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SECTION 1

INTRODUCTION

Westinghouse Materials Company of Ohio (WMCO) operating under its
prime contract with the United States Department of Energy (DOE),
coordinates activities, including waste management, at the Feed
Materials Production Center (FMPC), Fernald, Ohio. WMCO is
administratively responsible to the Oak Ridge Operations Office
of the DOE. Waste management activities are funded and directed
by the DOE Office of Defense Waste and By-Product Management.

As part of the comprehensive waste management and environmental
program for the FMPC, specific alternatives are being developed
and evaluated for the final disposition of low-level radiocactive
waste inventory currently stored at the site. The Waste Storage
Areas under evaluation in this program consist of six storage
pits, the clear well, the burn pit, three concrete silos, two
fly-ash piles, and adjoining areas.

This program is being implemented in two phases. Phase I will
include site characterization, consisting of assessment of
. existing data and reports, development of a detailed work plan,

performance of field investigations, data interpretation and
analysis and final reporting. Phase II will include the develop-
ment of remedial alternatives, initial screening of alternatives,
detailed analysis of options, ranking of alternatives, and final
reporting.

Part 2, Support Documentation, contains nine sections which in
their entirety form the planning basis for site characterization
activities at the Waste Storage Area. (A separate volume will
contain the plans for sampling the K-65 silos). Their intent is
to fully document the why, what, where, and how of the investiga-
tions to be performed at FMPC. Sections 2 through 5 comprise the
environmental sampling plans which present the rationale and
procedures to be used in the field. The chemical and radiologi-
cal characteristics of the wastes will be defined, as well as any
contamination which may have migrated into the various environ-
mental pathways. Section 6 presents the Health and Safety Plan,
the implementation of which will ensure that the studies will be
conducted in a manner which will ensure worker and public protec-
tion. The QA/QC Plan, contained in Section 7.0 is intended to
assure and control the proper collection of data. Section 8.0
presents the series of activities and methods which will be used
to keep the public informed as these studies progress. The Data
Management Plan, in Section 9.0, describes how the data is to be
‘ reviewed, collected, stored, analyzed, and reported.
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SECTION 2

2.0 RADIOLOGICAI, AND CHEMICAL SAMPLING PIAN

2.1 BACKGROUND

. The. FMPC is located in a rural area of southwestern Ohio approxi-

mately ten miles northwest of Cincinnati and eight miles south-
west of Hamilton. The site occupies 1,050 acres and is bounded
by highway 126 to the north, a transmission line to the east,
Willey Road to the south, and Paddy's Run Road and the Ohio and
Chesapeake Railroad to the west (Figure 2.1).

The primary work at the FMPC was the production of metallic
uranium fuel elements, target cores and other uranium compounds
for use at DOE facilities. The initial processing began with ore
concentrates, recycled uranium or miscellaneous other uranium
compounds. The mill concentrates were digested with nitric acid
and this solution was then extracted with tributyl phosphate in a
kerosine carrier. This organic extract of uranyl nitrate was
stripped with water. The purified aqueous solution was further
concentrated by evaporation and was finally denitrated by heating
to produce uranium trioxide, UO,. Conversion of this product to
the green salt, UF,, was accomplished by hydrogen reduction to
produce UO,, folloWwed by hydrofluorination with anhydrous HF.
Uranium mefals were produced from UF, by direct reduction with
magnesium.

This process generated a variety of waste types. These included
depleted MgF, slag, slag leach filter cake, various raffinate
solutions, dapleted sump cake, general sump sludges, and dust
collector residues. Since 1952 when the production operations
were initiated, these low-level radioactive wastes have been
stored at a designated storage area west of the FMPC Production
Area.

The FMPC Waste Storage Area utilized two types of facilities for
the 1long-term storage of these 1low-level radioactive wastes.
These included four above ground silos and six in-ground waste
storage pits. Other waste storage areas on site include a burn
pit, the clear well and two fly ash disposal areas. All of these
facilities are presented in Figure 2.1.

The six in-ground waste pits were constructed principally for

disposal of depleted magnesium fluoride slag, slag leach filter
cake, neutralized raffinate, depleted sump cake, sump sludges,

14
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and dust collection residues. In addition, miscellaneous con-
struction wastes (brick, graphite, concrete, asbestos, etc.) were

- disposed of into Pits 2. and 4. . .

The four concrete waste storage silos were constructed in 1952.
Silos 1 and 2 were utilized to dispose of K-65, an acronym
describing the radium bearing raffinate wastes produced from the
processing of pitchblende. Silo 3 was used to dispose of dry
residues from the dewatering of waste raffinate slurries.

The burn pit was constructed in 1957 and was used to incinerate
laboratory chemicals and various other wastes. Although actual
contents are unknown, items burned include pyrophoric and reac-
tive chemicals, oils, and contaminated combustibles. The burn
pit apparently was backfilled and is now overgrown with native
grasses.

The clear well was built in 1959 primarily to collect clear
process supernate from the waste pits. Surface runoff from the
waste pits also collects in the clear well. 1Its purpose is to
provide final settling prior to transport to the on-site sewage
treatment plant.

The fly ash disposal areas are located south of the production
facility. Fly ash from the FMPC coal fired power plant continues
to be deposited into the lower fly ash area. Dumping into the
upper fly ash pile has been discontinued.

The sanitary landfill was used to dispose of uncontaminated
nonburnable material. This included such waste as cafeteria
scrap, asbestos, and miscellaneous construction rubble. Dumping
into the landfill has been discontinued.

The 1lime sludge ponds received residue from the waste water

treatment facility. The southern pond is completely full with no
standing water present. The northern pond is filled with water.

16
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2.2 OBJECTIVES

_A site characterization of the Feed Materials Production Center's
(FMPC) Waste Storage Area and associated drainage paths is being
conducted to characterize the nature and extent of radiological
and chemical components in soils, waste, ground water and surface
water and its threat to human health and the environment. The
information collected during the characterization will be used to .
identify, evaluate and select the most environmentally acceptable
disposal alternative.

The work objectives of this Plan are designed to:

o Characterize the type and quantity of potentially
hazardous radiocactive and chemical waste materials in
the FMPC Waste storage area.

° Estimate radiological and chemical constituent
migration in order to support risk assessment studies.

° Determine the present lateral and vertical extent of
radiological and chemical constituents.

) Provide input for the development and validation of
site modeling.

The Sampling Plan for the FMPC Waste Storage Area and surrounding
locations presents sampling procedures and analytical require-
ments needed for performing the remedial investigation. The
following field activities are addressed in this plan:

Logistics

Field Radiation Measurements
Surface Soil Sampling Protocol
Subsurface Soil Sampling Protocol
Surface Sediment Sampling Protocol
Surface Water Sampling Protocol
Radon Flux Measurements

Air Quality Sampling Protocol
Flora and Fauna Sampling Protocol

A separate sampling plan will be developed for obtaining samples
from the three silos in the Waste Storage Area. Obtaining
samples from the silos will require considerable engineering
effort to maintain adequate health and safety precautions for the
workers.

17



For each field activity listed above, this plan will address
following topics:

776

the

Sampling Frequency

Sampling Locations

Sampling Methodology

Sample Containers and Preservatives
Sample Identification- and Numbering -
Field Laboratory Analyses

Outside Laboratory Analyses
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2.3 LOGISTICS

.~ During the course--of the radiological and -chemical field opera-
tions, major emphasis will be placed on the Waste Storage Area
and drainage paths that discharge into Paddy's Run and the Great
Miami River. Access to these areas for personnel and equipment
will be coordinated with Westinghouse Operations Staff. WESTON'S
Project Manager will provide logistical information to Westing-
house on a weekly basis or more frequently as circumstances
warrant.

A location near the Waste Storage Area has been identified for
placement of a logistics support facility. The Logistics Support
Map (Figure 2.2) shows the locations of three trailers to be used
for field support. The trailer housing the field office
(trailer-1) is located adjacent to the gate on the west perimeter
security fence. This trailer will be utilized as a staging area
for access control and storage of sampling equipment and contain-
ers, radiation survey instruments, and chemical screening instru-
ments. This trailer will also contain a showering facility for
the unlikely event of personnel decontamination. The effluent
from this shower will be contained for proper disposal.

A second trailer (trailer-2) will be located in an elevated level
area about 125 feet west of the field office. This will be
utilized as the field laboratory. At this location, soil and
sediment samples will be dried, prepared and analyzed for specif-
ic radionuclides. In addition, the field laboratory will be used
for preliminary processing and preparation of soil, sediment and
water samples for off-site shipment.

A third trailer (trailer-3) will be located immediately south of
trailer-2. This will be utilized for additional field offices, a
lunchroom and as a conference/work-staging area.

These 1locations were chosen for logistics support operations
because of their proximity to the access gate and the Waste
Storage Area, the near background exposure rates, the parking
space, and the availability of electrical power.

A mutually agreeable location in the logistics support area will
be identified for the placement of portable toilets for use by
the field staff. These shall be implemented per 29 CFR 1926.51

Northeast of Pit 4 is a concrete pad that has an adjacent all
weather fire hydrant. This area will be used to decontaminate
equipment such as auger bits, split spoon samplers, drill rigs,
and other sampling apparatus. Water from this operation will be
managed as directed by Westinghouse.

185
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2.4 SAMPLE IDENTIFICATION/NUMBERING

For each sample taken during the. course of the -field -investiga--

tion, a coding system will be used to identify various informa-
tion concerning each sample. This identification includes:

° Project identification - FMP will be used to designate
the Feed Materials Production Center. -~ - -~ -~ .-

o Sample or measurement type and location ~ a two letter
designation following the project identification code.

The sample types and corresponding codes for this investiga-
tion consist of the following:

SS - Surface Soil Samples

SW - Surface Water Samples
SD - Surface Sediment Samples
SL - Subsurface Samples

GW - Groundwater Observation Well Samples

B

Air Samples
MW - Existing Monitoring Wells

RF - Radon Flux Measurements

RM - Radiation Measurement

A two digit designation indicating the sample location will
be used following the sample type code. These two digit
designations are presented in Table 2.1.

° Sample number - a three digit code will be used to con-
secutively number samples taken for each sample type.

For example FMP-SW02-001 designates the Feed Materials
Production Center, the first surface water sample taken from
Pit 2.

All information pertinent to field activities including sampling
must be recorded on various forms (e.g., logbooks, sample tags,
photographs). Each field worker must keep detailed records of
inspections, investigations, photographs taken, and thoroughly
review all notes before leaving the site. Appendix A details
sample document control and provides appropriate labeling tech-
niques.

21
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Table 2.1 Two Digit Designations for Identifying Sample/Measure

ment Locations

Sample/Measurement
Location

Pit-1

Pit-2

Pit-3

Pit-4

Pit-5

Pit-6

Burn Pit

Clear Well

Periphery of Pit-1
Periphery of Pit-2
Periphery of Pit-3
Periphery of Pit-4
Periphery of Pit-5
Periphery of Pit-6

Berm of Silo-1

Berm of Silo-2

Berm of Silo-3

Periphery of Silos (a)
Storm Sewer Outfall
Paddy's Run

Drainage Swale N. of Pit 5
Wetlands W. of Waste Storage Area
Slurry Line to K-65 Silos
Upper Fly Ash Pile

Lower Fly Ash Pile

Drainage Swales S.E. of Waste Storage Area
Pipes (Drainage Swales) Exiting W. of Waste

Storage Area

Drainage Swales in Waste Storage Area

Two Digit

_Code No.

o1
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
(b)
(b)

(b)

(a) Sampling contingent upon previous sampling at each location.
If contamination is found in initial sampling, the peripher-
al sampling will be required to assess migration.

(b) Two digit number will be identified for each drainage swale

when identified in the field.

2-9
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2.5 RADIATION AND EXPOSURE RATE MEASUREMENTS

This section describes the radiation measurement protocol that
will be carried out at numerous locations around the FMPC Waste
Storage Area and associated drainages.

2.5.1 Radiation Measurement Objectives

The objective of performing the various radiation measurements in
the Waste Storage Area and surrounding drainages is to provide a
graphic contour of the lateral extent of above background surface
radiation levels. During the course of taking the measurements,
surface soil samples will be taken and analyzed for radionuclides
likely to be contributing to instrument readings correlating to
uranium concentrations at or above 35 pCi/g. The data generated
from the surface soil analyses will be used to identify the
lateral extent of surface soil radionuclide concentrations. This
information will also provide WESTON with locations where subsur-
face or vertical profiles of radionuclide concentrations need to
be evaluated. In addition, the surface radiation measurements
will provide an initial data base for the evaluation of potential
surface migration of radionuclides away from the various storage
areas.

2.5.2 Radiation Measurement Frequency

Characterizing the beta and gamma radiation levels will be the
first field activity to be carried out during the WESTON scope of
work. As data are generated and analyzed, it may be necessary to
expand the planned measurement protocol in order to better define
the boundary of above background radiation levels.

2.5.3 Measurement Location

Tentative locations for making radiation measurements are de-
picted on Fiqgure 2.3. The locations where this field work will
be conducted are discussed below.

1) Waste Storage Area

A grid system comprised of mutually perpendicular lines
spaced at 100 foot intervals will be surveyed and staked
across and adjacent to the Waste Storage Area. Measurements
using a Field Instrument for Detecting Low Energy Radiation
(FIDLER) and a portable Geiger Meuller (GM) detection system
will be performed at 50 foot intervals within the grid
system. A gamma-ray scan of each grid block (with the
FIDLER) will be performed in order to identify uranium
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concentrations at or above 35 pCi/g. If found, additional
measurements using the FIDLER and the portable Geiger

Meuller (GM) detector will be taken in order to define the

lateral extent of the beta and gamma radiation 1levels.
Surface soil samples (described in Section 2.6) will ble
taken for field laboratory analysis to identify the types
and concentrations of <contributing radionuclides. Each
-area -will be mapped - and surveyed. It. is. estimated . that.
measurements will be taken at 900 locations.

Twenty~five gamma ray exposure rate measurements will be
taken using a Pressurized Ion Chamber (PIC) in and around
the Waste Storage Area. Each measurement will be made at a
location chosen by the Field Coordinator. At each of these
locations, measurements with a gamma-ray survey meter will
be made in order to develop area specific correlations
(based on PIC measurements) required to evaluate the expo-
sure rate form the meter reading on the survey instrument.
These correlations must be made on an area specific basis
due to the energy dependent nature of the instrument. An
additional 100 measurements will be taken at various 1loca-
tions in and around the Waste Storage Area using this
portable survey meter. The data generated from these
exposure rate measurements will provide WESTON Health and
Safety personnel the information required to evaluate and
plan work activities in order to keep exposure to a minimum.

2) Sanitary ILandfill

The grid system described above will be extended to encom-
pass the inactive sanitary landfill. Beta and gamma- ray
measurements will be performed at 50 foot intervals within
the grid system. It is estimated that measurements will be
taken at 100 locations. A FIDLER scan of each grid block
will be performed in order to identify uranium concentration
at or above 35 pCi/g. If such areas are observed, they will
be further evaluated as described in 1) above.

3) Lime Sludge Ponds

The grid system will be extended to the southeast in order
to encompass the peripheral area around the northern Lime
Sludge Pond and the surface of the southern Lime Sludge
Pond. Beta and gamma-ray measurements will be performed at
50 foot intervals within the grid system. It is estimated
that measurements will be taken at 70 locations. A FIDLER
scan of each grid block will be performed in order to
identify uranium concentrations at or above 35 pCi/g. If
such areas are observed, they will be further evaluated as
discussed in 1) above.
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Storm Sewer Outfall

An identifying  landmark- located-at -the -storm-sewer--outfall- ——

release point shall be identified, surveyed into the work
grid system, and staked. From this landmark, the field
survey team will measure and stake the storm sewer at 100
foot intervals. At each 100 foot interval, FIDLER and GM

- measurements will be made on alternate sides of the

streambed. It is estimated that measurements shall be
recorded at 33 locations. Between each measurement interval
along the storm sewer, a scan using the FIDLER will ble
carried out in order to detect uranium concentrations at or
above 35 pCi/g. If such areas are observed, they will be
further evaluated as discussed in 1) above.

5) Paddy's Run

An upstream background location shall be identified in the
field. This shall be staked for future reference. FIDLER
and GM measurements will be performed at this location.

An identifying 1landmark directly upstream of the Waste
Storage Area shall be surveyed into the existing grid .system
and staked for future reference. Downstream to the site
boundary at Willey Road, the field site team shall measure
and stake at 100 foot intervals. At each 100 foot interval,
FIDLER and GM measurements will be made on alternate sides
of the flowing stream. It is estimated that measurements
will be taken at 82 locations. Between each measurement
interval along Paddy's Run, a gamma-ray scan using the
FIDLER will be carried out in areas not covered by water in
order to detect uranium concentrations at or above 35 pCi/g.
If such areas are observed, they will be further evaluated
as discussed in 1) above.

6) Two Drainage Paths Southwest of Waste Storage Area

Two drainage paths, southwest of the Waste Storage Area,

each flowing into Paddy's Run, have been identified. At
both drainages, an identifying landmark near the Production
Center shall be identified, surveyed into the work grid
system, and staked. From these landmarks, the sampling team
shall measure and stake 100 foot intervals. At each 100
foot interval, FIDLER and GM measurements shall be recorded.
It is estimated that measurements will be recorded at 30
locations. Gamma-ray scans using the FIDLER will be per-
formed between measurement locations, and characterization
of 1locations having instrument readings correlating to
uranium levels at or above 35 pCi/g shall be performed as
discussed in 1) above.
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7) Pipes Exiting West Perimeter of Waste Storage Ar-
" ea/Wetlands

These drainage points were observed during the site visit.
One is located in a storm drain below the clear well, the
other exits west of Pit 3, and is located near the gate
below the evaporation greenhouse. These drainages flow a
short distance into a low lying area called the wetlands.
FIDLER and GM measurements will be taken at the discharge
points out of the Waste Storage Area and will continue every
twenty feet into the wetlands. Each measurement location
will be surveyed and staked. In the wetlands area, a
50-foot grid will be established. FIDLER and GM measure-
ments will be taken at each grid point. It is estimated
that 75 measurements will be taken at these locations. A
FIDLER scan of individual grid blocks and drainage areas
will be performed in order to identify uranium
concentrations at or above 35 pCi/g. If found, these areas
shall be characterized as discussed in 1) above.

8) Drainages North of Pit 5

These drainages flow east to west and lie just north of Pit
5. One flows between the berm of the railroad and the berm
of Pit 5, the other flows just north of the railroad track.
An identifying landmark upstream of each drainage will be
identified, surveyed into the grid system and marked. From
this landmark, the sampling team will measure 100 foot
intervals. At each 100 foot interval, FIDLER and GM measure-
ments shall be recorded. It is estimated that measurements
will be recorded at 40 locations. Gamma-ray scans using the
FIDLER will be performed between measurement locations, and
characterization of locations having uranium concentrations

at or above 35 pCi/g will be performed as discussed in 1)
above.

9) Drainages and Seeps in Waste Storage Area

The field team shall identify all drainages and seeps in the
Waste Storage Area. The team coordinator will identify an
initial starting point at each drainage in which to start
taking radiation measurements. These locations shall be
surveyed into the work grid system and staked for future
reference. From each starting point, the Field team will
measure 50 foot intervals along each drainage path. At each
interval, FIDLER and GM measurements will be made on alter-
nate sides of the stream. It is estimated that measurements
will be made at 40 locations. Between each measurement
interval, a gamma-ray scan using the FIDLER will be carried
out in areas not covered with water in order to detect
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uranium concentrations at or above 35 pCi/g. If such areas
are observed, they will be further evaluated as discussed in
.1) . above._ . __

10) Fly Ash Piles

The upper and lower fly ash piles will be surveyed and
- - mapped to- ascertain the lateral extent of material. - A 50
foot grid will be established within the observed boundary
of each pile, and radiation measurements using the FIDLER
and GM will be recorded at each grid point. It is estimated
that 30 measurements will be taken on the upper fly ash pile
and 45 measurements will be taken on the lower fly ash pile.
FIDLER scans of individual grid blocks will be carried out
to detect surface uranium concentrations at or above 35
pCi/g. If found these areas will be characterized as
discussed in 1) above.

During the site visit, it was observed that there is signif-
icant migration of fly ash material from runoff downslope of
both piles. Measurements will be taken in these runoff
areas as determined by <the Field Coordinator. Concen-
trations at or above 35 pCi/g will be mapped and further
evaluated as described in 1) above.

11) Running Track

The running track and adjacent areas will be surveyed and a
50 foot grid will be established within this low-lying area.
FIDLER and GM measurements will be recorded at each grid
point. It is estimated that 75 measurements will be taken
in this area. FIDLER scans of each grid block will be
carried out to identify uranium concentrations at or above
35 pCi/g. If such areas are observed, they will be charac-

terized as described in 1) above.

12) Slurry Line to K-65 Silos

This line was installed in a concrete trench leading from
the production area to the silos. It will be surveyed and
staked at 20 foot intervals starting at the Production Area
fence and extending to the berm surrounding the silos.
Delta-Gamma measurements will be taken at each of the
estimated 25 locations. These measurements will be taken
because the gamma radiation level along this slurry line can
be expected to increase significantly as one approaches
Silos 1 and 2, thus preventing bare probe measurements to be
taken.

[ )
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13) Background Locations

. Locations .in_which_to_evaluate background _ radiation levels

using the instrumentation proposed in this characterization
will be chosen based on data presented in the EG&G aerial
survey. This EG&G data provides the gamma-ray exposure rate
contours developed from aerial gamma-ray measurement tech-

-niques. WESTON and  its subcontractors will choose back-

ground locations at distances where there is no influence
from FMPC operations.

2.5.4 Radiation Measurement Methodology

The radiation measurement protocol for the characterization
effort will include:

° Near-surface delta measurements of gamma rays at
uniformly spaced points along the slurry line to the
K-65 silos.

o Surface measurements of low energy photons (from

uranium deposits) using a Field Instrument for Detect-
ing Low Energy Radiation (FIDLER) at uniformly spaced
points on the site grid and at measurement intervals
along each drainage swale.

° Scan for low energy photons using the FIDLER within
major site grid blocks and between measurement
intervals on each drainage swale.

° Surface measurements of beta-gamma dose rates using a
portable Geiger-Mueller (GM) detector at uniformily-
spaced points on the grid and at locations identified
as having uranium concentrations at or above 35 pCi/g.

° Gamma-ray exposure rate measurements using a Pressur-
ized Ion Chamber (PIC) and a portable scintillometer.

A general description of each of these measurement procedures to
be used during the FMPC characterization are presented below.
Specific details of these measurement techniques as well as
procedures for documenting field readings are presented. in
Appendix B. ~

1) Gamma-Ray Measurements For In-Situ. Gamma Radionuclide "
Analysis

At locations where air scattered gamma radiation from the

storage silos prevents bare probe readings to be taken, the
measurement of gamma-ray emitting radionuclides in soils

23
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will be made using an Eberline SPA-3 scintillation detector

and a differential measurement technique, herein referred to

for each measurement, one without a filter and one with a
half-inch lead filter between the detector and the soil
surface. The difference between the two readings is propor-
tional to the gamma radiation emitted from a sample volume
directly beneath the detector. In this way, interference
from adjacent sources of radiation is minimized.

2) Field Instrument for Detecting ILow Enerqgy Radiation

FIDLER

Measurements with a FIDLER will be used at all grid inter-
sections and measurement intervals discussed in Section
2.5.3 to estimate uranium concentrations from the sample
location. The FIDLER probe will be coupled to a portable
ratemeter/scaler (Eberline PRS-1 or ESP-1). Counts will be
accumulated at each grid intersection for one minute with
the probe at the ground surface.

The FIDLER will also be used to scan all individual grid
blocks and to scan between measurement intervals on all
drainage swales. This technique will be used to identify
the lateral extent of areas having uranium concentrations

at or above 35 pCi/g.

3) Thin Window GM Detector

Measurements of the beta-gamma dose rate will be made at all
grid intersections and measurement intervals discussed in
Section 2.5.3. These measurements will be taken at the
ground surface using an Eberline HP-210T probe coupled to a
portable ratemeter/scaler (Eberline PRS-l or ESP-1). Counts
will be accumulated for one minute with the probe at the
ground surface. While these measurements provide no direct
correlation to radionuclide concentrations in soil, they
will provide supplemental radiation data to verify the
presence of anomalous radiation as determined during the
low-energy photon surveys using the FIDLER.

4) Pressurized Ionization Chamber (PIC) and Scintillation
Measurements

These measurements will be used to determine the gamma-ray
exposure rate at various areas across the site. The PIC
shall be placed at specific grid points one meter above the
surface and set for a 90 second evaluation time. The .
average exposure rate for that time interval shall be
displayed in microR/hr.

Two_readings-will -be--taken-— -
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The PIC is not a portable instrument due to its size and
weight. In order to provide a lighter, more portable method
of assessing exposure rates, various PIC_measurements will
be correlated with measurements at the same location using
an Eberline SPA-3 scintillation detector. The resulting
area specific correlations will permit the estimation of-
exposure rates using these portable instruments.

2 5.5 Instrumentation for Investlgatlon

Table 2.2 lists each instrument type and associated readout.
Also listed are the measurement type, calibration frequency, and
response check frequency. Site-specific calibrations will be
conducted by taking soil samples and performing regression
analy51s to develop a correlation between 1nstrument reading and
uranium soil concentrations.

Instrumentation for Radiological Investigation

Table 2.2
. _ Response
Type Type Type Calibration Check 1
Detector Readout Measurement Frequency Frequency
Thin window Portable rate- Beta-gamma dose Quarterly Start of day
G-M precbe, meter/scaler, rate at surface and at hourly
Eberline HpP- Eberline PRS-1 intervals
210T or ESP-1
Ikﬂaprobe Portable rate- Near-surface del Quarterly Start of day
(2 in. x 2 in.) meter/scaler, ta gamma radia- and at hourly
Eberline SPA-3 Eberline PRS-1 tion measurements intervals
or ESP-1 and gamma-ray
exposure rate
ThplNa[pnin,Ibruﬂﬂe:mﬁe- Surface measure- Quarterly Start of day
5 in. diameter, meter/scaler, ments of uranium and at hourly
FIDLER Eberline PRS-1 concentration and intervals
or ESP-1 sample screening
g&egsnjzed Retuer Stokes Gamma-ray expos- Anmual at Start of day
icnization electrameter sure rate (also mamifac- ard at hourly
chamber (PIC), used to correlate turer's intervals
Reuter-Stokes SPA-3 NaI probe plant
RSS-IIT on-site)
1) Using sealed radicactive check source A
.,
vl

2-18
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2.5.6 Measurement Identification and Numbering

~m—n --—-All -measurement--locations - and--associated— measurement - numbers—- -
shall be identified using the code described in Section 2.4.

2.5.7 Deliverables

- The following deliverables will be provided by WESTON: ~~ -

° Results of field analyses
® Contours developed by a computer graphics package.
° Memorandum describing field activities including docu-

mentation of measurements taken.
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2.6 SURFACE SOIIL _ SAMPLING

This section -describes-the -surface- soil —sampling--protocol—-that--

will be carried out in conjunction with taking radiation measure-
ments. This sampling will be carried out at numerous locations
within and around the various FMPC Waste Storage Areas. Surface
sediment sampling of the drainages and various runoff areas is
presented in Section 2.8. ’

2.6.1 Surface Soil Sampling Objectives

The objective of sampling surface soils during the radiation
measurement protocol is to identify the radionuclides contribut-
ing to above background radiation 1levels. The analysis of
surface soils will provide additional data for the evaluation of
potential surface migration of radionuclides away from the
various storage areas. These data will be used in demarcating
the geographic boundaries of radiocactive materials, and locating
areas where uranium concentrations are at or above 35 pCi/g.
Such information is necessary for developing engineering plans
for cleanup.

The objective of sampling surface soils for chemical analyses is
to determine the presence and vertical extent of chemical species
migrating from the soil covers on Pits 1, 2, 3 and 4, and the
Burn Pit. The sampling will occur in two stages. The first
stage will be to sample at various areas over a pit cover. These
are considered the most likely areas for identifying chemical
constituents that may be leaching out of the pit to the ground
surface. If laboratory analyses are positive for any of these
samples, then additional sampling will be performed off of the
pit cover in areas of likely migration. The analyses for this
second stage of sampling will be performed in order to identify
any of the constituents found in the initial sampling.

2.6.2 Sampling Frequency

Because of the age of the Waste Storage Area and the absence of
construction or remedial activities, it should not be necessary
to collect multiple or periodic samples of surface soil.

2.6.3 Sampling locations

Surface soil samples will be collected at each grid intersection
within the Waste Storage Area, wetlands, fly-ash piles and
running track area where radiation levels correlate to uranium
concentrations at or above 35 pCi/g. Additional surface soil
samples will be taken at locations having uranium concentrations

33
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at or above 35 pCi/g as identified during the FIDLER scan. It is
estimated that 500 surface soil samples will be taken from these

areas. . __ . R el e

Surface soil samples for analysis of chemical constituents will
be collected at various grid intersections located on the covers
of Pits 1, 2, 4 and the Burn Pit. It is estimated that 40
samples (10 per pit) will be collected on Pits ‘1, -2, 4 and the
Burn Pit, and 20 samples will be collected on Pit 3. Sample
locations will be spread out to encompass the entire surface of
the Pit. Any anomalous area (i.e. loss of vegetation, seeps, or
stained soil where obvious leachlng is occurring) shall be
sampled, surveyed and staked.

Particular attention will be placed on delta-gamma measurements
during the survey of the slurry line from the production center
to the K-65 silos. Surface delta-gamma measurements above
background plus three standard deviations will require taking a
surface soil sample. It is estimated that 9 surface soil samples
will be taken.

Ten surface soil samples will be taken from background locations
identified from EG&G aerial survey data. These samples will be
used to develop a baseline for comparison of samples to back-
ground, and to evaluate the background gross alpha count rate for
use in screening samples for alpha emitting radionuclides as
described in Appendix C.

2.6.4. Sampling Methodology

The surface soil sampling for radionuclide analysis will initial-
ly require taklng a surface to 6 inch soil sample. Each sample
will be taken using methods described in GJ/TMC-13 UC-70, Proce-
dures For Sampling Radium-Contaminated Soils, 1985. Care will be
taken to obtain an even cross-section of the entire depth being
sampled. These shall be transferred to the field laboratory for
screening of radiological parameters. If radionuclide concentra-
tions are high (i.e. uranium greater than 35 pCi/g) as assessed
during the screening, additional sampling at that 1location in
deeper increments will be required as directed by the WESTON Site
Manager. This will require the field team to take the appro-
priate instrument (the delta-gamma instrument for the K-65 slurry

. kine or the FIDLER at all other locations) and take measurements

1n\the initial six inch sample hole. After these are recorded, a
51x\to twelve inch soil sample will be taken. Radiation measure-
ments will be taken at this twelve-inch depth and recorded. 1If
radiation levels correlating to uranium concentrations at or
above 35 pCi/g are detected, then a twelve to eighteen inch soil
sample will be taken. Radiation measurements will then be taken
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eighteen inches, if similar radiation 1levels are detected,
boreholes shall be drilled, sampled and downhole gamma spectral

‘measurements shall be taken in order to determine the depth and

concentrations of contrlbutlng radionuclides.

The surface soil sampllng for chemical analysis will require
taking a surface to 6-inch soil sample. Each sample will be

~taken. using -methods .described in SW-846, . Test Methods for

Evaluatin Solid Waste Physical/Chemical Methods, U.s.

Environmental Protection Agency, 1982, 2nd Ed. Care will be taken
to obtain an even cross section of the entire depth being

sampled.

Field equipment will be decontaminated after each use in accord-
ance with the procedures outlined 1in Appendix H. Spent
decontamination solution and rinse waters will be containerized
and managed as directed by Westinghouse.

2.6.5 Sample Containers and Preservatives for Off-site
Shipping and Storage

Table 2.3 lists the appropriate containers to be used for sample
storage and shipment to off-site laboratories.

Table 2.3 Soil Sample Containers and Preservatives

Holding Report

Specified Sample Sample Time ing
Analysis Container Size Preservation Days Units
HSL Volatile vial w/Teflon 40 ml cool, 4% 14 ug/L
lined silicon
rubber septum
HSL, Base/ ’ Amber glass 100 g cool, 4% 7/402 ug/Kg
Neutral/Acid
HSL Pesticide/PCB Amber glass 100 g cool, 4% 7/402 ug/Kg
HSL Inorganic 1 Amber glass 100 g  cool, 4% 7/40°  ug/Kg
Radiological Wide mouth 3207 g None 6 mos. Variable

plastic bottle

1 Does not include tin

2

Extract within 7 days; analysis within 40 days of extraction

(o]
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Packaging, marking and shipping of samples is addressed in
Appendix D. Chain of Custody should accompany the samples at all
—_times__to._document._sample_transfer from_ field_ to_the..laboratory.
Laboratory personnel must then implement procedures sufficient to
maintain that the samples remain secure until analytical tests
are conducted. Chain of Custody procedures are detailed in
Appendix A.

2.6.6 Field Analyses and Preparation

The following pfocedures will be utilized for field analyses and
sample preparation:

° To protect sampling and laboratory personnel from
potential exposure to possible hazardous or radioactive
contaminants, all samples will be decontaminated prior
to packaging. After each sample is collected, sample
containers will be washed on the exterior with a
detergent, rinsed with tap water, and dried with paper

towels. Decontamination solutions and rinse waters
will be containerized and stored with the equipment
decontamination solutions. These solutions will be

disposed of as directed by Westinghouse.

o Identify radionuclides of interest (e.g. U238, Th232,
Ra226, Csl137) using gamma spectroscopy. Procedures
for the multichannel analyzer and detection system are
presented in Appendix E.

° Screen the sample for low level gamma radiation using
the FIDLER. The procedures for this technique are
presented in Appendix F.

o Dry, homogenize, and sieve samples as required.

e Screen for gross alpha radiation using a 2ZnS probe
coupled to a portable ratemeter/scaler. Procedures for
the alpha screening technique are presented in Appendix
C. Samples that show significant alpha activity in the
absence of low level gamma activity as screened using
the FIDLER, and absent of various higher energy
gamma~-ray emitters as screened using gamma spectrometry
will be included for outside laboratory analysis.

o Place samples in proper storage containers.
° Package and label those samples to be shipped to an

off-site laboratory for analysis. Packaging, labeling
and shipping requirements are presented in Appendix D.

36
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o Remaining samples shall be archived at a designated
storage facility. All samples shall be appropriately

e —. ... . ... labeled and_-_sealed prior to. transfer to this facility, . _

and a complete inventory of archived samples will be
prepared.

2.6.7 Outside Laboratory Analysis

It is estimated that 150 samples will be sent to TMA/Eberline for
radioactive analyses. These samples will be chosen based on
field laboratory results. An additional 60 samples will be sent
to WESTON Analytical Laboratory for analysis of chemical constit-
uents. These samples will be analyzed for Hazardous Substance
List (HSL)-Inorganics, HSL-Volatiles, HSL-Semivolatiles, and
HSL-Pesticide/PCB's, with an additional library search to iden-
tify targeted non-HSL constituents (listed below) and any addi-
tional non-targeted non-HSL constituents. The HSL constituents
and analytical methods are presented in Appendix Q. The tar-
geted, non-HSL constituents identified by Westinghouse include:

Dichlorodifluoromethane
Tributylphosphate
Acrolien

Acrylonitrile

bis (chloromethyl) ether
1,2 Dichloropropylene
Methyl chloride

Methyl bromide
Trichlorofluoromethane
cis 1,2 Dichlorocethylene

TMA/Eberline radionuclide analyses will include:

Isotopic uranium
Isotopic thorium
Isotopic plutonium
Technetium99

Cesiuml37

Strontium90
Rutheniumloé
Neptunium237

Gamma Spectral Analysis

An additional 15 blind duplicate samples will be sent to
TMA/Eberline and six blind duplicate samples will be sent to
WESTON for external quality control purposes.
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2.6.8 Sample Identification and Numbering

A preprinted form label with an adhesive backing will be attached _

to each sample container. (See Figure 1 in Appendix A). All
sampling locations and associated sample numbers shall be identi-

fied using the code described in Section 2.4. This information .

will be documented on the sample container label.

2.6.9 _beliverébleé
The following deliverables will be submitted by WESTON:

Results of field analyses

Results of laboratory analyses

Copies of Field Coordinators field notes
Completed Chain of Custody Forms

2.6.10 cContingency

Should extensive or severe radionuclide or chemical concentra-
tions be found during the surface soil sampling protocol, addi-
tional soil samples may need to be obtained and analyzed for
detailed characterization of the area.

N
|
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2.7 SUBSURFACE SOIL SAMPLING

_This section_describes the subsurface sampling protocol that will

be carried out at numerous locations with the Waste Storage Area.
Subsurface sediment sampling of the various drainages is present-
ed in Section 2.8

-2.7.1- Subsurface Soil Sampling Objectives = = . ..

The objective of subsurface sampling during characterization
at FMPC is to obtain material from known depths in order to

. evaluate site characteristics, detect the presence of radionu-

clides and chemicals, and to evaluate the potential for vertical
migration. Such information is necessary for developing engi-
neering plans for cleanup.

2.7.2 Subsurface Sampling Locations

The following locations in the Waste Storage Area (Figure 2.4)
have been tentatively defined for subsurface soil sampling.
Additional subsurface samples will be obtained from the fly ash
piles and along the K-65 slurry line. These may be modified based
upon geophysical survey results, previous geotechnical or soil
analytical data, and/or where the presence of permanent struc-

.tures or underground utilities impede boring. A total of 144

boreholes are tentatively scheduled to be drilled and sampled.
If not located over water, these boreholes are to be staked by
the surveyor with horizontal coordinates reported within 0.5
foot, and elevation reported within 0.1 foot.

1) Waste Pits 1, 2 and 3

Pits 1, 2 and 3 were constructed similarly in that they are
lined with clay to form an impenetrable barrier to protect
against contaminant migration. The sampling operations will
not come into contact with the clay liners. Based on
background information, the maximum depths of Pits 1, 2 and
3 are 17 feet, 13 feet and 27 feet, respectively. Each of
these pits were covered with an unknown volume of fill dirt
and are presently overgrown with native grasses.

Five boreholes will be advanced into Pit 1, four boreholes
will be advanced into Pit 2, and six boreholes will be
advanced into Pit 3. In addition, two slant-drilled bore-
holes will be advanced under each pit in order to assess
vertical migration of chemical and radiological constituents
below the clay lining these pits. It is estimated that 22
peripheral boreholes will be advanced in order to character-
ize the 1lateral migration of these constituents. All
borehole locations are presented on Figure 2-4. -
39
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2) Pit 4

__ ___Observations_made_of . Pit _4_during the site visit show_that
there are considerable quantities of construction rubble
overlying miscellaneous waste. In addition, there is
standing water located on the southwest corner of the Pit.

The maximum depth of Pit 4 1is 24 feet. This pit has

- -~ - recently  been backfilled with an unknown volume -of fill

dirt.

Four boreholes will be drilled into Pit 4. Six boreholes
will be advanced around the perimeter of this pit to evalu-
ate for lateral migration of radiological and chemical
constituents from the clay liner. 1In order to evaluate for.
vertical migration of these constituents, two slant-drilled
boreholes will be advanced under the pit. All borehole
locations are presented in Figqure 2-4.

3) Pit 5

Pit 5 is no longer used for settling solids, but clear
process effluent still flows across the pit. The pit is
lined with 60 mil Royal Seal EPDM Elastometric Membrane.
Limited observations made during the site visit show that
the 1lining is in relatively good condition. The maximum
depth of Pit 5 is 30 feet.

Continuous residue samples will -be obtained from below the
liquid/solid interface at six locations. Eleven boreholes
will be advanced around the perimeter of Pit 5 to evaluate
for lateral migration of radiological and chemical con-
stituents from the liner. 1In order to evaluate for vertical
migration of these constituents, two slant-drilled boreholes
will be advanced under the pit. All borehole locations are
presented on Figure 2-4.

4) Pit 6

Pit 6 is not currently being used for the dumping of solid
wastes. The Pit is lined with a 60 mil EPDM Hydroseal
liner. Observations made during the site visit show that
the pit is filled with water. Some uncovered solid residues
are present on the west side of the pit. These solid
residues are not consolidated and will not support signifi-
cant weight. The maximum depth of Pit 6 is 24 feet.

Continuous residue samples will be obtained from below the
liquid/solid interface at four 1locations. Five boreholes
will be advanced around the perimeter of Pit 6 to evaluate
for 1lateral migration of radiological and chemical
constituents from the liner. In order to evaluate for
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5)

6)

7)

8)

9)

vertical migration of these constituents, two slant-drilled
boreholes will be advanced under the pit. All borehole
locations are_presented on Figure 2-4. L

Burn Pit

Limited background information is available for the burnpit.

- During the site visit it was noted that this..area is rela-

tively level and has a shallow trench extending north and
south through the middle. There is some water seepage in
this trench. Apparently fill dirt was put over the burned
material. The area is now covered with native grasses.

Six boreholes will be advanced in the burn pit to determine
the presence and vertical 1limits of radiological and
chemical constituents. .

Sanitary Landfill

Five boreholes will be advanced into the Sanitary Landfill.
These boreholes will be used to determine the presence and
limits of contamination. If elevated concentrations of
radionuclides or chemicals are detected, then a series of
boreholes around the periphery of the 1landfill will be
advanced to detect migration of these constituents.

Lime Sludge Ponds

Six core samples of the material in the Lime Sludge Ponds
(three from each pond) will be obtained to determine the
presence and limits of radionuclides or chemical constit-
uents. If elevated concentrations are detected, a series of
boreholes around the periphery of the ponds will be advanced
to detect the lateral extent of these constituents.

Clear Well

Three samples of sludge from the bottom of the clear well
will be obtained to determine the presence and 1limits of
radionuclides or chemical constituents. Four boreholes will
be advanced around the clear well to evaluate for lateral
migration of these constituents. In order to evaluate for
vertical migration, two slant-drilled boreholes will be
advanced under the clear well. These borehole locations are
presented in Figure 2-4.

Fly Ash Piles
Fly ash from the steam plant has been piled in two distinct

areas. These will be identified as the upper and lower fly
ash piles as depicted on Figure 2.1.
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Five boreholes will be advanced into the lower fly ash pile
and five boreholes will be advanced into the upper pile.
These—-boreholes-—will-be—used—to-determine —the- presence- of-—— .

any radiological and chemical constituents.

10) Silos 1, 2 and 3

- Four boreholes will be slant drilled beneath each silo to -
document the presence and limits of radiological constitu-
ents. If detected, additional borings will need to be ad-
vanced in order to determine the 1lateral extent of this
material. :

11) Slurry Line to K65 Silos

Ten boreholes will be advanced along the slurry line at
anomalous 1locations found during the radiation measure-
ment/surface soil sampling protocol These will be used to
assess the presence and vertical 1limits of radiological
constituents.

12) Storm Sewer Outfall Discharge

One borehole will be advanced into the sediment immediately
downstream of where the storm sewer outfall discharges into
Paddy' Run. This borehole will be used to determine the
presence and vertical extent of radiological and chemical
constituents.

13) Paddy's Run

One borehole will be advanced just upstream of Pit 3. A
second borehole will be advanced immediately downstream of
the clear well. These boreholes will be used to identify
the presence and vertical extent of radiological and
chemical constituents migrating from the Waste Storage Area.

2.7.3 Subsurface Sampling Methodology

The following items must be accounted for during the subsurface
sampling scope of work.

° Prior to drilling, techniques that screen for submersed
objects below the drilling location shall be initiated.
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' During the waste pits drilling/sampling program, the

auger lead space in all boreholes will be monitored

- --- with- a- portable -Organic Vapor -Analyzer (OVA). ———— - — -

° During the drilling contract work, work area air

sampling for radon, radioactive particles, asbestos
and chemical contaminants will be performed. Section
2.13 details the procedures for work area air sampling.

° All boreholes drilled into a solid matrix shall have
downhole gamma spectral measurements taken in order to
evaluate the depth and identities of gamma-ray contri-
buting radionuclides. These measurements will be made
as a function of depth as described in Appendix G.

e Field equipment shall be decontaminated between borings
in accordance with the procedures outlined in Appendix
H. All decontamination washwaters and nonsample
material will be managed as directed by Westinghouse.

The sampling methods will follow the criteria discussed below.

1) Pits 1, 2, 3 and 4

The specified subsurface soil sample locations into Pits 1,
2 and 3 will be investigated using various drill rigs and
sampling with split spoon samplers. The procedures for
subsurface sampling are presented in the Appendix I. Prior
to placing heavy equipment on each pile, a preliminary
assessment of the consolidation and integrity of the cover
of each Pit will be performed by Bowser Morner personnel.
After this investigation, the appropriate equipment shall be
strategically placed at the proper sampling locations.

The boreholes for Pits 1, 2, 3 and 4 are to be advanced to
depths of 12 feet, 10 feet, 20 feet and 20 feet below the
surface, respectively. The drilling operation must not come
into contact with the clay lining these pits. The borehole
samples will be collected in 24 inch increments beginning at
the surface. A three inch outer diameter 24 inch long split
spoon sampler shall be used to collect samples, and standard
penetration tests (ASTM-1586) shall be done on these samples
by determining blow counts at six inch intervals. Litholog-
ical logs shall be completed according to procedures presen-
ted in Section 3.3.4.3. If water is encountered in any

44



e
Y2

776

borehole, the water level shall be recorded and a sample
will be collected in accordance with procedures presented in
Section-3.3.5.1. e e

After drilling and sampling to the nominal depths, each
borehole will have downhole gamma spectral measurements
taken in order to evaluate the depth and identities of
gamma-ray  contributing radionuclides. -These measurements
shall be recorded as a function of depth in each borehole.
All boreholes shall be grouted back to the surface with
non~-shrink bentonite-cement as the auger is withdrawn from
the hole.

2) Pit 5 and 6

The collection of residue samples from pits 5 and 6 repre-
sents a difficult operations problem since most of the
residues are covered with water. The following are two
methods that are being considered for obtaining samples from
these pits. The sampling depths for Pits 5 and 6 will be
from the liquid surface to 20 and 18 feet, respectively.

A sampling platform with low-density foam flotation will be
used to position the field sampling team at each sampling
location. Through a hole in this platform, a one inch
diameter stainless steel sampling tube will be inserted into
. the residue in order to obtain a continuous sample beneath
the water/residue interface. Attached to the base of the
sampling tube will be an eggshell core catcher, which will
allow the sample to enter the tube unobstructed and folds
shut when the tube is raised. Upon full insertion of the
tube, free water in the tube will be withdrawn and a rubber
stopper will be inserted as a seal. As the tube is with-
drawn from the pit, the outer surface will be wiped dry with
absorbent wipes to remove loose material. Upon withdrawal,
a seal will be placed in the bottom end. The sampling tube
will then be labeled in accordance with the sample identity
for that location. The tube will be deposited on shore
prior to advancing to the next sampling location.

A crane will be utilized to support a sampling platform over
the appropriate location. Through a hole in the platform,
the stainless steel sampling tube will be inserted into the

W
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residue in order to obtain a continuous sample beneath the

water/residue interface. If the sampling tube cannot be
- __manually inserted, -the.cathead on_the_crane will_ be used to_

hoist a 140 pound hammer which will be used to drive the

tube to the desired sampling depth. '

3) Sanitary ILandfill

The specified subsurface sample locations in the Sanitary
‘Landfill will be investigated as described for Pits 1, 2 and
3. The boreholes are to be advanced to two feet below the
waste/soil interface. If downhole gamma spectral
measurements or chemical screening of the sample at this
depth show that radiological or chemical constituents are
present, the drilling, sampling and downhole spectral
measurement protocol will continue until the depth of
material can be determined. Samples will be fractioned into
24-inch increments. Penetration tests will be performed
during this operation by determining blow counts at six inch
intervals. Lithologic 1logs will be maintained, and
boreholes will be grouted back to the surface with
non-shrink bentonite cement.

‘ 4) Lime Sludge Ponds

The 1lime sludge ponds will be investigated using the
techniques described for sampling Pits 5 and 6. The
sampling tubes are to be advanced to twenty feet below the
water/residue interface or until the friction of the solid
within the tube prevents additional residue from entering
the sample tube.

5) Clear Well

Sediment on the bottom of the clear well will be obtained
from a flotation sampling platform. Samples will be pulled
up using a Ponar-type stainless steel grab dredge lowered
with a cable. Sediment samples will be collected from the
upper one-half foot of bottom sediment. Standard operations
for sediment sampling are presented in Appendix J.

6) Burn Pit

The protocol for subsurface sampling in the Burn Pit will
follow that described for Pits 1, 2 and 3. The boreholes
are to be advanced to two feet below the waste/soil inter-
face. Samples will be fractioned into 24 inch increments.
If downhdle spectral measurements and chemical screening of
samples from this depth show radiological and chemical
‘ constituents are present, then the drilling, sampling and
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downhole measurement protocol will continue until the depth
of such material can be determined. All boreholes will be
_grouted_back to the surface with non-shrink bentonite-cement

as the auger is withdrawn from the hole.

7) Fly Ash Piles

------ The - boreholes into the. fly ash pile will .be advanced with
the drill rig to a depth two feet below the soil/fly ash
interface. Samples will be obtained using a split spoon
sampler. Samples will be fractioned into 24 inch increments.
If downhole gamma spectral measurements at these depths show
the soil to have significant radionuclide concentrations,
then the drilling, sampling and downhole gamma spectral
measurement protocol will continue until the depth of radio-
active material can be determined. Penetration tests will
be done during this operation by determining blow counts at

. six inch intervals. Lithologic logs will be completed and
water levels recorded. All boreholes will be grouted back
to the surface with non-shrink bentonite cement.

8) Silos 1, 2 and 3

Figure 2.5 depicts the slant drilling scheme to be used for
subsurface sampling under Silos 1, 2 and 3. The boreholes

~are to be advanced 80 feet for Silos 1 and 2, and 20 feet
for the holes drilled under Silo 3. Samples are to be
collected using a split spoon sampler. Samples shall be
fractioned into 24 inch increments. Lithologic logs will be
completed and all water levels recorded. The boreholes will
be grouted back to the surface using non-shrink bentonite-
cement. If downhole gamma spectral measurements at these
depths show the so0il to have significant radionuclide
concentrations, then additional peripheral boreholes will
need to be drilled, sampled and gamma spectral measurements
taken in order to assess the vertical extent of radioactive
material migrating from beneath the silos.

9) Periphery of Pits

Forty eight boreholes are to be advanced at various loca-
tions around the Pits. These locations are depicted on
Figure 2.4. Each borehole will be advanced to a depth of
thirty feet. All holes will be drilled using either a
hollow stem auger or cable tool method. Samples will be
collected using a split spoon sampler and fractioned into
24-inch increments. If downhole gamma spectral measurements
and chemical screening techniques show significant
radionuclide and chemical concentrations at these depths,
the drilling, sampling and downhole spectral measurement
protocol will continue until the depth of material can be
determined. Standard penetration tests will be performed
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during the operation by determining blow counts at six inch
intervals. Lithologic 1logs will be completed and all water

levels recorded. -All boreholes--will--be -grouted-- back--to- the -- -

surface using non-shrink bentonite cement.

12)

10) Slant-Drilling Below Pits 1-6 and Clear Well

The slant-drilled boreholes below the pits and clear well
are to be advanced to depths of ten feet below the estimated
pit depths and ten feet in a horizontal direction under the
bottom of the pit. It is estimated that the drilling depths
will be 40 feet for Pit 1, 35 feet for Pit 2, 40 feet for
Pit 3, 50 feet for Pit 4, 70 feet for Pit 5, 50 feet for Pit
6, and 35 feet for the Clear Well (assuming the clear well
is approximately twenty feet deep). These depths were
conservatively calculated on the assumption that each pit
wall was vertical, forming a 90 degree angle with the pit
bottom. Samples are to be collected using a split spoon
sampler. Samples will be fractioned into 24-inch incre-
ments. Lithologic 1logs will be completed and all water
levels recorded. If downhole gamma spectral measurements
and chemical screening techniques show significant radio-
nuclides and chemical concentrations at these depths, the
drilling, sampling, and downhole measurement protocol will
continue until the depth of those constituents can be
determined. All boreholes will be grouted back to the
surface with non-shrink bentonite cement.

11) Slurry Line to K=-65 Silos

Ten boreholes will be advanced using a drill rig at various
locations along the slurry line to the K-65 Silos. These
locations will be identified during the radiation measure-
ment/surface soil sampling protocol. Samples will be
obtained using a split spoon sampler. It is estimated that
the depth of these holes will be ten feet. If downhole
gamma spectral measurements show significant radionuclide
concentrations at this depth, the drilling, sampling and
spectral measurement protocol will continue until the depth
of radioactive material can be determined. Penetration
tests will be performed during the operation. Lithologic
logs will be completed and all water levels recorded.

Storm Sewer Outfall and Paddy's Run

The protocol for subsurface sediment sampling in the
drainages will follow that discussed for Pits 1, 2 and 3.
The boreholes are to be advanced ten feet. Samples will be
fractioned into 24-inch increments. -
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13) Subsurface Background

--—.__..Background __gamma.__spectral.__measurements___and__subsurface

background soil will be obtained at WESTON's upgradient
monitoring well locations. samples of auger turnings will
be collected as the borehole is drilled and will be used
, throughout the project for subsurface soil and sample
‘‘‘‘‘ blanks.- Prior to - installation of- the -well casing, the
boreholes will have downhole gamma spectral measurements
taken in accordance with procedures presented in Appendix G.

2.7.4 Sample Containers and Preservatives for Off-site
Shipping and Storage -

Table 2-3,. in Section 2.6.5 lists the appropriate container and
preservative to be used for sample storage and shipment to
off-site 1laboratories. In addition, samples sent for RCRA
characteristic analysis shall be placed in amber (glass
containers. The sample %}ze will be 100 grams and preservation
will include cooling to 4°C.

Subsurface so0il samples collected at 1locations described in
Section 2.7.2 will be collected in 3-inch diameter, 24-inch long
split spoon samplers. This material will be removed from the
split spoons and placed in containers as discussed in Attachment
1 of Appendix I.

Packaging, marking and shipping of samples is addressed in
Appendix D. Chain-of-custody forms will accompany the samples at
all times to document sample transfer from field to the
laboratory. Laboratory personnel must then implement procedures
sufficient to maintain that the samples remain secure until
analytical tests are conducted. Chain-of-custody procedures are
detailed in appendix A. '

2.7.5 Field Analyses and Preparation

The following procedures will be utilized for field analyses and
sample preparation:

o To protect sampling and laboratory personnel from
potential exposure to possible hazardous or radioactive
contaminants, all samples will be decontaminated prior
to packaging. After each sample is collected, sample
containers will be washed on the exterior with a
detergent, rinsed with tap water, and dried with paper
towels. Decontamination solutions and rinse waters
will be containerized and stored with the equipment

r
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decontamination solutions. These solutions will be
disposed of as directed by Westinghouse.

Identify radionuclides of interest (i.e. U-ﬁ38, Th-232,

‘'Ra-226, Cs-137) using gamma spectroscopy. Procedures

for the multichannel analyzer and detection system are
presented in Appendix E.
Screen the sample for low level gamma radiation using
the FIDLER. The procedures for this technique are
presented in Appendix F.

Dry, homogenize and sieve samples as required.

Screen samples for gross alpha radiation using a 2ZnS
probe coupled to a portable ratemeter/scaler. Proce-
dures for the screening of samples are presented in
Appendix C. Samples that show significant alpha
activity in the absence of low level gamma activity as
screened using the FIDLER, and absent of higher energy
gamma radiation as screened using gamma spectrometry
will be included for outside laboratory analysis.

An ongoing laboratory test program is being developed
to determine the physical properties of the subsurface
pit samples. (This laboratory will also be used for
K-65 samples). The laboratory tests will follow the
procedures outlined in Section 4. h

All samples will be screened visually, with the olfac-
tory senses, and with OVA and HNu field instruments

Package and label those samples to be shipped to an
off-site laboratory for analysis. Packaging and ship-
ping requirements are presented in Appendix D.

Remaining samples will be archived at a designated
storage facility. Arrangements for archival will be
made between WESTON and Westinghouse. All samples
shall be appropriately 1labeled and sealed prior to
transfer to this facility and a complete inventory of
samples will be prepared.

51



776

2.7.6 Outside Laboratory Analysis

It is-estimated that 351_samples will be sent to TMA/Eberline for

radionuclide analysis, and 317 samples will be sent to WESTON
Analytical Services for chemical analysis. The samples chosen
for off-site analyses will be based on field laboratory screening
results. In addition, 35 blind duplicate samples will be taken

and sent to TMA/Eberline laboratory and 32 samples will -be taken

and sent to WESTON Analytical Services for external quality
control purposes. A summary of sample location, number of
samples, and number and kind of analyses to be performed by the
off-site 1laboratories are presented on Table 2.4. Suggested
analytical methods are presented in Appendix Q.

2.7.7 Sample Identification and Numbering

All sampling locations and associated sample numbers shall be
identified using the code described in Section 2.4.

-2.7.8 Deliverables

The following deliverables will be submitted by WESTON:

° Borehole logs

® Results of field analyses

° Results of laboratory analyses

) Results of geotechnical analyses

° Cop@es of field notes from the supervising geologist or
engineer.

2.7.9 Contingency

Should extensive or severe contamination be found during the
waste area subsurface sampling protocol, additional soil sampling
and laboratory analyses may be required.

ot
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Table 2.4

Sample
Iocation

Pit 1

Pit 3

Pit 4

Pit 5

Pit 6

Burn Pit

Clear Well

Silo 1

Silo 2

Silo 3

776

Subsurface Sampling Locations and Analyses

No. of
Holes

4

Periphery of Pits 48

Slurry Pipe

to Silos

10

Drilling
Feet

12

10

20

20

20

18

18(P)

N/A

80

80

20
30®)

10®)

See Key at end of this Table.

[V
1

40

No. of Est. # of
Samples Samples
Obtained Analyzed Analyses
5(a). 5 LOGT
5 HSL
5 R
4(@) 4 ILOGT
4 HSL
4 R
6(2) 6 1OGT
6 HSL
6 R
4(@) 4 LOGT
4 HSL
4 R
6(2) 6 LOGT
6 HSL
6 R
4(3) 4 LOGT
4 HSL
4 R
36 7 LOGT
7 HSL
5 R
3 3 LOGT
3 HST
3 R
160 32 10G
160 32 LG
40 8 10G
720 144 LOGT
144 HSL
50 10 106

33



Table 2.4

Sample
Iocation

Drainages

Lime Sludge Ponds
Sanitary Iandfill

Pit 1 (Slant Drill)
Pit 2 (Slant Drill)
Pit 3 (Slant Drill)
Pit 4 (Slant Drill)
Pit 5 (Slant Drill)
Pit 6 (Slant Drill)
Clear Well (Slant

Drill)
Fly Ash Pits

Blind Duplicates

No. of Drilling
Holes ~ __Feet
3 ) 16 ® -
6 20®)
5 20®)
2 40
2 35
2 40
2 50
2 70
2 50
2 35
8 20(®)

See Key at the end of this Table

No. of
Sanples

15

(@)
5(a)

40

35

40
25 |
70
25
35
80

35
32

Subsurface Sampling Iocations and Analyses (cont.)

Est. # of
Samples
Obtained _Analyzed Analyses

(e > 3 )

o,

~N

15
15

IGGT

HSL

LOGT
HSL
R

IGGT
HSL
R

ICGT
HSL

ICGT
HSL

ICGT
HSL

I0GT
HSL

I0GT
HSL

IOGT
HSL

ICGT
HSL

150G
HSL

776

Inorganic
Pesticide/PCB

35 Radiological

32

Chemical

34
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Key

(a) Each sample will consist of a composite of an entire length

of core from the borehole.
(b) These are the estimated depths of drilling. If downhole
.. .. gamma spectral measurements. and chemical screening shows
radiological and chemical constituents at these depths, the
drilling, sampling, and measurement protocol will continue
until the depth of material has been determined.

(c) These pits need to be drilled to two feet below the fly
ash/soil interface.

- Pb-210
- Isotopic thorium and uranium
Gamma Spectral Analysis

- Tc-99, Sr-90, Ru-106, Np-237, isotope plutonium

¥ 434 @ 0 B
1

- The samples from these matrices will be analyzed for the
following RCRA characteristics:

Toxic Characteristic Leachate Procedure (TCLP) = this
procedure will be defined per regulations at the time of
analysis.

Reactivity
Corrosivity
Ignitability

HSL - The samples from these matrices will be analyzed for HSL-
Inorganics, HSL-volatiles, HSL- Semivolatiles and HSL-Pesti-
cides/PCBs. The HSL constituents and analytical methods are
presented in Appendix Q. Non-targeted, non-HSL constituents and
targeted non-HSL constituents that may appear in the pit samples
will be identified using a comprehensive 1library search. The
targeted non-HSL constituents identified by Westinghouse include:

Dichlorodifluoromethane 1,2 Dichloropropylene
Tributylphosphate Methylbromide

Acrolien Methylchloride

bis (chloromethyl) ether Trichlorofluoromethane
Acrylonitrile cis 1,2 Dichloroethylene

al
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2.8 SURFACE WATER SAMPLING

This section describes the surface water sampling protocol that
wWill be carried out at numerous lécations in " the Waste Storage
Area. Additional sampling will be performed in various drainages
on the FMPC site.

2.8.1 Objectives B

The objective of sampling surface waters is to obtain information
on the quality of surface water in the Waste Storage Area and
surface water runoff leaving the FMPC site. The sampling strat-
egy has been designed to identify sources of chemical and radio-
logical constituents entering the various drainages on the site.

2.8.2 Sampling Frequency

Surface water will be sampled once during the field investi-
gation. Additional samples will be collected after a heavy
rainfall in locations that were previously dry. All surface
water samples must be free of sediments.

2.8.3 Sample locations

Tentative locations for sampling surface water will consist of
the following:

1) Clear Well

Three samples will be taken near the inlet pipe at the
northwest corner of the clear well. These will consist of a
single sample from the lower, middle and upper depths in
order to evaluate the vertical stratification of radio-
logical and chemical constituents.

Three samples will be taken from a single point at the end
of the walkway on the southwest corner of the clear well.
These will consist of a single sample from the upper, middle
and lower depths.

2) Pit 4

Obtain a single grab sample from middle depth of the stand-
ing water in the southeast corner of the Pit.

3) Pit 5
Around the inlet pipe at the east end of Pit 5, there is a

small volume of liquid. Obtain a single grab sample at this
location.
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Three samples will be taken at the center of the Pit. These
will be collected at a single location from the 1lower,

mlddle and upper depths of the llquld

Three samples will be taken from the end of the walkway on
the southwest corner of the pit. These will be collected
from the lower, middle and upper depths of the liquid.

" 4) Pit 6

Obtain a single grab sample from mid-depth a few feet out
from each of the four corners of the pit.

5) Storm Sewer Outfall

During periods of heavy runoff, excess water in the storm
sewer system overflows into a natural drainage northwest of
the site. If water is flowing in this drainage, five
samples will be taken at selected points established by site
hydrology personnel. Each location shall be staked for
future sampling activities.

6) Paddy's Run

A sample will be obtained at the background location select-
ed during the radiological measurement protocol.

Two sampling locations, one upstream and one downstream from
Pit 3, shall be identified and sampled.

A sampling location immediately downstream from all dralnage
discharge points shall be identified and sampled. During
the site visit, three were identified.

Two sampling locations one upstream and one downstream from
the storm sewer outfall shall be identified and sampled.

Two additional samples will be taken downstream from the
Waste Storage Area at 1locations established by site
hydrology personnel.

7) Two Drainage Paths Southwest of Waste Storage Area

During the site visit, two drainages flowing southwest of
the Waste Storage Area were identified. Water was flowing
in one of these, the other contained standing water. Both
dlscharged into Paddy's Run. If standing or flowing water
is *present during the field work (i.e., after significant
rainfall), two samples from each drainage will be collected
at specified 1locations identified by site hydrology
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personnel. These locations shall be staked for future
sampling activities.

Wetlands

These areas were dry during the site visit. If standing or

- flowing water is- present during the field work (i.e. after

significant rainfall), three locations shall be identified
by site hydrology personnel and sampled. Each location
shall be staked for future sampling activities. :

9) Drainages North of Pit-5

This drainage was dry during the site visit. If standing or
flowing water is present during the field work, four samples
will be taken. These will include a sample immediately
downstream from the Sanitary Landfill, one immediately
upstream of Pit 5, one immediately downstream of Pit 5, and
one immediately above the discharge into Paddy's Run.

10) Drainage North of Railroad Tracks

This drainage flows north of the Sanitary Landfill and
follows the railroad towards Paddy's Run. Samples will be
taken above and immediately below the Sanitary Landfill. Two
additional sampling locations shall be identified by site
hydrology personnel during the field work.

11) Drainages in the Waste Storage Area

Three samples will be taken from the drainage that flows
south of Pit 1 and the clear well. These will include a
sample taken as far upstream as possible from the clear well
(and Pit 1), a sample immediately downstream from the clear
well, and a sample immediately above the culvert below the
maintenance road west of the clear well. All sanples
locations will be marked for future sampling activities.

Two samples will be taken from the drainage flowing just
north of the maintenance road near the new Biodenitrifica-
tion Surge Lagoon. These will include a sample upstream

from the Biodentrification facility, and a sample immediate-.

ly east of the metal oxide sites. All of the locations will::

be marked for future sampling activities.’’

Three samples will be taken from the drainage flowing south
the maintenance road next to Pits 4 and s. These will
include a sample as far upstream as possible from Pit 6, one
immediately downstream from Pit 6, and one immediately
downstream from Pit 4. 58
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A single sample will be obtained from the seep at the
northwest corner of Pit 3 near the evaporation greenhouse.

Addltlonal dralnages and seeps w111 be 1dent1f1ed durlng the
field work. If standing or flowing water is present during
the characterization, six additional samples will be’
collected and the locations marked for future sampling
activities. ‘

12) South Lime Sludge Pond

A single grab sample shall be obtained near the inlet pipe
on the southeast corner. This sample shall be taken at
‘mid-depth. A single grab sample shall also be obtained at
mid-depth from the northwest corner.

2.8.4 Sampling Methodology

The existing drainages and seeps in and around the Waste Storage

Area are quite small with 1little flow. These areas shall be

sampled by hand using a pond or dip sampler. Samples shall be

- transferred to the appropriate container as listed in Table 2.6.

- Paddy's Run and existing drainages shall be sampled at mid-depth

‘ in the mid-section or deepest flow channel. Samples will be

collected directly into the sample container if the water is deep

enough. The pits shall be sampled either with the dip sampler

attached to the end of a telescopic pole or samples taken from

various depth increments will be obtained using a Kemmerer water
sampler.

All sampling equipment will be cleaned prior to use. If wading
into the water is necessary, the sampling technician shall be
careful not to disturb bottom sediments and to wait until sedi-
ments settle prior to obtaining the sample. Procedures for
obtaining these samples are presented in Appendix K.

2.8.5 Surface Water Sample Containers and Preservatives for
Off-site Shipping and Storage

Table 2.5 lists the appropriate container and preservative to be
used for sample storage and shipment to off-site laboratories.
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Table 2.5 ~ Surface Water Containers and Preservatives
N . o o ___Holding  Report- =
Specified Sample Sample Time ing
" Analysis ' Container Size Preservation Days Units
. HSL Volatile - - 40 ml vial w/ - 40-mL ocool, 4% - - 14- - - uy/L
Teflon-lined '
silicon rubber
septun
HSL Base/ | Amber glass 1L cool; NG 7/402 ug/L
Neutral/Acid
HSL Pesticide/PCB Amber glass 1L cool, 4% ©7/40 ug/L
HSL Inorganic 1 Polyethylene 1L PH <2,HNO, 180 ug/L
or glass
Radiological Cubitaner 4 L PH <2, HNO, 6 mos. Variable
1

‘Does not include tin

2 Extract within 7 days, analysis within 40 days of extraction

Packaging, 1labeling and shipping of samples 1is addressed in
Appendix C. Chain of custody forms and procedures are presented
in Appendix A. These must accompany the sample at all times to
document sample transfer from the field to the laboratory.

2.8.6 Field Analyses and Preparation

The following field and analyses shall be performed. Appendix L
details the Standard Operating Procedures for each analysis.

Analysis EPA Method No.

PH ; 150.1

Temperature 170.1

Conductivity 120.1

Dissolved Oxygen _ 360.1/360.2

Flow : Pygmy,Marsh - McBirney,

or equivalent

Site hydrology personnel shall select a single sample from each
location sampled (estimate 15 samples) to be split so that one
fraction can be filtered for HSL Inorganic analysis and the other
analyzed unfiltered. This technique will provide WESTON with
additional data for understanding constituent migration. Those

\("0
U
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assessments require that a distinction be made between soluble
species and suspended matter. Water samples requiring filtration
will be filtered in the field, immediately following collection.

To protect sampling and laboratory personnel from potential
exposure to possible hazardous or radioactive contaminants, all
samples will be decontaminated prior to packaging. After each
sample- is --collected, sample -containers will be washed on .the
exterior with a detergent, rinsed with tap water, and dried with
paper towels. Decontamination solutions and rinse waters will be
containerized and stored with the equipment decontamination
solutions. These solutions will be disposed of as described by
Westinghouse.

2.8.7 Off-site laboratory Analyses

It is estimated that sixty-two samples will be taken during the
surface water sampling protocol. These will be sent off-site for
analysis of all specified parameters. The fifteen split samples
that were filtered will be analyzed for HSL Inorganics. In
addition, six blind duplicates and six field blanks will be sent
to each laboratory for external quality control. The sixty-two
samples and external quality control samples will be analyzed for
the following parameters:

Chemical Analysis

Indicatorsb- Total dissolved solids
Total suspended solids:

Biological - Coliform Bacteria
Metals - Hazardous Substance List Inorganics, cyanide

Anions - Carbonate
Bicarbonate
Chloride
Sulfate
Nitrate
Phosphate
Fluoride
Sodium

Organics - Hazardous Substance List Volatiles
Hazardous Substance List Semi-volatiles
Hazardous Substance List Pesticides/PCB's

These constituents and analytical methods are presented in
Appendix Q. Additional constituents that may appear in the
surface water samples that are not included on the HSL list will
be identified using a comprehensive 1library search. These

61
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include ten targeted, non-HSL constituents and non-targeted,
non-HSL constituents. The targeted non-HSL chemicals identified

by Westinghouse_ include: __ —

Dichlorodiflouromethane
Tributylphosphate
Acrolein
- Acrylonitrile - SR S e oo oo
bis (chloromethyl) ether
Methylbromide
Methylchloride
Trichlorofluoromethane
cis 1,2 Dichloroethylene
1,2 Dichloropropylene

Radiological Analyses

Ra-226, Ra-228
Isotopic uranium
Isotopic thorium
Isotopic plutonium
Cs-137

Sr-90

Ru-106

Np-237

Tc-99

2.8.8 Sample Identification and Numbering
All surface water sampling 1locations and associated sample
numbers numbers shall be identified using the code described in
Section 2.4.
2.8.9 Deliverables
The following deliverables shall be submitted by WESTON:

o Results of Field Laboratory Analysis

o Results of Outside Laboratory Analyses

° Completed Chain of Custody Forms

° Memorandum describing field activities including docu-
mentation of sample collection and handling techniques.

2.8.10 cContingency

If significant concentrations of radionuclides and/or chemicals
are detected in any of the off-site drainages, additional
sampling may be required.
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2.9 SURFACE SEDIMENT SAMPLING

This_ section _describes the surface sediment sampling protocol
that will be carried out in the drainage courses and low lying

‘'wetland areas on and adjacent to the FMPC Waste Storage Area.

2.9.1 Sediment Sampling Objectives

The objectives of sampling surface and subsurface sediments are
1) to evaluate the transport of suspended constituents by surface
water, 2) to evaluate the attenuation of of constituents
dissolved in surface waters by the sediments, and 3) to assess
the potential for 1leaching of constituents from the sediments
into either surface or groundwater. ‘

2.9.2 Sampling Frequency

Surface sediments will be sampled once during the field investi-
gation.

2.9.3 Sampling locations

Tentative surface sampling locations consist of the following:
1. Storm Sewer Outfall

Sedlment samples shall be obtained at each location measured

and staked during the surface water sampling protocol. It is
estimated that approximately five samples will be obtained.

Additional samples will be taken durlng the FIDLER scan when

radlatlon levels correlate to uranium concentrations at or

above 35 pCl/g.

2. Paddy's Run

A background location shall be identified and sampled.

Sediment samples shall be obtained at each location measured
and staked during the surface water sampling protocol. It
is estimated that ten samples will be obtained. Additional
samples will be taken during the FIDLER scan when radiation
levels correlate to uranium concentrations at or above 35
pCi/g.

ke
S

”§§3. Two Drainage Paths Southwest of Waste Storage Area

Sediment samples will be obtained at each location measured
and staked during the surface water sampling protocol. It
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is estimated that four samples, two from each drainage, will
be collected. Additional samples will be taken during the

~ FIDLER scan when radiation levels correlate to uranium

concentrations at or above 35 pCi/g.

4. Pipes Existing West of Waste Storage Area/Wetlands

Three sediment samples will be taken from locations measured
and staked during the surface water sampling protocol.

5. Drainage North of Pit-5

Sediment samples will be collected at each location
measured and staked during the surface water sampling
protocol. It 1is estimated that four samples will be
collected. Additional samples will be taken during the
FIDLER scan when radiation levels correlate to uranium
concentrations at or above 35 pCi/g.

6. Drainage North of Railroad Tracks

Sediment samples will be collected at the four locations
measured and staked during the surface water sampling
protocol. Additional samples will be taken during the
FIDLER scan when radiation 1levels correlate to uranium
concentrations at or above 35 pCi/g.

7. Drainages From Upper Fly Ash Pile

During the site visit, it was noted that significant runoff
has washed fly ash into a gully where the running track is
located. If any sediments exist in these drainages, five
samples will be taken. These locations will be identified
by WESTON hydrology personnel in the field.

8. Drainages in the Waste Storage Area

The drainage ditch south of the maintenance road next to
Pits 4 and 6 will have three sediment samples taken at loca-
tions measured and staked during the surface water sampling
protocol. Sediment samples will also be taken during the
FIDLER scan when radiation instrument readings correlate to
uranium concentrations at or above 35 pCi/g.

The drainage south of the Pit 1 and the clear well will have

three sediment samples taken at 1locations measured and
staked during the surface water sampling protocol. Sediment

64



776

samples will also be taken during the FIDLER scan when
radiation instrument readings correlate to uranium
concentratlons at or above 35 pCl/g

The drainage north of the maintenance rocad near the new
Biodenitrification Surge Lagoon will have three sediment
samples taken at locations measured and staked during the
surface water sampling protocol. Sediment samples will also
be taken during the FIDLER scan when radiation instrument
readings correlate to uranium concentrations at or above 35

pCi/g.

A single sediment sample will be collected from the seep at
the northwest corner of Pit 3, near the evaporation
greenhouse. This will be taken at the location identified
and staked during the surface water sampling protocol.

Any additional drainages or seeps within the Waste Storage
Area that are identified and staked during the surface water
sampling will have sediment samples taken at several mea-
surement intervals. It is estimated that six additional
samples will be collected.

2.9.4 Sampling Methodology

The Standard Operating Procedures and all sample documentation
procedures for stream sediment sampling are presented in Appendix
J. Special care must be taken to ensure that samples are not
contaminated due to poor cleanup of sampling equipment.

Sediment samples from flowing streams will be collected below the
water surface at gquarterpoints across the stream channel. The
samples shall be obtained using a stainless steel scoop. If
pebbles and particles larger than 2mm are present, they shall be
removed by shaking the sample through a 2mm mesh sieve into a
stainless steel container. Excess water shall be poured out of
the container, and the sample shall be placed into a cloth bag
which allows excess water to filter through. The cloth bag shall
be placed into a plastic bag and transferred to the field
laboratory.

Surface sediment samples from dry streams shall be collected by
u51ng the scoop to scrape away the upper inch of stream sediment.
Five scoopfuls of sediment shall be collected at quarterp01nts
across the stream channel. Each sample shall be sieved; placed
into a plastic bag, and transferred to the field laboratory.
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2.9.5 Sample Containers and Preservatives for Off-site

Shipping and Storage

—Table 2.6--lists the- appropriate .container_and. preservative to be .

used for sample storage and shipment to off-site laboratories.

Table 2.6 Sediment Sample Containers and Preservatives

Specified Sample

Analysis Container

HSL Volatile Vial w/Teflon
lined silicon
septum

HSL Base/ Amber glass

Neutral/Acid

HSL Pesticide/PCB Amber glass
HSL Inorganic 1 Amber glass

Radiological Wide mouth
plastic bottle
1 Does not include tin
2

Sample

Size = Preservation

40 ml cool,

100 g cool,

100 g cool,
100 g cool,

3207 g None

4%

4C

47C

47C

Packaging, labeling and shipping of samples
Appendix D. Chain of custody forms and procedures are presented
in Appendix A and will accompany the samples at all times to
document sample transfer from the field to the laboratory.

2.9.6 Field Analyses and Preparation

Report-

Holding

Time ing
Days Units
14 ug/L

2

7/40 ug/Kg
7/40 ug/Kg
7/40 ug/Ky

6 mos. Variable

Extract within 7 days; analysis within 40 days of extraction

is addressed in

The following procedures will be utilized for field analyses and

sample preparation:

) To protect sampling

and laboratory personnel

from

potential exposure to possible hazardous or radioactive
contaminants, all samples will be decontaminated prior

to packaging. After each sample is collected,

sample

containers will be washed on the exterior with a
detergent, rinsed with tap water, and dried with paper
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towels. Decontamination solutions and rinse waters
will be containerized and stored with the equipment
decontamination solutions. These solutions will be

-—— — - disposed-of-as directed-by Westinghouse..-. .. .. ..

°. Identify radionuclides of interest (e.g. U-238, Th-232,
Ra-226, Cs-137) using gamma spectroscopy. Procedures
are presented in Appendix E.

° Dry, homogenize and sieve samples as required.

o Screen the sample for low level gamma radiation using
the FIDLER. Procedures for this screening technique
are presented in Appendix F.

) Screen for dgross alpha radiation using a 2ZnS- probe
coupled to a portable ratemeter/scaler. Procedure for
this screening technique is presented in Appendix C.
Samples that show significant alpha activity in the
absence of low level gamma activity as screened using
the FIDLER, and absent of higher energy gamma radiation
as screened using gamma spectrometry, will be included
for outside laboratory analysis.

° Place samples in storage containers and add appropriate
preservative as listed in Table 2.5.

° Package and label these samples for shipment to an
off-site laboratory. Packaging and shipping require-
ments are presented in Appendix D.

) Remaining samples shall be archived at a designated
storage facility. All samples shall be appropriately
labeled and sealed prior to transfer to this facility,
and a complete inventory of archived samples will be
prepared.

2.9.7 Off-Site lLaboratory Analyses

Each of the forty-seven samples taken will immediately be sent to
the WESTON Analytical Laboratory for chemical analyses. The
samples taken for radionuclide analysis will be screened in the
field laboratory. Based on these results, it is estimated that
twenty samples will be sent to the TMA/Eberline laboratory for
further radionuclide characterization.

It is estimated that an additional thirty sediment samples will

be obtained at locations identified during the FIDLER scan. Each
of these samples will be screened for radioactivity in the field

67



— T Two sets of five blindduplicate sampleswill-be—collected-during

776

laboratory, and twenty will be selected for off-site analysis of
radionuclides at TMA/Eberline.

the course of the sampling. One set will be sent to WESTON and
the other will be sent to TMA/Eberline. ' These samples will be
analyzed and used for external quality control purposes.

- The radiological and chemical parameters that will be assessed by ~

the off-site laboratories are presented below. Individual
constituents and analytical methods are presented in Appendix Q.

Chemical Analysis

HSL Inorganics

HSL Volatile

HSL Semi-Volatile
HSL Pesticides/PCB's

These constituents and analytical methods are presented in
Appendix Q. Additional constituents that may appear in the
sediment samples that are not included on the HSL list will be
identified using a comprehensive library search. These include
ten targeted non-HSL constituents, and non-targeted, non-HSL
constituents. The targeted non-HSL chemicals identified by
Westinghouse include:

Dichlorodifluoromethane
Tributylphosphate
Acrolien

Acrylonitrite

bis (chloromethyl) ether
1,2 Dichloropropylene
Methylbromide
Methylchloride
Trichlorofluoromethane
cis 1,2 Dichloroethylene

Radiological Analyses

Gamma Spectral Analysis
Isotopic uranium
Isotopic thorium
Isotopic plutonium
Tc-99

Sr-90

Ru-106

Np-237

Pb-210
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2.9.8 Sample Identification and Numbering

All sampling locations and associated sample numbers shall be

-identified-using the-code-described -in-Section-2.4..—__ ___ -

2.9.9 Deliverables

The following deliverables shall be submitted by WESTON:

® Results of field analyses

° Results of laboratory analyses
Completed chain of custody forms

o Memorandum describing field activities including
documentation of sample collection and handling tech-
niques

2.9.10 cContingency

Should extensive or severe levels of contamination be found in
the surface sediments on or adjacent to the Waste Storage Area,
additional sampling and laboratory analyses may be required for
adequate characterization.
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2.10 RADON FLUX MEASUREMENTS

This section describes the radon flux measurement protocol that

will be- carried -out—at -numerous--locations--in_the Waste_Storage -
_ Area. '

2.10.1 Radon Flux Measurement Objectives

The“primary objective for making radon flux measurements is to
detect radon emanating from significant subsurface concentrations

" of radium-226. This data will provide additional information as

to the presence of radium in each pit.

2.10.2 Sampling Frequency

Prior to the radon flux monitoring effort, canisters shall be
displayed at different areas around the site for several differ-
ent periods of time, and subsequently measured on the gamma
spectrometer. Based on prior calibration of the canisters at the
MOUND facility, each canister will be evaluated for radon uptake.
This value, corrected for radiocactive decay, will then be plotted
as a function of exposure time. From these data, a site average
time can be developed in which to deploy the radon flux canisters
during the field measurements.

2.10.3 Sampling Locations

Tentative locations for placement of charcoal canisters are
depicted on Figure 2.6 and consist of the following:

1) Six canisters on Pit 1

2) Six canisters on Pit 2

3) Ten canisters on Pit 3

4) Six canisters on Pit 4

5) Four canisters on the burn pit

6) Two canisters in close proximity to Pit 6

7) Two canisters on the east berm of Pit 5

8) Two canisters on each Fly Ash Pile

9) Two canisters in assumed background location
10) Two sample blanks

2.10.4 Sampling Methodology

- The procedureofor applying the charcoal canister method of deter-

mining radon flux will involve the placement of the canister on
the emanating source of radon for the time period established. A
procedure for Radon Flux measurements is presented in Appendix M.

The Rn-222 absorbed on charcoal in the canister will be analyzed
using a calibrated 4"x4" NaI(Tl) scintillation spectrometer
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in the field laboratory. The integration region on the
channel analyzer will be set to includes the 0.294 MeV,
352 MeV photons from Pb-214 and the 0.609 MeV, 1.12 MeV,

76 -MeV photons- from Bi-214.-—Each  analysis will be decay,--. ._.

geometry, and efficiency corrected to obtain the average radon
flux during the time of collection. Care will be taken to avoid
saturation of the charcoal. It will be assumed that the radon is

emanaE

ing from a planer source, and results will be documented in

pCi/m“/sec. :

2.10.5

Table

Field Laboratory Analysis

2.7 summarizes all sampling locations and analysis to be

made during the radon flux sampling protocol.

Tab

le 2.7 Radon Flux Sampling Locations and Analysis

Sampling © No. of '
Location Samples Analysis
Pit 1 6 G
Pit 2 6 G
Pit 3 10 G

- Pit 4 6 G
Berm of Pit 5 2 G
Solids on Pit 6 2 G _
Fly Ash Piles 4 G
Burn Pit 4 G
Background 2 G

G - Gamma Spectral Analysis

2.10.6

Sample Identification and Numbering

All sampling locations and associated sample numbers will be

identi
2.10.7
The fo

°

fied using the code described in Section 2.4
Deliverables
llowing deliverables shall be submitted by WESTON:
Results of Field Laboratory Analysis
Memorandum describing field activities including

documentation of sample collection and handling tech-
niques.
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2.11 RADON MEASUREMENTS USING FILM DETECTOR METHODS

This section describes the ambient radon measurement protocol

using-track-etch —film—detectors.—— This--sampling-will-be-carried -

out at various locations around the Waste Storage Area.

2.11.1 Objectives

" The principal objective of this radon monitoring is to provide a

time integrated measurement of radon concentration. This data
will be compared to radon flux measurement results and inferences
can be made as to the source of radon emanation in the Waste
Storage Area (i.e. is the radon emanating directly from the Pit
areas or 1is it migrating to these areas from the K65 silos).
The data from the track-etch detection methods will also be used
to evaluate occupational exposures (with respect to accepted
standards) when workers are performing routine (non-soil boring)
characterization efforts within the Waste Storage Area.

Thoron (Rn-220) from the Th-232 series may be present in above
background concentrations in the Waste Storage Area. Because of
the short half-life (55 seconds), it is unlikely that it can
emanate from significant depths in the moist soil covering the
pits. However, WESTON shall evaluate whether the Rn-220 concen-
trations are significant enough to warrant a time integrated
characterization (0.5 pCi/g or greater).

2.11.2 Sampling Frequency

Each radon monitoring detector shall remain in place for a period
no less than three months.

Grab saﬁpling will be performed during the initial stages of
field work in order to detect the presence and limits of Rn-220
in the Waste Storage Area.

2.11;3 Sampling Locations

Twenty locations around the Waste Storage Area will be chosen
during the initial stages of field work for the placement of
track-etch film detectors. A minimum of two detectors shall be
placed at each location. In addition, three background locations
shall be identified and film detectors shall be installed.
Isopleths developed during the Mound (1985) study shall be
utilized to identify potential background locations.

During the initial stages of field work, air samples using the

two-filter method for thoron will be taken at several locations
directly above Pits 1 through 4, and at several locations
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adjacent to pits 5 and 6. The operating procedures for this
technique are included as Attachment-l of Appendix N.

2+11l.4—Measurement-Methodology--— —

Track-etch film detectors (and canisters) shall be placed so that
the filter face of the -detector is at least four inches from any
obstruction. The protective canister and film detector shall be
placed - at a height of one meter. Appendix N details the proce---
dures for implementing track-etch detection methods. Track-etch
detectors will be shipped to the Terradex Corporation for evalua-
tion.

The two filter technique for measuring Rn-220 is performed by
drawing air through a metal tube equipped with a high-efficiency
glass filter at each end. The inlet filter removes all Rn-220
daughters, admitting only Rn-220 together with the sample air
into the tube. The Rn-220 partially decays in transit, producing
Th-A (Po-216) and Th-B (Pb=-212), most of which is collected on
the exit filter, the remainder depositing on the tube wall.
After sampling, the exit filter is removed and analyzed after a
delay of 180 minutes in an alpha counter. Rn-220 concentrations
will be calculated by an equation that accounts for the tube
dimensions, sample flow rate, sampling and counting intervals,
and the fraction of Th-A and Th-B that reaches the exit filter.
If Rn-220 concentrations in excess of 0.5 PCi/l are detected,
additional two-filter measurements or time integrated track-etch
measurements will be taken.

2.11.5 Off-site Shipping and Storage

When all detectors have been retrieved from the field and visual-
ly inspected, they shall be packed in an aluminum bag (ten cups
per bag). The aluminum bag shall be sealed and all pertinent
information should be transferred from the field data sheet
(Appendix N) to the vendor's data sheet. The detectors are
assembled with the central group detectors. The entire shipment,
along with properly filled out data sheets and chain-of-custody
paperwork (Appendix A) are shipped to the vendor (Terradex
Corporation) for analysis.

2.11.6 Outside Laboratory Analysis

Terradex Corporation will provide the analysis of all film
detectors. WESTON will send all film detectors including two
unexposed field blanks, and two film detectors that have been
exposed to known concentrations. Analysis consists of visually
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counting tracks produced by the alpha radiation in the film, and
correlating this data to known standarxds. Results shall be
recorded in pCi/l and in either tracks/mm“ or total tracks.

2.11.7 Measurement Identification and Numbering

All measurement locations and associated measurement numbers
shall be identified using the code described in Section 2.4.
Enter the date the bag was opened, the date installed, sample
number, the serial number of the film detector cup, and location
on the field data sheet. '

2.11.8 Deliverables
The following deliverables will be admitted by WESTON.

® Results of Terradex Corporation's analysis
® Copies of Field Coordinator's field notes
e Completed chain of custody forms.

2.11.9 contingency

If initial investigations of Rn-220 using the two-filter tech-
nique show that significant concentrations are present, WESTON

. will implement a Rn-220 measurement program. This will be
carried out using Terradex track-etch detection methods or
additional two~-filter analyses.

-3
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2.12 CONTINUOUS AIR SAMPLING FOR RADIOACTIVE PARTICULATES

This section describes the continuous air sampling protocol that

ties.

2.12.1 Continuous Air Sampling Objectives

" Continuous air monitoring for radiocactive particulates will be

performed throughout the characterization efforts in order to
identify any work activities that increase the ambient levels of
atmospheric long-lived radioactive particulates. Filters will be
pulled and analyzed weekly.. This data will provide additional
information regarding the effectiveness of our dust control
measures.

2.12.2 Continuous Air Sampling Frequency

Continuous air sampling will be performed throughout the charac-
terization effort. Filters will be changed every week and
counted in the field laboratory. Various filters will be sent to
TMA/Eberline for analysis.

2.12.3 Continuous Air Sampling Locations

A location shall be identified for taking background radioactive
particulate measurements. This data will serve as a baseline by
which to compare all sampling locations.

Four sampling 1locations in which to implement continuous air
monitoring techniques shall be chosen during the initiation of
work on the FMPC site. These locations shall be chosen based on
the availability of power. Depending upon such availability,
WESTON will implement continuous air monitoring at each boundary
of the Waste Storage Area.

2.12.4 Continuous Air Sampling Methodology

Air will be pulled through a 47-mm, 0.45-micron Gelman (#61631)
glass fiber filter, using an Eberlin RAS-1l. Normally, a total
flow of 40 to 60 liters per minute is adequate. Each week, the
filters shall be changed and taken to the field laboratory for
gross alpha counting. If, after 72 hours, gross alpha activity
exceeds 2E-3 pCi/l (equivalent to the MPC for Th-230, the most
limiting isotope), the filter will be sent to TMA/Eberline for
radionuclide analysis. Procedures for air particulate sampling
are presented in Appendix O.

will -be--on~going—throughout—the—WESTON—characterization—activi-——-———
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2.12.5 Sample Containers for Off-site Shipping

Filters will be placed in glassine envelopes and packaged

‘individually:- —Packaging, labeling -and -shipping of samples _is_

addressed in Appendix C. Chain-of-custody forms and procedures
are presented in Appendix A. These must accompany the sample at
all times to document sample transfer from field to laboratory.

2.12.6 Outside Laboratory Analysis

Filters will be sent to TMA/Eberline for analysis of radioactive
particulates. These analyses will include total uranium, Th-230,
Ra~226 and Pb-210. It is estimated that two filters will be sent
in each week for twelve weeks. Thus, twenty-four separate
analyses will be performed for these radionuclides.

2.12.7 Sample Identification and ﬁumbering

All continuous air sampling 1locations and associated sample
numbers shall be identified using the code described in Section
2.4. All pertinent data shall be recorded in the field data
sheet.
2.12.8 Deliverables
The following deliverables shall be submitted by WESTON;

° Results of field laboratory analysis

® Results of outside laboratory analysis

° Completed Chain-of-Custody forms

® Memorandum describing field activities, including
documentation of filter <collection and handling
techniques
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2.13 WORK AREA AIR QUALITY INVESTIGATION

This section describes various work area air monitoring that will

be ~performed during the--drilling -and--subsurface sampling--- -

protocol.

2.13.1 Work Area Air Monitoring Objectives

The primary objective for evaluating the air quality during the
drilling and subsurface sampling program is to provide WESTON
with adequate health and safety coverage for the workers on site.
The data from these analyses will be used by Health and Safety
personnel for assessing levels of protection and providing data
for calculating radiation dose. These data are required for
ALARA considerations.

2.13.2 Work Area Air Monitoring Frequency

Work area air quality sampling will be conducted during all
drilling and subsurface sampling work on the various waste
storage locations. Health and Safety personnel will call out any
additional sampling locations where these analyses need to be
incorporated.

2.13.3 Work Area Air Monitoring Locations

Locations for work area air monitoring will be identified by
WESTON Health and Safety personnel. Great care will be taken to
sample air analagous to that in the various workers' breathing
zone. This may require placing air sampling equipment at several
locations around the drilling and sampling operation. If
detectable winds are blowing, sampling will be performed both
upwind and downwind of the work area. It is anticipated that
these measurements will be taken during the drilling and
subsurface sampling on Pits 2-4, the Burn Pit along with the K-65
Slurry Line, and on the Fly-Ash-piles.

2.13.4 Work Area Air Monitoring Procedures

1) Radioactive Particulates

Air particulate samples will be collected in the immediate
vicinity of all drilling and subsurface sampling operations.
Procedures for radioactive particulate measurements and
analyses are presented in Appendix 0. For sampling particu-
lates, air will be drawn through an open face 47mm, 0.45
micron Gelman (#61631) glass fiber filter with an AC powered
sampling pump (Eberline RAS 1 or Stapler Hi-Vol.). Filters
shall be counted immediately in the field laboratory with an
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alpha counter/scaler (Eberline SAC 4). If after 72 hours
the gross alpha activity exceeds 2E-3 pCi/l (MPC for Th-230,
the most limiting 1sotope), the filter will be sent to TMA/-

Eberline for analyses. -— - - e — — R

After following the established counting protocol, identi-
fied filters shall be packaged and shipped off-site for
analysis of total uranium, Th-230, Ra-226, and Pb-210. It
is estimated that 30 filters will be shipped to
TMA/Eberline's Analytical Laboratory for these analyses.

Radon _and Radon Daughter Measurements in Work Area

During drilling operations in the Waste Storage Area, air
will be sampled continuously using a pulse pump and Tedlar
bag. The samples will be analyzed for radon in accordance
with procedures presented in Appendix P. On an as needed
basis (i.e. areas where Ra-226 is suspected), radon daughter
concentrations will be determined by sampling at least 10
liters of air through a membrane filter (five minute sample)
and performing a modified Kuznets analysis (Attachment-1 of
Appendix P). For sampling radon daughters, air will be
pulled through a membrane filter paper (0.45-micron, 25 mm
for MSA pump, 47 mm for RAS-2 pump). The modified Kuznets
method was chosen so as to minimize the time spent by
laboratory personnel on making working level (WL) measure-
ments. This analysis requires taking a single count after a
40 to 90 minute decay period.

Asbestos Measurements in Work Area

Field decisions by WESTON Health and Safety personnel will
be made as to the need for air sampling of asbestos fibers
when drilling and subsurface sampling into Pits 2, 4 and 6.
These pits are posted and have been identified as having
various asbestos-containing materials. These decisions
shall be made based on moisture content of the materials and
respiratory safety measures being implemented. If the pit
material is saturated with water and Level B protection is
being used, sampling for asbestos will not provide useful
information. If Health and Safety personnel identify that
asbestos sampling is required, the sampling will be per-
formed as provided in NIOSH Sampling Method 7400 R-4.

Asbestos analysis shall be performed by TMA/Cleveland.
Analysis will include the characterization of the type of
asbestos fiber (chrysotile, amosite, crocidolite, antho-
phyllite, actinolite and tremolite) and concentration of
fibers through the known sample volume. °
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4) Chemical Screening in Work Area

Screening for organics will be performed on all subsurface
éémples"using‘bbth—a‘fIame—ionization—detectormand*a-photo-——-~——~——
ionizing detector. These will provide an instantaneous
measurement of hydrocarbon content in the material. Addi-

tional screening with these instruments will be performed

around each auger head space.

Acidic fumes shall be detected around each auger head space
by sampling the air using a piston/bellows pump and color-
imetric tubes. These will provide an initial screen as to
acidic conditions but will not provide a descriptive identi-
fication of the acids present. This information will allow
WESTON Health and Safety personnel to determine whether
adequate protective clothing is being worn.
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2.14 Flora and Fauna Sampling

The sampling of flora and fauna will be contingent upon the
results of the subsequent materials sampled:— If -significant
contamination is found in the soils and sediments of the various
drainage paths adjacent to the Waste Storage Area, then plants
and animals most likely to enter the human food chain shall be
sampled and analyzed. If subsequent sampling shows that these
areas are not contaminated, the results from past FMPC Annual
Environmental Monitoring Reports will be adequate to assess
off-site risk estimates for the "no-action" alternative. These
documents provide uranium concentrations in various vegetation,
farm produce, milk and fish.
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1.0 SAMPLE CONTROL AND DOCUMENTATION

The purpose of document control is to assure that all documents
for the FMPC project will be accounted for when: the project is
completed. Accountable documents will include items such as
logbooks, filed data records, correspondence, sample tags, chain
. of custody reports, and analytical records. Each document will
bear a serial number and should be listed, with the number, in a
project document inventory assembled at the project's completion.
Waterproof ink must be used in recording all data in documents
bearing serial numbers.

A documentation coordinator will number all logbooks, sample
tags, and chain of custody records. In a logbook, he shall
record transfer of other logbooks to individuals who have been
designated to perform specific tasks on the project. All project
logbooks are to be turned over to the coordinator at the comple-
tion of each work period, and to a central file at the completion
of the field activity.

Field Logbook - All information pertinent to a field activity
must be entered in a bound book with consecutively numbered

pages. Entries in the logbook must include at least the follow-
ing: -
Date and time of entry

Purpose of sampling

Name and address of field contact (Federal, state, local
representative)

Producer of waste and address (if known)

Type of process producing waste (if known)
Type of waste (sludge, wastewater, etc.)
Description of sample

Waste components and concentrations (if known)
Number and size of sample taken

Description of sampling point
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Date and time of collection of sample

~T -~ Collector's sample identification number(s) and/or name-
References such as maps or photographs of the sampling site

Any field measurements made

Because sampling situations vary widely, notes should be as
descriptive and inclusive as possible. Someone reading the
entries should be able to reconstruct the sampling situation from
the recorded information. Language must be objective, factual,
and free of personal feelings or any other inappropriate termi-
nology. If anyone other than the person to whom the logbook was
assigned makes an entry, he must date and sign it.

1.1 Sample lLabels

Each sample must be sealed immediately after it is collected and
labeled using waterproof ink. Label tags may be filled out prior
to collection to minimize handling of the sampling containers.
Figure A-1 provides an example of the common sample label to be
used on FMPC samples.

Occasionally, sample containers will be marked in the field using
an etching tool rather than immediately applying a sample label
or tag. This avoids possible label contamination problems and
subsequent decontamination difficulties. 1In this case, the data
intended for the sample label will be written into a sampling
logbook and transcribed onto the label after the sample contain-
ers have been decontaminated.

Labels must be firmly affixed to the sample containers. The
container must be dry enough for a gummed label to be securely
attached.
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FIGURE A-1
EXAMPLE OF OFFICIAL SAMPLE LABEL

SOIL SAMPLE IDENTIFICATION TAG

SITE ID LOCATION ID
SAMPLEID _____________ LOG DATE
LABORATORY

DEPTH INTERVAL OF SAMPLE: -
BEGINNING DEPTH (FT. FROM DATUM )
ENDING DEPTH (FT. FROM DATUM )

SAMPLER (S )

COMMENTS.

~ WATER SAMPLE IDENTIFICATION TAG

SITE ID LOCATION ID
SAMPLE ID

BOTTLE 1D

PRESERVATION METHOD
LOG DATE LOG TIME

SAMPLER(S)

COMMENTS:

2A-3
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1.2 Sample Collection and Identification

The number 6f peérsons involved incollecting-and handling samples-— - - -

will be kept at a minimum. Guidelines established in this manual

for sample collection, preservation, and handling should be used.

Field records will be completed at the time the sample is col-

lected and will be signed or initialed, including the date and
time, by the sample collector(s). Field records will contain the-
following information:

Unique sampling or log number as discussed in Section 2.4 of
the Radiological and Chemical Sampling Plan

Date and time

Source of sample (including name, location, and sample type)
Preservative used (if any)

Analysis required

Name of collector(s)

Pertinent field data

One member of the sampling team is to be appointed field custodi-
an -- the documentation coordinator is a good choice. Samples
will be turned over to the field custodian by team members who
collect the samples. The field custodian will document each
transaction and the sample will remain in his custody until it is
shipped to the laboratory.

1.3 cChain of Custody Procedures

As in any other activity that may be used to support litigations,
regulatory agencies must be able to provide the chain of posses-
sion and custody of any samples which are offered for evidence or
which form the basis of analytical test results introduced as
evidence. Written procedures must be available and followed
whenever evidence samples are collected, transferred, stored,
analyzed or destroyed. The primary objective of these procedures
is to create an accurate written record which can be used to
trace the possession and handllng of the sample from the moment
of its collection through. analy51s and 1ts‘*1ntroductlon as
evidence.
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A sample is in someone's "custody" if:
"It is in one's —actual possession,-or — — - — — - ..

It is in one's view, after being in one's physical posses-
sion, or

It is in one's physical posséssion and then locked up so
that no one can tamper with it, or

It is Xkept in a secured area, restricted to authorized
personnel only.

When transferring the samples, the transferee must sign and
record the date and time on the chain of custody record (Figure
A-2). Custody transfers made to a sample custodian in the field
should account for each sample, although samples may be trans-
ferred as a group. Every person who takes custody must fill in
the appropriate section of the chain of custody record. To
minimize custody records, the number of custodians in the chain
of possession will be minimized.

The field custodian is responsible for properly packaging and
dispatching samples to the appropriate laboratory. This respon-
sibility includes filling out, dating, and signing the appropri-
ate portion of the chain of custody record.

All packages sent to the laboratory will be accompanied by the
chain of custody record and other pertinent forms. A copy of
these forms will be retained by the originating office (either
carbon or photocopy). Mailed packages will be registered with
return receipt requested. For packages sent by common carrier,
receipts will be retained as part of the permanent chain of
custody documentation. Samples to be shipped must be packed so
as not to break and the package sealed or locked so that any
tampering can be readily detected.
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FIGURE A-2 CHAIN-OF-CUSTODY RECORD

Custody Transfer Record/Lab Work Request

. Received By Client RFW Contact
Date A Client Contact Date Due e
Assigned to Phone Project Number %)
SAMPLE IDENTIFICATION ANALYSES REQUESTED
Sample No. Client ID No. Description Matrix | Date Collected | Container/Preservative
|
Matrix: . . Special Instructions:
S-  Soil DS- Drum Solids
W- Water DL- Drum Liquids
0- Qil X- Other
Items/Reason Relinquished By Received By Date Time Items/Reason Relinquished By Received By Date lime
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APPENDIX B

RADIATION MEASUREMENT TECHNIQUES

Near Surface Gamma Radiation Survey Using the Field
Instrument for Detection of Low Energy Radiation (FIDLER)

In-situ Gamma Ray Measurements Using a Shielded Delta-Gamma
Procedure

Beta-Gamma Radiation Measurements
Exposure Rate Measurements Using a Pressurized Ion Chamber

Procedure for Correlating a Sodium Iodide Detector to the
Pressurized Ion Chamber
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NEAR SURFACE GAMMA RADIATION SURVEY
USING THE FIELD INSTRUMENT FOR DETECTION
OF LOW ENERGY RADIATION (FIDLER)
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1.0 PURPOSE

This procedure describes the methods by which a Field Instrument —

for the Detection of Low Energy Radiation (FIDLER) is used to
monitor ground surface deposits of uranium.

2.0 SCOPE

Included in this procedure are instructions for: 1) initial
instrument set up (voltage plateau), 2) daily response standard-
ization using a sealed "check source", 3) determination of the
instrument's response to terrestrial background radiation, 4)
establishment of field calibration factors, 5) use of the instru-
ment to scan ground surface areas, and 6) use of the instrument
to estimate the concentration of uranium in surface soil.

3.0 REFERENCE

3.1 TMA/Eberline Standard Operating Procedure EA3.4 - Operation
of the Eberline Digital Ratemeter Scale (PRS-1).

3.2 UMTRA Procedure 10.17.3 - In-Situ Ra-226 Measurement Using
the Shielded Delta Procedure.

3.3 1Initial performance data sheet from TMA/Eberline Instrument
Calibration Group.

3.4 Tinney, J.F. and Koch, J.J., An_ X-Ray Screening Meter for
Plutonium Contamination, UCRL-5000-67-3, 1967.

4.0 DISCUSSION

The Field Instrument for the detection of low energy radiation
(FIDLER) was developed in the 1960's as a portable instrument to
monitor ground surfaces contaminated with plutonium. A five-inch
diameter thin sodium iodide (NaI) crystal serves as the detector.
It is optically coupled to a quartz light pipe and installed in a
standard five-inch probe housing, which has an entrance window of
beryllium. The principal use of this detector is for photons
with energies 1less than about 75 KeV. Uranium is an alpha
emitter, however the radiation from its daughter products include
low energy photons, principally L x-rays from thorium. 1In the

case .of U-238, by fgg\ the predominant uranium isotope at
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FMPC, there are two low energy photons from Th-234 which can
_be__detected by the FIDLER. _These are 63 KeV_ (3.5 -percent

abundant) and 93 KeV (4 percent abundant). If significant
concentrations of natural thorium are present, radiation from
Ac-228 will create interference in detecting the 93 KeV photon
from Th-234. For this reason the instrument will be adjusted for
maximum response from the 63 KeV photon from Th-234.. - .

5.0 EQUIPMENT

5.1 Eberline digital ratemeter/scaler (PRS-1)
5.2 Bicron Corporation - FIDLER

5.3 AM-241 check source

5.4 Cables

6.0 INSTRUCTIONS

6.1 High Voltage.Plateau

Before this instrument can be used to monitor 1low
energy radiation in the field, it is necessary to
determine the correct operating voltage. This is done
by determining the plateau for background radiation,
and for radiation from a source of Am-241 (60 KeV)
whose intensity is several times greater than back-
ground radiation levels.

6.1.1 Inspect the FIDLER, PRS-1, and interconnecting cable
for obvious damage. If no damage is observed, and
before connecting the FIDLER and PRS-1, adjust the High
Voltage to 900 volts or less, then turn PRS-1 selector
switch to off.

6.1.2 Connect FIDLER to PRS-1 in an area which, from previous
measurements, is known to exhibit background radiation.
Turn PRS-1 selector switch to the H.V. setting and
adjust the high voltage to 900 volts.

6.1.3 Place the FIDLER in a position so that a series of 0.5
minute counts can be made at various high voltage
settings.
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6.1.4

With the high voltage set at 900 volts, make three 0.5
minute readings and record in columns. When these

‘three readings have been completed, adjust: thé high -

voltage upward 50 volts and repeat the three readings.
Continue this procedure until three recordings have
been made at a high voltage setting of 1400 volts.

Place a source of Am-241 approximately one inch from
the beryllium entrance window near the center of the
probe, and repeat the series of 0.5 minute readings for
high voltage settings between 900 and 1400 volts.
Example count rates for TWO FIDLER probes (No. 1 to be
used at FMPC) are presented in Table B-1l. Response for
FIDLER 1 to Am=-241 is given along with the response of

FIDLER 2 to background and to U-238.

On x - y coordinate paper, plot the FIDLER response as
a function of high voltage. Notice that between 1100
and 1300 volts there is little change in the detector's
response. This represents the operating plateau. Set
the PRS-1 High Voltage at the mid-point of the plateau
(typically 1200 volts) for field operation. Minor
fluctuations in the high voltage due to environmental
conditions or battery drain will not affect the count
rate. A typical plateau is shown in Figure B-1.

Daily Source Check

Following completion of 6.1.6, establish a fixed
source~detector geometry such that the source-to-
detector distance is a matter of record and repro-
ducible from one day to the next.

Make five one minute counts with the Am-241 source in
its check position. Record each <count in the
instrument

log book.

Determine the standard deviation of the five one minute
counts from 6.2.1. Record this value (o ) and three
times the value (3 o ) in the instrument log book.

A control chart will be prepared using information from
the previous two steps. This chart will be prepared at
the beginning of the site characterization, and will be
used each day to record the FIDLER's response to the
Am-241 source. On a piece of linear graph paper,
place consecutive calendar dates on the x-axis. Define
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6.2.10

6.2.11
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a range along the y-axis which includes the average
FIDLER source count + 3 times the standard deviation.

" Draw three horizontal lines which "intersect the y-axis

at these three points.

On a daily basis, repeat step 6.2.1 before the FIDLER
is used for field measurements.

Determine the average count rate and plot this wvalue on
the control chart for that day. If the average count
rate falls within the boundary as defined in the step
6.2.3, the FIDLER may be used for field measurements.
However, if the average count rate is not within the
boundary, corrective action must be taken. Follow the
instructions 6.2.6 through 6.2.11 if this is the case.

Check the PRS-1 calibration due date.

Check to see that the PRS-1 high voltage is not set at
the plateau mid-point.

Turn off PRS-1 and disconnect cable to FIDLER. Clean
the cable and chassis connectors with ethyl alcohol and
let dry.

Re-connect cable, turn on PRS-1, check voltage setting.

Check source-to-detector distance and make necessary
corrections. :

Repeat steps 6.2.1 and 6.2.5. If FIDLER response is
within average count rate + 3 o , the unit may be used.
If the average count rate is still outside the control
boundary, turn off the PRS-1 and use a substitute
PRS-1. Repeat steps 6.2.1 and 6.2.5. If problems
still exist, repeat instruction 6.1. Repeated failures
will require attention by the manufacturer.

Determine FIDLER Response to Background

As part of the site characterization, several back-
ground locations will be selected in the vicinity of
FMPC. The FIDLER response to radioactivity in the soil
at each of these background locations will be deter-
mined.

At each background station, establish an area where
measurements can be made with the FIDLER probe in
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contact with the surface. Mark the location so that
additional (or repeat) measurements can be made at
later dates. T T T e e T

In a field 1logbook, describe the area chosen for
background measurements and 1list specific features
(soil is sandy, rocky, damp, wet, etc.). Also record
climatic conditions at the time measurements are made.

Make five one minute counts and record in the field
logbook.

When all background location measurements have been
completed, compare the average count rate at each
station with the concentration of uranium in soil
samples collected at that point.

Prepare a table representing data from step 6.3.4.
Establish Field Calibration Factors for the FIDLER

The response of a FIDLER to radioactivity in soil is
site specific and is governed by several parameters,
such as the presence of radioactivity other than
uranium, a layer of clean soil between a subsurface
deposit or uranium and the ground surface, nearby
radioactive sources such as radon in the air or a waste
storage pit. Therefore, the field calibration factors
determined in this instruction can only be considered
an estimate. The use of this calibration serves as an
indicator for the need to perform soil sample analyses.

Several areas within the waste management area where
surface radiocactivity is evident will be chosen as test
areas. These should range from near background radia-
tion levels to at least 10 times the background radia-
tion level.

Perform five one minute measurements with the FIDLER in
contact with the ground surface and record the count
rate in a field logbook.

Collect a sample of surface soil (0-6 inch) and submit

it to the field laboratory for a gamma-ray spectral
analysis.
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Following completion of the analysis of soil samples,

compare the data from 6.4.2 to the soil concentration

of uranium and prepare a table of values. An example
of this type information is given in Table B-2 for data
from a site contaminated with uranium.

Based on information from 6.4.4, establish.  a field

calibration factor which represents an estimate or
uranium concentration. Record this factor in the
instrument logbook.

Use of a FIDLER to Scan Ground Surfaces

Surface scanning (whether on the ground, on equipment,
or on building surfaces) with portable radiation
detectors is normally carried out to determine: 1) the
location of anomalous areas (radiation levels in excess
of guideline values) within a measurement grid block or
2) the average radiation level within a measurement
grid block. The scan of ground surfaces at FMPC will
be carried out to determine the average estimated soil
concentration of uranium within small areas which have
been staked by a licensed civil surveyor. This will be
accomplished by moving the FIDLER probe in a serpentine
pattern over the area to be surveyed. During this
scan, the detector will be held approximately 2 inches
above the surface (although the beryllium window is
protected by a thin layer of low density foam, care
must be taken to protect the window during this opera-
tion).

Materials needed include:
l. FIDLER/PRS~1 detection system with headphones.

2. Plan view (site map) of the area to be surveyed,
which includes grid system coordinates.

3. Calibrated measurement tape or chain.
4. Surface Measurements Field Logbook Forms

Determine that the FIDLER/PRS-~1 system has been checked
and is ready for field measurements.

Receive instructions from the WESTON Field Sampling
Coordinator. These instructions should be specific as
to: 1) area to be scanned, 2) the number of people
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required (one technical to monitor and one to record

__data),_ 3) time requirements, and 4) special instruc-

tions.

Areas to be scanned could be 1level regqular ground
surfaces which have been subdivided into square grid
blocks, or they could be located in a drainage path.

Grid block squares should be further subdivided into
square grid blocks, the total area of which can be
scanned in one~half or one-minute intervals. Areas
12.5 feet by 12.5 feet can be scanned in one-half
minute. This task will be done using a calibrated
measurement tape.

Drainage paths will have been staked at 100 foot
intervals. Scanning these areas with a FIDLER can only
be done if the area 1is free of standing or flowing
water. If the area is dry, place a grid stake at 25
foot intervals between the 100 foot stakes.

Attach a Surface Measurements Field Logbook Form to a
clipboard or other suitable writing surface, and mark
the grid block coordinates in the boxes along the left
and top margins (See Figure B-2 for an example of the
logbook form with coordinate locations for scanning.)

Scan measurements will be recorded as integral counts
over the area to be scanned. That is, pulses from the
FIDLER will be summed for one-half minute or for one
minute. Only grid blocks with 12.5 foot dimensions
will be scanned in one-half minute periods. Turn the
main selector switch of the PRS-1 to either 0.5 or 1
minute.

Scans will begin at one corner of a grid block and will
progress in a serpentine pattern over the entire block,
ending at the diagonally opposite corner of the block.
Push the PRS-1 reset button as the scan begins. With
practice, the timed count will end upon reaching the
opposite corner. During the scan, the technician must
listen to the audible signal from headphones. Although”
scanning speed should not be slowed when 1ncreased
audible signals are heard, the presence of apparent
"hot spots" should be noted when the integrated c¢ount
for the scan is recorded.
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Upon completion of the scan for an individual grid

__Dblock, - record. _the . integrated .count__in its respective

position on the Surface Measurements Field Logbook
Form. Place a check mark above the recorded count to
signify that anomalous or "hot spot" areas may exist on
the basis of audible signals for that grid block.

When all grid blocks for each assignment have been
completed, return signed Surface Measurement Logbook
Forms to the Field Sample Coordinator and return the
FIDLER/PRS-1 system to its storage area for end of day
check out and preparation for the next day.

Use of the FIDLER to Estimate Soil Concentrations of
Uranium

Based on the field calibration factor developed in
Instruction 6.4, estimates of the concentration of
uranium in soil may be made on the basis of in-situ
measurements with the FIDLER resting on the ground
surface for fixed periods of time. One must remember,

‘ however, that such an estimate is not exact and will be

influenced by the presence of other gamma emitting
radionuclides either in the soil or from nearby radia-
tion sources. Accurate estimates of uranium in soil
can only be made through the application of gamma-ray
spectral or radiochemical techniques.

There are two situations where the FIDLER would be used
to estimate the concentrations of uranium in soils: 1)
at regqular intervals on the overall site grid (i.e.
intersections of mutually perpendicular grid 1lines
spaced at 100 foot intervals), and 2) specific anoma-
lous areas which were identified during the scan of
subdivided grid block areas.

Materials needed include:

‘1. FIDLER/PRS-1 detection system with headphones.

2. Plan view (site map) of the area to be surveyed
which includes grid system coordinates.

3. Calibrated measurement tape or chain.

4. Surface Measurements Field Logbook Forms.
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Determine that the FIDLER/PRS-1 system has been checked

- _and_is ready for field measurements — S

6.6.3

6.6.10

Receive measurement instructions from the WESTON Field
Sampling Coordinator. These instructions should be
specific as to: 1) the area(s) and total number of

grid point measurements to be made, 2) a 1list of

subdivided grid blocks from previous scan surveys which
require further investigations to pinpoint anomalous
areas, determine their boundaries, and estimate the
concentrations of uranium, 3) the number of people
required for the survey, 4) time requirements, and 5)
special instructions.

Organize areas to be monitored so that measurements-can
proceed with a minimum of back tracking.

Attach a Surface Measurements Field Logbook Form to a
clipboard or other suitable writing surface and mark
the grid point coordinates in the boxes along the left -
and top margins (see Figure B-3 for an example of the
logbook form with coordlnate locations for grid point
measurements) .

Grid point measurements will be recorded as a single
0.5 minute count in the upper half of the square for a
given grid point coordinate.

Proceed to the first grid point location and place the
FIDLER probe on the surface.

Turn the main selector switch of the PRS-1 to 0.5
minute. Push the reset button to begin the count.

When the 0.5 minute count has ended, record the total
count in the appropriate place on the surface Measure-
ments Logbook Form.

After completion of 100 measurements (a full form), use
a random number generator and repeat measurements at 10
percent of the grid points. Using the 10 block by 10
block matrix on the form, the top row represents
positions 1 - 10, the second row 11 - 20, and so on.
the random number generator is to be based on a total
number of 100 location numbers.
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The repeat measurements are for quality control pur-

_poses and these 0.5 minute counts_will be recorded in_

the lower half of the square for a given grid point
coordinate.

Organize individual subdivided grid blocks which,
during the scanning survey, appeared to have anomalous
radiation 1levels, into an efficient measurement se-
quence.

Use a single Surface Measurements Logbook Form to
record measurements for an individual subdivided grid
block. On this form, label the coordinates of the
northwest corner of the grid block in the upper left
and left top block reserved for grid coordinates as
shown in Figure B-4.

Measurements are to be made using the PRS-1 in its
microprocessor controlled counting mode. Turn the
PRS-1 selector switch to the "C" position. This will
adjust the PRS-1 to integrate a total of 1000 counts
and, after a delay of 3 seconds, display the result in
counts per minute. Record a total of nine "C" scale
measurements in each grid block; at the corners, at
mid-points along each side of the grid block, and in
the center of the block (see Figure B-4 for an ex-
ample).

When all measurements have been completed, return
completed and signed Surface Measurement Logbook Forms
to the Field Sampling Coordinator, and return the
FIDLER/PRS-1 system to its storage area for end-of-day
check out and preparation for the next day.

2B-11



" HIGH VOLTAGE  FIDLER 1
Am-241
400 7
450 36
500 100
550 300
600 502
650 1030
700 3300
750 7370
800 68800
850 79800
900 92000
950 115000
1000 125000
1050 128000
1100 129000
1150 130000
1200 131000
1250 132000
1300 134000
1350

1400

TABLE B-1

2B-12

FIDLER 2
BKG

5194
4790
6010
6222
6198
6370
6356
6326
6300
6488

6570

-~ _ ___RESPONSE_OF FIDLER DETECTORS

. FIDLER 2
U-238

110312
124978
130472
133822
135652
138056
139094
139446
139366
137990
136696

776
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TABLE B-2

CALIBRATION OF FIDLER PROBE FROM FIELD MEASUREMENTS

AND LABORATORY  ANALYSIS OF SOIL SAMPLES -

SAMPLE ID FIDLER (CPM)
16 24872
17 13894
18 31688
19 41776
20 11799
21 14279
22 13545
23 17274
24 11466
25 10170

LINEAR REGRESSION: Y=aX+b

LABORATORY (pCi/gi*

170
36
73

410
32
65
61

100
44
17

ARBITRARY DECISION - ELIMINATE SAMPLE 18 ON BASIS OF OTHER
DETERMINATIONS (GROSS ALPHA, AND FIELD LABORATORY ANALYSIS)

Y. = 80.6X + 9297
R%= 0.99

Y = FIDLER CPM

X = URANIUM pCi/g

FOR 35 pCis/g, Y = 12,118 CPM

INTERCEPT, b = 9297 REPRESENTS APPROXIMATE BACKGROUNG

* GAMMA-RAY SPECTROMETRY

2B-13
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_ $ MIN.
Legend: FIDLER SCAN — Count Time: 22 ‘Bkg - FiIDLER 9000 CPM
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CoonwT FoL A SCAN of i2.8 X1 ol he Model ________ Serial No.
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Scoler Model __________ Serial No.
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IN-SITU GAMMA RAY MEASUREMENTS
USING A SHIELDED DELTA-GAMMA
PROCEDURE

2B-18
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IN-SITU GAMMA RAY MEASUREMENTS USING THE
DELTA-GAMMA TECHNIQUE __

1.0 PURPOSE

_The purpose of this procedure is to provide guidance for the
in-situ measurement of gamma-rays emitted from surface soil, and
to provide a technique for screening potentially contaminated
soils in the presence of adjacent sources of air scattered gamma
radiation.

2.0 SCOPE

These procedures were developed for the Uranium Mill Tailings
Remedial Action (UMTRA) Program for measuring in-situ Ra-226
concentrations in soil where adjacent sources of radiation
influence have probe measurements. This procedure will be based
on the above procedures and will be used to screen for anomalous
gamma radiation levels in areas where adjacent sources of radia-
tion influence the use of an unshielded probe.

3.0 REFERENCES
3.1 UMTRA Calibration Data Sheet - Delta Instrument

IN-SITU RA-226 MEASUREMENT USING THE SHIELDED DELTA
PROCEDURE, UMTRA PROCEDURE 10.17.3

4.0 EQUIPMENT

1 Shielded Delta Housing Built by WESTON, Inc.
2 Eberline PRS~1 Portable Ratemeter/Scalers

3 Eberline SPA-3 NaI Detector
4 Am-241 Check Source

5.0 DISCUSSION

Screening of soils in areas of elevated gamma-ray intensity will
be based on the results of the delta-gamma technique described
below. This survey technique will provide a basis for detecting
anomalous conditions in the soil below the measurement location.

To provide a statistical basis for evaluating gamma-ray measure-
ments of potentially contaminated locations as a function of site
background levels, twenty background delta measurements will be
taken. The average background delta count and its standard
deviation will be determined. Measurements subsequently taken

108
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- average background plus_ three standard deviations_ of the back-_____

during the field work that have a delta count greater than the

ground will be marked, and the area will be further characterized
by taking additional delta-gamma measurements and following the
surface soil sampling protocol.

Figure B-5 presents-a field data sheet to be used-in the labora-
tory for documenting background delta-gamma results, and to
calculate the average and standard deviation of the background
data. Figure B-6 provides a field data sheet to be used for
documenting field delta-gamma measurements.

The delta-gamma calibration will be peformed at the UMTRA Project
Laboratory. The calibration factor will account for Th-232 and
K-40 concentrations. It will initially be developed for estimat-
ing in-situ Ra=-226 concentations. Site specific calibration
constants can be developed by performing delta counts at various
locations having a uniform increase in surface radiation levels.
At each 1location, a surface soil sample will be obtained and
analyzed for gamma emitting radionuclides. From this data, a
correlation of delta count rate to gamma-ray contributing
radionuclide concentrations can be established.

6.0 INSTRUCTIONS

6.1 Daily before each sampling exercise, check the high voltage

(as stated on detector probe), threshold setting (100),
window setting (gross mode) and battery conditions (BAT
indicator off) on the Eberline PRS-1 ratemeter/scaler.

The measurement of in-situ gamma radiation is performed by
making "up" (shield out) and down (shield in) counts over
the area to be characterized.

With the shield out, make and record 3 up counts with the
PRS-1 set to integrate 1000 counts ("c" scale). When 1000
counts have been registered, the PRS-1 will calculate the
count rate (CPM) and display the value. Record each value
on the field data sheet. With the shield in, make and
record 3 down counts in the same fashion. Record each value
on the field data sheet.

Compare the sample delta to the average background delta
plus three standard deviations of the background delta. If
the former is greater than the latter, the location will be
staked and the areal extent of material further character-
ized by making additional delta~-gamma measurements, and by
obtaining surface soil samples.

1089
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FIGURE B-5

SHIELDED DELTA - GAMMA IN-SITU MEASUREMENT
FMPC BACKGROUND ASSESSMENT

Job.No.:___ o _ Recorded By:

Date: Time:

Delta Housing No.: Daily Check Results:

Probe No.: HV (1000V) Threshold (100)
PRS-1 No.: BAT (OK) WINDOW (OUT)

Check Source No.: Check Location:

Up Cl* c2 C3 Avg. Up

Down Cl* c2 C3 Avg. Down

Delta 1 2 3 Avg. Delta

Bkg. uUpP DOWN
Meas. Location C,* C C C,* C C Delta

10
Average
Std Dev. -
Average + 3 Std. Dev.

*Each count represents the counts per minute based on integration
of 1000 cts on the "C" scale of an Eberline PRS-1 ratemeter/scaler.

110

2B-21




776

SHIELDED DELTA-GAMMA IN-STTU MEASUREMENTS 7
FMPC FIELD RADIATION MEASUREMENTS

Jab. No. - Recorded by:

Delta Housing No. Calibration factor:
Prabe No.: Comments:

PRS-1 No.:

FIEID MEASUREMENTS

Location for

Measurement Up Down Average Further

Iocation Counts (CPM) Counts (CPM) Delta Consideration
N E cl C2 C3 Cl C2 C3 KCPM Y N

113
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BETA-GAMMA EXPOSURE RATE SURVEY

Attachment 1 OPERATION OF THE EBERLINE DIGITAL RATEMETER
SCALER, PRS-1

Attachment 2 OPERATION OF THE EBERLINE HP-210 OR HP-260
: PANCAKE-GEOMETRY GEIGER DETECTOR
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1.0 PURPOSE

The purpose of this procedure is to ensure beta-gamma surface
exposure rates are determined in a reproducible manner.

2.0 SCOPE

This procedure describes the meﬁhodology for determlnlng surface
exposure rates due to beta-gamma radiation to levels approaching
natural background (above 0.01 mrad/hr.)

3.0- -REFERENCES

3.1 EA2.1, General Area Decontamination Monitoring.

3.2 EA3.4, Operation of the Eberline PRS-1, Digital Ratemeter
Scaler.

3.3 EA3.6, Use of the Eberline HP-210, Pancake Geometry Geiger
Detector.

4.0 EQUIPMENT AND MATERIALS

4.1 Thin Window GM Probe (Eberline HP-210 or Equivalent).
4.2 Ratemeter Scaler (Eberline PRS~1 or Equivalent).

4.3 Beta-Gamma Exposure Rate Survey (Form Figure B-7).
5.0 INSTRUCTIONS

5.1 Insure proper instrument operation per instruction EA3.4 and
EA3.6 (attached).

5.2 Beta-Gamma exposure rates shall be measured at grid
intersections.

NOTE: Beta-gamma exposure rates may be measured at other
locations within the area if deemed appropriate, for
example, at points identified as hot spots.

5.3 Place the HP-210 probe on the surface at the grid point.

CAUTION: The thin window of the HP-210 probe may be easily
punctured. Care should be taken to protect the window
from sharp objects on the surface.

5.4 Take gﬁcount of predetermined duration (0.5 to 2 minutes).

[N

5.5 Multiply‘the count by the calibration factor to determine
dose rate in mrad/hr and record in Figure B-7.

5.6 Complete the . information on top of Figure B-7 before
initiating the survey.

113
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FIGURE B-7

BETA - GAMMA EXPOSURE RATE SURVEY

276

2B-25

--'—Site»— = - — ———Location = —
Date | Survey No. Surveyor
- Instrument ond Probe - . - Background . Count Time - -
Scaler model : cpm’ min
Serial No.
Probe mode! Calibration Factor Efficiency
Serial No. mrad/hr/cpm cpm/dpm
- — - L
GRID . GRID :
POINT CPM - mrad/hr POINT | CcPM - . mrad/hr
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OPERATION OF THE EBERLINE DIGITAL
_ RATEMETER SCALER PRS-1
' (EA3.4)
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1.0

776

PURPOSE

The purpose of this instruction 1is to describe the use and

operation of the PRS-1 Digital Ratemeter Scaler

2.0

SCOPE

This instruction describes the operation of the Eberline digital
Ratemeter Scaler (PRS-1). Repairs to equipment will be accom-
plished at Eberline Analytical Corporation, Albuquerque, New

Mexico.

3.0

REFERENCES

Eberline Technical Manual, PRS~1
EQUIPMENT AND MATERIALS

Eberline PRS-1 (Digital Ratemeter Scaler).
Eberline HP-210 Pancake GM Probe.

Eberline AC-3 Alpha Scintillation Probe.

DESCRIPTION

The PRS-1, sometimes called the "RASCAL", is a portable digital
display instrument with selectable ratemeter or scaler functions.
The instrument is rugged and splashproof with its own internal
battery power supply. Incorporated into the PRS~1 are the
following features:

Variably high voltage power supply (500 to 1500 volts).

Pulse height amplifier for single channel pulse height
analyses.

Six decade liquid crystal display.

Crystal controlled time base.

Built-in speaker and earphone jack.

Pack "D" cell battery.

Internal multiplier or divider calibration functions which
provide a means of converting counts to detector units

(mr/hr, uR/hr, mRad/hr, etc.) and for correction of probe
efficiency.
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INSTRUCTIONS

Operational checks shall be performed daily prior to use of
equipment as follows:

6.1

6.1.1

6.1.2
6.103

6.1.4

'Visually check for external dirt, corrosion and damage.

Clean the instrument or return for repair as required.

Battery Check:

A.- Turn function switch to the rate mode.

B. Turn speaker on.

C. Reduce threshold to zero for maximum speaker noise.

D Turn light on.

E. If the ERROR legend comes on or the "Batt. OK" legend
is OFF, have the batteries replaced by a qualified
technician.

Check reset function.

Check time base on one scaler mode preset time.

High Voltage Check:.

A. Put function switch in H.V. position.

B. Vary the H.V. potentiometer setting.

C. The high voltage should vary from 400 to 1400 volts.

D. Turn the functional switch to OFF.

Detector Probe Operational Check:

Visually check the detector probe, probe cable and cable
connection for dirt, corrosion or damage.

Check for noisy cable by flexing cable with PRS-1 in an
operational mode. Repair or replace as needed.

137
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OPERATION OF THE EBERLINE HP-210
OR HP-260 PANCAKE-GEOMETRY
GEIGER COUNTER
(EA3.6)
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1.0 PURPOSE

This instruction describes the operation of the HP-210 or HP-260
probes coupled to the Eberline PRS~1 Ratemeter Scaler.

2.0  SCOPE
The HP-210 or HP-260 probes are rugged, pancake-geometry geiger
tubes designed for detecting beta radiation. The HP-210 or
HP-260 probes are capable of detecting gamma radiation and high
energy alpha radiation. However, the gamma detecton efficiency

is low and the detection efficiency for alpha particles is a
function of the window thickness and the alpha energy.

3.0 REFEENCES

3.1 Eberline Technical Manual, HP-210 or HP-260 Probe.
3.2 EA-3,4 Opeation of the Eberline digital Ratemeter Scaler,
PRS-1.

4.0 EQUIPMENT AND MATERIALS

4.1 Eberline HP-210 or HP-260 Probe.

4.2 Eberline PRS-1 Survey Instrument.
4.3 SrY¥-90 Sources (standard and check sources).
4.4 Field Source Check Form (Form EA3.5-1).
4.5 Instrument Log Book.
5.0 DESCRIPTION

The Model HP-210 or HP-260 probes are rugged, sensitive detectors
for monitoring beta and gamma radiation with a limited efficiency
for alpha radiation. The HP-210 or HP-260 utilizes a thin window
G-M tube with a large open area protected by a sturdy wire screen
which allows detection of beta particles for energies greater
than 40 KeV. The HP-210 and HP-260 specfications are:

5.1 Active probe face area 15.5 cm?.

5.2 Mica window thickness of 1.4 to 2.0 mg/cm.
5.3 Operating voltage: 900 + 50V.

5.4 Connector: BVC series coaxial.

2B-30



1 Gamma: approximately 3600 cpm/mr/hr using Cs-137.

776
Size: 6-1/2 inches 1long x 3-1/2 inches wide x 3-7/8
inches high and wighs 4.25 pounds.
Sensitivity through window:
Béta: approximately 20% of 4 pi emission for SrY-90 rate.
Beta: approximately 15% of 4 pi emission for TC-99 rate.
Alpha: approximately 5% of 4 pi emission rate.
Alpha: approximaely 2.5% for Th-230.

Removal of screen will increase efficiencies approximately
40% for alpha and beta's.

Plateau length: 100V.
Plateau slope: 0.1% per volt.
Operating temperature range: -30° to +75°C.

DAILY FIELD RESPONSE CHECKS

Beginning of each shift or use period:

6.1

Take a 1 to 3 minute background count to insure probe is
not contaminated. If count rate is greater than 50 cpm,
decontaminate or repair the probe.

Take a 1 to 3 minute beta source count using a Sr¥Y-90
check source. If the beta sensitivity varies by +20% from
the source value, the detector shall be recalibrated or
repaired.

All results of routine daily field checks shall be entered
on the field Source Check Form (Form EA3.5-1) or
Instrument Log Book.

OPERATION

The HP-210 or HP-260 probe is capable of detecting alpha,

beta and gamma: radiation.

" The HP-210 or HP=260 may be used as a hand probe for

direct surface readings or as a single counter when used
with Model Sh-4A sample holder.
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7.2.1 When using the HP-210 or HP-260 probe to measure low level
direct contamination, calibration should be made with the
probe setting direction on the Sr¥-90 (or other suitable)
source.

7.2.2 When using HP-210 or HP-260 with the SH-4A, the source
should be placed in the sample drawer and counted. Use
the same method as described in Step 6.2 for determing
counter efficiency, etc.

NOTE; Always subtract background from observed readings
unless relative high (>20 times bkg) measurements are
being made.
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Form EA-3.5-1
FIELD SOURCE CHECK FORM

e ——— - - — —_— ceem-cee———- . - Date_ _ AP :
Site Area %
Data Recorded by %
Scaler Model Noa. Serial No. H.V. Set
. Probe Model No. Serial No. Efficiency,
Scaler Model No. . Serial No. H.V. Set
Probe Model No. Serial No. Ef ficiency.

Count Time

e e ————— ey

7

Time Location AC~-3 Th-230 HP-210 SrY-90 * /
Gross Gross Net Gross Gross Net
Count Bkg Count| Count Bkg Count

AC-3 Tolerance To

HP-210 Tolerance . To

Was HV checked this morming? Yes No

Th-230 Source: Serial No. DPM
Sr¥-90 Source: Serial No. DPM

12
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EXPOSURE RATE MEASUREMENTS USING

A PRESSURIZED ION CHAMBER
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1.0 PURPQOSE

The purpose of this instruction is to ensure uniform measurement

techniques when using a secondary standard instrument, the
" pressurized ion chamber, for determining— external -gamma -exposure ——————
rate at a height of one meter above the soil or fac111ty surfac~

es.

2.0 SCOPE

One of the most accurate methods for measuring the gamma radia-
tion exposure rate in the field is with a secondary standard
-instrument such as the Reuter-Stokes pressurized ion chamber
(PIC). The PIC will be used to "field calibrate" or standardize
other exposure rate measuring instruments such as the SPA-3 or
hand-held scintillation instruments.
3.0 REFERENCES
3.1 Reuter-Stokes PIC Operational Manual.
3.2 EA-2.1, General Area Decontamination Monitoring.
4.0 EQUIPMENT AND MATERIALS

. 4.1 Reuter-~Stokes Pressurized Ion Chamber.
4.2 Stop Watch.
4.3 Gamma-Ray Exposure Rate Survey (Figure B-8).
5.0 INSTRUCTIONS
5.1 Ensure proper operation of the PIC per operational manual.

5.2 Place the PIC in the center of the survey grid block per
instruction EA-2.1.

5.3 Instrument Setup
5.3.1 Attach sensor head to tripod.

5.3.2 Adjust height of the chamber to one meter from the
surface to be measured.

CAUTION: Ensure electrometer and mode switches are both in the
OFF position.

5.3.3 Connect cable to read-out housing.

124
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5.3.4

5.3.9

5.3.10

5.3.11

5.3.12

5.3.13

776

Turn DISPLAY/RECORDER switch to ON.

A.

B.

c.

Turn ELECTROMETER switch to zero.

" Turn MODE switch to BATT positiom—— T

Simultaneously depress the PUSH-TO-READ switch
(located below digital display dev1ce) and the
switch designated 300 V.

If the digital display shows less than 85 (as a .
percent of charge) replace 300 V battery per
procedure EA-3.22,

Check the charge on the =14V, +14V and 12V lead-acid
batteries by depressing switch immediately below the
voltmeters for each battery. If the needle is on or
near the shaded area of the meter, recharge these
batteries before proceeding.

Place the MODE switch in the DC position.

Place the ELECTROMETER switch in the ZERO position,

wait 60 seconds.’

Place the ELECTROMETER switch in the READ position.

Turn the recorder ON.

- Reset the mechanical counter and start the stopwatch
simultaneously.

After 10 minutes, or until the counter integrates 1.0
uR, record elapsed time and exposure.

Determine exposure rate in microR/hr (uR/hr) using the

following formula:

60 minutes/hr. X exposure recorded by PIC

count time minutes

The resulting value is in uR/hr.

Record the exposure rate in Figure B-8.
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GAMMA -RAY EXPOSURE RATE SURVEY

776

—— __ __Site Location
: Date . Survey No. Surveyor
- Instrument-and Probe- Background : Count Time
Scaler model . cpm min.’
Serial No. Comments:
Probe model Calibration Factor
Serial No. sR/hr/cpm
GRID ; -6RID . - GRID : GRID
point | PR/M |l point | PR POINT | BR/hr [i poiNT | PR/P
:
8 - s“; ~
Figure B-8 1 <b

2B-37



PROCEDURE FOR CORRELATING A
SODIUM IODIDE DETECTOR TO THE
PRESSURIZED IONIZATION CHAMBER
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PROCEDURE FOR CORREIATING A SODIUM IODIDE
DETECTOR TO THE PRESSURIZED IONIZATION CHAMBER (PIC)

1.0 PURPOSE

By correlating scintillation-detector measurements with accurate
PIC measurements on a site-specific basis, correction factors can
be determined and applied to the scintillation detector measure-
ments to evaluate gamma exposure rates. This procedure permits
the use of less expensive portable instruments to obtain exposure
rate survey data.

2.0 SCOPE

This procedure describes the methodology for correlating counts
obtained using an Eberline SPA-3 coupled to a ratemeter/scaler to
the exposure rate measurements taken with the PIC. ‘

3.0 REFERENCES
3.1 Reuter-Stokes PIC Operational Manual

3.2 EA 2.8 Operation of the Eberline SPA~3, Gamma Scintillation
Probe

3.3 EA3.4 Use of the PRS-l Digital Ratemeter Scaler

4.0 EQUIPMENT AND MATERIALS

4.1 SPA-3, Gamma Scintillation Probe
4.2 PRS-1, Pulse Ratemeter Scales
4.3 Reuter-Stokes Pressurized Ion Chamber

5.0 INSTRUCTIONS

5.1 The correlation is performed using 5 to 20 locations ranging
in activity from normal background to about 100 microR/hr.
There will be several areas at the FMPC where these
correlations will be performed. They will be chosen as to
subdivide the Waste Storage Area into regions where, within
the region, there should not be a varied photon spectrum.
The measurement locations should be chosen so that the
exposure rate does not vary with slight differences in
positioning of the two detectors. Measurements will be

128

2B-39



776

taken alternately at each location with both instruments at

approximately three feet off the the ground, ~Results “will————
be recorded on the Site-Specific Exposure Rate Correlatlon
Form (Figure B-9).
After performing measurements at a sufficient number of
locations, the readings from both instruments will be
correlated using a least square regression. The regression
equation will have the form

E = a(Em) + b
where:
E is the PIC reading in micro R/hr.
a is the slope of the line
Em is the scintillation reading in counts per time interval,

b is the Y-axis intercept.

i
\:)
O
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EXPOSURE RATE CORRELATION DATA
ENTRY FORM - SITE-SPECIFIC

Location

Survey No. Surveyor

Location

North

East

PIC # Inst # Inst #

Sec MR/hr CPM CPM

10

11

12

13

14

15

16

17

FIGURE B-9 EXPOSURE RATE CORRELATION DATA FORM
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APPENDIX C

PROCEDURES FOR SCREENING SOIL SAMPLES FOR
ALPHA EMITTING RADIONUCLIDES
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1.0 PURPOSE

The purpose of this procedure is to provide a method of screening

_for alpha contributing radionuclides in soil samples.

2.0 SCOPE

This guidance describes the methodology for screening of various
alpha emitting radionuclides in soil samples. It provides a
statistical analysis to determine if a particular sample is
contaminated with levels above background concentrations.

3.0 REFERENCES

3.1 Ludlum Model 43-1 Operations Manual.

3.2 Ludlam Model 2220 Portable Scales Operations Manual.

3.3 WESTON Procedure 20.14.1 Alpha Detector Efficiency Calibra-
tions. :

4.0 EQUIPMENT

4.1 Ludlam Model 43-1 Alpha Scintillation Probe

4.2 Ludlam Model 2220 Portable Scaler

4.3 Bottom half of Plastic %etri Dish (1.5 cm high, 10 cm

diameter, volume of 117 cm™)

Myler Film having Thickness of 100 ug/cm
Thick Plastic Sandwich Bags

Heat Lamp

Small Trowel

Paper Towels

Th-230 Check Source

2

BB DD DD
WoJo U b

5.0 DISCUSSION

Screening for alpha emitting radionuclides (i.e., Th-230) in soil
samples will be based on the results of the procedures detailed
below. Samples that show significant alpha activity in the
absence of 1low 1level gamma radiation as screened using the
FIDLER, and absent of higher energy gamma radiation as screened
using gamma spectrometry will be included for outside laboratory
analysis.

To provide a statistical basis for evaluating sample alpha count
data as a function of background alpha count data, ten background
soil samples will be taken, prepared and counted as discussed
below. The average and standard deviation of the background
alpha count will be determined. Samples subsequently counted
that have a ten minute count greater than the average background

2C-1
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plus three standard deviations of the background will be included
for outside laboratory analysis.

Figure C-1 provides a Field data sheet to be used in the labora-

tory for “documentingbackground—results—and —calculating—the—————
average and standard deviation of the background count rate

dates. Fiqure C-2 provides a field data sheet to be used by the
laboratory to document sample analysis.

6.0 INSTRUCTIONS

6.1 Switch the instrument on. Check the batteries for adequate
power, and perform a field check of the instrument. Main-
tain that the instrument is within calibration due-date.

6.2 A small aliquot of the sample shall be taken and placed into
two overlapping plastic sandwich bags using the small
trowel. Seal the bags and thoroughly mix the material by
hand, being sure to break up any large clods.

6.3 When the sample is uniformly mixed, transfer it into the
bottom of a clean petri dish and place it under the heat
lamp. Make sure there is enough sample so that when dry, it
will mound over the flange of the petri dish.

6.4 When the sample is dry, use the 1lid of the petri dish to
press down on the top of the sample and smooth out the
surface until it is flush with the top of the container.
Discard the petri dish used for smoothing the sample into a
depository for potentially contaminated waste.

6.5 Put a single layer of the mylar film over the sample, and
place the detector so that it is centered over the sample.

6.6 Count the sample for ten minutes. Record the accumulated
counts on the Gross Alpha Counting Data Sheet (Figures C-1
and C-2)

6.7 Compare the sample counts to the average background count
plus three standard deviations of the background count as
described on Figure 2.0. If the former count data is
greater than the latter, then the sample shall be included
for outside laboratory analysis.

6.8 Transfer the sample in the petri dish back into the original
sample container and mark the entire sample as includable
for outside laboratory analysis. If not includable, place
it back into archive.
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FIGURE C-1 GROSS ALPHA SCREENING FIELD LOG -
BACKGROUND EVALUATION

Sipgm‘__>uu____-““qob No. Lab Technician
Date Instrument No.
Probe No.

Calibration Due

Source Check

Sample Location 10 Minute Count

10

Average

Standard Deviation
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FIGURE C-2

GROSS ALPHA SCREENING FIELD LOG

Site Job No. ~Lab Technician
Sample Location Grid No.

Date Instrument No.
Comments Probe No.

Calibration Due

Source Check

10 Minute Count

Background + 3 (Standard Deviations)

Sample Included For Outside Laboratory Analysis - Yes/No
(circle one).
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APPENDIX D

GUIDE TO THE HANDLING PACKAGING AND
SHIPPING OF FMPC SAMPLES

ATTACHMENT 1 - ASSIGNMENTS OF A, AND A_ QUANTITIES
FOR LEAD 214, BI%MUTH-234, AND
POLONIUM-214

1

b
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1.0 SAMPLE HANDLING, TRANSPORT AND STORAGE

Samples collected during site characterization operations will

~_have to be transported to laboratories in New Mexico and Pennsyl-

vania for analysis. The transportation of samples must be
accomplished not only in a manner designed to protect the integ-
rity of the sample, but also to prevent any detrimental effects
from the potentially hazardous nature of the samples. Regula-
tions for packaging, marking, labeling and shipping of hazardous
material, hazardous substances and hazardous wastes are promul-
gated by the U.S. Department of Transportation (DOT) and de-
scribed in the Code of Federal Regulations (49 CFR 171 through
177, in particular, 172.402h, Packages Containing Samples). In
general, these requlations were not intended to cover the ship-
ment of samples collected at hazardous waste sites. However, the
U.S. EPA has deemed it prudent to package, mark, label, and ship
samples observing these DOT procedures. The information con-
tained in this appendix is for general guidance and, although
factual, should not be misconstrued as identical to DOT regula-
tions for transportation of hazardous materials.

Samples collected at the FMPC site shall be classified as either
environmental or hazardous substances (or wastes) samples. In
general, environmental samples are collected off-site such as
water samples from the various drainages and are not expected to
be grossly contaminated with high levels of toxic substances.
Samples of soil or water from certain locations in the Waste
Storage Area will be considered hazardous substances. A distinc-
tion between the two types of samples, environmental and hazard-
ous, must be made for two major reasons: one, to determine the
appropriate procedures for the transportation of the samples;
secondly, to protect the health and safety of the laboratory
personnel receiving the samples. Special precautions, procedures
and secondary containment areas within laboratories will used
when samples other than environmental samples are received. If
there is any doubt as to the classification of a sample, it will
be considered a hazardous sample and shipped accordingly.

1.1 Environmental Samples
Samples judged to be environmental are not considered hazardous

material; however, -environmental samples will be packaged and
shipped according to the following procedures.

1.1.1 Packing

Environmental samples can be packaged following the procedures
for samples classified as "flammable 1liquids" or "flammable
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solids. Marking, labeling,, and shipping papers do not apply.
Environmental samples can also be packaged without being placed
inside metal cans as required for "flammable liquids". Sample
containers properly identified and with a sealed 1lid, in sealed

‘polyethylene bags, can be packed in fiberboard containers or

metal picnic cooler-type containers. Sufficient incombustible,
absorbent cushioning material will be used to minimize the
possibility of sample container breakage.

1.1.2 Marking and lLabeling

Sample containers must have a completed sample identification
tag. The outside container should be marked "“Environmental
Sample." No DOT marking and labeling is required.

1.1.3 Shipping Papers

No DOT shipping papers are required.

1.1.4 Transportation

There are no DOT restrictions on mode of transportation.
1.2 HAZARDOUS SUBSTANCE SAMPLES

FMPC samples not determined to be environmental samples or
samples known or expected to contain hazardous material must be
considered hazardous substance samples and transported according
to the following requirements. If the material in the sample is
known or can be identified, then it should be packaged, marked,
labeled and shipped according to the specific instructions for
that material (if listed) found in the DOT Hazardous Materials
Table, 49 CFR 172.101. For those samples of hazardous substances
where the contents are unknown, the selection of the appropriate
transportation category will be based upon the DOT Hazardous
Material Classification, a prioritized system of transportation
categories. This system is presented in Table D.1

Eliminating other substances as flammable 1liquids requires
flashpoint testing which is impractical and possibly dangerous at
a site. '

Unless it is demonstrated that the sample consists of material

listed below flammable liquid on the table, it is to be con-
sidered a flammable liquid (or solid) and shipped as such.
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TABLE D.1

DOT HAZARDOUS MATERIALS CLASSIFICATION

1. Radioactive Material 12. ORM-E

2. Poison "A" 13. Combustible liquid (in
3. Flammable Gas containers having ca-
4. Non-Flammable Gas pacity exceeding 110
5. Flammable Liquid gallons)

6. Oxidizer 14. ORM-B

7. Flammable Solid 15. ORM-A

8. Corrosive Materials (liquid) 16. Combustible liquids (in
9. Poison B containers having ca-
10. Corrosive Material (solid) pacity of 100 gallons
11. Irritating Materials or less)

The selection of the correct category for an unknown sample is
through the process of elimination utilizing the DOT classifica-
tion system. Unless known or demonstrated otherwise (through the
use of radiation survey instruments), the sample will be consid-
ered radiocactive and appropriate shipping regulations for radio-
active material will be followed. If radioactive material is
eliminated the sample will be considered to contain Poison "A"
materials, the next material on the list. Poison "A" is defined
by DOT as extremely dangerous poisonous gases or liquids of such
a nature that a very small amount of gas, or vapor of the liquid,
mixed with air is dangerous to life. The class "A" ©poisons
listed in 49 CFR 172.101 and their physical state at normal
temperatures are presented in Table D.2.
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.TABLE D.2

CLASS "A" POISONS AND THEIR PHYSICAL STATE

Compound : Physical State
arsine gas
‘bromoacetone liquid
chloropicrin & methyl chloride mixture gas
chloropicrin & non-flammable, non- gas

liquified compressed gas mixture _
cyanogen chloride gas at tempera-

ture greater
than 13.10oC

cyanogen gas gas
gas identification set ———
gelatin dynamite (H.E. Germaine) —-—
grenade (with poison "A" gas charge) ——
hexaethyl tetraphosphate & com- gas
pressed gas mixture
hydrocyanic acid (prussic solution) liquid
hydrocyanic acid, liquified gas
insecticide liquified gas, containing gas
poison "A" or poison "B" materials
methyldichloroarsine liquid
nitric acid gas
nitrogen peroxide gas
nitrogen tetroxide gas
nitrogen dioxide, liquid gas
parathion & compressed gas mixture gas
phosgene (diphosgene) liquid

If poison "A" is eliminated as a shipment category, the next two
classifications are "flammable" and "non-flammable" gases. Since
few gas samples are collected, flammable liquids would be the
next category. The elimination of the classification of radioac-
tive, Poison "A", flammable gas, and non-flammable gas which
require more stringent shipping procedures, then permits the
sample to be classified as flammable 1liquid (or solid) and
shipped accordingly. The shipping requirements for flammable
liquids would also suffice for shipping any other samples classi-
fied below flammable liquids on the DOT classification schedule.
For samples containing unknown materials, other categories listed
below flammable liquids/solids on the table, are generally not
considered because: 2
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1.2.1 Samples Classified as Radioactive (TMC, GJ/TMC-13 U-70A)

The Federal regulations governing the transport of radiocactive

__sample material are extremely complex and reflect overlapping

jurisdiction from many Federal agencies. The important features
of the Department of Transportation regulations (49 CFR 173,
dated 1 November 1983) are summarized with their application to
samples contaminated with uranium and associated daughter
radionuclides.

In general, most samples collected at the FMPC will not be’
classified radioactive for transport purposes and will therefore
require no special attention to be considered in compliance. On
the other hand, certain samples may fall into categories for
which special packaging and shipping restrictions are mandated.
Guidelines for determining the category to which a particular
sample shipment belongs and for selecting a suitable mode of
shipment and appropriate packaging are described below:

1.0 DEFINITIONS

The following definitions are summarized from those presented in
49 CFR 173.403:

Natural Thorium - Thorium characterized by the naturally
occurring distribution of thorium isotopes (essentially 100
weight-percent thorium-232).

Natural Uranium - Uranium characterized by the naturally
occurring distribution of uranium isotopes (approximately
0.711 weight-percent uranium-235 and the remainder essen-
tially uranium-238).

Specific Activity - In reference to a radionuclide, the
activity of the nuclide per unit mass of the nuclide. The
specific activity of a material in which a radionuclide is
uniformly distributed is expressed as the activity per unit
mass of the material.

Radiocactive Material - Any material having a specific
activity greater than 0.002 microcurie per gram.

Special Form Radioactive Material - Radioactive material
that is either a single, solid piece or is obtained in a

sealed capsule.
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Normal Form Radioactive Material - Radiocactive material that
is not Special Form Radioactive Material.

Transport Index =~ The dimensionless number (rounded up to

~“the first decimal place) marked on the label of a package to
designate the degree of control to be exercised by the
carrier during transport. Generally, the transport index is
the number expressing the maximum radiation 1level, in
millirem per hour, occurring at distance of 1 meter (3.3
feet) from the external surface of the package. Other
considerations may apply to certain fissile materials.

2.0 QUANTITIES OF RADIOQACTIVITY IN PACKAGES

The regulations impose 1limits on the total activity (i.e.,
specific activity times the weight of the package) contained
within a package of radioactive material. With respect to Type A
packages, the limits are expressed as two quantities, A, and A,
which refer to the maximum permissible activity for radi%nuclid%s
in Special Form and Normal Form radioactive materials, respec-

. tively. Since the samples from FMPC fall into the latter catego-

ry, the A, value sets the activity limits for packages of such
samples. 2In those cases where contaminated material shipments
are designated Low Specific Activity or Limited Quantity, some
fraction of the A, value will normally apply (for further discus-
sion, see Section®3.0).

Table D.3 lists the A, and A, values cited in 49 CFR 173.435 for
radionuclides of the urahium decay series. Values for
radionuclides not 1listed in the regqulations (e.g., lead2l4,
bismuth-214, and polonium-214) have been assigned in accord with
the specifications set forth in Section 173.433(a) (2); details of
the calculations are presented in Attachment A of this Appendix.

Determination of permissible quantities for samples that are
contaminated with FMPC waste is more complicated than simple
reference to the A, values, since such material contains a
mixture of radionucliaes. For such mixtures, two rules apply. A
mixture of radionuclides from a single decay chain is considered
to be a single radionuclide if the following criteria are met: 1)
the parent and daughters are present in their naturally occurring
proportions (for example, in secular equilibrium), 2) no daughter
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TABLE D.3

A, AND A

1 5 QUANTITIES FOR RADIONUCLIDES

~_OF"THE URANIUM DECAY SERIES

Isotope Atomic Decay Half-Life? Quantity in Curies
-Number . : : Al .. Az
U-238 92 Alpha 4.5x109 Yy Unlimited Unlimited
Th-234 90 Beta 24 4 10 10
Pa-234 91 Beta 18 B - -
U-234 92 Alpha 2.5x104 Y 100 0.1
Th-230 90 Alpha 7.5x%x10" y 3 0.003
Ra-226 88 Alpha 1622 y 10 0.05
Rn-222 86 Alpha 3.8 d 10 2.0
Po-218 84 Alpha 3.05 m zb 0.002b
Pb-214 82 Beta 26.8 m 0.09b 0.002b
Bi-214 83 Beta 19;1 m 0.09b 0.002b
Po-214 84 Alpha 10 s 2 0.002
Pb-210 82 Beta 22 y 100 0.2
Bi-210 83 Beta 5d 100 4.0
Po-210 84 Alpha 138 d 200 0.2
iAbbreviations: y = years; d = days; m minutes; s = seconds

1l

Not listed in 49 CFR 173.435;

has a half-life longer than 10 days,

mixture,
radionuclide

the A

(8

ection 173.433(b)(2)).
which the identity and activity of radionuclides is known,

and 3)
half-life longer than the parent radionuclide.
quantity to be applied is that of the parent
For those mnmixtures in

calculation shown in Attachment

no daughter has a
For such a

the

permissible quantity for each radionuclide must be such that the
following equation is true:

where

is

the
radionucfide to its A

F, + F, +

1l 2

1orA

..+Fk e o
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ratio of the total
quantity [Section 173.433 (b)
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activity of the k
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(3)1.
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3.0 SHIPPING CATEGORIES

Certain categories permit shipping of radiocactive materials in
other than specification packaging (i.e., Type A and Type B).
"These are of special interest since they may provide more lati- -
tude in the handling of field samples.

Low Specific Activity Materials

Low Specific Activity (LSA) materials include uranium and thorium
ores, physical and chemical concentrates of these ores (e.q.,
yellow cake), unradiated natural or depleted uranium or thori-
um, nonradioactive material externally contaminated with radiocac-
tivity that is not readily dispersible, and material in which the
radioactivity is essentially uniformly distributed and does not
exceed certain prescribed concentration limits. These limits for
radionuclides of the uranium decay series, beginning with
thorium=-230, are listed in Table D-4. In general, these concen-
trations will not be exceeded in FMPC samples.

TABLE D.4
LSA CONCENTRATION LIMITS FOR RADIONUCLIDES

OF THE URANIUM DECAY SERIES FROM [FROM CFR
173.403(N) (4) ]

Nuclide A Value Estimated Average Concentration
(%uries) Microcuries/Gram Curies/Kilogram
Th-230 0.003 0.1 0.0001
Ra-226 0.05 0.1 0.0001
Rn-222 2.0 300 0.3
Po-218 0.002 0.1 0.0001
Pb-214 0.002 0.1 0.0001
Bi-214 0.002 0.1 0.0001
Po-214 0.002 0.1 0.0001
Pb-210 0.2 5.0 0.005
Bi-210 4.0 300 0.3
Po-210 0.2 5.0 0.005

Details for shipping LSA materials are described

in 49 CFR

173.425. The chief advantage of shipping under the LSA category
arises when the shipment is consigned "Exclusive Use," that is,
under the supervision or direction of a single consignor from
point of origin to final destination [Section 173.403(i)]. When
packaged shipments of LSA materials are consigned as Exclusive
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Use, the shipment is exempt from specification packaging, label-
ing and marking. Requirements that must be met include the
following [Section 173.425(b)]:

”11“__TH€“§Hipméﬁt“must”bE'consigned"Exclusive‘Use7“unioaded“fromr"—"——_—"—

the conveyance in which it was originally loaded, and
accompanied by written instructions for the maintenance of
Exclusive Use shipping controls. LSA materials can not be
shipped by air.

The material must be packaged in strong, tight packages that
will not leak under normal conditions of transport, and each
package must be marked "Radiocactive - LSA."

The package does not exceed the limits for removable radio-
active contamination and radiation level (see Section 4.0 of
this report).

The +transport vehicle must be appropriately placarded,
unless the shipment consists solely of unconcentrated
uranium and thorium ores.

Limited Quantities of Radiocactive Material

Limited Quantity shipments of radioactive material must meet the
requirements specified in 49 CFR 173.421_fnd 173.423. If the
activity per package does not exceed 10 A, quantity of the
radionuclide, then it is exempt from specifica%ion packaging and
from the associated shipping-paper, marking, and labeling re-
quirements. Instead; the package need only comply with the
following requirements:

1.

The material must be packaged in strong, tight packages that
will not leak under normal conditions of transport. The
outside of the inner packaging, or the outside of the
packaging itself when there is no inner packaging, must be
marked "Radioactive."

. The package does not exceed the limits for removable radio-

active contamination and radiation level (see Section 4.0 of
this report).

The package must be certified as being acceptable for
transport: by having a notice enclosed in or attached to the
package, stating the name of the consignor and including the

statement: ™\

TN

NG
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This package conforms to conditions and
limitations specified in 49 CFR 173.421
for excepted radioactive material, limited
_quantity, n.o.s., UN2910.

One advantage of Limited Quantity shipments is that there are no
restrictions on air transport. [Guidelines specified in the
International civil Aviation Organization (ICAO) regulations
should be consulted for air shipments of radioactive materials.]
The major disadvantage is the low concentrations and quantity
weights permissible for mixtures of different radionuclides.

4.0 RADIATION AND CONTAMINATION CONTROL

Measurements of radiation level (dose rate) and of nonfixed
(removable) radioactive contamination are conducted on
radioactive-material shipments to control exposure to radiocactiv-
ity. Inspectors of such shipments can readily determine whether
the packages comply with the regulations summarized below.

Radiation Level

Radiation level is the radiation dose-equivalent rate expressed
in millirem per hour (mrem/h) ([Section 173.403(v)]l. Permissible

. radiation levels for various shipping categories are described
below:

Limited Quantity Packages - The radiation level at any point
on the external surface of the package may not exceed 0.5
mrem/h [Section 173.421(b)].

LSA Packages - The radiation level of the LSA packages
transported as Exclusive Use shipments shall not at any time
during transport exceed any of the following limits [Section
173.441(b)]:

-- 200 mrem/h on the accessible external surface of the
package; or 1000 mrem/h if the following criteria are
met: the shipment is made in a closed transport vehicle,
the package is secured so that its position remains
fixed during transport, and no unloading/loading opera-
tions occur between the beginning and end of transport.

-- 10 mrem/h at any point on the outer surface of the
transport vehicle.

-- 10 mrem/h at any point 2 meters (6.6 feet) from the
outer surfaces of the transport vehicle.
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-- 2 mrem/h at any normally occupied position in the
transport vehicle. This provision does not apply to
private motor carriers when personnel operate under a
radiation protection program.

Other packages - The radiation level must not exceed 200
mrem/h at any point on the external surface of the package,
and the transport index must not exceed 10.

" Contamination Control

Nonfixed (removable) radioactive contamination is defined as
radiocactive contamination that is easily removed from the surface
by wiping with an absorbent material [Section 173.403(r)]. The
maximum permissible limits for removable radiocactive contamina-
tion, as set forth in 49 CFR 173.443(a), Table 10, are summarized
below; these limits apply to any area of 300 square centimeters.

e 1072 micro Ci/cm2 or 22 disintegrations per minute (dpm)/cmz,
for beta/gamma-emitting radionuclides, all radionuclides with
half-lives less than 10 days, natural uranium, natural thori-
um, uranium-235, uranium-238, thorium-232, and thorium-228 and
thorium-230 when contained in ore and physical concentrates.

2

‘ ° 10-6 micro Ci/cm”® or 2.2 dpm/cmz, for all other alpha-emitting

radionuclides.
Exclusive Use consignments of radioactive material may not exceed

these limits at the beginning of transport, and may not exceed 10
times the limits at any time during transport (Section 173.443).

1.2.2 Samples Classified as Poison "A" Procedures
Packaging-
Collect samples in a polyethylene or glass container which is
of an outer diameter narrower than the valve hole in a DOT
Spec. #3A1800 or #3A1800 metal cylinder. Fill sample contain-
er allowing sufficient ullage (apgroximately 10% by volume) so
it will not be liquid-full at 130 F. Seal sample container.

Attach a properly completed identification tag to sample
container.
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With a string or flexible wire attached to the neck of the
sample container, lower it into a metal cylinder which has
been partially filled with incombustible, absorbent loose
packaging material (vermiculite or earth). Allow sufficient

absorbing material between the bottom and sides of the con-

-tainer and the metal cylinder to prevent breakage and absorb

leakage. After the cylinder is filled with cushioning materi-
al, drop the ends of the string or wire into the cylinder

. valve hole. Only one sample may be placed in a metal cylin-
~ der.

Replace valve, torque to 250 feet/pound (for 1 inch opening)
and replace valve protector on metal cylinder, using teflon
tape. _

One or more cylinders may be placed in a DOT approved outside
container.

Marking and Labeling

Use abbreviations only where specified. Place the following
information on the side of the cylinder, or on a tag wired to
the cylinder valve protector, either hand printed or in label
form.

"Poisonous Liquid, n.o.s." or "Poisonous Gas, n.o.s. NA9035",
laboratory name and address, and place the following DOT label
on the cylinder - "Poisonous Gas" (even if the sample is
liquid).

If the metal cylinders are placed in an outside container,
both the container and cylinders inside must have the same
markings and 1labels as above. In addition, "Laboratory
Sample" and "Inside Packages Comply with the Prescribed
Specifications" should be marked on the top and/or front side
of the outside container. "THIS SIDE UP" marking must be
placed on the topside of the container, and upward pointing
arrows on all 4 sides.

Shipping Papers

Complete the shipper provided bill of lading and sign the
certification statement (if the carrier does not provide, use
standard industry form) with the following information in the
order listed. One form may be used for more than one exterior
container. Use abbreviations only as specified.
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"pPoisonous Liquid, n.o.s. NA9035, "Limited Quantity" or "Ltd.
Qty.", net weight or net volume. The net weight or net volume
must be placed just before or Jjust after the "Poisonous
Liquid, n.o.s." marking.

A chain-of-custody record form should also be properly execut-
ed and included in the container or with the cylinder, if
legal use of samples is required or anticipated.

' Unless samples are driven to the laboratory, a WESTON emploYee
will accompany shipping container to the transport carrier
and, if required, open outside container for freight inspec-
tion.

Using the word "poisonous" does not convey the certain knowl-
edge that a sample is in fact poisonous, or how poisonous, but
is intended to describe the class of packaging in order to
comply with DOT regulations.

Transportation

Poison "A" categorized packages may not be transported by
Federal Express Corporation (air cargo) or other common
carrier aircraft, or by rental, non~-government aircraft.

’ Samples may be shipped by ground transport or government owned
aircraft.

1.2.3 Samples Classified as Flammable Licquids or Flammable
Solids Procedures

Packaging:

Collect sample in a glass container with non-metallic, teflon
lined screw cap. Allow sufficient ullage (approximately 80%
by volume) so that the container is not liquid full at 130°F.
If an air space in the inner most container cannot be tolerat-
ed in order to maintain sample integrity, place it within a
second container to provide the required ullage.

Attach properly completed sample identification tag to sample
container.

Seal sample container closure and place in 2-mil thick (or
thicker) polyethylene bag, one sample per bag. The sample

identification tags should be positioned to enable it to be
read through the bag.
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Place sealed bag inside an appropriate sized metal can with
enough incombustible, absorbent, cushioning matter (e.q.,
vermiculite or diatomaceous earth) to prevent breakage and
absorb liquid; one bag per can. Pressure close the can and
use clips, tape, or other positive means to hold the 1lid -
securely, tightly, and effectively.

Place one or more metal cans (or single 1l-gallon bottle)
surrounded with incombustible, absorbing packaging material
for stability during transport into a strong outside contain-
er, such as a cooler or inside an approved fiberboard box.

- Marking and Labeling

Use abbreviations only where specified, Place the following
information on the metal can (or 1 gallon bottle), either hand
printed or in 1label form: laboratory name and address,
"Flammable Liquid n.o.s. UN1993" or "Flammable Solid n.o.s.
UN1325". Not otherwise specified (n.o.s.) is not used if the
flammable liquid or solid is identified. In that case, the
name of the specific material is used and listed before the
category (e.g., "Flammable Liquid")

Place the following DOT labels on the outside of the can (or
bottle): "Flammable Liquid" or "Flammable Solid." The "Dan-
gerous When Wet" label must be used with the "Flammable Solid"
label if the material meets the definition of a water reactive
material. The "Cargo Aircraft Only" label must be used if the
net quantity of the sample in each package is greater than
one quart (for "Flammable Liquid", n.o.s.) or 25 1lbs. (for
"Flammable Solid" n.o.s.). (172.402, 172.101).

If the cans are placed in an exterior container, both that
container and inside can (or bottle) must have the same
markings and labels as above.

The words "This End Up" or "This Side Up" must be clearly
printed on the top of the outer package. Upward pointing
arrows should be placed on the sides of the package. The
words: "Laboratory Samples" should also be printed on the top
of the package.

Shipping Papers

Use abbreviations only where specified below. Complete the
carrier provided bill of lading and sign the certification
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statement (if the carrier does not provide, use standard
industry form) with the following information in the order
listed. One form may be used for more than one exterior
container.

"Flammable Licquid n.o.s. UN1993" or flammable Solid n.o.s.
UN1324"; Limited quantity (or Ltd. Qty):; net weight or net
volume (abbreviations of weight or volume are acceptable).
Further descriptions such as "Laboratory Samples" or "Cargo
Aircraft oOnly" (if applicable) are allowed if they do not
contradict the required information.

The net weight or net volume must be placed just before or
just after the "Flammable Liquid, n.o.s." or "Flammable Solid,
n.o.s." description.

A chain-of-custody record, properly executed, must be included
in the exterior container.

Transportation

Unknown hazardous substances classified as flammable liquids
may be transported by rented or common carrier truck, bus,
railroad, or by Federal Express Corporation, but they should
not be transported by any other common carrier air transport,
even "cargo only" aircraft. (DOT regulations permit "cargo
only" aircraft such as TWA, United, etc.; however, difficul-
ties with regular airlines transportation suggests avoiding
these types of transportation.)

These procedures are designed to enable air cargo shipment by
entities like Federal Express; however, they should not be
construed as an endorsement of a particular commercial carri-
er.

If samples are transported by any type of government owned
vehicle, including aircraft, DOT regulations are not applica-
ble. However, personnel will use the packaging procedures
described, except the bill of lading with a certification,
does not have to be executed.

Other Considerations

The size of the sample to be collected should be ascertained
by the analytical laboratory.
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Use of sample preservatives or packaging in ice should be
determined by the analytical laboratory.

Using "flammable" not does convey the certain knowledge that a
- sample is in fact flammable, or how flammable, but is-intended —- -
to prescribe the class of packaging in order to follow DOT
regulations.

WESTON or Eberline employees will accompany shipping contain-
ers to the transport carrier and if required, open outside
container(s) for inspection.

For overnight shipments, weight restrictions should be deter-
mined. Federal Express, for instance is 70 pounds or less.
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ATTACHMENT 1

ASSIGNMENTS OF Al AND A2 QUANTITIES FOR
LEAD-214, BISMUTH-214, AND POLONIUM-214
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SUMMARY OF THE REGULATIONS FOR CALCULATING ASSIGNMENTS

For radionuclides of known identity for which Ay and A, quanti-
ties are not spec1f1ed with 49 CFR 173.435, the quantl%les must
be calculated in accord with the guideélines set forth in Section —
173.433(a) (2). These guidelines are summarized below.

DETERMINATION OF Ai QUANTITY

Accordlng to the requirements of 49 CFR 173. 433(a) (2) (i), the A
quantity for a radionuclide that emits only one kind of radlatloﬁ
(gamma, X, beta, or alpha) is determined in accord with rules A,
B, C, or D, respectively (see below). For those radionuclides
that emit more than one kind of radiation, A is taken to be the
most restrictive (smallest) quantity of those determined for each
kind of radiation emitted. If the radionuclide decays to a
shorter lived daughter with a half-life less than 10 days,
must be calculated for the parent and the daughter, and the more
restrictive of the two assigned to the parent. 1In any case, A
shall not exceed 1000 curies.

Rule A - Gamma-Ray Emitters

Al = 9/gamma

where gamma is the gamma ray constant in roentgen-meters per

hour-curle, approximately equal to 0.5N [E (average)] where N

1s the number of gamma gquanta :9 nq¥islntegratlon and
(average) is the average gamma energy in MeV (U.S. Depart-

mg%@mgf Health, Education, and Welfare, 1970, p. 33).

Rule B -~ X~ray Emitters

1000 curies
200 curies

For Z < 55, A

For Z > 55, Al

1
where Z is the atomic number of the radionuclide.

Rule C - Beta-Ray Emitters

is determined by the maximum beta energy, E according to

!
the following specifications: max
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——300g- " — - ————————

Maximum Beta Ener MeV A, Quantity (curies)
‘Epax < 0.5 1000
T T T s < Bpaw <0
1.0 < Emax < 1.5 100
l.5_<_Emax< 2.0 30
Emax > 2.0 10

Rule D- Alpha-Ray Emitters

A; = 1000 (A,)

76

where A, is determined from the relationships detailed below,
based o% the atomic number of the radionuclide, 2Z, and

half-life, Tl/z.

For Z < 81,

Range of Half-Life

‘ T 3 days

1/2 < 10
3 4
107 days < Tl/2 < 10" years

T1/2 > 104 years

For Z > 82,

Range of Half-Life

3

T < 10" days

1/2
3

107 days < T < 104 years

1/2 =

T1/2 > 104 years

2D-19
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0.050

Ai Quantity (curies)
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' DETERMINATION OF A2 QUANTITY

Pursuant to 49 CFR 173.433 (A)(2)(ii), the A
more restrictive of the following: :

s quantity is the

[ ‘The corresponding A, value.

° The value of A3 as determined from Rule D above.

ASSIGNMENTS OF Al AND A2 QUANTITIES FOR

LEAD-214, BISMUTH-214, AND POILONIUM=-214

DATA REQUIRED FOR CALCULATING Al QUANTITIES

Lead-214
e Emissions: Beta Rays, Gamma Rays, X Rays
° T1/2: 26.8 minutes
° Feeds: Bi-214 (Tl/2 = 19.9 minutes)
"' _ e Z: 82
) E9max (beta): 0.980 MeV (U.S. Department of Health,
. Education, and Welfare, 1970, p. 94)
°® Ngamma: 22 (Kocher, 1981)
® Egamma (average): 0.2807 MeV (Kocher, 1981)
Bismuth-214
° Emissions: Beta Rays, Gamma Rays, X Rays
[ Tl/z: 19.9 Minutes
° Feeds: Po-214 (T = 1.6x10"% second)

1/2
° Z: 83

° “Eg (beta): 3.20 MeV (Kocher, 1981)

max
N
® . Ngaﬁma' 182 (Kocher, 1981)
[ Egamma (average): 1.158 MeV (Kocher, 1981)
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Polonium-214

® Emissions: Alpha Rays, Gamma Rays
- e __.-4_._,.,, [ - U
° Tl/z' 1.6x10 second
® Feeds: Pb-210 ('I'l/2 = 22.26 years)
® __2: .84 .
° Ngamma 3 (Lederer and Shirley, 1978)
° Egamma (average): 0.797 MeV (Kocher, 1981)

Al AND A2 ASSIGNMENTS

The assignments of A and A, quantities for lead-214,
bismuth-214, and polon1&h-214 are presented in Tables D.5 and
D.6, respectively.

TABLE D.5
Al'QUANTITIES FOR Pb-214, Bi-214, and Po-214

Isotope Calculate Al Quantity (curies) Assigned Al
Gamma X Beta Alpha Quantity (curies)
Pb-214 1.5 200 300 NA 0.09
Bi-214 0.09 200 10 NA 0.09
Po-214 10.8 NA NA 2 2
TABLE D.6

A2 QUANTITIES FOR Pb~-214, Bi-214, and Po-214

Isotope A, Quantity (curies)
Pb-214 0.002
Bi-214 - 0.002
Po=214 0.002
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APPENDIX E
PROCEDURES FOR USE OF THE MULTICHANNEL
ANALYZER AS A SCREEN FOR
GAMMA-RAY EMITTING RADIONUCLIDES IN

FMPC SAMPLES
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CALIBRATION AND OPERATION OF THE PULSE

HEIGHT ANALYSIS SYSTEM (CANBERRA SERIES 10) WITH INTRINSIC
GERMANIUM AND SODIUM IODIDE DETECTORS
1.0 PURPOSE

To guide the user in the calibration and operation of the pulse
height analysis system.

2.0 SCOPE

This procedure applies to the use of a gamma-ray spectrometry
system to count soil samples and charcoal canisters during field
investigations at the Feed Materials Production Center.

3.0 REFERENCES

Canberra Series 10 Operator's Manual, revised January 10, 1983.
4.0 EQUIPMENT

4.1 Canberra 10 multi-channel analyzer

4.2 Reverse electrode high purity germanium detector

4.3 Sodium iodide (4-in. diameter by 4-in. long detector)

4.4 Associated electronics (H.V. power supplies, amplifiers,
test equipment, etc.)

4.5 Lead counting shields

4.6 High speed oscilloscope

4.7 Digital voltmeter

4.8 Check sources: Aam-241, Cs-137, Y-aé

4.9 Counting standards: uranium ore standard (0.025%) in jar

and petri dish geometry; thorium ore standard (15 pCi/g) in
jar and petri dish geometry
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5.0 INSTRUCTION

5.1 BATTERY CHARGING

The system can be operated up to 8 hours on a fully charged
battery. To charge battery, connect charger connector to J105 on
rear panel and charger power cord to a 115 volt 60 hz AC outlet.

5.1.1 For fast charge the power switch must be in the RST or
' STBY position. Charging will take approximately 16
hours.
5.1.2 The batteries will charge if the system is ON but will

take approximately 1.5 days to charge.
5.2 AC OPERATION

The Series 10 (s10) can be operated indefinitely from an 115V 60
hz power source if the charger is connected as per above.

5.3 EXTERNAL AUTO DC POWER

A car battery can be used to operate the S10 by using the ciga-
rette lighter plug adaptor cable connected to J105 on the rear
panel.

6.0 OPERATION

Primary Column: The sequential steps for setting parameters and
operations.

Secondary Column: Pressing the designated key at the appropriate
place in procedure will bypass that area if no change is neces-

sary.
Status Check (any time while turned on).

Pressing "Menu" a second time will exit out of Menu from anywhere
in the procedure.

Power Switch: (rear panel)
Rests the S10 to Factory Prom settings.

Applies power to memory only to retain user parameters.
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System power in ON, but high voltage is disabled.

System power in ON and high voltage is enabled.

6.1 SETTING PARAMETERS

6.1.1 Turn power switch to H.V. ON.
6.1.2 Memory selection:

A. Memory mode.

B. Select memory size.

c. Select section of memory.

D. Enter selection.

6.2 SETUP MODE

6.3 AMPLIFIER (choice):

6.3.1 Positive input.

‘ 6.3.2 Negative input.
6.3.3 Fast shaping.
6.3.4 Slow shaping.
6.3.5 Gain:

A. To change number.

B. Clear number.

cC. Enter desired number.
D. Check entry.

E. Load entry.

6.4 E-2 To increase number.
E-3 To decrease number.
E-4 Exit gain.
E-5 Exit amplifier.

6.5 SCA
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6.5.1 Iower level discriminator

A. To change number (option)
1. Clear number
2. Enter desired number
3. Check entry
4. Load entry

B. To increment number

C. To decrement number

D. Exit LLD

6.5.2 Upper level discriminator

A. To change number (option)
1. Clear number
2. Enter desired number
3. Check entry
4, Load entry

B. To increment number

cC. To decrement number

D. Exit ULD

6.5.3 Exit sca
6.6 ADC
6.6.1 Zero

A. Clear number

B. Enter desired number
c. Check entry

D. Load entry

6.6.2 Offset

A. Clear number
B. Enter desired number

2E-4
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C. Check entry

D. " TLoad entry ) . =

6.6.3 Gain (gain should match the size of memory)
A. Select gain

B. Load selection
6.6.4 PHA (2 options)
A, Add

B. Subtract

6.6.5 Exit ADC

6.7 Entering Second String of Setup Mode
6.8 High Voltage Power Supply

6.8.1 Set HV

A. Clear number

B. Enter desired number

c. Check entry
D. Load entry

6.8.2 HV ON

6.8.3 HV OFF

6.8.4 Stabilizer (2 options)
A. ON

B. OFF

6.8.5 Exit HVPS

6.9 EIA

6.9.1 Band rate (4 options)

A. Select rate
B. Load selection

2E-5
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6.9.2 Word length (2 options)

A. Select length

B. Load selection

6.9.3 Parity (3 options)

A. Select: off, even, or odd
B. Load selection

6.9.4 Exit EIA

6.10 CI10OCK

6.10.1 Time

A. Enter hours (0-23)

B. Load hours
c. Enter minutes (0-59)
D. Load minutes

E. Load time
6.10.2 Date

A, Enterndgy‘(l-31)
B. Load day

C. Enter month 91-12)
D. Load month

E. Enter year

F. Load year

G. Load date
6.10.3 Exit clock
7.0 DEFAULT

NOTE: Default automatically resets all parameters to the
factory prompt settings - same as power switch RST.

7.1 Exit SETUP mode

7.2 Preset coll