
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Calibrate with a buffer solution that is close to the range of interest.
If the process pH is from 6.0 to 9.0, use a 7.0 buffer solution for single-
point calibration.

With the buffer solution in the cup, recalibrate only the ¢ ) to make
the display read the desired value.

NOTE: Do not return buffer solutions to their containers. Always
discard them.

pH Measurement Procedure

Ensure that the pH instrument is properly calibrated.
Remove the cap from the sample cup.

Rinse the cup with the water to be tested several times. ~ en fill the
cup with the sample.

Turn the MODE selector switch to pH.
Press the OPERATE button on the si : of the meter.

Read the pH on the upper meter scale or on the digital display to the
nearest tenth of a unit. Record the value on the field record form.

Dump the sample and refill the cup with distilled water.

Replace the cap.

D.17







(sample number) - compan} code (1ist of analyses)
(well number)

(bottle preparation)

SAMPLE SIZE: _ LAB:

DATE/TIME:

COLLECTOR:

FIGURE D.1. Sample Label

the form will return a copy of the form to the company contact \ ose name
appears on the top line.

Sample Analy<i< Reg'~-t Form

United States Testing (UST) requires that a sample analysis request form
accompany all samples delivered to the lab. The field portion ¢ the form
will be completed by the sampie collector; the laboratory portion will be
completed by laboratory personnel. An example sample analysis request form
is shown in Figure D.4.

Samples are normally delivered directly to the laboratory on the day of
collection. If they cannot be delivered on the day of coliection, they must
be stored them in a refrigerator in a locked building. (No shif 'ng of the
samples is necessary, due to the Tab's proximity to the site.) All samples
will be accompanied by a chain-of-custody form and a sample analysis request
form. Deliver samples only to authorized laboratory personnel.

2.2 LABNoATARY ACCEPTANCE PROCEDURES

The chain of custody does not end at the laboratory door, . 1 therefore
the laboratory must ensure the continuity of its record by following these
procedures.
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Receiving Department

Remove the sample cooler from the delivery vehicle and bring it into the
receiving area.

Check the sample cooler for any obvious damage.
Sign the chain-of-custody and sample analysis request forms.

If you transfer custody of + 2 cooler to one or more intermediates before
it is delivered to the Sample Custodian, the chai .of-custody form must reflect
every change of custody.

Sample Custodian

When the sample cooler is de ivered to you (or your designated alter-
nate), sign the chain-of-custc s form. Then return one copy to the sender
and retain the remaining copies. The sample cooler is now your responsibil-
ity (or that of your designated alternate). You must now log in the samp 2s.

Examine the sample coolers. On the sample log-in form (Figure D.5),
record:

presence/absence of custody seal(s) on the samples

condition of custody seal(s).

Open the sample coolers, examine the sample documents, and record on the
sample log-in form whether chain-of-custody form(s) are present.

Remove sample containers and record on sample log-in form:
condition of samples (intact, broken, leaking, etc.)

pre: ice/absence of sample labels and sample seals

any discrepancy with chain-of-custody form(s).

If discrepancies are found, contact the sender for clarific :ion.

After all samples have been -oper ; logged in, send a copy of the sam-
ple log-in form to the company contact named on - e chain-of-custody form.
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Use an internal numbering system for identification of all samples.
Assign internal numbers to the samples and record the numbers on the sample
log-in form alongside the corresponding sample number assigned by the collector.

Place the properly labeled sample containers in the secure storage area.
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3.0 ANALYTICAL METHODS

TABLE D.1. Preservation Techniques, Analytical Methods Used, and the
Current Detection Levels for Listed Constituents

Collection and Detectio?
Constituent Preservationtdsb) Methods (¢) Limit, ppb(d)
ICP_METALS
Barium A 6
Cadmium 2
Chromium 10
Silver 10
Sodium 200
Nickel 10
Copper » P, HNO; to pH<2 } SW-846,(8) #6010 10
Vanadium 5
Aluminum 150
Manganese 5
Potassium 100
Iron 30
Calcium 50
Zinc ) 5
Arsenic P, HNO; to pH<2 SW-846, #7060 5
Mercury G, HNO; to pH<2 SW-846, #7470 0.1
Selenium P, HNO; to pH<2 SW-846, #7740 5
Lead P, HNO; to pH<2 SW-846, #7421 3
Nitrate A 500
Sulfate 500
Fluoride P, None } 70-1¢(f>9) 500
Chloride 500
Phosphate 1000
Bromide 1000
Nitrite 1000
Total Organic Halogen, G, H,SO, to pH<2  SW-846, #9020 20
lTow detection Tevel No headspace

Total Organic Carbon G, HzPO, to pH<2 EPA Method #9060 1000
Total Carbon G, None 1000




TABLE D.1. (contd)

Collection and Detectio?

Constituent Preservation{@;b) Me++~4s(c) Limit ~pbfd)
Ammonium ion G, H,SO, to pH<2 50
Phenol G, None SW-846, #8040 10
Cyanide P, NaoH to pH<2 SW-846, #9010 10
PCCTICIDES
Endrin 0.1
Methoxychlor G, None SW-846, #8080 3
Toxaphene 1
Lindane (four isomers) 0.1
HERBICIDES
2,4-D G, None SW-846, #8150 2
2,4,5-TP silvex 2

VOLATILE ORGANICS (VOA)

Tetrachloromethane 5

Methylethyl ketone 10

1,1,1-Trichloroethane 5

1,1,2-Trichloroethane 5

1,1,2-Trichloroethene G, No headspace SW-846, #8240 5

Tetrach]oroethene 5

Xylene (0,P) 5

Xylene (M) 5

Methylene chloride 10

Chloroform 5

Hexone 10

Additional VOAs(1)

Radium P, HNO; to pH<2 #903.0, 1 /L
60014-80-032

Gross Alpha P, HNO; to pH<2 EPA Method 4 pCi/L
680/4-75-001

Gross Beta P, HNO; to pH<2 EPA Method 8 pCi/L
680/4-75-001

Total Dissolved Solids P, None Std. Methods(h) #209  --
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TABLE D.1. (contd) o

Collection and Detection
Constitrant Dracawiatinanfa,b)  Methods(c)  Limit, pr+(d)
Coliform bacteria P, None Std. Methods 2.2 MPN
#908(pH, Tab) P, None
Methods #423 --
Temperature Field measurement PNL MA-580,

Section 3.4

Specific conductance Field measurement PNL MA-580,

Section 3.5

Field measurement PNL MA-580,
Section 3.6

P, plastic; G, glass.

A11 samples will be cooled to 4°C upon collection.

Constituents grouped together are analyzed by the same method.
Detection 1limit units except where indicated.

Reference: EPA. 1982. Test Methods for Evaluating Solid Waste.
SW-846, 2nd edition, Environmental Protection Agency,

Washington, D.C.

In-house analytical method from UST Procedure Manual UST-RT-PM-9-80
(UST 1986); based on EPA-600H-84-017 (March 1984).

IC, ion chromatography.

Reference: ASTM. 1986. *~~"il Book of ASTM Ste~"-~4-  Vol. 01.( ,
American Society of Testing materials, Philadelphia, rennsylvania.
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TABLE D.2. Preservation Techniques, Analytical Methods Used, and t?e Current
Detection Levels for the Listed Constituents (enhanced){?

Collection gnd Detectio?
Constituent Preservation(P,c,d) Methe-- '4-it, pp+ e)

ICP METALS, "““ANCED ADDITIONS

Beryllium 5
Osmium 300
Strontium P, HNO; to pH<2 sw-846(f), #6010 20
Antimony 100
Thallium P, HNO; to pH<2 SW-846, #7840 5
THIOURI  GRQUP, ENHANCED *™"ITIONS
Thiourea ) 200
1-Acetyl-2-thiourea 200
1-(o-ChlorophenyT)

thiourea 200
Diethylstilbestrol >~ G, None SW-846, #8330 200
Ethylenethiourea (modified) 200
1-Naphthyl-2-thiourea 200
N-Phenylthiourea ) 500
PESTI~T™r< "™ HANCED ADDITIONS
4,4’ -nND ) 0.1
4,4’ JE 0.1
4,4’ -DDT 0.1
Heptachlor 0.1
Heptachlor epoxide * G, None SW-846, #8180 0.1
Dieldrin 0.1
Aldrin 0.1
Chlordane 1
Endosulfan I 0.1
Endosulfan 11 0.1
Chlorobenzilate ) 300
HERBICIDES, ENHANL... Al [TIONS
2,4,5-T G, None SW-846, #8150 2
Cyanide P, NaOH to pH>12 Sw-84?, #9010 10
Perchlorate P, None 70-1c(9) 1000
PHOSPHORQUS PT<TICIDES
Carbophenothion 2
Tetraethylpyrophosphate 2
Disulfoton G, None SW-846, #8140 2
Dimethoate 2
Methyl parathion 2
Parathion 2
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TABLE D.2. (contd)

: Collection gn Detect1o?
Constituent Pre~~= ation(D>C,rdY  wasnaan Li=t+ p-+-1€)

Strontium-90 P, HNO; to pH<2 UST,zo-Sr-o§(h) 5 pCi/L
Gamma scan P, HNO; to pH<2 UST,30-GS(1 20 pCi/L
Citrus red #2 G, None AOAC #34.015B 1000
DIRECT AQUEOUS INJECTION, ENHAN"“N ADDITIONS

Paraldehyde ) 2000
Cyanogen bromide 3000
Cyanogen chloride 3000
Acrylamide 10000
Ally1 alcohol 2500
Chloral 3000
Chloroacetaldehyde 16000
3-Chloropropionitrile 4000
Cyanogen 3000
Dichloropropanol ) 3000
Ethyl carbamate . G, None sW-846 #8240 DAI(J) 5000
Ethyl cyanide 2000
Ethylene oxide 3000
Fluoroacetic acid 3000
Glycidylaldehyde 3000
Isobutyl alcohol 1000
Methyl hydrazine 3000
n-Propylamine 10000
2-Propyn-1-01 8000
1,1-Dimethyl hydrazine 3000
1,2-Dimethyl hydrazine 3000
Acetonitrile 3000
Hydrazine ) 3000
Hydrazine, LDL G, None ASTM D1385 30

(optional)

m:— rl“_l_pur n ,.nD—I—I.,,“"_

Tetrachloromethane A
Methylethyl ketone
1,1,1-Trichloroethane
1,1,2-Trichloroethane
1,1,2-Trichloroethene 3 G, None SW-846, #8240
Tetrachloroethene No headspace

Xylene (0,P)
Methylene chloride
Chloroform

Hexone

Additional volatiles
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Collection gn
Constituent Preservation(P,>C,d)

A/P’™ "NHANCED ADDITIONS

TABLE D.2. (contd)

Methods

Detectio

L-m-. +

ooble)

Hexachlorophene 1 10
Naphthalene 10
Kerosene 10000
Hexachlorobenzene 10
Pentachlorobenzene 10
1,2-Dichlorobenzene 10
1,3-Dichlorobenzene s G, None SW-846, #8270 10
1,4 -Dichlorobenzene 10
1,2,3-Trichlorobenzene 10
1,2,4-Trichlorobenzene 10
1,3,5-Trichlorobenzene 10
1,2,3,4-Tetrachlorobenzene 10
1,2,3,5-Tetrachlorobenzene 10
1,2,4,5-Tetrachlorobenzene 10
Additional semivolatiles 10
(a) The parameters and constituents in this table, together with Table D.1,

compose the "long Tist."

(b) P, Plastic; G, Glass.
(c) A1l samples will be cooled to 4°C upon collection.
(d) Constituents grouped together are analyzed by the same method.

(1)
(3)

Detection limit units except where indicated.

Reference: EPA. 1982. Test Methods “~- '~luating Sol*- Yaste.
SW-846, 2nd edition, Environmental Protection Agency, Wasnington, D.C.
IC, ion chromatography.

Reference: P+~~cribed Procedures for Measurement of Radioactivity in
Drinking Water, EPA-600/4-80-32 (August 1980); Manual of Standard
Procedures, Health and Safety Laboratory, United States Atomic Energy
Commission, New York, 1976.

A p-~4n~~" of Radioact**ty Measur~—~=*-~ ~=+ P-~-gdi'~~~  NCRP

Repurv 20, Washington, u.C.

DAI, direct aqueous injection.
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The results from these PNL laboratories are then compared with the res. ts
from UST.

Spiked samples are submitted to UST to estimate the bias of analytical
laboratory procedures and to determine when this bias exceeds control limits.
Two types of spiked samples are being used: 1) blind, spiked samples pre-
pared by PNL, and 2) spiked samples prepared under an established multilabora-
tory comparison program. Blind, spiked samj 2s containing metals, anions,
herbicides, pesticides, and volatile organic compounds (e.g., halomethanes)
have been submitted quarterly since January 1986. These samples were prepared
by Pl with materials supplied by Environmental Resource Associates. Additional
spiked samples prepared with materials supplied by the EPA were ac :d in June
1986. The constituents included are ammonium ion, cyanide, acid/base/neutral
(ABN) compounds, and an expanded number of pesticides and volati 2 organic
compounds. The performance of various analyses, including analyses for
semivolatile organics, thiourea, phosphoric pesticides, ethylene glycc ,
sulfide, and perchlorate, will be monitored. UST has also received and analyzed
spiked samples submitted under the EPA-sponsored Water Pollution L oratory
Performance Evaluation Study (WP016) and the Water Supply Laboratory Performance
Evaluation Study (WS018).

Replicate analyses of field samples will be conducted to establish how
much variability might be expected in the laboratory measurements performed
on nearly identical samples. Trip blanks will be submitted to UST to deter-
mine whether environmental conditions encountered during collection and trans-
portation of samples have affected the results obtained by analysis. One
trip blank is submitted each sample period per area at the rate of one for 1
to 20 wells. The trip blank is analyzed for volatile organics.
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PNL-MA-70 Quality Assurance Plan No. QHE-1L, Rev. 0

QA Plan for the 2101-M Pond Ground-Water Monitoring Project

Issue Date: 5/20/88

M.A. Chamness M A &’Lau,\mm

Cognizant Manager (Concurrence)
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QA Plan OHE-1L Rev. O
Page 2 of 4

Project Impact Level II
Title

Quality Assurance Plan for the 2101-M Pond RCRA Ground-Water Monitoring
Project.

Scope

This Quality Assurance (QA) plan along with QA Plan OHE-1, applies to the
2101-M pond ground-water monitoring project activities. A ground-water
monitoring plan is being implemented under the guidelines set forth in the
Resource Conservation and Recovery Act (RCRA), 40 CFR 265 subpart F, to
determine the impact the 2101-M pond has on the ground-water. 1is plan
calls for the installation, with subsequent sampling, testing and
documentation of four monitoring wells.

Client

U.S. =zpartment of Energy, Richland Operations Office (DOE-RL)-owner
Westinghouse Hanford Company (WHC)-operator

Authori—=<-~ ™ocument

13730

QA Requirem acification(s)

[X] ANSI/ASME NQA-1 as delineated in PNL-MA-70
[ ] Other

In addition to the requirements identified in QA Plan OHE-1, Impact Level II
activities shall comply with the requirements in Parts 1 and 3 of PNL-MA-70

as identified herein, as appropriate for work being performed. Any iden-
tified as Imp. . Level III all >ly with the PNI I Practices Sti 1 |,
Part 2 of PNL-MA-70. If o :r quality-related acti: ; are ater ner-
formed, the appropriate PNL-MA-70 requirements and | lures shall e

applied to them irrespective of wl :her they appear in the common QA plan
OHE-1, or in this QA plan, unless specifically ext uded.
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f.

PNL-MA-70 Quality Assurance Plan

QA Plan OHE-. Rev O
Page 4 of

M: r _Known Procurements

Primary analytical services to be provided by U.S. Testing, «c. are
governed by subcontract B-B2472-A-1.

Activities Requiring Certified Inspection Personnel

None.

Known Controlled Processes

Controlled processes performed by project personnel include environmental
media samnling. Technical procedures governing these activities are
identifie 1in Attachment 2.

Controlled processes performed by others include laboratory analyses.
Procedures for laboratory analysis used y U.S. Testing are documented
in UST-RD-PM-9-80.

Qualification of the noted controlle processes shall not be required
because they are based on standard, well-understood methods.

Known Special P-~-esses

None.
Disp~-***~= ~f Records
Upon issuance of this QA Plan, records shall be indexed and subsequently

maintained in accordance with PAP-70-1701. Records will not be turned
over to the client 1 less specifically requested.
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PNL-MA-580
P-1

p-2

P-3

p-5*

P-6

P-7

QA Plan No. ¢ E-IL Rev O
Attachment 2
Page 1 of 1

Applicable Technical Procedures

Title or Subject

Environmental Monitoring Procedures
Samp 2 Disposal

Data Handling d Verification
Statistical Analysis

Procedure for Water Level
Measurements for the 100-H Area
Water Level Monitoring Network for
RCRA, Hazardous Materials Monitoring

Procedure for Collection and
Documentation of Drilling Data for
RCRA Compliance/Hazardous Materials
Monitoring

Quality Control Procedures for
Collection of Samples for RCRA,
CERCLA, SARA and other Compliance/
Hazardous Materials Monitoring

Hydrostar Pt > :11 S¢ »ling
Procedure

In-Line Filtrat' 1 rocedure

Issue Date

anned)
9/86
11/24/86
3/30/87
11/24/86
1/5/87

7/23/87

7/23/87

8/19/87

8/19/87

* Procedure P-5 was originally developed for use by the 183H RCRA Compliance
itoring Project. A1l ground-water monitoring projects are

Ground-Water M
ut- izing procedure

E.7
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