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EXECUTIVE SUMMARY

BACKGROUND
This treatability investigation focused on the feasibility of excavating, analytical screening,
and handling waste materials from the 118-B-1 Burial r nd located in the 100 B/C Area of
the Hanford Site. The 118-B-1 Burial Ground consists of approximately 24 trenches on a
7-acre parcel. S¢ d low-level radioactive wastes and other debris and trash associated with
reactor operations were disposed in 28 burial grounds in the 100 Area between 1944 and
1973. The majority of waste generated from routine reactor operations was placed in seven
primary burial grounds, including 118-B-1. The 118-B-1 Burial Ground was selected as the
location to perform this treatability test based on the availability of historical data for this
site, and because it was thought to be representative of « er primary-use burial grounds in
the 100 Area. Geophysical surveys were conducted over the burial ground to map the

concentrations of waste and aid in the selection of te pit excavation locations.

The test plan developed for this study integrated the Streamlined Approach for Environmental
Restoration (SAFER), a U.S. Department of Energy (DOE) initiative based on both the Data
Quality Objective (DQO) process and the observation: approach. This treatability test is the

first one at e Hanford Site to use the SAFER approach.

The pi  pose of this study was (1) to support development of the Proposed Plan and Record
of Decision, which would identify the approach to be used for burial ground remediation and
(2) to provide specific engineering information for receiving waste generated from the

100 Area removal actions. The results of the treatat ty test can be used to determine the
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feasibility of performing excavation, analytical screening, and handling of burial ground

materials from similar burial grounds.

Historical records indicated the 118-B-1 Burial rtound contained a wide variety of waste
forms an that some of the wastes were segreg :d into specific trenches during disposal.
spical wastes expected included aluminum tubing, gloves, booties, and other personal
protective clothing; lead and steel piping; lead shit ling and bricks; splines; and paper and
cardboard. As much as 75% of the volume of waste was expected to be soft (i.e., cloth,

paper, cardboard, etc.) and the remainder was expected to be hard waste, such as metals.

The objectives of the test were as follows:

° Compare effectiveness of excavator iproaches (position of the excavator with

respect to the excavation pit).

° Identify waste forms requiring speci: excavation equipment.

o Determine implementability of -eening for currently established preliminary
waste acceptance criteria for an  vironmental restoration disposal facility

(ERDF) during bulk removal using field instruments and visual observations.

K Determine if contents containers would meet ERDF preliminary waste

acceptance criteria using field instruments and visual observation.
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] Determine feasibility of segregating waste forms into various categories using

a trackhoe with bucket and thumb.

] Dete iine feasibil / of manually sorting waste forms into categories sing a

grizzly screen, manual raking, and h: cking.

o Determine feasibility of mechanically rting waste forms into categories using

a rotating disc screen.

EXCAVATION RESULTS

Approximately 2,000 yd® of waste excavated during e project was returned to the burial

ground.

Three excavation approaches (position of the excavat with respect to the pit) were
originally planned to be tested. Early in the test, it became obvious that two of the
approaches were not practical or safe for this scale of excavation, so only one method was

used.
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minimize any spread of contaminated materials. Long stringy material, such
as wire, cable, pipe, and tubing, occa »nally fell from the bucket back into

the excavation and were generally awkward to handle.

® Swell (percentage of the original volu : that a material increases when it is
excavated from the natural state) was minimal because of the large fraction of

rock present in the soil.

® All of the waste encountered was remov:  using a trackhoe with standard
bucket and thumb attachment. There was no waste encountered that required

special equipment.

ANALYTICAL SCREENING RESULTS

The analytical screening objectives for the project tested the use of field instruments at the
excavation site to determine if excavated material would meet preliminary ERDF waste
acceptance criteria. For radioactivity, these criteria are the Category 3 limits specified by
DOE. - Because limits are defined for each different lionuclide, exposure rate alone cannot
provide sufficient information to determine ERDF acceptability. For many of the items that
were expected to be encountered in the burial ground, process knowledge about their former
use gave information on the specific radionuclides they would contain. This process
informatic owed estimates of radiation exposure rates to be calculated for specific items

using computer modeling. For these same objects, computer-calculated, exposure-rate limits
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for acceptance by ERDF were made. Experimentally-measured exposure ites were

compared with the computer results to check the accuracy of the modeling and establish the -
suitability of an item for disposal at the ERDF. The exposure-rate approach works only for

items that can be identified and whose radionuclides are known. Unidentifiable items must

be subjected to additional analysis to determine radionuclides and their activity concentration.

For the situations in which many of the same type of previously unidentified item is

encountered in the waste, detailed radionuclide analysis of a single item should be sufficient

to determine ERDF acceptability of the other items base on a comparison of their exposure

rates.

The following observations were made regarding screening:
Much less than the anticipated quantity of reactor hardware waste items was
found during the test. A large ac n of excavated objects consisted of
apparent construction debris (e.g., piping, structural steel, process equipment,

etc.) for which no computer modeling of specific exposure rates was feasible.

° The concept of using an exposure rate to determine ERDF acceptance of
specific expected items wou  be difficult to implement because of the

unpredictability of encountering specific waste items.

] Large quantities of so were : vays mixed with excavated items, even when
several similar items were found together. The soil provided radiation

shielding of the measured exposure rates, mak g comparisons to
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computer-generated values difficult. ~ e lity of the exposure-rate technique
exists in measuring the exposure rate from a large assembly of similar items.
Single itt s cor | be scanned for exp ure rate, assuming a single item
emitted enough r  tion to be accurat ; measured by a field instrument.
Howev  on a large scale, it would p bably be impractical to screen each

lividual item separately.

No transuranic waste was expected to be found at the 118-B-1 site and none
was found. Conventional neutron exposure rate equipment proved inadequate
for measuring low levels of neutron e dsure, as might be expected from

small transuranic waste contamination.

No containers holding radioactive mat were encountered to allow a test of
field instruments and visual observatic to det mnine their suitability for

ERDF.

The item with the highest exposure rate (2,000 mRem/h) had a specific activity
of about 6 Ci/m> (because of the prese e of *’Cs, identified through gamma
spectral analysis). This value is well below the Category 3 limit for *’Cs of

1.3 x *Ci/m? and would be acceptal : at the ERDF.
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Large items were more easily segregate than small items. Soil was often
picked up with the smaller waste items and then sifted out of the bucket with

the thumb closed. Small items were more difficult to segregate.

L Hand sorting was possible, but was ¢  cult and cumbersome for the workers
because of the presence of large boulders  :ed with the waste and the

tendency of long stringy materials (su as wires) to entangle other materials.

The mechanical sorting using a rotating disc screen had several operational and
safety problems encountered during mockup tests using nonradioactive
materials. Modifications to the disc screen were recommended by the vendor,
but were never implemented because - time and Budgetary constraints. Some
of the objectives of the test were satis :d from e limited mockup testing that
was done. e mockups showed that the disc screen method of sorting is not
effective for the variety of waste in the 118-B-1 burial ground, because of

potential jamming problems.
Sorting waste is not recommended unless there is a definite advantage in doing so.

Segregating with the bucket and thumb of the trackhoe is the only recommended method.

Manual sorting of waste is not recommended.
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If waste is to be sorted into different size fracti s, a grizzly screen is recommended. Long,

stringy items (such as wire) tend to get cau t the grizzly and require manual intervention

to clear : screen.
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GLOSSARY

Clean Material or Soil - Uncontaminated material or soil.
Cross Contamination - Contamination of "clean" soil :sulting from the excavation process.

Crossheaders - Reactor term. Pipes smaller than the "headers" that carried inlet water from
the risers to individual process tubes, and outlet water -om the process tubes to the exit
risers.

Demolition Debris - Rebar, concrete, structural steel, etc.

Dummies - Reactor term. Nonfissionable, solid tubu -, perforated tubular, and even poison
and steel cylinders resembling fuel elements. Used to create spacing and neutron barriers
within process tubes. See also: Perfs, and Spacers.

Grizzly - Screen made of a set of parallel mounted b:  with equal spacing between the bars.

Interface Material - Clean soil as ned to have been backfilled on top of the waste to
restore grade level. :

Lead-Cadmium Element - Reactor term. Rod-shaped, 15.2 cm (6-in.) long piece with
aluminum cover used to absorb neutrons in reactor process tubes.

Metallic Waste or Metals - Lead (blocks, sheets, etc  mercury, aluminum, steel (stainless
and carbon).

Nozzles - Reactor term. Stainless steel (later aluminum) adapters or fixtures at both ends of
reactor rocess tubes, through which the cooling water and fuel elements entered and exited
the process tubes.

Perfs - Reactor term. Tubular lengths of aluminum with dimensions approximately those of
a canned uranium fuel element and having 1.27 cm (0.5 in.) perforations in the walls. Perfs
were placed downstream of the dummy charges so th :ooling water could flow through the
center of the tubular pieces and permit mixing of the oling water as it came off the
uranium fuel elements. See also: Dummies.

Pigtails - Reactor term. A Hanford Site term for the ile aluminum tubing connectors
between the crossheaders and nozzles through which  coolant water flowed from the
crosshea r into the process tube on the front face of :reactors. Pigtails provided the
flexibility necessary for expansion and contraction as process tubes heated or cooled.
Pigtails were so named because of their resemblance to a coiled pig tail.
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Stakeholder - For this treatability study, the U.S. D  tment of Energy, the U.S.
Environmental Protection Agency, and the Washington State Department of Ecology are the
groups interested in or affected by = project. These agencies are the decision makers with
signature authority for the Record of Decision.

Trommel - Cylindrical revolving screen use especial for sizing rock.
Tubulars - Reactor term. Pieces of aluminum tubin; th overall dimensions approximately

the same as those of a uranium slug, used as spacers  vnstream of the s« d dummies in
reactor process tubes. See also: Dummies.

xi






DOE/RL-95-34
Rev. O

1.0 INTRODUCTION

1.1 PURP( JE

This study (1) supports development of the Proposed F n and Record of Decision, which
would identify the approach to be used for burial ground remediation and (2) provides
specific engineering information for removal and disposal of waste generated from the
100 Area removal actions.

The removal process, as applied to the 100 Areas, ¢ involve the following actions (DOE
1994a):

o Removal and stockpiling of clean overburden, where present, to expose the
contaminated material

Excavation to remove contamination above Preliminary Remediation Goals

(PRG)
. Demolition of contaminated structures as part of or concurrent with the
excavation
° Dust control and real time analytical 1 screening during excavation
. Support of nearby structures affected by excavation (where necessary)
. Processing of material removed (scre ing and sorting)
. Transportation of waste to the dispos facility
o Reclamation of the site, using stock-| material.

With the exception of demolition of contaminated stru 1res, dust control, and transportation
of material, the actions listed above are addressed by the Data Quality Objectives (DQO) for
this treatability test. For the purpose of this study, excavation above PRG is assumed to be
above background for the constituents of concern.

The treatability testing supports the following reme: 1l alternatives in the proposed plans
being developed for the 100 Area alternatives:

. Excavation and disposal
. Excavation, sorting (treatment), and disposal.

1-1
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Sections 4.0 through 6.0, ata' lity Objectives. These se ons present the
three main DQO operations. These operations include excavation (and
removal), analytical screening, : 1 handling (segregation and sorting). These
sections discuss the DQOs listed in the test | n (DOE-RL 1994b) and the
results.

Section 7.0, Additional Datz !« cted. This section presents technic
information that was gathered in the course of performing the treatability test.
The data that were gathered were not specifically required by the DQOs, b
should be useful to develop si - projects in the future. The section
discusses geophysical investig s of = site; chemic and radiochemical
analyses; and chemical field s ling, including x-ray fluorescence (XRF)
detection of heavy metals and strial hygiene monitoring, for mercury and
organic vapors.

Section 7.0, Lessons Learned.  1is section provides a discussion of lessons
learned.

14
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Figure 1-1. Location of the 100 B/C Area.
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2.0 OVERVIEW OF TI" AT/ ILITY TEST

2.1 TEST OBJECTIVES

The goals of the treatability test are summarized in s objective statements (presented in
Table 2-1). The objectives are grouped according tc e three operations that were
investigated by this treatability test: excavation, analytici screening, and handling. A more
detailed discussion of each DQO is presented at the | inning of Sections 4.0 through 6.0.

2.1.1 Excavation and Removal

The excavation and removal objectives were intended to compare the effectiveness of three
waste form removal approaches (position of the excavator relative to the waste trenches) in
terms of measurable observations (slope stability, cross-contamination, spillage volume, swell,
and waste forms requiring special equipment for ext tion).

2.1.2 Analytical Screening

Analytical screening objectives were established to ¢ nine if material excavated from the
burial ground could be categorized as meeting or no eting the preliminary waste
acceptance criteria for the Environmental Restoratio; jposal Facility (ERDF). The
preliminary criteria were defined by what the ERDF not accept:

. Radioactive waste greater than Catego 3, as defined in Hanford Site Solid
Waste Acceptance Criteria (WHC 1993)

J Transuranic (TRU) waste'
. Waste with degradable material greater than 10% by volume
. Free liquids.
There were three analytical screening objectives for : [8-B-1 Excavation Treatability Test:
. Determine implementability of screening for currently established ERDF

preliminary waste acceptance criteria during bulk removal using field
instruments and visual observations.

! Transuranic waste - Without regard to source  form, waste that is contaminated with
alpha-emitting transuranic radionuclides with half-lives >20 yr and concentrations >100 nCi/g
of the waste matrix at the time of assay. The TRU radionuclides are radionuclides having an
atomic number greater than 92 (DOE 1988).
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The top/down, over trench approach (excavator operates atop the unexcavated trench materi
moving forward and backward along the axis of the t 1ch) is the only feasible method of
excavating the buried wastes. The other two approaches were found to be unsatisfactory
mainly because of concerns over the safety of the tra e operator.

Slope stability was generally quite good. The walls «  1e excavation pits were nearly vertic:
within 0.6 m (2 ft) of the surface and roughly 50° (fi = horizontal) below this level.
Sloughing of the walls was observed, but was never = iidered to be an important factor in
planning the excavation of the pits (i.e., pit excavations were planned as if the walls would be
vertical). However, personnel did maintain a reasonable distance from the pit in case the wall
did slough.

The degree of cross-contamination (mixing of waste material with native soils) was difficult
to establish through visual observation. The trackhoe operator was able to feel a difference

(in terms of trackhoe performance) between previous disturbed soil (indicative of a trench)
and undisturbed soil.

Waste material was generally found close to the surf 2 in many cases and spread over a wide
area. Waste material was generally mixed with a large amount of soil in the burial trenches.

Spillage volume from the bucket of the excavator was never observed to any significant
degree. The bucket was filled to about half of its ca city to ensure that spillage would be
minimized. '

There was no swell of the waste when placed back i > the pit from which it was excavated.
The waste materials were generally well mixed with soil so there was very little void volume.

No waste was found that required special equipment. A of the waste was excavated using a
"conventional excavator (trackhoe) with bucket and thumb attachment.

2.2.2 Radiation and Chemical Screening

Radiation exposure rates were generally low. The hi st reading item had a surface
exposure rate of about 2,000 mRem/hour (due to *’C  The volume of this object was such
that it could easily meet ERDF acceptance criteria. Typical surface radiation exposure rates
were in the 1 to 5 mR/hour range. A few blocks of gra ite were found and had no
detectable beta or gamma ray emissions. Visual ide fication of graphite followed by
laboratory analysis of graphite samples is the only available method for detecting the presence
of “C. No transuranic (TRU) waste material was fc d and no organic vapors of free liquids
were observed. Typical surface radiation exposure 1 s were in the 1 to 5 mRem/h range.
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operations, and application of Dustac’ (an aqueous calcium lignin sulfonate solution) when
pits were left open over night.

Radiation exposure to workers was maintained well v hin acceptable limits. Worker
exposure to dusts containing hazardous materials (lead and cadmium) as measured by personal
air monitoring samplers was less than detectable.

2.3.2 Analytical Screening

Radioactivity measurements of excavated waste materials was accomplished by surveying
materials while they were still in the bucket of the tr oe. This method proved to be a
slow process that could miss objects that were buried under soil and rocks. An improved
system would perform this radiation measurement aft the material is placed on a conveyor
belt. This would allow uncover ; of buried items a a more continuous excavation and
screening system.

Figure 2-1 shows a possible conveyor belt system wi  both large-volume spectral gamma-ray
and neutron detectors. Large-volume detectors impr: : the counting efficiency to allow
larger amounts of material to be processed. Placing the detectors below the conveyor belt
protects them from being struck by objects on the belt v ile still being in close proximity to
the objects. The gamma-ray detector would be one or more HPGe detectors or large
scintillation detectors. The HPGe detectors are prefe :d for specific nuclide identification,
although scintillation detectors operating in the spectral mode would probably be acceptable
while having greater counting efficiency. The neutrc  :te rs for TRU screening would be
large-volume *He or BF, tubes similar to 3 array te during the 118-B-1 treatability test.

For computer modeling to be accurate in predicting exposure rates, the input data will need to

be more accurate than that available for the 118-B-1 Ul Ground. Historical information
and what was actually found differed significantly. iput data for the computer
simulatic s came mainly from Miller and Wahlen (1 who estimated the solid waste

buried in the 100 Area burial grounds. While Mille: Wahlen (1987) provided the best
available estimate of radionuclide content, t lack of actual historical records produced
significant uncertainties in the input data for computer simulations of individual objects. The
input data did not account for different irradiation times and neutron fluxes in the reactor a
for different decay times arising from when an object was buried over the many years that a
burial ground was in use. There would be little value in trying to estimate the exposure rate
from the many items actually encountered in the 118 -1 burial ground. The large variety in
their geometry (e.g., twisted pipes and broken concre ) and the lack of radionuclide data
would preclude meaningful results. Computer modeling of waste materials to predict
acceptability in the ERDF is not recommended.

Dustac is a tradename of Georgia Pacific Corporation.
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5. Survey the site again and mark the critical locations identified on the summary
map.
6. Prepare site and mobilize equipment. jor equipment includes the following:
L Hydraulic excavator (tra hoe) with bucket and thumb
attachment
° Front-end loader
. Open-end dumptruck
. Conveyor belt system with radiation monitors.
2.4.2 Operational Phase
1. Begin at one end of the burial ground.
2. Remove stabilization layer (if present) from a sufficient area to excavate the

trench or trenches of interest.

3. Stockpile the stabilization material.
4. Excavate full length of trench(es).
5. Backfill with stabilization material from over the next trench(es) and

supplement with additional fill material if necessary) or stockpile excess
stabilization material.

The observational approach to remediation would be  ev: iate excavated material
periodically for contamination levels. If contaminati levels are significantly different from
expected levels based on historical information, oper. ns should be placed on hold until a
decision is made as to whether excavation operations ould continue.

As shown in Figure 2-2, excavation would proceed by dun ing the waste over a grizzly
screen to separate the large waste material from the smaller material. The smaller material
would fall through the grizzly and fill a feed hopper  a conveyor belt system. Small soil
particles (sand and gravels) could be screened from t  waste material using a vibrating sieve.
The conveyor would pass over radiation detectors (gi na and neutron) and organic vapor
monitors set to shut down the conveyor belt if radiation or organic levels are detected above
certain limits. A conveyor belt arrangement similar to that utilized to feed soils to the soil
washing system (DOE/RL 1995) should be considere =~ The conveyor belt would transport the
waste material to another hopper that would be used fill the transport containers. Materials

2-7






OE/RL-95-34
Rev. 0

2.5 PROPOSED ERDF CRITERIA

Observations about the types and quantities of waste materials and the associated
contamination levels gathered during the course of this treatability test would be useful in
establishing the types of materials that can be expecte at the ERDF. The following is a
proposal for ERDF waste acceptance that is consistent with these observations.

The waste materials excavated through the course of is treatability test varied widely in
physical nature and amount of radioactive contamination. There were some general
observations regarding the materials that were found:

o Waste materials are generally mixed with soil
o Waste materials are generally metallic
o Radioactive contamination of waste materials is generally below the Category 3

limit (i.e., acceptable for ERDF disposal).

It is probable that materials buried in other burial grc 1ds are sim ir to those found in the
118-B-1 Burial Ground. Because of the volume of waste materials that would be expected to
be found in future excavations, it would be difficult, not impossible, to screen every item
for acceptability at ERDF. A database of items that are and are not acceptable to ERDF
could be developed and based on the experiences of this treatability test and future
excavations. If items are found in the future that are not identifiable in the database or that
exceed some threshold exposure rate (say 2 R/h, which is the highest exposure rate observed
in this test), they would be further characterized and added to the database as being either
acceptable or not acceptable to ERDF.

It is recommended that waste designation be made on the basis of easily recognizable physical
characteristics. For example, a truckload of waste m ht be designated as "containing mostly
perfs mixed with soil and a small quantity of splines. Total activity less than Category 3
limits." Statistical sampling would be used to confirm contamination levels.
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Figure 2-1. Possible Conveyor B¢ System for Radiation Screening.
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Table 2-1. Treatability Te Objectives.

Operation

Test ective

Excavation

Compare effectiveness of the top-down and side removal approaches.

Identify waste forms requiring special excavation equipment and their frequency of
occurrence.

Screening

Determine implementability of scr g for currently established preliminary
waste acceptance criteria for an ERDF during bulk removal using field instruments
and visual observations.

Determine if contents of containers meet ERDF preliminary waste acceptance
criteria using field instruments and visu observation.

Handling

Determine feasibility of segregating  ite forms int¢ ategories during excavation
using a backhoe with bucket and thumb.

Determine fcé,sibility of sortiﬂg- waste forms into categories using a grizzly screen,
disc screen, manual raking, and hanc icking.
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ters Expected Versus Observed.

-

Parameter

Expected

Observed

Overburden production rate

2,000 lcy/shift

1,000 Icy/shift (maximum);

600 Icy/day average for last four
pits

Contaminated material production
rate

1,000 Icy/shift

144 ]cy/shift (maximum);

53 Icy/shift average for all pits

Swell factors:

1.0

Burial ground waste 1.30

Other metals 1.30 1.0

Concrete 1.60 1 0

Soil 1.18 1.0
Soft waste fraction 75% <1%
Metallic waste fraction 25% >90%
1 bank yd® metals 1.6 tons Not measured
Ciean fill over waste (thickness of | 1.2 m (4 ft) 0.3t00.6m (1 or 2 ft)
interface)
Stabilization layer thickness 1.2 m @ ft) 1.2t01.5m (4 to5 ft)
Trench depth 6 m (20 ft) 3to 6 m (10 to 20 ft)
Trench width 6 m (20 ft) 6 m (20 ft)
Excavation slope 1.5 H/1.0V ~1.0 H/1.0V (nearly vertical

slopes)

Icy - loose cubic yard
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3.0 FIELD OPERATIONS
3.1 EXCAVATION

3.1.1 Site Description

A typical excavation site consisted of several elements. As shown in Figure 3-1, these
elements include the area where the stabilization lay was removed, a waste material storage
area, and the test pit. Ancillary excavation site eler 1ts (not shown in Figure 3-1) include a
stabilization layer storage area and a support area. Test pits were numbered sequentially 1
through 5. The term "pit" was used to distinguish the excavations performed in this study
from the trenches in the burial ground, some of which are numbered 1 through 11. (The
term "} " was used occasionally in historical burial ground records but should not be
confused with the pits that were excavated in this st y.)

The burial ground trenches are roughly triangular in -oss section, typically 6 m (20 ft) deep
and 6 m (20 ft) wide at the top. After the waste was dumped into trenches, the trenches
were backfilled with varying amounts of clean fill to act as a radiation shield. Throughout
thisd ment, this layer is referred to as the "inter; ¢ layer" or "clean overbur :n." In the
early  10s, a layer of stabilization material (consis g of gravely soil with cobbles and
boulders) approximately 1.5 m (5 ft) deep was plac  over the burial ground to fix
contamination and to further st 1d the waste.  aroughout this document this layer is
referred to as the "stabilization layer."

The stat zation layer material for the first excavat  was stockpiled to the northwest of the
burial ground. Stabilization layer material remove¢ om each successive excavation was
used to backfill the stabilization layer of the previous excavation to the extent practical. Any
excess stabilization layer material was stockpiled.

Several zones (illustrated in Figure 3-2) were established around each excavation area and the
sorting area. Moving outward from the excavation : or sorting area, the zones had
decreasing degrees of personnel protection requiremr ts. :

Each test pit, waste storage area, and the sorting area was posted as a Surface Contamination
Area (SCA). Surrounding each SCA was a Radiati  Buffer Area (RBA). A SCA corridor
connected the sorting area with the SCA at the test : so that the dump truck used to haul
material etween the pit and the sorting area could nain within a SCA.

The Exclusion Zone (EZ) included SCAs and RBAs. An area of appropriate size was used
to control the excavation, segregation, sorting, and aste storage areas. The EZ was roped

off and designated as the exclusion zone.

The Contamination Reduction Zone (CRZ) was the 3A.

3-1







y
DOE/RL-95-34
Rev. O

3.1.3 General Description of Test Pits

This section presents a narrative déscription of each test pit. This information is summarize
in Table 3-1.

3.1.3.1 General Description of Pit 1. The arrangement at Pit 1 is shown in Figure 3-2.
Approximately 1,136 yd? of stabilization layer material was removed from the area bounded
by GI grid lines S370, S470, W275, and W375. Pit 1 was located within the area bounded
by GI grid lines S395, S445, W320, and W375. BGM 12, located on the west side of the
burial ground, is located at GI coordinates S478, W 3. A sketch of the Pit 1 site is shown
in Figure 3-6.

Excavation of the stabilization layer over Pit 1 began on August 31, 1994. Initial excavation
was slow, as site set-up and clean mock-ups were taking place in parallel with the excavation
operation.

Initially the top 1.06 to 1.37 m (3.5 to 4.5 ft) of stabilization layer was removed from a

30 m by 30 m (100 ft by 100 ft) area and placed in the clean soil area. An additional 0.9 to
1.2 m (3 to 4 ft) of interface material was removed a 8 m by 16.7 m (26 by 55 ft) area.
Waste material was encountered during attempts to remove additional interface material at
2.1 m (7 ft) below the bottom of the stabilization layer (approximately 3.6 m [12 ft] below
the top of the stabilization layer). There was not a distinct division between the clean
overburden and the top of the waste material. Further excavation revealed that the waste
may have been mounded as it was backfilled. Approxi ately 708 yd® of interface material
was excavated.

Excavation of waste from Pit 1 began on October 12, 1994. Starting at a level
approximately 0.6 m (2 ft) below the bottom of the \bilization layer, the mixed waste and
soil was excavated and placed in the contaminated waste storage area. Excavation continued
in Pit 1 to a depth of 5.4 m (18 ft) below the bottom of the stabilization layer, and 291 yd’
of waste mixed with soil was removed. Excavation of Pit 1 was terminated at this point
(October 28, 1994) because all of the DQOs for excavation and analytical screening had been
satisfied and the waste being excavated was fairly uniform in ature. It was assumed that
additional excavation would produce no new data.  ckfilling of Pit 1 was initiated on
October 31, 794 and was completed on November 9, 1994.

The waste storage area for Pit 1 was an area that was excavated in the stabilization layer to
the north of Pit 1. The waste storage area measure« proximately 30 m by 15 m by 0.6 m
(100 ft by 50 ft by 2 ft), and was lined with a 20 m  mil = 1/1,000 in.) plastic tarp
(Figure 3-7). Removal of the waste from the tarp during closure of Pit 1 created an
excessive amount of secondary waste. Not only did e tarp become contaminated, but
rainwater (approximately 250 gal) that was collected on the tarp required sampling and was
considered suspect waste. Because all waste was to be returned to the ench from which it
was removed, an agreement was reached among the Tri-Parties (Appendix B) and the
procedures were revised to minimize waste and acc  rate the test.
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All waste removed from the trench could be stored on the side of the excavation, 1.5 m

(5 ft) bx »w the top of the stabilization. Upon completion of each pit excavation, the waste
was pushed back into the excavation using the ont-end loader or trackhoe. Total activity
samples taken of the rain water indicated the contamination was less than 50 pCi/g (less than
the detection limit). Hazardous materials (suc as lead and mercury) were not observed in
the wa : material so the water was not analyzed for haza1 )jus materials. The water was
sprayed onto the SCA of Pit 2 after Pit 2 was  ckfilled.

3.1.3.2 General Description of Pit 2. The arrangement of Pit 2 is shown in Figure 3-5.
Approximately 2,974 yd?® of the stabilization I; r material was removed from the area
generz y bounded by GI grid lines $430, S570, W130, and W270. Pit 2 was located within
the area bounded by GI grid lines S470, S540, W160, and W240. BGM 11, on the east side
of the | rial ground, is located at GI coordinates S516.4, W129. A sketch of the Pit 2 Site
is shown in Figure 3-8.

Excavation of Pit 2 was initiated on November 9, 1994 with removal of the stabilization
layer. The clean stabilization layer material from Pit 2 was used to stabilize Pit 1. The
stabilization layer was initially removed from a 30-m by 42.6-m (100-ft by 140-ft) area to a
depth of 0.9 to 1.2 m (3 to 4 ft). Approximately 2,264 yd® of stabilization material was
excavated. An additional 0.9 m to 1.2 m (3 to 4 ft) of stabilization layer (about 710 yd®)
was removed from a 36 m by 12 m (120 ft by 40 ft) area to the north to serve as a waste
storage area. A few pieces of waste were encountered at this depth (in the southeast corner)
in addition to a shallow layer (approximately 5 cm [2 in.]) of powerhouse ash.

Initially, Pit 2 was bermed to prevent runoff from entering the pit directly. However, it was
recognized that the waste storage area was about 30 m (100 ft) from the excavation pit.
Therefore, berming the edge of the pit was leemed necessary on later pits. The tarp that

was used to line the waste storage area ‘o first excavation was placed in Pit 2 while
the waste was being backfilled. The tarp v rrve as a marker for future excavations. The
rainwater that was collected from the Pit 1 : storage area was also sprayed onto Pit 2

after the pit was backfilled.

Removal of contaminated soil and waste from the southeast corner of Pit 2 was initiated on
November 21, 1994. The pit was excavate a maximum depth of 15 ft. The excavation
continued through December 9, 1994, and 1l of 449 yd® of contaminated material was
excavated.

3.1.3.3 General Description of Pit 3. The arrangement of Pit 3 is shown in Figure 3-5.
Approximately 2,525 yd* of stabilization layer was removed from the area bounded by GI
grid lines S570, S680, W170, and W300. A portion of the Pit 2 excavation area was left
open and used as the storage area for waste removed from Pit 3. Pit 3 was located within
the area bounded by GI grid lines S665, S635, W210, and W271. BGM 7, on the east side
of the burial ground, is located at GI coordir :s S650, W130. A sketch of the Pit 3 Site is

shown in Figure 3-9.
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Excavation of waste began on December 27, 1994. During excavation of Pit 3, a timber
wall made of railroad ties was discovered running along the S660 line (Figure 3-10). To the
south of the timber wall, a large quantity of what aj :ared to be powerhouse ash and large
boulders were found. Several steel cables tied to the wall ran to the south. At this point it
was assume that the wall represented the southern boundary of Burial Trench 7. Before
discovery of the tie wall, the plan was to excavate a roximately 6 m (20 ft) to the south of
where the tie w: set. Pit 3 was consequently exter :d approximately 6 m (20 ft) on the
north side to compensate. During excavation of the pit, became apparent that the pit
straddled two trenches (trenches marked by markers and 8 on the east side).

The boundary between trenches 7 and 8 was very di ict. Excavation between the two was
difficult because of the presence of large boulders (1 trackhoe operator reported the
boulders were probably native material because of the difficulty in dislodging and removing
them). Because the intertrench material was not yielding any significant quantity of waste
material, a decision was made by the field personnel to leave the remainder of the intertrench
f in place.

Waste excavated from trench 7 was quite different { m that of trench 8. Trench 7 waste
consisted almost entirely of reactor-type hardware (front and rear nozzles, perfs, wrenches,
etc.). Material removed from trench 8 appeared to be demolition waste (Figure 3-11) (e.g.,
pipes, conduits, turboblower skids, and manlifts) w  some isolated pockets of reactor
hardware (mainly nozzles and pigtails). The excav  n continued through January 6, 1995.
The trench 7 excavation had a maximum depth of |  to 3 m (7 to 10 ft) while the trench 8
excavation ha a maximum depth of 4.5 m (15 ft). t 1l of 474 yd® of contaminated
material was excavated. When Pit 3 was backfilled, no attempt was made to return waste to
the trench from which it was taken. Indeed, many - the larger objects pulled from trench 8
were backf ed into trench 7. The area between the two trenches was backfilled with waste
as well.

3.1.3.4 General Description of Pit 4. The arrangement of Pit 4 is shown in Figure 3-5.
Approximately 1,615 yd* of stabilization layer was 1 10ved from the area bounded by GI
grid lines S690, S760, W130, and W280. A portion of the Pit 3 excavation area was left
exposed and planned as the waste storage area for t adjacent Pit 4. Because of this overlap
with the Pit 3 excavation area, removal of Pit 4 sta zation layer was accelerated. Pit 4
was located within the area bounded by GI grid lines S690, S730, W160, and W250 -
strade ng Burial Ground Trenches 4 and 5. The GI map indicated a region with a moderate
concentration of anomalies (better radar reflectors than soil) in the southeast corner of the
stabilization layer removal area (bounded by GI grid lines S750, S730, W150, and W200).
BGM 4, on the east side of the burial ground, is lo ted at GI coordinates S720 and W130.
A sketch of the Pit 4 site is shown in Figure 3-12.

Excavation of waste in Pit 4 began on January 13, 1995. Excavation started in the southwest
corner (Burial Ground Trench 4) and yielded no waste materials. Excavation was moved to
the northwest corner of Pit 4 (Burial Ground Trench 5) and this yielded similar results. By
the end of the day, the entire length of Pit 4 was e avated to a maximum depth of 3.6 m
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Pit SA was both excavated and backfilled on January 25. 1995 and was centered at GI
coordinates S740 and W260 (approximately 27 m [90 f to the west of Pit 4B). The pit was
approximately 6 m (20 ft) in diameter and about 3.6 m (12 ft) deep. The location for this pit
was chosen because the GI map showed an area of heavy concentrations of anomalies.

Pit 5A yielded a mixture of demolition rubble (concrete bricks and scrap metal) and reactor
hardware (neutron absorbers and perfs). Approximately 110 yd® of waste was excavated
from Pit SA.

Pit 5B was both excavated and backfilled on January 26, 1995 and was centered at Gl
coordinates S770 and W260. The pit was approximately 6 m (20 ft) in diameter and about
1.5 m (5 ft) deep. The location for this pit was chosen because the GI map showed an area
of no anomalies and it was used as a check on the GI ¢ a. Pit 5B yielded no waste
materials and the trackhoe operator reported that the soil appeared to be native soil.
Approximately 60 yd® of soil was excavated from Pit 5B.

Pit 5C was both excavated and backfilled on January 26, 1995 and centered at GI coordinates
S790 and W250. The pit was approximately 6 m (2 ft) wide, 12 m (40 ft) long, and about
3 m (10 ft) deep. The location for this pit was chos  because the GI map showed an area
of heavy concentrations of anomalies. Pit 5C yield¢ a mixture of demolition rubble
(concrete bricks and scrap metal), reactor hardware (neutron absorbers and perfs), a few
cloth gloves, rubber hose, and large sheets of rubber matting. Approximately 250 yd* of
waste was excavated from Pit 5C.

Pit 5D was both excavated and backfilled on January 3 1995 and was centered at Gl
coordinates S820 and W250. The pit was approxim :ly 7.6 m (25 ft) long, 4.5 m (15 ft)
wide, and about 1.5 m (5 ft deep). The location for this pit was chosen because the GI map
showed an area of no anomalies and it was used as a check on the GI data. Pit 5D yielded
no waste materials and the trackhoe operator reported that the soil appeared to be native soil.
Approy nately 20 yd® of soil was excavated from Pit 5D.

Pit 5E was both excavated and backfilled on January 30, 1995 and was centered at GI
coordinates S795 and W180. The pit was approxin ely 3 m (10 ft) wide (north/south) and
7.6 m (25 ft) long (east/west) and about 0.9 to 1.5 (3 to 5 ft) deep. The location for this
pit was chosen because the GI map showed an area of heavy concentrations of anomalies and
the electromagnetic induction (EMI) map showed a ong signal at this location. Pit 5SE
yielded a mixture of demolition rubble (concrete br s, copper tubing, aluminum piping
sheet metal), and a few sheets of rubber matting. : >roximately 85 yd® of waste was
excavate from Pit SE.

Pit 5F was excavated on January 31, 1995 and backfilled on February 1, 1995, and was
centered at GI coordinates S795 and W210. The pit was approximately 3 m (10 ft) wide
(north/south), 7.6 m (25 ft) long (east/west), and about 3 m (10 ft) deep. The location for
this pit was chosen because the GI map showed an area of heavy concentrations of
anomalies. Pit 5F yielded a mixture of demolition rubble (concrete bricks and scrap metal),
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germanium (HPGe) gamma-ray detector and an Alpha Spectra’ beta detector that were
suspended from a gantry crane (Figure 3-21). Appe: x C provides information on these
detectors and their calibration. The source-to-detector distance was adjusted to about 25 cm
(9.85 in.) for data collection. Typical samples were soil and rock or metal items mixed with
soil and rock. Metal items of interest were pulled to 1e top of the soil where they were
exposed for better measurement of their activity.

Figure 3-22 shows a gamma-ray spectrum collected from a coiled spline (Figure 3-23).
Gamma-ray peaks from ®Co, '*'Cs, "2Eu, and **Eu are apparent in the spectrum. Based on
a point-source calibration, the measured ®Co activity was 8 uCi (3 x 10° Bq). The measured
exposure rate at ' : surface of the spline was 2 mR/h. This spline was one of the very few
actually encountered in the excavation. Historical records (Miller and Wahlen 1987)
indicated 26,000 splines were in the burial ground. Less than 10% of the 118-B-1 Burial
Ground was excavated during the project. Apparently the excavated locations were not
where concentrated disposal of splines occurred. In i t, very few expected items of any kind
were encountered during the project.

The item with the highest exposure rate taken during excavation was a piece of metal tubing
shown in Figure 3-24. The contact exposure rate was approximately 2 R/h when the item
was fully extracted from the surrounding soil. When the object was initially unearthed, it
was below the surface of the soil in the bucket of the trackhoe. In that position, an exposure
rate of 195 mR/h was recorded at the surface of the soil. Figure 3-25 shows the gamma-ray
spectrum from this object. The high-count rate has ‘arly distorted the spectrum, even
though the detector was raised to its maximum height (approximately 1 m [3.2 ft]) above the
sample to reduce the counting rate. The spectrum shows the 662-keV peak characteristic of
BCs, as well as peaks at 1,324 keV and 1,986 keV, :sulting from pulse pileup in the
detection system giving sums of coincident gamma rays. Based on a point-source calibration,
the calculated activity for this object was approximately 0.01 Ci (4 x 10® Bq) of *’Cs. The
approximate volume of the object was 2,000 cm® sc e resulting activity per unit volume
was a ut 6 Ci/m®. This is well below the Category 3 limit (1.3 x 10* Ci/m®) for disposal in
the proposed ERDF.

3.2.3 Beta Measurements

Figure 3-26 shows the beta spectrum from the same object that had the 2-R/h gamma
exposure rate. The spectrum in Figure 3-26 resulted from the betas emitted from the '¥’Cs as
well as from its associated gamma rays, due to some gamma-ray sensitivity of the beta
detector. Beta detection showed that at least some of the *’Cs was on the outside of the
metal object bec: se beta particles from inside would not have penetrated its surface. The
shape of the spectrum also suggests the presence of *Sr/®Y, due to the higher energy

(2.28 MeV) beta particles characteristically emitted by *Y.

’Alpha Spectra is a tradename of Alpha Spectra, 1c.
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3.2.4 Alpha Measurements

A Science Applications nternational Corporation (SAIC) AP-2® portable alpha spectrometer

was available at the site to aid in identifying radionuclides. (Details of this instrument are

provided in Appendix C.) No alpha contamination was seen in the samples surveyed with
is in ument.

3.2.5 Neutron Measurements

Two neutron detectors were tested at the site for possible TRU detection based on neutron
emission. The first instrument was a Nuclear Research NP-2 (Snoopy)® portable survey
meter designed for radiation safety measurements. The Snoopy was mounted on the boom
next to the RO-7 detector. Tests of this instrument on the first trench showed that it had
very ¢ W response times (requiring the trackhoe bucket to be held under the detector for

90 seconds) and would be impractical for use in detecting neutrons from the low
concentrations of TRU at the levels specified for ERDF acceptance. Later in the treatability
test, a very large neutron detector containing eight tubes filled with *He gas was tested and
found to be much more suitable for the desired neutron screening. This detector was located
in the screening area and could be used for ne ron screening simultaneously with the beta
and gamma spectra data acquisition. Appendix C contains additional information about the
neutron detectors and their performance.

3.2.6 Special Tests

3.2.6.1 Radio Telemetry of Exposure Rates. Gamma-ray exposure rate detectors that sent
data by radio telemetry were tested. The detectors were attached to the thumb of the bucket
of the trackhoe to provide radiation measurements while the material was being excavated
from the trench. The telemetry portion of the system worked well, with measured exposure
rates being transmitted by radio to a base unit onsite for collection and display of resulits.
However, the detectors did not have sufficient sensitivity to measure the exposure rate in the
short time required to be useful in deciding the disposition of individual bucket loads of
excavated material. For this test, it was diffi .t to mount the detectors close enough to the
material being measured. Soil in the bucket . the trackhoe could have shielded radiation
from buried objects. Appendix C contains additional information on the radio telemetry
tests.

3.2.6.2 arrel Scanner. A transportable b: :l scanner that measured both gamma-ray and
neutron radiation was brought to the site to scan a small number of barrels into which waste
exca led from one of the trenches had been placed (Figure 3-27). This equipment operates

8SAIC AP-2 is a tradename of Science Applications International Corporation.

°Snoopy is a tradename of Nuclear Research Corporation.
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routinely at the Hanford Site to assay barrels before .posal and shipment of radioactive
waste. Appendix C contains additional information on the test of the barrel scanner test.
Results of the scans showed no material to be above : RDF acceptance limits. In future
excavations, the barrel scanner could serve as a qua « 1 )] check of field instruments by
surveying a defined number of barrels.

3.3 GENERAL DESCRIPTION OF MATERIAL HANDLING

This section describes the segregation (in the waste | 1sing the trackhoe bucket and thumb)
and sorting (manually or using a mechanical disc sc1 1) treatability test operations. These
test operations were implemented to evaluate the effi  veness of separating waste forms into
the four waste categories: containers, hard, soft, and soil (see Section 1.2 for definitions of
these categories). At the time the test plan (DOE/R]I )¢ )) was written, segregation was
thought to be more effective than sorting for separat.  of waste forms. Segregation was
attempted on several different types of trench conditi  that were encountered, while sorting
focused only on those trench conditions where segregation was ineffective or inefficient.

3.3.1 Segregation

Segregation was conducted by using the trackhoe bu et and thumb attachment to separate
waste forms within the trench into the four categories. Segregation was implemented when a
sufficient working area was available within the tren . The focus of segregation testing was
on the larger waste forms, but observations were also made concerning how well smaller
pieces could be segregated.

Segregation was attempted for each trench condition encountered. The trench condition was
dependent on what types of waste forms were present (in« 1ding size, shape, and physical
characteristics), how the waste forms were orientated or stacked, and how densely they were
packed. Segregation was to be tested using the top/ wn and side excavation approaches.
However, the side approach method was not tested (see Section 4.1).

The following segregation methods were used:

e Picking. The process of grabbing the waste scretely using the bucket and thumb
attachment to separate the material.

e Combing. The process of dragging the bucket tines through the waste to separate
the material.

e Spreading. Involves bulk excavation and dumping of the material over a wide area
to expose and separate materials.
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3.3.3 Mechanical Sorting

The disc screen bucket attachment fits onto a front-end loader and functioned as a screening
device (Figures 3-30 and 3-31). The rotating disc sc :n consists of three horizontally
mounted shafts driven hydraulically by the FEL. Ea sh  has several ellipsoidal disks
mounted to it at approximately 5.08 cm (2 in.) center-to-center spacing. The disks on the
middle shaft are offset 2.54 cm (1 in.) so that they mesh between the discs on the top and

bottom s fts. The unit is geared so that the middle rotates in the opposite direction
from that of the top and bottom shafts. The direction of rotation of the shafts can be
reversed by moving a lever in the cab of the FEL. = screen/bucket combination allowed

the operator to fill the bucket attachment with the waste material. Then, through the action
of the disc screen and bucket, the minus material was agit :d through the discs, leaving the
plus material inside the bucket. After the plus material h: been separated out by the bucket
disc screen, it was placed on the sorting table where ste would be separated by hand and
raking methods.

The disc screen bucket was tested during several mock-ups with clean material. The clean
mockups using the disc screen bucket attachment prc  d the device to be inefficient and
introd' ed numerous safety concerns. More details « the disc screen tests are provided in
Section 6.2.2.
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Figure 3-7. Northern Waste Storage Area with 20 mil Plastic Tarp Liner.
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4.0 DATA QUALITY OBJECTIVES (EXCAVATION)

Table 4-1 presents the DQOs (DOE/RL 1994b) necessary to satisfy the two excavation
objectives:

Compare the effectiveness of the top/down and side removal approaches

Identify waste forms requiring special excavation equipment and their frequency of
occurrence.

The treatability test (DOE/RL 1994b) nsidered the >llowing three waste form removal
approaches: ' I '

Top/down, beside trench. As shown in Figure 4-1, this excavation approach
assumed the trackhoe would operate with its tracks parallel to the side of the trench
and that the trackhoe would mc¢  forward and backward parallel to the trench. The
waste material would be excavated or segregated from above so that, under normal
circumstances, the operator would be looking down into the trench; thus, waste
removal would be performed bx 'w operator eye-level. For trenches deeper than
approximately 6 m (20 ft), the top/down, beside trench approach would include
excavation in lifts. The expectt advantages of this approach included a relatively
stable platform for the trackhoe d a relatively large bucket swing range for removal
and placement of excavated materials. Potential disadvantages of this approach
included relatively poor visibi ~ of the excavation by the operator and limited reach
to waste materials on the far side of the trench.

Top/down, over trench. Ass wn in Figure 4-2, this excavation approach assumed
the trackhoe would operate atop the unexcavated or backfilled trench material, and that
the trackhoe would move forward and backward along the axis of the trench. Because
the waste material has been in| ce for many years and covered with several meters
of overburden, the waste was assumed to be mostly compressed and stable.

Therefore, the equipment was ¢ ected to be able to work close to the edge of the
excavation. As with the beside trench approach, the waste material would be
excavated or segregated from ove so that the operator generally would be looking
down into the trench; thus, waste removal would be performed below operator
eye-level. Expected advantages of this approach included a relatively large bucket
swing range for in-trench segre :ion and placement of materials. Potential
disadvantages include a r¢ itive unstable platform if compressible waste was buried
beneath the trackhoe and limite ‘each inside the trench for removal of materials.

Side, within trench. As show in Figure 4-3, this excavation approach assumed the
trackhoe would be excavating from within the trench with the boom extended toward
the side. The movement of the excavator would be forward and backward along the
axis of the trench. The waste 1 terial would be excavated or segregated above
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trench sidewall or bottom material integrated into the waste materials), and maximizing
equipment effectiveness. For example, regarding operator safety, slope failure during
excavation could result in equipment ! ling into the pit resulting in potential injury.
Regarding minimization of cross contamination, a steeper maximum slope angle could allow
excavation to the limits of the trench without concern for slope failure. For the top/down
approach, a steeper slope allows more material to be reached from one location, thereby
increasing effectiveness of excavation equipment.

Slope stability of the trench was determined by measuring the angle of slope at failure,
observing the nature of materials in the slope, and measuring the minimum workable distance
of the trackhoe from the slope face. The angle of sloughing was measured using an Abney
level where practical or visually estimated. Sloughing was indicated by the presence of
tension cracks.

In general, the angle of sloughing varied from 50 to 70° from horizontal. Often, the first
(upper) few meters (0.9 to 1.5 m [3t 5 ft]) of the excavation had a near vertical sl e and
50 to 70° angle from horizontal near the bottom. Also, the slopes parallel to the excavator
tracks were generally more steep than those perpendicular. For example, if the trackhoe was
facing south and digging north, the east and west sides of the trench were generally more
steep (e.g., 70°) than the north and south sides (e.g., 50°). Typical slope stability is
illustrated in Figure 4-5, which is the north wall of Pit SA. Table 4-2 summarizes the
results.

4.1.1.1 Nature of Materials in Slope. The nature of the material in the slopes of each pit
was mainly cobbley soils and waste.  general, a layer (5 to 15.2 cm [2 to 6 in.]) of
powerhouse ash was located at the top of the pits, then 2.4 to 3.6 m (8 to 12 ft) of cobbley
soils and waste (in varying degrees), then a 7.6- to 10-cm (3- to 4-in.) layer of gravel at the
bottom of the trench. Below the gravel was generally large boulders, 0.6 t0 0.9 m (2 to

3 ft) in diameter. The soils associated with the waste were generally indistinguishable from
the native soil/cobble matrix. The so  were classified using the unified soil classification
system (USCS) and were generally sandy, fine-grain size (1/8 to 1/4 mm) and mixed with
cobbles ranging from less than 2.54 cm (1 in.) in diameter to 0.9 to 1.2 m (3 to 4 ft) in
diameter. The matrix was generally 20% soil and 80% cobble. Figure 4-6 shows the typical
soils found during the treatability test. '

Nearly all of the waste excavated in this test was hard waste (e.g., metal, wood, concrete,
solid graphite). Very little soft waste was encountered (less than 1%). Table 4-3
summarizes the waste found in each pit. Figures 4-7 through 4-15 show typical waste found
during the test.

4.1.1.2 Location of Excavator with Respect to Slope. The closest safe workable distance

of the backhoe to the edge of the trench using the top/down, over or the top/down, beside
trench approaches was approximat y .6 to 0.9 m (2 to 3 ft) for all pits excavated.
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the excavation and were generally awkward to handle. Also a small amount of spillage (less
than 1 ft*) was observed when the trackhoe loaded the front-end loader bucket for sampling
and/or screening (Figure 3-20).

4.1.4 Swell

Swell refers to the percentage of the iginal volume that a material increases when it is
excavate from the natural state an generally is expected to be independent of the excavation
approach used. Swell is determined ¢ a function of the trench cross-section profile before
and after excavation, and after trench backfilling. The swell concept is illustrated in

Figure 4-16. Although the excavation approach could indirectly impact the swell based on
the degree to which cross contaminati  is introduced into the waste materials, the difference
in swell due to cross contamination w  expected to be negligible between the excavation
approaches. In this sense, swell is an ancillary evaluation criterion that is important to the
overall excavation operation, but not  important to the evaluation of the top/down versus
side removal approaches. Swell was 0 measured on materials that were removed from the
trench and stored in an uncompacted  :.

Because of the large percent of ro present in the soil, there was no swell or volume
increase noticed after backfilling any of the trenches.

4.2 IDENTIFICATION OF WAS £ FORMS REQUIRING SPECIAL EQUIPMENT

The identification of waste forms requiring special equipment and the frequency of
occurrence of those waste forms were evaluated on the basis of the criteria described in the
following sections. No waste forms requiring more than the bucket and thumb of the
trackhoe for excavation were encount d.

4.2.1 Waste Form Removal

The capability of the excavation eq pment and excavator operator to remove different waste
forms was assumed to be independent of the removal approach (i.e., top down or side

. removal). Ease of removal for each waste form can be somewhat quantified based on the
bucket cycle time, the estimated utiliz ion of the end effector, and the nature of the
materials being removed. Bucket cycle times and the bucket thumb utilization are discussed
in Sections 4.2.1.1 and 4.2.1.2. The nature of the material being removed is discussed in
Section 4.1.1.1.

4.2.1.1 Cycle Times. Several cy mes were taken during the course of excavating each
pit. " The cycle time is define as the time required to excavate one bucket, survey it, dump
it, and return to the trench, ready to fill another bucket. The time to fill the bucket, dump

it, and return to the trench was fairly »>nstant. The time required to survey the buckets
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Before initiating the excavation of the .8-B-1 Burial Ground, there were no waste items
identified that would require special excavation equipment. This was confirmed during the
excavation, as there was no waste en  ntered that required special equipment to excavate.
The bar welded across the tips of the =s of the thumb attachment (see Section 4.2.1.2) did
improve the efficiency by allowing s | diameter objects, or long, stringy items to be
grasped.

4.2.3 Down-Time Resulting from Special Equipment

This DQO was not applicable because no special equipment was identified as being required
to excavate the waste found in this tre: Dbility test.
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Table 4-1. Data Quality Objectives: Excavation Operations. (4 sheets)
Excavation Ohiectiv-e_E_valnaﬁnn Data
eration .
ggjecﬁve Criterion Condition Needs Measuremeg:;;:):;rvatxon, or Quality
Compare Swell = determine N/A. Percent swell over a segment of Measure: cross-section profile | Survey surface elevation
effectiveness | the expansion of trench. Swell is defined as the before excavation (after of breaks in slope along a
of the waste volume caused incremental increase in volume. removal of overburden). cross-section to the nearest
top/down by excavation. 0.03 m (0.1 ft). Obtain
and side cross-sections at 7.6 m
removal (25-ft) spacing over the
approaches. applicable segment of
trench.
After trench backfilling divided by Measure:; cross-section profile | Survey trench elevation of
the original in-place trench. after trench excavation. breaks in slope along a
cross-section to the nearest
003 m (0.1 fi).
Volume. Measure: cross-section profile | Survey trench elevation of
after trench backfilling. »-. breaks in slope along a
. ‘cross-section to the nearest
L 0.03 m (0.1 ft).
Measure: volume of liquid Nearest liter.
containers. P
Identify Waste form N/A. Cycle times. Measure: time it takes to Time in seconds.
waste forms | removal: waste excavate one bucket of |
requiring forms that can not material, dump it, and return
special be removed using to the trench ready to_fill
excavation standard equipment. another bucket.
:ggqt)hn:rn t Bucket/thumb utilization. Measure: fragtion of end Fraction of capacity in
frequency of effector capacity for bucket 25% increments (i.e., 0,
occurrence. dependent removal and thumb 25, 50, 75, or 100).
dependent removal, Capacity is defined as that
volume of ideal materials
that can be reasonably
handled by the end
effector (e.g., a 2-yd®
bucket equals 2.25-yd? of
heaped soil.
Nature of materials being removed. | Observe: waste composition Description of waste type.
and arrangement.
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Table 4-2. Slope Stability

Pit Angle of Slope Stability Per(?ent ' Position of
Numb Naste in Soil E ‘ Comments
umoer (Degrees from Horizontal) on Average Xcavator

1 53° 5% Facing west and Average of three

digging east. measurements (51°, 53°,
54°).

2 -North/south slope 70° 0% Facing east and Visual estimate. Both
-East/west slope 50° -digging west for the ' top/down, beside and

e . top/down, over top/down, over the
trench. trench yielded the same
slope stability. Railroad
ties formed a loose wall
on the north and south
sides of the pit.

3 -Slope/northeast corner 70° to 80° jouth trench | Facing west and Visual estimate.
-Slope/northwestcorner 55° to 70' 0% digging east. Railroad ties and timber
-Slope/south side 90° wall were located on the

North trench south side of Pit 3,
0% to 90% which supported a near
vertical slope.
4A -North/south slope 80° to 90° )% Facing west and Visual estimate.
-East/west slope 50° digging east.
4B -Slope/southeast corner 80° to 85 Varied from | Facing south and Visual estimate.
-Slope/southeast corner 55° to 70 0% to 90% | digging north.
pockets of
waste)
S5A -Top 5 ft of north/south slope i 20% Facing west and Visual estimate.
80° to 90°; sloughs at 50° to 70' digging east.
-Slope/east/west 50°
5B No data taken 1% Facing west and Shallow trench.
| | digging east.
I 5C -Slope north/south 70° to 80° 5% Facing west and Visual estimate.
-Slope east/west 50° diggine east.
5D No data taken % Facing west and Shallow trench.
Jr dioging east.

5E -Slope north/south 70° to 80° 25% Facing west and Visual estimate.
-Slope east/west slope 50° to 70° digging east.

SF -Slope north/south 90° 25% Facing west and Visual estimate.

-Slope east/west 55°

digging east.
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Table 4-3. Representative Listing of Waste Materials Excavated. (4 sheets)

N

Pit
umber

Items Excavatet  [ard Waste)

Items Excavated (Soft Waste)

Metal pipe (1/4 and 3/4 in. diameter)
High-efficiency particulate air filter (150 to 300 cpm)
Steel bracket

Cart (3 mR/h)
Roller/conv Vil
(2 ftlong b e)

Metal tbing (1.27 cm [0

Cable and wire

Metal boxes (0.45 m [1.5

[1.5 ft] wide byi0.45 m [

Crushed paint cans

Splines (Figure 3-23) and spline cases (2 mR/h)

Perfs

Nozzle knockers

Coiled tubing

Spacers

Radiation signs

Long-handled wrenches

Wires (possibly thermocoupl

Fuel buckets (0.45 m [1.5 ft] long by 0.3 m

[1 ft] wide by 0.3 m [1 ft hig  (Figure 4-7)

Metal pipe (bent) (1.8 m  ftiiong, 10 cm [4 in.] dia)
Aluminum plate (1.5 m {5 ft] ng by 1.5 m [5 ft wide])
Inlet nozzle assemblies (flange with pipe) (similar to
Figure 4-9)

Flat metal plate (drum lid) (0.9 m [3 ft] dia)

Pipe with metal ring (2.4 m [8 ft] long, 1.2 cm [4 in.] dia)
Nozzle (15.2 cm [6 in.] dia)

Blue filter cloth
Filters (aluminum foil and paper)
Particle board pieces (mixed wood)
Plastic tubing (0.6 cm [0.25 in.] dia)
otting wood (2 ft by 4 ft by 1 ft by 4 ft)
ellow Sani-flush? carton (cardboard)
‘igure 6-7)
il can (cardboard)
ope
astic

_rubber tubing

2Sani-flush is a tradename of eck

t and Colman, Inc.
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Table 4-3. Representative Listing of Waste Materials Excavated. (4 sheets)

Items Excavated (Hard Waste) ’

Items Excavated (Soft Waste)

Lead sheets

Danger zone signs (Figure 4-10)

“T" handle tool

Metal (25 mR/h)

Heavy sheet metal (10

0.9 m [3 ft], 13 mR/Mh)

Cable e

Aluminum tubing

Mask filters

Metal pipe

(Carbon steel, 0.3 m [1 ft] long with 5 to 10 cm [2 to

4 in.] dia, 2 R/h) (Figure 3-24)

Aluminum cylindrical shaped item (0.3 m [1 ft] long with
7.6 cm [3 in.] dia, 60 mR/h)

Glass bottles (140 cpm)

Flask (Figure 6-5)

Wire, (possible thermocouple +  2)

Spline and spline cans

Copper tubing

Rusted pipes (Scm [2ir dia, 0.6 t0 1.2 m [2 to 4 ft
long])

Scrap metal plate (0.6 m  ft] ng by 0.6 m [2 ft] wide)
Flange with pipe (carbon steel)

0.3-m [1-ft] long plug

Spray unit with two bottles (0.45 m [1.5 ft] long, 10 cm
[4 in.] dia)

Crushed garbage can

Pulley system (1.8-m [6-ft] long)

Brown bottle (250 dpm, 1.5 1) (Figure 6-8)

Wood (10 mR/h)

Plastic hose (1.27 cm [1/2 in.] dia,

195 mR/h)

Pair of gloves

Rubber hose

Red/green cardboard box

Rubber hose (wrapped around the spray unit)
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5.0 DATA QUALITY OBJECTI'VES (ANALYTICAL SCREENING)

The analytical screening objectives for the project tested the use of field instruments at the
excavation site to determine if excav :d material met preliminary ERDF waste acceptance
criteria. The analytical screening objectives were as follows:

e  Determine imj ‘mentability of eenirig for currently established ERDF preliminary
waste acceptance criteria durin; ulk removal using field instruments and visual
observations.

¢  Determine whether the propose screening methodology is appropriate and feasible. .

e  Determine whether the contents of containers meet ERDF preliminary waste accep-
tance criteria using filed instru1 nts and visual observation.

Radiation measurements of items removed from the trench tested the feasibility of using
exposure rate combined with computer modeling to screen specific, excavated items for
acceptability to the ERDF. Burial records indicated specific items to be encountered during
excavation and allowed estimates of t r emitted exposure rates to be made. However,
those objects were not encountered in the quantities expected, and when they were found
they were mixed with soil, making accurate exposure r. : measurements difficult using
conventional survey meters. The large number of "one-of-a-kind" objects encountered
during excavation also made the expc ‘e screening technique impractical. Future site
remediation will probably require sep ition of objects from the surrounding soil and
collecting spectral gamma-ray data to identify specific radionuclides and measure their
concentrations.

The analytical screening tests listed in Table 5-1 included radiation measurements, organic
vapor measurements, and visual observation of free liquids. The following sections describe
these measurements and their re lts.

5.1 RADIATION SCREENING

5.1.1 Exposure Rate for Determm i ;| Environmental
Restoration Disposal Facility Acceptance

The emphasis in the radiation screeni  was on testing the concept of measuring the exposure
rate from excavated objects to aid in  .ermining if they meet preliminary ERDF acceptance
criteria. For radioactivity, these criteria are the same as the Category 3 limits specified in
the Hanford Site Solid Waste Acceptance Criteria (WHC 1993). Table C-14 (Appendix C)
shows these limits for selected radionuclides of interest in the 118-B-1 treatability test.
Because different limits exist for specific radionuclides, exposure rates alone would not
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Field screening for acceptability into the ERDF should be feasible if the objects are first
separated from the soil and if spectral gamma-ray detectors are used to identify and measure
specific radionuclides. Conveyor belts carrying the objects and soil separately past the
detectors would be an efficient and continuous operation. Inclusion of large neutron
detectors would provide a litional screening for transuranic nuclides.

5.1.2 Spectral Gamma-Ray Measurements

A HPGe detector provided secondary reening of selected objects; Appendix C provides
details of this detector and its c: bration. The prime use of this detector was to identify
specific gamma-ray-emitting radionuc es (such as '¥'Cs, ®Co, ?Eu, and **Eu). The
detector had sufficient energy resolution and efficiency to measure these nuclides at
concentrations well below the ERDF mits (see Appendix C). Based on calibration of the
HPGe detector, it was also possible to estimate the radioactivity of surveyed objects and
determine their suitability for placeme in ERDF.

Table 5-3 shows the items surveyed with the HPGe detector and their calculated
concentrations. As shown in the table, none of the calculated concentrations exceeded
10 Ci/m?. Indeed, the concentrations i the measured items were several orders of
magnitude below the proposed ERDF mits.

5.1.3 Transuranics

ERDF criteria also specify limits on TRU nuclides. Measurement of TRU isotopes is
difficult because they emit mainly alp particles, which have a very short penetration range.
Some TRU isotopes also emit gamma rays, but the number of gamma rays emitted per decay
is very small. Neutrons are emitted { m most TRU isotopes, either as a result of spontane-
ous fissions or reactions of alpha particles with other elements (such as oxygen). ‘

No TRU isotopes were expected at the 118-B-1 site and none were found above the ERDF
limits. Conventional neutron exposure-rate equipment proved inadequate for measuring low
levels of neutron exposure, as mig e expected from small TRU waste contamination. A
very large neutron detector was also tested, with the result that no neutron counts above
background were observed. Appendix C gives additional information on TRU measurements
by a portable neutron survey meter, a large neutron detector, a portable alpha spectrometer,
and a barrel scanning assay system.

5.1.4 Containers
Two tanks that were apparently receiver tanks from a compressed air system were found in

Pit 3 (Figure 5-1). Each tank was approximately 1.2 m (4 ft) long and 0.45 m (1.5 ft) in
diameter with three flanged connectic along the top and a drain fitting in each end. As the

5-3



DOE/RL-95-34
Rev. O

tanks were pulled out of the excavation, an oily substance was observed to leak from the
tanks. The tanks were tested in the field for olatile organics and combustible gases with
negative results. An attempt was made to sample the oil directly from one of the tanks, but
an insufficient quantity (approximately 10 ml) of oil was collected for laboratory analysis.
However, a sufficient quantity of oil-soaked 7as collected for a laboratory analysis. The
oil-soaked soil was screened for total activit the result was less than 50 pCi/g. The
sample was also screened using x-ray fluorescence (XRF) and an immuno assay test (specific
for polychlorinated biphenyls (PCBs). The XRF results were negative for the presence of
chlorine (indicative of PCBs) and the immu  assay test result was also negative.

As shown in Table 54, the analytical laboratory results confirm the field screening results.
The analytical results reported in this table are compared against the maximum concentration
of contaminants for the toxicity characteristic (EPA 1994) and the minimum/maximum
concentrations in Hanford Site background so (DOE/RL 1992). Lead was detected in the
analysis. The lead could have been present in the soil, oil, or both. The actual source of the
lead contamination was not investigated furt r. Based on the screening results and the
analytical results, the tanks were determined to e nonhazardous and empty and were | ced
back in Pit 3.
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Table 5-2. Measured and Calculated Exposure Rates for Excavated Items.
Measurement Measured Calculated
Item Quantity Position Exposure Rate Exposure Rate
(mR/h) (mR

Aluminum spacer 1 30 cm 0.05 0.0004
("perf”)
Aluminum space: * Filled “ox Insufficient 0.19
("perf") Jo6n _y! quantity found

0.341

2 ftby2

1.125 ft)
Lead/cadmium 1 30 cm 0.008 0.5
poison
Lead/cadmium Filled sphere, Contact 0.03 34.0
poison 0.6 m (2 ft)

diameter
Aluminum/boron 1 30 cm 0.6 0.5
spline
Aluminum/boron Filled sphere, Contact Insufficient 136.0
splines 1.6 m (5.37 ft) quantity

diameter found
Graphite Filled box Contact Insufficient 37.0

quantity
found

Aluminum process 1 30 cm Item not found 26.0
tube
Aluminum process Filled cylinder, Contact Item not found 6,400.0
tubes 0.6 m (2 ft)

diameter by

0.9 m (3 ft) long
Lead brick 1 Contact Item not found 171.0
Lead sheet cylinder 1 Contact Item not found 8.0
Soft waste Filled box Contact Item not found 23.0
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Table 5-3. Results of Spectral Gamma-ray Measurements on Excavated Items. (4 sheets)

Contact
Nqu,rlltber Description Nu le Act(i;/iity, E\;ct)llrlrllngi Concg;t;;tion, iﬁﬁ:sure
. m’ mR/h

1 Metal pipe : 1x10*

' 1 x 10°

*Co 4 x10° ! 4 x 10°

Lab cart B1Cs 4 x 10 2 x 10% 2 x 10%

Source cart 2By 4 x 107 2 x 10 2x10°

Spline 126y 3 x 104 4 x 10* 1x10?

(Figure 3-23) MEy | 3x 107 - 1x10°

%Co 9 x 104 " 2x10?

Perfs (3) 0Co 5x 107 5x10* 1x 103

2By 2 x 107 " 4x10*

Broken spline %Co 2x10°% 9x 10* 2 x 107
and perfs

Perfs and 152Ey 4 x 107 9x 10* 4 x 10*

broken splines . | x 107 . | x 10

9Co 3x10% " 3x10?

Spline 152Ey 2 x 10° 4x10* 1x10?

14Eu 3x107 " 8 x 10

B1Cs 1x107 " 2 x 10*

®Co 8 x 10°* " 2 x 107

Spline 152Ey 3x10° 4 x 10* 1x10?

1%4Eu 5x 107 " 1x10°

1Cs 1x10* " 2 x10%

“Co 2 x 107 " 5x10*

Soil from bottom - - -- no detect.

of Pit 1*
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6.0 DATA QUAIL (Y OBJECTIVES (HANDLING)

Table 6-1 addresses the two waste han ing DQOs:

e  Determine the feas ility of segregating waste forms into categories during excavation
using a trackhoe with bucket an thumb.

¢  Determine the feasibility of sort g waste forms into categories using a grizzly screen,
disc screen, manual raking, and hand picking.

Results of the field tests showed that segregating waste forms using a bucket and thumb was
feasible and that other methods (griz  screen, rotating disc screen, and manual sorting)
were not entirely satisfactory for the waste encountered. The following sections give details
of the waste handling tests.

One objective of this treatability test was to determine the feasibility of segregating and
sorting the waste forms into four waste categories: containers, soil, hard waste, and soft
waste. These categories were selected because they are readily distinguishable in the field
and because they have differing chara ristics with respect to their capacities for recycling,
treatment, and disposal. A brief defi on of each of the waste categories is presented
below:

¢ Containers. Containers may contain materials that require separate segregation into
free and organic liquids, soil, hard waste, and soft waste. Consequently, different
data are needed to evaluate the :asibility of segregation when containers are and are
not visible in the waste materic . (It is important to note that the scope of work
agreement mandated that closed containers, if found, were to be treated as if they
contained free or organic liquids until the contents could be documented by some form
of inspection. Because a breac of a closed container could have resulted in an
uncontrolled release to the environment, waste materials with visible containers were
to be handled with an added level of care.)

e Soil. It was expected that soil and rock would be mixed in with most of the waste
materials. For the purpose of this treatability investigation, soil was defined as all
naturally occurring inorganic materials. This includes cross-contaminated soil from
the trench bottoms and sidewa and cross-contaminated overburden from above the
waste trenches.

e  Hard waste. Hard wastes were assumed to include all metallic and reasonably
noncompressible solids. Examj s of hard wastes are aluminum tubing, spacers and
dummies, lead shielding and bricks, miscellaneous metal parts, and glass. Rock was
defined as soil, not as hard waste.
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were more easily picked up by the bu =t and thumb. The initial segregation test showed
difficulty in grasping small objects (Figure 6-1). A steel plate welded across the teeth of the
thumb rectified this situation.

Segregation rates varied widely, because of the difficulties in estimating volumes and the
wide variety of waste configurations encountered. The timed segregation runs yielded rates
of 6, 11, 43, and 51 yd*/h. Results ¢ these segregation tests are listed in Table 6-3.

6.2 FEASIBILITY OF SORTING USING A GRIZZLY SCREEN,
DISC SCREEN, MANUAL RAKING, AND HAND PICKING

The feasibility of sorting waste mater s outside of the trench following bulk removal was
evaluated based on the ability to sort materials into the four categories. However, the
separation of containers was to be performed to minimize the possibility of breaching a
container and spilling a free liquid. ( nsequently, two approaches were originally thought
necessary to evaluate this objective: e for waste with visible containers and one for waste
without. Because of the lack of containers encountered during excavation of the burial
ground, there was no available waste with containers to sort; hence, only the second
approach was applicable.

The focus of sorting operations was ¢ the effectiveness of sorting into categories using the
grizzly screen, disc screen, and manual raking or picking. The results of manual and
mechanical sorting are discussed :low.

6.2.1 Manual Sorting

Manual sorting consisted of first dumping the waste material over a grizzly screen that had
bars spaced 15.24 cm (6 in.) apart and was angled at 18° from horizontal (Figure 6-2).
Small items fell through the grizzly screen while larger items fell over the grizzly screen
onto the sorting table. Items that fell onto the sorting table were hand-sorted into four
categories: metal, soft, soils, and other waste. The categories were modified, because no
containers were present and it was unclear to what category some items (such as wire and
concrete) belonged. Hand-sorting was accomplished by two workers on either side of the
table pushing and pulling waste into : proper category using long-handled rakes. After the
items on the table had been sorted, t engineers estimated the volume of each category and
the type of waste sorted. After sorti , all of the waste material was returned to the burial
ground.

The following data were taken to evaluate the feasibility of manual sorting:
Observe the ease of hand sorti ;.

e  Measure the fraction of waste forms in each category.
e  Observe reasons for imprope  sorted waste forms.

6-3
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e  Measure the rate of hand sorting.

In general, hand sorting was feasible, but was difficult and cumbersome for the operator.
Below is a list of observations that were made with regard to the ease of manual sort g:

e Items falling across the grizzly carried a consideral : amount of dirt and rocks smaller
than 15.24 cm (6 in.) onto the sorting ;. This was especially true when
temperatures were below freezing and was frozen to metallic waste.

e  Some items (such as hose and tubing) were tangled on the grizzly bars and needed to
be cut with pruning shears.

° Wéste and heavy rocks were difficult to maneuver on the sorting table.

e  Waste, especially boulders, was difficc and cumbersome to maneuver into the
appropriate category.

e Residual fines had to be vacuumed off of the table and grizzly screen after each day of
operation.

* Long stringy items (such as wire, hose, and pipe) were hard to hand sort.

e Heavy items were difficult to maneuver and could potentially injure the operators in
attempting to move these items.

Table 6-3 presents the results of each sorting run in detail. In general, the hand sorting was
very accurate. Inaccuracies were accounted | the fines left on the table and waste items
tangling up with each other. A total of 18.25 yd® of waste material was hand sorted, with an
average rate of 16 yd’/h.

As shown in Figure 6-3, each sorting run was accomplished using two workers wearing
anti-c clothing, standing on each side of the { le, pushing and pulling materials into the
proper category using long-handled rakes. Two additional workers were present as support,
as well as a front-end loader operator.
6.2.2 Mechanical Sorting
The original DQOs for mechanical sorting were as follows:

Determine the effectiveness of mecha: al sorting on the waste forms encountere

Determine the accuracy of mechanical sorting and the reasons for the inaccuracy.
¢  Determine the rate of production.

6-4
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The mechanical sorting method chosen for testing on the onset of this project was the
bucket-mounted rotating disc screen ( : Section 3.3.3). Several mock ups were performed
using simulated waste mixed with soils and cobbles. This waste matrix was very similar to
what was being excavated from the burial ground.

During the mock ups, several operatic 1 and safety problems were encountered:

e Jamming. Some materii jam d the disc screen (Figure 6-4). One steel plate
became wedged between the top roller and the top of the bucket assembly. Workers
were only able to remove the e using a sledge hammer and pry bar. Other waste
and cobbles jammed but were * rked loose by reversing and forwarding the r¢ ers.

¢  Flying material. The aggress. action of the disc screen caused some rocks to be
ejected during operation. This created an industrial safety hazard for the operator and
workers around the machinery. '

¢ Dust. Some dust was generate rom the operation of the disc screen. This created a
potential radiological concern.

e Soil fines. When screening the waste in the bucket, some fines would get caught up
on the bottom lip and were not screened out. This contributed to an inaccurate sort.
In addition, because the bott n was not enclosed, a trail of soils and fines was left
behind the FEL while moving from one area to another. This created a potential
radiological concern from the  ead of contamination.

The disc screen vendor visited the site to address the problems and several modifications
were proposed:

e  Use a cover for the disc screen to prevent material from being ejected
e  Use a plate for the bottom of 1  bucket to trap fines
e  Add a finger plate to the top of the bucket to reduce jamming
e  Use circular rollers on the top | bottom row to prevent items from jamming rollers
e Increase the hydraulic capacity  the front-end loader to increase operational
efficiency.
The design of the disc screen requ 1e bucket to be tilted simultaneously while rotating
the discs. The hydraulic system o front-end loader did not have enough capacity to

perform both operations simultane

The vendor indicated that the suggested modifications would not absolutely ensure against
jamming, and were considered too ¢ ly for this project. The vendor also suggested that a
trommel might be better suited to the task. However, because of the time and expense
involved in procuring a trommel, no  was tested.
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Table 6-1. Data Oualitv Obiectives: Handling Operations (3 sheets)

Omality

Comparative description of categories in
terms of ease of sorting (i.e., relatively
easy to sort, moderately easy to sort,
relatively difficult to sort).

Nearest 10% increment by category.
Specify whether volume-based (soil) or
unit-based (hard, soft, and container).

Handling Objective Data
Operation Evaluation Condition
Objective Criterig Needs Measurement or Observation
Determine if Categories: No visible Effectiveness of hand Observe: ease of hand
sorting of (2.3) list of containers: sorting. sorting of waste forms into
waste forms waste forms waste without categories.
into in each visible
categories is category containers. ]
feasible using | (container, Accpracy of hand Measu're: fraction of waste
a grizzly soil, hard sorting. forms. in each category that
screen, disc waste, and were improperly sorted.
screen, soft waste). Reasons for inaccurate Observe: reasons for
max'mal hand sorting. improperly hand sorted waste
raking, and forms.
manual
picking.

Rate of production by
hand sorting.

—

Measure: number of or

fraction of equivalent cubic
yards hand sorted in up to a
2-hour period hv one person.

Description of problem (e.g., waste form
inadvertently swept into incorrect
receptacle, difficulty categorizing waste

Nearest bulk cubic yard per hour.

Source: DOE/RL 1994,

NOTE: Photographs or video may be used to supplement data collection when descriptions are required.

.A:
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7.0 ADDITIONAL DATA COLLECTED

This section presents technical information that was gathered in the course of performing the
treatability test. The data that were gathered were not specifically required by the DQOs but
should be useful for developing similar projects in the future. The section discusses Gls of
the site, chemical and radiochemical analyses, and chemical field screening including XRF
detection of heavy metals and industrial hygiene monitoring for mercury and organic vapors.

7.1 GEOPHYSICAL INVESTIGATION

A geophysical investigation of the ¢ ras conducted in 1993 (Bergstrom et al. 1993). The
main objectives of that study were svide the following: (1) locate the primary
concentrations of buried waste with 2 118-B-1 Burial Ground with emphasis on buried
metallic waste; (2) locate individual trenches a.nd silos within the burial ground; and (3) test
the geophysical methods effectiveness for detecting and mapping the metallic waste, trenches,
and silos. The two primary techniques used in the GI survey were ground penetrating radar
(GPR) and EMI. Magnetic gradiometrics were also tested over a portion of the burial
ground. Figure 3-5 shows the map of the burial ground that was generated by the GI, with
the test pits overlayed.

Test pits for this treatability test were selected based on the information presented on the GI
map. The GI described 22 zones within the burial ground. Table 7-1 presents a con arison
between the description of the zone from the GI report and a general description of the actual
waste encountered in this study.

7.2 CHEMICAL AND RADIOCHEMICAL ANALYSES

Soil samples were collected from the bottom of each pit and other samples were collected as
necessary. Table 7-2 provides a list and purpose for each sample collected.

Analytical laboratory results are summarized in Table 7-3, 4. Results are compared against
Hanford Site-wide background data from DOE-RL 1992 (nonradioactive analytes) and

DOH 1991 and PNL 1993 (radioactive analytes). The analytical results indicate that the soils
underneath the buried waste are typically free of contamination (i.e., below background
levels).
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Table 7-1. Geophysical Investigation Information. (2 sheets)
General
Test Pit Loca of General Description of Waste Materials
Number Test Pit by GI Summary Encountered in this Study
GI Zone

4 Zone M The area is dominated by a stronger than usual The northern two thirds of this area ¢~ —*~"~ed no waste and possibly was native soil.
reflection from the shallow (approximately 1.5 m At the top was a thin (less than 15.2-c_.. __ in.]) layer of powerhouse ash; below
[5 ft]) reflecting horizon. The strong reflection this, there was approximately 3 m (10 = ~sandy soil, and below this were
from the horizon may be because of a high several feet of 15.2 cm (6-in.) and sm obbles (river rock). The bottom of the
concentration of fly ash in the zone. Perhaps (not | trench was marked with large (0.6-m (<-1y) boulders.
coincidentally) large concentrations of fly ash are -
observed on the surface beyond the berm to the The southeastern quadrant of this area yielded an abundance of "reactor hardware”
east and to the west of zone M. The GI energy (mainly perfs and neutron absor rea also yielded some blocks of
may not be penetrating through the reflector, graphite (Figure 3-13) and a rea (Figure 4-15).
limiting its effectiveness to around 1.5 m (5 ft).
There are no EMI anomalies throughout most of
the zone. An area centered around coordinates
S740/E180 [sic] d zorrelate with a weak EMI
anomaly. There were no other GI anomalies
associated with the EMI anomaly.

5 From center Zone N: This zone is primarily a concentration of | Pit 5A (centered on coordinates 5/4u/w2o0v) yielded a large concentration of perfs

and to the East
of center of
zones N and O

GI anomalies with minimal EMI response,
suggesting a relatively high concentration of
nonmetallic debris within the zone. There is a
small EMI anomaly centered around coordinates
S750/W250. The thickness of fill over the debris
ranges from 1.8 to 3.6 m (6 to 12 ft).

Zone O: This zone includes a very notable GI
anomaly with a moderate EMI response along most
of its extent. A long, linear reflector runs down
the middle of the zone between coordinate W260
to coordinate W350 at a depth of about 3.3 m

(11 ft). It appears to be one large feature. A
strong EMI anomaly correlates with the GI
anomalies at about coordinate W180. The
thickness of fill over the debris ranges from 2.4 to
3.6 m (8 to 12 ft).

and poison slugs with some carbon ste ;

Pit 5C (centered on coordinates $790/W250) yielded poison slugs, sheet metal,
carbon steel piping, carbon steel trough and cone shaped pieces, a few gloves, and
some large rubber mats. Pit 5E (centered on coordinates $790/W190) yielded
copper tubing, rubber mats, carbon steel pipes, concrete blocks, and aluminum
piping. Pit 5F (centered on coordinates $790/W220) yielded long aluminum pipes,
wire, poison slugs and perfs, concrete blocks, and cloth and rubber mats.

Pits 5B and 5D (located to the south of zones N and O, respectively) yielded no
waste.

NOTE: Descriptions from GI report (Bergstrom et al. 1993). Refer to Figure 3-5 for locations of zones and pits.

EMI = electromagnetic induction

GI = geophysical investigation

0 "AsY
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8.0 LESSONS LEARNED

At the conclusion of the field phase of the project, a lessons-learned session was held with
field and technical personnel present. This section provides suggestions and
recommendations from that session.

8.1 EXCAVATION

8.1.1 Tarp Lined Pits

The original concept for storing excavated waste was to place it in plastic tarp-lined pits.
The plastic tarp was not durable and was easily torn by the trackhoe bucket as the waste was
being returned to the waste pit. The torn tarp was waste that had to be disposed. Use of
tarps to line waste storage areas shoul be avoided. If some type of protection is needed,
consider the use of a tent cover or strong reinforced fabric.

8.1.2 Dump Trucks

A conventional dump truck with strai; ! sides and tail gate was used at first. Soil leaked
from the tail gate and was a potential source of contamination spread. Open end ("dove
tail") trucks without tail gates were used instead and worked quite well. These trucks were
easier to load and did not spread contamination.

8.1.3 Closed Circuit Television

Technical personnel viewed the excavation from a scaffold platform approximately 3.6 m
(12 ft) aboveground level. This afforded a view of the excavation looking at the back of the
trackhoe bucket. However, the trackhoe operator could often see materials in the pit that
were obscured from the technical personnel. A closed circuit television camera mounted on
the boom or cab of the trackhoe to look in the hole should be considered to give another
vantage.

8.1.4 Initial Site Profile and Survey
Surveys to locate excavation pits were performed rather crudely using magnetic compass and

tape measures. An initial survey of the site before excavation to establish some baselines
would have saved time involved in determining where to excavate.
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Replacement of the stabilization layer at the end of the project was difficult because the
original profile was unknown. The site should have been profiled before excavating so that
it could be more easily restored.

8.1.5 Trackhoe Thumb Control

The thumb on the trackhoe was difficult to control at times. The hydraulics that contrc the
thumb should be modified (such as installing an orifice in the hydraulic line) to afford :
operator better control.

8.1.6 Establishment of Work Zones during Excavation

During segregation tests, the SCA zone had to be moved as the trackhoe excavated more
material. Moving the zones was performed hile the trackhoe was active and in retrospect
this was not considered to be good practice. The trackhoe should have been shut down while
zones were changed.

8.2 ANALYTICAL SCREENING

8.2.1 Gantry Crane

A gantry crane was used to support the radi on detectors for scre¢ ng. An electric hoist
with travel would have allowed the detectors to be more easily positioned and would allow
personnel to move the detectors without being close to the contaminated material.

8.2.2 Radiation Probes

Finding the source of radiation within a pile f material in the front-end loader was
accomplished by scraping material away wit a rake or hoe. A radiation probe that could be
shoved by hand or remotely into the piles to quickly find radiation sources would be useful.
Such probes have been used in the uranium processing industry.

8.2.3 Radioactive an Hazardous Materi Monitoring

" Radioactive and hazardous material monitoring was accomplished after the waste was
excavated from the pit. In this test, no haz lous or highly radioactive sources were
encountered so this method worked well. However, in-the-excavation monitoring for
radioactive and hazardous waste should be a consideration in future excavation projects.
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8.3 HANDLING

8.3.1 Sorting Bins

Plastic bins were originally to be used to receive sorted waste. During mock-up sorting
tests, it was recognized that it would be difficult to dump the bins without spreading
contamination. Some type of dumping rig would be needed to accomplish this task. In lieu
of this, it was decided to sort the waste into piles on the sorting table, then push all of the
waste into the bucket of the backhoe. The task of dumping bins is not a trivial matter and
specialized equipment generally is nee d to accomplish this task.

8.4 GENERAL

8.4.1 Communication

Communication between the trailer, € avation area, and sorting area were handled with
cellular phones and two-way radios.  tter communication was needed and possible
solutions include the use of a public address system, field phone, or local area radio net.

Two-way radio communication between equipment operators, engineers, HPTs, and ,
supervisors during excavation activities was necessary to ensure that decisions that had to be
made on the spot to ensure the test ol ctives was expeditiously communicated. The radios
that were used were marginally successful; specific deficiencies are discussed in the
following paragraphs.

Each radio was equipped with an ear piece that functioned both as a microphone and a
speaker. Ear pieces were available in two different sizes but were generally too large or too
small to be of any use. Hearing protection was required while working around heavy
machinery and the radio ear pieces did not attenuate this noise.

Each ear piece was attached to the ra > unit by a wire about 0.9 m (3 ft) long. The wire
often became tangled and the earpiece was pulled out of the ear.

The radios could be operated in two modes: push to talk (PTT) and voice activated (VOX).
Because of the background noise, the VOX mode could not be used and the PTT mode was
used instead. The radio units were generally carried in a shirt pocket and the PTT button
was often hard to locate.

Radios designed to counter these limitations should be procured.
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8.4.2 Plastic Tie Wraps

Wire was used initially to tie the plastic construction fence to the support ropes. The wire
was a source of at least one puncture wound incident. Plastic tie wraps were substituted and
we actually faster to use than ire. The tops of fence posts were also wrapped w 1t

to prevent personnel injury.

8.4.3 Alarm System

A site alarm system with audio and visual si als was put in place about midway through the
test. Visual signal (rotating beacon) was necessary because of the noise associated with
heavy equipment operation.

8.4.4 Decontamination

The sorting table was difficult to decontamir e as a result of welds that were not smooth,
and hinges. Designs for similar pieces in the future should consider eventual
decontamination.

8.4.5 Cold Weather

This project was rather fortunate in that the weather was fairly mild in the months of
December and January with few days eezing was a problem. However, future
projects cannot anticipate mild winters and protection against freezing should always be
considered. This project had relatively minn requirements for water. Hot water was used
with good success.

Hard-hat liners and hand warmers were used y field personnel during cold weather and
worked quite well. The investment in this gear helped to keep morale high.

8.4.6 Equipment Maintenance

The trackhoe bucket was decontaminated every time the trackhoe needed servicing and fuel.
This decontamination cost the project some time. Future projects should consider bagging
the bucket in lieu of decontaminating it.

Fueling and maintenance of equipment was rformed during the day shift. Occasion: vy,

this led to down time. Future projects shot  consider the use of fueling and maintenance
during lunch breaks or after hours.

84



DOE/R1L-95-34
Rev. 0

8.4.7 Onsite Construction Supervis

Excavation operations were performe y personnel from Kaiser Engineers Hanford
Company [EH). Part way through  project, a field supervisor from KEH was brought to
the work site, which improved performance because the supervisor acted as a single point of
contact for work being performed by ([EH.

8.4.8 Training Records

One of the test engineers had the task  verifying training for all personnel assigned to the
project in o1 r to ensure that no unti ed personnel entered the site. There were
approximately 60 individuals assigned  this project at various stages of the project. This
activity required approximately 4 hours/week and had the effect of diverting technical
expertise to a task that was essentiall  :rical. Clerical resources need to be allocated to
projects of this nature to handle train  records.

8.4.9 Drum Venting

Dustac was supplied in 55-gal drums a 50% solution. One of the feat es of Dustac is
that it is an organic material that slow  biodegrades upon application. However, the 50%
stock solution in the drums also unde :nt biodegradation with the effect of pressurizing the
drums. Reversible-vent steel plugs w : procured to automatically vent the drums. The
vents had a elastomeric insert that relieved pressures in excess of 0.5 Ib/in®.

8.4.10 Historical Data

The test plan was based on a combin: >n of written historical records, such as burial log
books written at the time waste material was added to the burial trenches; (e.g., 105-B Burial
Ground Log, which may be found in Appendix E of the 100-B Area Technical Baseline,
[WHC 1994)), and estimates of radi  :lide inventories based on extrapolations of historical
burial ground records (e.g., Miller and Wahlen 1987). During field operations, data
presented in the burial ground log (W T 1994) was roughly correlated to the GI data and
found to be a fairly good match. Suc a correlation of burial log data and GI data would
have been useful in determining the probable location of waste material and should have been
completed as part of the preparation  the test plan. Several aerial photographs taken in the
1950s were al found to be useful, | again, data in these photographs should have been
correlated as much as practical to tt I data maps.

Early in the field phase of the project, a concern was raised over the possibility that fuel rods
may have been buried in the burial ground, and that they could be pyrophoric. This concern
was derived from information foun a document stating that slug cans were buried in the
burial ground. An inference was drawn that the slug cans were buried with fuel insi

8-5
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During preparation of the test plan, project personnel were aware that slug cans could be
present, but were reasonably confident that { ;e slug cans were empty when buried because
there was no reference cumentation statin; 1el was ever buried. 1 fact, the document
referenced by the concerned individual was one of the documents used by the 118-B-

project personnel during the planning phase . 1~ project. None esc ce
documentation or personnel interviews could ever verify the existence of fuel in the burial
ground. However, this one concern had the ‘ect of delaying operations for about a month
until concerns were adequately addressed. Future projects should be aware of possible safety
concerns and they should be dealt with exper  usly. '

8.4.11 Geophysical Interpretation Maps

GI maps were useful for locating areas of ;  ntial buried waste. The GI maps are broad
interpretations of the underground enviro: . Because of the nature of the survey
(relatively wide spaced grid lines of 3 m [  ]) the data gathered were fairly broad in
nature. A more closely-spaced grid would  vi additional detail on the nature and volume
of the buried wastes. Many isolated anomalies were not plotted on the maps and many other
anomalies may have been undetected. For f 3 studies of a similar nature, review of the
actual data gathered over specific areas and the personnel that did the surveys is
strongly recommended before excavation in ific areas.




DOE/RL-95-34
Rev. 0

9.0 REFERENCES

Bergstrom, K.A., T.H. Mitchell, and A.L. Langstaff, 1993, Geophysical Investigation of the
118 B-1 Burial, 100 B/C Area, Hanford Site, Washington, WHC-SD-EN-TI-137,
Rev. 0, Westinghouse Hanford Company, Richland, Washington.

HI, 1995, ERC Waste Volume Register, BHI-00096, Rev. 01, Bechtel Hanford, Inc.,
Richland, Washington.

'OE, 1988, Radioactive Waste Management, DOE Order 5820.2A, U.S. Department of
Energy, Washington, D.C.

DOH, 1991, Environmental Radiation Program - 29th Annual Report, January through
December 1990, Department of Health, Division of Radiation Protection, Olympia,
Washington.

DOE-RL, 1992, Hanford Site Background: Part 1, Soil Background for Nonradioactive
Analytes, DOE/RL-92-24, Rev. 1, U.S. Department of Energy, Richland Operations
Office, Richland, Washington.

DOE-RL, 1994a, 100 Area Source Operable Unit Focused Feasibility Study Report,
DOE/RL-94-61, Draft A, U.S. Department of Energy, Richland, Washington.

DOE-RL, 1994b, 118-B-1 Excavation Treatability Test Plan, DOE/RL-94-43, Rev. 1, U.S.
Department of Energy, Richlan Operations Office, Richland, Washington.

DOE-RL, 1994c, 100 Area Excavation Treatability Study Report, DOE/RL-94-16, U.S.
Department of Energy, Richland Operations Office, Richland, Washington.

DOE-RL, 1995, Soil Washing Pilot Plant Treatability Test for the 100-DR-1 Operable Unit.
- DOE/RL-95-46, DRAFT, U.S. Department of Energy, Richland Operations Office,
Richland, Washington.

Dorian, J.J. and V.R. Richards, 1978, Radiological Characterization of the Retired
100 - Areas, UNI-946, United Nuclear Industries, Richland, Washington.

EPA, 1994, Toxicity Characteristic, Title 40, Code of Federal Regulations, Part 261.24,
U.S. Environmental Protection Agency, Washington, D.C.

Gerber, M. S., 1993, Summary of 100-B/C Reactor Operations and Resultant Wastes,
Hanford Site, Westinghouse Hanford Company, Richland, Washington.

Miller, R.L. and R.K. Wahlen, 1987, Estimates of Solid Waste Buried in 100 Area Burial
Grounds, WHC-EP-0087, Westinghouse Hanford Company, Richland, Washington.

9-1



DOE/RL-95-34
Rev. 0

PNL 1993, Hanford Site Environmental Report for Calendar Year 1992, PNL-8682, Pacific
Northwest Laboratory, Richland, Washington.

Valentich, D.J., 1993, Full-Scale Retrieval of Simulated Buried Transuranic Waste,
EGG-WTD-10895, Caterpillar, Inc., Defense Federal Products, Peoria, Illinois, and
Martin Marietta, Aero and Naval Systems, Baltimore, Maryland.

WHC, 1993, Hanford Site Solid Waste Acceptance Criteria, WHC-EP-0063-4, Westingt  1se
Hanford Company, Richland Washington.

WHC, 1994, 100-B Area Technical Baseline Report, Westinghouse Hanford Company,
Richland, Washington.




DOE/RL-95-34
Rev. 0

APPENDIX A

FIELD O. 'RATIONS STRUCTURE



DOE [-95-34
Rev. 0




DOE/RL-95-34
Rev. O
APPENDIX A

FIELD OPERATIONS STRUCTURE

A1.0 INTRODUCTION

Appendix A discusses field operations | general terms. Though not strictly part of the
objectives of the test, the description of the field operations presents information about how
the test was conducted, specific logistical problems that were encountered, and how these

problems were solved. This informati . should be useful in planning and conducting similar
operations in the future.

Al.1 WORK STRUCTURE

Al.1.1 Field Team Members
The field team consisted of a diverse 1 x of disciplines. An organizational chart is shown in
Figure A-1. Table A-1 provides a rief list of the types of personnel involved in the project.
The technical team consisted of engineers and scientists who ensured that the data qu: ty
objectives for the test were achieved. he technical team kept written logs, photographic
records, and video tapes of the excavation, screening, and handling operations.
Field operations personnel consisted of the construction forces (such as equipment operators,
teamsters, and laborers) necessary to carry out the excavation work.. Plant forces D&D
decommissioning (D&D workers) con cted the manual sorting operations.
Support personnel included health physics technicians and field screening technicians (for
nonradioactive airborne contaminants such as lead dust, organic and mercury vapors).
Al.1.2 Special Training
All team members working in the EZ were required to have the following training:

e  40-Hour Hazardous Waste Worker/8-Hour Annual Refre er (as applicable)

e  24-Hour Supervised On-the-Job Training Experience Component (or in progress)

e  Radiation Worker II Traini

e  Mask fit -
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SKA-PAK!, (required if Level B supplied-air became necessary)
Hearing Conservation Training |

Hazardous Waste Worker Medical E: 1ination

Whole Body Count

Prejob Briefing on Site-Specific Health and Safety Plan

Lead and Cadmium Training (until it s proven unnecessary through personnel
monitoring). '

ISKA-PAK is a tradename of Scott Aviation, Figgie International Co.

A-2
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Table A-2. PPE Requirements >r Work in the Hazardous Waste Operations.

Location Job Function/Task Initial Level of Protec-
tion

Exclusion zones Excavation D/C

So1 g table D/C

Glc  bag activities D/C*

Misting D/C*
Contamination reduction Decontamination D/C*
zone
Support zone Su ot activities Hard hat and safety

glasses
. rel D - Radiological

® Anti-Cs
® Canvas and rubber shoe covers over steel-toed boots
® Hard hat over canvas hood
® Outer canvas, leather, or chen | resistant gloves over surgical gloves
® Safety glasses
® Hearing protection®
® Snlash Protection if there is a possibility of wetting anti-Cs.

L« | D - Nonradiological
® Coveralls or company-provided clothing
® Steel-toed boots
® Hard hat
® [ eather gloves
® Safety glasses
® Hearing protection®

Level C and Level D Full-face ai1 urifying respirators with HEPA and/or organic vapor
cartridges. .

*Use of Level C respiratory prot¢c  >n determined by the Health and Safety Officer and
or Health Physics and based on chemical and/or radiological exposure potential.
(Respiratory protection was never required during this treatability test).

®Hearing protection required when and where excavators are operating. Precise locations
will be determined by Site Safety fficer and/or Field Superintendent.
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A2.2 CHEMICAL SCREENING

X-Ray Fluorescence (XRF). Portable X-Met 880° analyzer with double-element
probe. The double-element probe held two radioactive sources, *'Am and **Cm.

Organic Vapor Monitor (OV) . Thermo Environmental OVM-580\B with a
10.6 eV lamp.

Combustible Gas Monitor. TMX-410° Multi-Gas Analyzer.

Mercury Vapor Monitor. Jer 1e Mercury Vapor Analyzer 431-X.

A2.3 SEGREGATION AND SORTING

Three-sided bin: Fabricated onsite.

Grizzly ~15.2 cm (6 in.): Fabricated onsite.

Sorting table: Fabricated onsite.

Shelter: Poly-steel’ quo « style portable work shelter with reinforced fabric cover.

Rotating Disc Screen. Allu S 3-220% 2.25 yd? capacity with elliptical discs and
mounted on a Trojan 4000 E rubber-tired, front-end loader.

Backhoe: Case 780B° with 1.5 yd® bucket.

REFERENCE

BHI, 1994, Site-Specific Health and Safety Plan 118-B-1 Burial Ground Excavation

Treatability Test, BHI-JV-C  Rev. 1, Bechtel Hanford Inc., Richland, Washington.

SPortable X-Met is a tradename of Outokumpu Electronics, Inc.

STMX-410 Multi-Gas Analyzer is a tradename of Industrial Scientific Corporation.
"Poly-steel is a tradename of Poly Steel Shelters, Inc.

*Allu SM3-220 is a tradename of leachip, Inc.

Case 780B is a tradename of 1. Case Company.
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APPENDIX C

RAI ATION SCREENING

Appendix C provides detailed information about the radiation screening measureme 3 and
includes a description of the radiation tectors and their calibration. Additional sections
present information on computer mode 1g of exposure rates (Section C3.0), radio telemetry
of gamma-ray measurements (C4.0), scanning of waste in barrels (C5.0), and transuranic
waste (C6.0).

C1.0 EQUIPMENT

C1.1 SURVEY METERS

Radiation survey instruments measured the exposure rate from waste as it was excavated
from the burial site. The measured exposure rates established radiation safety for personnel,
and provided a preliminary assessment of the waste for comparison to Category 3 limits. A -
high-range gamma-ray meter perform the first measurement of the exposure rate when the
waste, still located in the bucket of the excavating trackhoe, was positioned near a detector
located on a boom. A 20-m cable connected the detector to its remote readout. T  detector
was wrapped in foam rubber for protection against mechanical shock then wrapped in plastic
for protection against contamination. This instrument provided warning of exposure rates in
excess of 1 R/h. For these measurements the waste in the bucket of the trackhoe was
approximately 1 m from the detector. Table C-1 provides specifications of the equipment
(Eberline RO-7) used for this high-range measurement. In retrospect, an instrument with
greater sensitivity (down to at least 1 mR/h) would have been desirable because the distance
from the source to the detector and the shielding from soil in the bucket greatly reduced the
exposure rate at the measurement location, even for "hot" items.

C-1
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C1.2 NEUTRON DETECTORS

During initial excavation, a neutron survey meter (Snoopy) was used to measure possible
exposure rates from neutrons. Table C-1 provides information on this detector. The neutron
detector was located on a boom near the high-range gamma-ray detector. However, no
detectable neutron-induced count rate was encountered. In addition, the long time-constant in
the instrument when measuring low neutron fluxes significantly slowed the excavation
process. Use of the instrument was discontinued when it was determined to be unnecessary
for safety monitoring. In addition, the instrument did not have the re lired sensitivity to
detect neutron-emitting TRU waste at the ERDF limit of 100 nCi/g.

A much larger neutron detector was also tested; it contained eight large tubes filled with *He
gas. Each tube had a diameter of 15 cm (6 in.) and a length of 1.8 m (6 ft). The fill
pressure of *He gas was 1.5 atm. The Jividual tubes were arranged in two rows, each
with four tubes, as shown in Figure C-1. The approximate external dimensions of the
assembly were 0.3 m by 0.9 m by 2.2 m, including internal neutron-moderating material

i 1 electronics. Signals from the detectors provided the total count rate from all detectors as
well as the coincidence rate for counts in any two detectors.

Figure C-1. Large Ne ron Detector with Eight *He Tubes.
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C1.3 HIGH-PURITY GERMANIUM DE7 CTOR FOR GAMMA-RAY
SPECTROMETRY

A HPGe detector measured the gamma-ray spectrum from selected excavated items and
contaminated soil. The energy of the detected gamma rays allowed identification of specific
radionuclides. The main contaminants encountered during excavation were **’Cs
(662-keV-energy gamma ray) and ®Co (1,173 and 1,332 keV). A cylindrical tungsten shield
(3.2-cm wall thickness) around the HPGe detector provided collimation for the
downward-looking detector (illustrated in Figure C-2). Table C-2 provides detector
specifications.

Figure C-2. High-Purity Germanium )Jetector for Gamma-Ray Spectrometry.
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Table C-2. HPGe Detector Specifications.

Relative efficiency (at 1.33 MeV): 20%

Resolution (at 1.33 MeV): 2.2 keV

Configuration: Downward looking

Detector: P-type

Pre-amp type: Transistor reset

Manufacturer: EG&G Ortec’

Model: 1D12-25200-S (S.N. 21-P-682A)

Collimator: Tungsten (cylinder with 3.2-cm wall thickness and 15-cm height)

Electronic support instrumentation used with e HPGe detector included a spectroscopy
amplifier, high-voltage supply, mulitichannel analyzer, and computer. Figure C-3 shows a
block diagram of the electronic support instrumentation and the beta detection system. The
software used to process spectral data in the computer was GammaVision*. The energy

*EG&G Ortec is a tradename of EG&G Ortec, Inc.

“GammaVision is a tradename of EG&G Ortec, Inc.

C-4
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spectrum (0 to 3 MeV) was stored in 8,192 channels, with zero and gain stabilization to
maintain a fixed channel-to-energy conversion. A small Th source permanently mounted
adjacent to the detector provided refere e gamma rays at 238 keV and 2,615 keV for zero
and gain stabilization. A larger, removable Th source was placed near the detector to check
daily that the system was consistently working. Counts in the 2,615-keV peak from this
source provided data for the daily performance check.

Figure C-3. Electronics for High-Purity Germanium and Beta Detectors.
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C1.4 BETA SPECTROMETER

A beta spectrometer recorded the spectrum of selected waste items that were excavated. The
beta detector was a thin plastic scintillator connected to a photomultiplier tube. Table C-3
provides specifications for the beta detector and Figure C-3 showed its supporting electronics
along with those for the HPGe detect ~ Spectra were recorded in 1,024 channel spectra,
spanning approximately the energy rz & 0 to 3 MeV. This range was sufficient for the
highest expected beta energy (2.28 MeV from *Y). The detector had some sensitivity to
gamma rays, that mostly appeared as counts at low energy in the spectra.

C-5
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extended-volume sample. This calibration geometry would be suitable for measurements
made above excavated soil. The secc | geometry for calibration was that of "point-size”
sources. This geometry was used for calculating activities from small objects excavated from
the burial ground.

Calibration facilities for the extended lume geometry are available at the Hanford Site as
concrete pads containing known, enhi ed amounts of potassium, uranium, (radium), and
thorium (Steele and George 1986). These pad models were constructed at the DOE facility
in Grand Junction, Colorado. Thes  ds were originally installed at a calibration site near
Spokane, Washington. Now the pa  re located near the 200 Area at the Hanford Site,
along with calibration models for b »dle logging tools (Stromswold 1994). The pads have
diameters of 1.1 m (3.6 ft) and a thickness of 0.6 m (1.96 ft). Table C-5 provides the
concentrations for the pads.

Table C-5. Hanford Spectral Gamma-Ray Surface Pads.

Concentration (Bq/kg) Dry Partial
Bulk Density
Model " Density | H,0
6 2
K “Ra “Th @em) | (glem?)
SPK 1,910 £+ 50 21 + 29 04 +2 1.90 0.123
(potassium)
SPL (low U) 591 + 38 3,470 + 570 22+ 4 1.89 0.157
SPH (high U) 551 + 55 13,800 + 1,700 21+ 4 1.89 0.145
SPT (thorium) 535 + 38 247 + 118 1,140 + 30 1.89 0.136
SPB (barren) 0+4 .0+ 11 0+ 11 - --
Uncertainties are 95% confidence intervals.

Although the pads contain different ra onuclides from those encountered from objects and
soil excavated from the burial ground, the gamma rays emitted from the pads provide a
means for determining the HPGe detector’s energy-dependent counting efficiency over a
broad range of gamma-ray energies (0.2 to 2.6 MeV). The detector’s efficiency is calculated
by dividing the observed count rate (counts per second [cps]) in a gamma-ray peak at energy
E by the number of gamma rays at tt  energy emitted per second per gram (gammas/s/g) of
calibration pad. Figure C-4 shows the detector’s efficiency based on data collected with the
collimator of the HPGe detector sit 1g on the center of the pads. The figure shows that the
plotted points fall slightly off a str: ht line in log-log coordinates. Apparently the
concentrations of the pads are slightly in error or radon fluctuations are occurring in the
pads. However, the differences are s all enough to allow an acceptable calibration.



DOE/T -95-34
Re 0

Figure C-4. HPGe Detector Efficiency from Data Collected
on Hanfor Site ' bration Pads.
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Once the efficiency is known, the calibration can be applied to other gamma rays, such as

those from ®Co and **’Cs, to calculate a concentration, C, for radionuclide "x," using the
following relationship:

C« (Ba/g) = A,/ [Eff(E) N,]

where A, is the detected gamma-ray count:  in the peak at energy E for radionuclide "x,"
ff(E) is the detector’s efficiency (c/s/gam:  /g), and N, is the number of gamma rays of
energy E emitted per nuclear decay of radic :lide "x."

Because 1 decay/s (1 Bq) is equal to 27.0 pCi, the concentration can also be written in terms
of pCi per gram:

C, (pCilg) = 27.0 A,/ [Eff(E) N,J.

The number of gamma rays emitted per decay, N,, is readily determined once the
gamma-emitting radionuclide is known. Te : C-6 shows gamma-ray energies of interest and
their values of N,. The high-resc 1tion det or makes it easy to identify specific
radionuclides in most cases because it allows gamma-ray peaks to be identified at
characteristic energies. For example, dete ng a 0.662-MeV gamma ray indicates the

C-8
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presence of *’Cs, which emits this ga1 na ray in 85% of its decays; hence N, = 0.85. For
additional details on this procedure of analyzing data, see Koizumi et al. (1994).

Table C-6. Gamma-Ray Energies and Number of
Gamma Rays p Decay, N,, for Radionuclides.

Nuclide Energy (MeV) Gamma Rays per Decay (N,)
WK 1.461 0.1070
281 (via BmPa) 1.001 0.0083
U 0.186 0.54
22Th (via 2°T1) 0.583 0.310
22Th (via 2°TI) 2.614 0.360
%Co 1.173; 1.332 | 1.00
108mA g 0.434 0.90
BCs 0.662 0.846
152y 0.344 0.270
By 0.123 0.405
4Eu 1.275 0.355
ZNp (via®**Pa) 0.312 0.337
2Py 0.129 0.620 x 10*
Z%Pu 0.414 0.151 x 10*
240py - 0.104 0.70 x 10*
240py 0.160 0.42 x 10°
2 Am 0.060 0.363

NOTE: Moss (1986) for 2*"Pa; Erdtmann and Soyka (1979) for other nuclides.

When the detector collected data from soil and rocks excavated from the burial site, it was
not placed in contact with that material to avoid possible contamination of the detector.
Instead, the detector’s collimator was :pt about 25 cm (9.85 in.) above the soil and a
correction was applied based on experiments done by raising the detector above the
calibration pads. When the detector was raised off the pads, it began to "see" off the edge
of the pads. At 25 cm (9.85 in.) above the pads, the count rate dropped to about 90% of

what it was on the pads. The san =ct happens when the detector is raised above a
sample of soil (that has about the physical size as the pads). The concentrations of
radionuclides using the pads calib gives units of Bq/g or pCi/g. Conversion to Bg/m’
or pCi/m* (volumetric concentrati ; specified in Category 3 limits) is accomplished by

multiplying by the density, which cen as 2 g/cm® for both the calibration pads and the
excavated soil and rocks.
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(from ®Tc and *Sr/*Y, respectively) th distinctly different end-point energies. The shapes
of the calibration spectra served as a reference for field spectra when the identity of beta

emitters was being established.
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Table C-8. Beta End-Point Energies.

Nu( de Energy (MeV)
“K 1.33
¢ o 0.32
‘ 0.55
¢ 2.28
* 0.29
Eos 0.51
BEy - 0.69, 0.49
13Eu 0.58

C-11




Figure C-5. Beta Spectrum from *Tc with an End-Point Energy of 0.29 MeV.
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Figure C-6. Beta Spectrum from ¢
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/%Y with an End-Point Energy of 2.28 MeV (%Y).
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C2.4 ALPHA DETECTOR

Alpha-particle-emitting sources that were flat disks provided references for calibrating the
SAIC AP-2 alpha spectrometer. The calibration data (Table C-9), as well as field data, were
collected with a short (approximately 1 mm) o mating grid (provided by the instrument’s
manufacturer) and attached to the front of the detector. This helped to maintain a fixed
source-to-detector distance and limit high-angle, incident alphas. The sources for calibration
were 2°Th (4.7 MeV : sha energy; 6,600 a as/min; PNL source W01125-1, disk [10 is
located in the 329 Building] and %°Pu (5.21 V alpha energy; 5,033 dpm; PNL source
5000-6 [located in the 329 Building]). Tests with these sources showed that alpha counts and
detected energy were extremely sensitive to e source-to-detector distance. Lifting the
detector even 1 mm above the source greatly affected the results. This is understandable,
provided the short penetration range of alph  hrough air. These results indicated that
getting quantitative measurements from irre i shaped objects extracted from the burial
ground (soil, rock, and curved or rusted m¢e  would be impossible. Only in the case of a
flat, smooth surface would the alphas from a field source be expected to produce a spectrum
similar to that of the ideal configuration of the reference sources. Qualitatively, however,
the instrument was used in the gross scanni mode and to search for high-energy alphas that
could be indicative of 2°Pu. Reluctance to touch  jects for fear of contaminating the
instrument limited its usefulness in measuri  alpha energy. The spectrometer did find use
in radon counting of airborne samples drawn through an air sampler and collected on filter
paper. This supported site safety measurements.

Table C-9.. Alpha spectrometer calibration data.

S Soupee L " Energy Window 17 ‘Counts per Minute

20Ty, z o 8
Radon 3

All (2.2 to 9.9 MeV) : 194
239Pu ZBBU 1

Radon 96

All (2.2 to 9.9 MeV) 106

Background By 0
Radon 0

All (2.2 to 9.9 MeV) 0

C-14
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C3.0 COMPUTER SIMULATIONS OF EXPOSURE RATES

Historical records listed many of the objects at were placed into the burial ground. ased

on these records, process information for th :actors whose components were placed into

the burial ground, and borehole sampling, € nates were available (Miller and Wahlen 1987) )
for the waste volume and radionuclide inventory for the 118-B-1 Burial Ground. These data

allowed estimation of the concentration (Ci/1 ) of each nuclide for each of the anticipated

waste types (Table C-10). These data, along with object size and composition, served as

input to a computer program that calculated : composite exposure rate from the nuclides in

individual types of waste.

The calculations did not account for variatic  in present exposure rate due to uncertainties
as to when an item was placed in the burial und (which was used for about 30 years).
Rather, average exposure rates, based on to  activity decayed to 1994, were calculated.
Similar objects buried early and late in the « rating period could exhibit significantly
different dose rates because the radionuclides on the older objects would have had longer to
decay periods. In addition, individual items ould exhibit different initial exposure rates as
a result of having been irradiated in the reac - for lengths of time that differed from the
assumed average, and because the objects were irradiated at different locations within the
reactor core and consequently exposed to vai us neutron fluxes.

The program used to calculate the exposure  es was MicroShield®>. This program provided
a means for easily calculating the gamma-ray exposure rate for various simple geometries
while including the effects of shielding and buildup. Errors in the historical records would
naturally produce errors in the calculated ex sure rates. However, the records did provide
a starting place for the calculations. Adjust nts based on field experiences could be made
if necessary. '

C3.1 EXPOSURE RATE CALCULATIONS

Table C-11 shows the computer-calculated ¢ osure rates for some of the waste items for the

burial site. The exposure rates generally ap ' to a group of items, rather than to a single

item. For example, aluminum spacers (per! are the first item in the table. These spacers

are tubes with an outside diameter of 3.6 ¢cm (1.4 in.) and a wall thickness of 0.6 cm

(0.25 in.). These spacers once filled the pc on of the fuel-containing process tubes in a

reactor where the tubes passed through the 1 logical shield. For the computer calculation,

the spacers were assumed to fill a 61-cm by 61-cm by 34-cm (2-ft by 2-ft by 1.125-ft) box in .
the burial ground, resulting in 50% void space in the box. The calculated exposure rate at

the top center of the box was 0.19 mR/h, as shown in the table. Exposure rates for groups

of items were calculated because it was assumed that they were buried in groups and would ’
be encountered that way during excavation. Actual excavation has shown that few of the

SMicroS! :1d is a tradename of Grove Engineering, Inc.
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expected items have been found, and  se items were not generally grouped together. The
expected items that were encountered re typically mixed with large quantities of soil,
which apparently mixed with the waste items when they were covered. At no time was
waste found without intermingled soil.

Table C-11. Calculated Exposure Rates for Waste Items.

. Bulk Void . Contact Exposure
bWaste Item Size (volume %) Contact Point Rate (mR/h)
" Aluminum 2 by 2 by 1.125 ft 50 Top center 0.19

spacers

Palladium/ Sphere 50 Sphere surface 34

cadmium poison 2 ft diameter

pieces

Aluminum/ Sphere 30 Sphere surface 136

boron splines 5.37 ft diameter

Graphite 2by2by l.125 ft 30 Top center 37.1

(broaching)

Aluminum 2 ft diameter by 3 ft 50 Side center 6,400

process tubes cyln.

Lead brick 2 by 4 by 8 in. 0 Top center 171

Lead sheet 2 ft diameter by 3 ft 40 Side center 8
cyln. |

Soft waste 2by 2 by 1.125 ft 60 side center 234

Lead/cadmium poison pieces and alm  um/boron splines are additional examples of items
whose assumed bulk geometry for ca  lating exposure rates was significantly different from
that of the individual items. The leac 1dmium poison pieces were 1.4-in.-diameter by
6-in.-long rods encased in aluminum  plug the ends of fuel-containing process tubes in
reactors. The aluminum/boron splines were 30-ft-long strips of metal that were 0.5 in. wide
and 1/16 in. thick. These splines were inserted into the reactor to control reactivity. The
splines were stored (and presumably discarded) rolled-up in flat plastic containers
approximately 20.32 cm (8 in.) in diameter. Calculations of exposure rates for both the
poison pieces and splines were perfor1 d assuming a spherical collection of these items, as
shown in Table C-11.

Computer calculations also estimated : exposure rate from some of the expected items as

single objects, rather than groupings « similar items. Table C-12 shows these calculated
exposure rates.
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Table C-12. Calculated exposure rates from single waste items.

. I
Waste Item Size Measurement Distance Exposure Rate
, (cm) L (mR/h)
I 1
Aluminum spacer 1.4-in.-diameter by 6-in. 30 0.0004
("perf”) (0.25-in. wall) I
Aluminum process 1.75-in.-diameter by 3-ft I 30 26
tube (0.125-in. wall)
Lead/cadmium poison 1.4-in.-diameter by 6-in. 30 0.5
Aluminum/boron 8.5-in.-diameter by 0.5-in. 30 0.5
spline (coiled) (3.75-in. hole)

Additional calculations with the MicroShield ‘ogram estimated the sensitivity (cpm/pCi/g) of
the HPGe detector for some of the anticipat¢ waste items. For these calculations an
individual waste item, rather than a groupiny; f that item, was used. The calculation
included the effects of the tungsten collimati  shield around the HPGe detector. The
conversion from photon flux at g detector to cc 1t rate used data from H¢ ‘er and

Miller (1989). Table C-13 shows results of sensitivity calculation. The calculated
sensitivities are in the range 0.1 to 1 cpm/p For any of these gamma-ray-emitting waste
items, determination of radionuclide concen  )n near Category 3 limits (Table C-14)
should be simple because those limits are hi i rather than pCi).
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Table C-13. Calculated Sensitivity of High-Purity Germanium Detector for Selected
Waste Items.

Item Size I:i)st:;c.e Nuclide I‘iﬁ:%y (CS;:;I:(‘;:Z )
Aluminum spacer 1.4 by 6 in. 17.78 cm “Co 1,173 0.279
(7 in) “Co 1,332 0.249
Lead/cadmium poison 1.4 by 6 in. 17.78 cm “Co 1,173 0.986
piece (7in) “Co 1,332 0.926
108mA o 434 0.889
08mp 614 1.013
13Ba 303 0.133
13Ba 356 0.527
Aluminum/boron 8.5 in. dias er by 0.5 in. 15.24 cm 37Cs 662 1.830
spline thick c: (6) in. 2y 344 0.974
S2En 964 0.210
152Ey 1112 0.173
I4Ey 873 0.182
%Eu 996 0.145
“Eu 1,005 0.250
14Ey 1274 0.399
Aluminum process 2 in. diameter 27.4 cm “Co 1,173 0.218
tube >20 in. (10.8 in.) 9Co 1332 0.194
9Cs 662 0.329
152Ey 344 0.176
152y 964 0.038
152Ey 1112 0.031
3By 873 0.033
Eu 996 0.026
1%Eu 1,005 0.045
MEy 1,274 0.072
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C6.0 TRANSURANIC WASTE

C6.1 NEUTRON DETECTION

Although historical records for the 118-B-1 Burial Ground indicated that no TRU waste was
placed in that site, tests were perform to evaluate the detectability of TRU. Radiation
from TRU is typically emitted as alpha particles. The short range of travel for alpha
particles makes their detection in field applications very difficult. Interactions of the alphas
within the source material, however, can produce neutrons that have longer travel distances.
Consequently, neutron detection was tested at the excavation site. Because a primary goal of
the field test was to evaluate conventi 1l radiation survey instruments for application to
waste category determination, a porta  neutron detector was tested first. This detector was
a "Snoopy" manufactured by Nuclear ‘:search Corporation. It has been a traditional
detector used at the Hanford Site for  1th physics measurements involving neutrons. The
Snoopy has a gas-filled (BF,) detector be surrounded by a cylindrical hydrogenous
moderator to slow down neutrons.

The neutron survey meter was used at the start of the project to test for the presence of
neutron-emitting radionuclides. The neutron detector was suspended from a boom, along
with a gamma-ray meter, where the trackhoe could hold the excavated material for
exposure-rate measurement. No neutrons were ever detected, and the use of the neutron
meter was discontinued when it was deemed unnecessary for safety monitoring. The poor
efficiency of the detector at low-neutron flux required long counting times (about 90 seconds)
that slowed the excavation process for no apparent benefit. Furthermore, calculations
showed that the detector did not have the sensitivity to detect TRU at the 100 nCi/g limit
generally applicable for ERDF.

A much larger neutron detector containing an array of eight neutron tubes was tested near the
end of the project. It presented a cross-sectional area of 0.6 m by 2.2 m (3 ft by 6 ft).
Figure C-1 previously showed this detector that was sensitive to thermal neutrons. Output
data from the detector consisted of two counts: the sum of counts in all eight tubes, and the
coincidence count rate for neutrons detected simultaneously in any two of the tubes.
Coincidence counts can be indicative of fission of TRU, which typically emits more than one
neutron. The background count rate zasured at the site was about 320 counts per 10
seconds for the sum output and O counts per 10 seconds for coincidence. The front-end
loader brought samples containing mixtures of soil and metal objects excavated from the
trench to the side of the neutron detector. During these tests, the soil was damp, thus
providing thermalization of any neutt s. No statistically significant increase above
background was observed for eit ‘'t sum or coincidence counts. Such results supports
historical records that indicated that no TRU should be in the 118-B-1 Site.
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C6.2 GAMMA-RAYS DETECTION

Gamma rays are also emitted by ?°Pu, although e average number per decay is very small.
For example, a 414-keV gamma ray is emitted at the rate of 0.151 X 10* gamma rays per
decay of ?°Pu. Table C-6 shows this value along with gamma rays from other radionuclides.
Although the gamma-ray emission rate is ve low, it is possible to detect Z°Pu using a
HPGe detector, provided the concentration of ZPu is high enough and the background from
other gamma-ray-emitting radionuclides (su as '*’Cs) is low enough. For plutonium in the
100 Area, including the 118-B-1 burial site that served the reactors, fission products that emit
large quantities of gamma rays would be present with the plutonium. These gamma rays
would preclude direct measurement of the It intensity gamma ray of plutonium. Only after
the plutonium is separated from its fission f lucts (that did not occur in the 100 Area)
would there be the possibility of detecting plutonium directly from its gamma rays.

C6.3 FISSION-PRODUCT DETECTION

Fission products can also serve as a measure of TRU waste if the ratio of these products to
that of TRU is known. Such knowledge can be possible for sites such as the 118-B-1 Burial
Ground where the origin of the waste and the processes that generated it are establi ed. For
example, a fuel element that has passed thr¢ :h a Hanford Site reactor and (unaccountably)
ended ' in a waste site would have predict le ratios of radionuclides. At least some of
these nuclides emit gamma rays that could be detected. Cesium-137 is an important fission
product that is detectable by gamma-ray spectrometry. Similarly, TRU is likely to occur
along with ! Am, that can be detected from its 60-keV gamma ray (see Table C-6).

Table C-17 lists the approximate activities « radionuclides associated with burned fuel from
the Hanford Site after a 40-year decay. The data in the table came from the ORIGEN2
computer code for fuel burned to produce we:  s-grade plutonium for the Hanford Site.
Table C-17 contains information for fission p: cts, actinides (U, Pu, Am, Pa) and
activation products in the fuel and its cladding.

Table C-17 shows that a burned Hanford S  fuel element encountered during excavation
would have a large amount of '*’Cs, whic emits readily detectable 662-keV gamma rays.
The '*'Cs signal could therefore serve as the first warning of a possible fuel element.
However, measurement of the actual amou of TRU would require an additional
measurement, such as neutron output, to establish that the *’Cs did not exist as an isolated
radionuclide.
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Table C-17. Selected Radionu s in Burned Hanford Site Fuel After 40-Year Decay.

Nuclide Activity Relativ_e A'bundance
(Ci/kgU) ((Ci/Ci *’Pu)
#py 7.34 x 107 1.5
Py 4.89 x 102 1
20py 1.04 x 107 0.21
Bipy 2.0x10° 0.04
%Am 1.38 x 10 0.28
By 3.5x 10* 0.007
By 3.3 x 10* 0.007
By 1.4 x 10° 0.0003
Bémpy 3.3x10* 0.007
1¥1Cs 9.7 x 10" 20
2sr, TY 8.1 x 10" 17
327Ey 8.4 x 10°¢ 0.0002
gy | 6.0 x 10* 0.01
15Eu 2.4 x 10 0.005
- ®Tc 3.4 x 104 0.007
*H 8.27 x 10° 0.17
SNi 1.69 x 107 0.03
C 1.2 x 10* 0.002
*Ni 1.8 x 10° 0.0004
%Co 1.6 x 10° 0.0003
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APPENDIX D

COST AND 'HEDULE INFORMATION

This appendix provides a compilation  production and cost data for the treatability test.
Table D-1 provides the production rates for the excavation operation and shows an
acceleration of excavation activities as the test progressed.

The treatability test had three distinct iases: preoperation (planning and site preparation);
operation (when the test was actually conducted); and postoperation (site restoration,
demobilization, etc.). Table D-2 prov es a summary of costs for each phase of the
treatability test. The costs are br en down into fixed costs (for preoperation and post
operation phases) and operating costs.

The operating costs were fairly constz over the life of the project, so the daily operating
costs are simply the total cost divided y the number of days of the production phase (106
days from August 31, 1994 to Jar ary 31, 1995, excluding weekends and holidays). The
percentage contribution of each cost element to the total operating cost is also shown in the
table. The overall cost for excavation (including stabilization and interface layers and
contaminated waste material together) averaged $85/yd’® ($1,213,105/14,242 yd?® of stabiliza-
tion, interface and waste). The cost1 =xcavate a particular type of material can be
calculated by multiplying the appropriate daily cost in Table D-2 by the number of days of
interest in Table D-1 (For example, in Pit 3, 9 days were required to excavate 474 yd® of
waste. At $11,444/day, the total cost ) excavate waste from Pit 3 is about $103,000 or
about $217/yd®).

Table D-3 provides a breakdown of costs for each month. The costs for October through
August (FY 1994) are for the preoperation phase. The costs for September (FY 1994)
through January (1995) are for the operation phase. Costs incurred in February 1995 are for
the postoperation phase. A schedule of activities is provided in Figure D-1.
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Table D-3. Cost Breakdown for Each Month. (3 sheets)
FY 1994 FY 1995
Cost Description

Element Oct-Aug Sep Oct Nov Dec Jan Feb Total
Hours 1,926 1,765 1,700 1,627 1,582 1,009 971 0,580
Staff 0 9 10.4 11.2 10.9 6 6.7 54.2
g‘;“sa“ds 360.6 | 580.1 226 410 311 234 302.1 [2,423.8
GACSP 32.9 0.4 -- -- -- 33.3
Total
Thousands 393.5 580.5 226 410 311 234 302.1 2,457
8))
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Figure D-1. Project Schedule. (5 sheets)
Activity Activity arly Ba.., ,_rgl.....[Pet FYL. FYa5
D description start finish | Dur | Dur [Cmp FIMTATMIJTJTATSTOTNIDTJTFM
122 044 s34 p 2 g0 0y kL AR IR RIORAIENDER IR NDAILILYP AN NILIRY
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q.02 Internal Review TJUNSZATISJUNTGIAT 11 O] 100 B

403 Document Revision JUNDAATO7JULB4A | 171 0 100 -3

104 DOE Review BJULY4A {Z9JULB4A 10 O] 100 B

I05 Res ng UZAUGY3A|03AT ... ... 2| O] 100 |

406 Official Response to Comments U3AUGUAATTOAUGH4A 6 O} 100 | |

407 Issue Procedures U3AUGYAATZAAUGE4A] 161 O 10 [ ]

L

ENGINEERING

Design/Build Sorting System

510 Design System JUNGZATZJULYAA | 32] O] 100 .

5720 BUId Sotting Table JUT9A [U7SEPY9AA| 37| O 100 ]

53001 Procure Disc Screen 0ZMAYS4A[TOOCTY4A| 109 g1 100 I

FY94_ | FY

Propct Stan 29N0V9) T T T Eedy Bar 1128 Sheat 201
Propet Fanish 030CT9S | Progress Bar ERC RICHLAND ate Revison eJ[Kporoved.
o o | et 118-B-1 EXCAVATION TREATABILITY
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Figure D-1. Project Schedule. (5 sheets)
Activity Activity Early Earl, Org[..-..)]. -- A FY95
ID description start finish | Dur | Dur (Cmp FIMT AT JTITATSJOTNTDTJITFM
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1 . s —
P..... .. MARYZAT. AT U7 100
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gz Thterim Waste Storage Area Z6APRY4K [T5AUGYAA[ B3[ O[ 100 S

803 Plastic Ferice (NETS]) 26APRYAA[2BJUNSAA 46| U] 100 I

BU5 General Supplies Z6APRY4A (30AUGYAA] 91 0] 100 ]

EXCAVATION

Conduct of Operations Pian/RR

Conduct ot Operations Plan/RR UBRUGYZA3UAUGY4A] 16 O] 100 [ ]
Mobilization
FY94 [ F

Fromet Start 29t0vS3 - -= iEarly Bar 1188 Sheet 4 of 5 Llﬂ
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