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0 INTRODUCTION

1.1 PURPOSE

The preferred alternative in the proposed plan for the 1301-N and 1325-N Crnibs/Trenches
(currently undergoing regulatory review) requires the removal and disposal of contaminated
material at " : T wvin ntal Restoration Disposal Facility (ERDF) (DOE-RL 1997). Various
methods are availabl sxcavation, transportation, and disposal of e material at E1 ~ F. This
study will evaluate the issues associated with the various methods, focusing on radiation
exposure and safety hazards. Furthe e, the study will develop and compare options to

e ntthe preferred altern:  re.

1.2 OBJEC IV 3§

The specific objectives for this study are as follows:

. Evaluate methods to excavate, transp. . ., and dispose of 100-N Crib/Trench waste
. Develop : nediation options based on combinations of the various methods

. Perform a dose and cost evaluation for each option

. Identify a preferred option.

1.3 REPORT STRUCTURE

This report is divided into seven main sections. Sections 1.0 and 2.0 provide the scope,
objectives, and background information. Section 3.0 presents criteria to evaluate remediation
options. Section 4.0 presents the basis to develop remediation options. Section 5.0 presents
radiation dose evaluation and cost estimate results for each option. Section 6.0 presents issues
that may need to be addressed during remedial design. Section 7.0 presents conclusions and
recommendations.

Subsequent to the publication of revision 0 of this engineering study, additional characterization
of the 1301-N and 1325-N Cribs and Trenches was conducted as recommended in Chapter 6.0.
The results of that characterization are reported in the Data Summary Report for 116-N-1 and
116-N-3 Facility Sampling to Support .. medial Action Design (BHI 1999). The 1998 data
supersede the data presented in Appendix A. Remediation volumes presented in Appendix B are
superseded by volumes presented in Appendix E, Attachment 2, and dose modeling in Appendix
C has been replaced by the estimates in Appendix E, Attachment 1. The characterization results
indicated that the remediation options presented in Section 4.4 and discussion and conclusions
presented in Sections 5.0, 6.0 and 7.0 are no longer applicable and that a new option needs to be
evaluated. The new option and revised conclusions are discussed in the Addendum to the
100-NR-1 Treatment, Storage, and Disposal Units Engineering Study (Appendix E).
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2.0 BACKGROUND

2.1 1301-N CRIB AND TRENCH

The 1301-N unit is located in the 100-NR-1 Operable Unit, approximately 240 m (800 ft) from
the Coli  »ia River (Figure 2-1). The 1301-N unit is composed of two parts: a crib and a

zig-z. trench. T1 crib area is approximately 88 290 ft) long by 38 (125 ft) wide and
about 1.5 m (5 ft) deep. The elevation at the bottom of the crib is 137.16 m (450 ft) above mean
sea level (amsl), and the surrounding  1de is approximately 138.68 m (455 ft) amsl. A sloped
soil and gravel e bankment forms the walls of the crib.

An underground 91-cm (36-in.)-diameter main effh it line from the 105-N lift station

discl d into the crib through a 16- by 3.7-m (52- by 12 concrete weir box, which was
initially open on top. The weir box, commonly referred to as the “horse trough,” was designed to
fill and then overflow into the crib. Also discharging into the crib was an underground

30-cm (12-in.)-diameter effluent drain line from the N-Reactor basin floor drains.

The bottom of the crib was initially filled with a 0.9-m (3-ft) layer of large boulders. In early
1981, an additional 0.6-m (2-ft) layer of smaller boulders was added to the top of the large
boulders to cover surface contamination. This layer started near the weir box and extended
northeast approximately 31 m (100 ft) along the length of the crib. During August and
September 1988, the entire crib was covered with cobble-sized material to an additional depth of
1.2to 1.5m (4 to 5 ft) (BHI 1996). Consequently, for remedial design purposes, the actual depth
of the rocks and boulders may vary throughout the crib from : lttle as 2.1 m (7 ft) to as much as
3.4m (11 ft).

The 1301-N zig-zag trench was constructed in 1965 and is 490 m (1,600 ft) long by 3 m (10 ft)
wide at the bottom and 3.7 m (12 ft) deep with sloped side walls. Water spilled over the weir in
the dike on the north side of the crib into the trench. Boulders and cobbles were not placed in the
trench as they were in the crib. Wood  poles laid across the trench were used to support wire
screen to prevent bird intrusion.

In early 1982, precast concrete panels were installed to cover the trench to minimize wildlife
intrusion and airborne contamination. These panels created a 15-m (50-ft)-wide cover over the
top of the trench. The panels are supported by concrete  indations and b 1s; the panels span
the trench. The wooden poles and wire mesh were left in place. The gap between the ends of the
cover panels and the trench walls was backfilled to prevent wildlife intrusion. The joints
between adjacent panels, extending across the ench along the support beams, were grouted.
After backfilling, the side slopes outside the cover were sprayed with a layer of shotcrete to
prevent erosion and rodent intrusion.

In 1995, a limited field investigation was performed. Part of the scope of this investigation was
to drill an exploratory boring in the 1301-N Crib to det¢  ne potential impacts to groundwater
from crib contamination. Site preparation for drilling consisted of placing a drill pad that
consists of 0.61 m (2 ft) of clean fill over part of the crib to provide shielding during drilling

2-1
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The trench is divided into four equal sections by three dams. Only the first 226 m (740 ft) of the
1325-N Trench were used, as effluent levels never rose high enough to cross e first dam. The
dams are composed of structural fill and concrete. A layer of riprap was added on the
downstream side of each dam to prevent scouring. The top 0.6 m (2 ft) of the trench bottom was
dredged periodically to remove the fines to enhance percolation and reduce plugging.

In September 1985, 1325 N became the primary liquid waste disposal facility at 100 N, and

1301 N was used only as an emergency discharge point. In December 1986, N Reactor was
placed on standdown status for an extended maintenance and safety upgrade. Thus, discharges to
1325 N decreased significantly and ceased in April 1991.

23 L FIELD INVESTIGATION AND CORRECTIVE MEASURES STUDY
R

A limited field investigation (LFI) (DOE-RL 1996a) was conducted in 1995 to investigate the

contaminant and moisture distribution in soil beneath the 1301  and 1325-N units. Three

boreholes (199-N-107A, 199-N-108A, and 199-N-109A) were 1illed at the facilities

(Figure 2-2). Borehole 199-N-107A was drilled within the 1301-N Crib, while boreholes
79-N-108A and 199-N-109A we drilled ad :ent to the 1301-N Trench and 1325-N Crib,

respectively. The analytical results from the boreholes are presented in Appendix A.

Field investigations showed that soil contaminant concentrations were highest near the base of
the facilities and decreased dramatically with depth. Principal radionuclides were the same at
both 1301 N and 1325 N and include cobalt-60, cesium-137, strontium-90, europium-152,
europium-154, tritium, and plutonium-239/240. Chemic contamination (nitrate, mercury, and
chromium in 1301 N) may also be present.

In addition to the]  boreholes, historic: operations’ data from the surface samples taken from
1980 to 1985 were used to support the LFI (DOE-]  1996a). The quality of these data cannot be
determined due to a lack of QA/QC documentation; however, these data were still used to
support this study. However, addition: sampling must be im; ‘mented in the design phase to
confirm the surface sample values. Locations for these samples are shown in Figure 2-3, and the
analytical results are presented in Appendix A.

A corrective measures study (CMS) dose es  1ate showed higher radiation exposure to workers
for the 1301-N and 1325-N Crib/Trench remediation as compared to other 100 Area
remediations. Based on the evaluation of the data, it was determined that cesium-137 and cobalt-
60 are the radionuclides of concem for gamma-emitting radiation. Cobalt-60 and cesium-137 are
considered to be the major contributors of the external radiation sources, thus providing the
majority of exposure to workers, especially during excavation/remediation. Plutonium-239/240
and strontium-90 are the radionuclides of concem for airborne contamination.
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2. imited Field Investigation Borehole Locations for 1301 N and 1325 N.

Figure 2-
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Figure 2-6. Trench Model Used for Volume Calculations.
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Figure 2-8. 1325-N Crib and Trench Cross Section.
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3.0 CRITERIA FOR REMEDIATION OPTIONS EVALUATION

3.1 VALUE ENGINEERING METHODOLOGY

This study used value engineering techniques to support development of remediation options,
and, subsequently, select the most cost-effective option for remediation.

Two of the three major stages of a typical ValueI" rneering S 1y were used, as presented
below:

. Prestudy (Planning) Stage: The team members were briefed on the project,
ations outli1 d spe " :responsibilities to ¢ cute the study.

. Job Plan (Study) Stage: This stage consists of a five-phase study process.
1. Investigation Phase: The following tasks were performed:

a. Review and discuss information prov by the  ject and/or gathered
by team members during the prestudy stage

b. Identify major functions of the system and/or task and function
relationships (Figure 3-1)

C. Establish and/or estimate cost of each major function
d. Select specific functions for examination.
2. Speculative/Creative Phase: The team discussed and generated creative ideas to

achieve the required functions.

3. Evaluation/Analysis Phase: The study team evaluated all ideas and eliminatec 1e
ideas/options that are not feasible and do not satisfy project requirements. The
remaining ideas/options will be ranked in the order of feasibility and life-cycle

cost.

4. Development/Planning Phase: The study team developed the best remediation
options.

5. Presentation Phase: Appropriate documentation of the study results will be

prepared for presentation.

. Implementation Stage: (Not part of this study, applies to design and remedial action
phase.)

3-1
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5.1.2.4 Disposal. The B-25 boxes full of boulders will be off-loaded directly into the ERDF
waste with a crane. Rigging will be designed to minimize worker exposures during the off-load.
- It is assumed that the workers will not be within 0.9 m (3 ft) of each box for more than 1 minute.

The crane operator is always at least 9 m (27.5 ft) from the boxes. It is possible to off-load 100
boxes a day.

The highly contaminated soil is mixed to provide less than 7% of the total soil in each container.
The less contaminated soil is mixed to comprise about 50% of each container. The containers
from the 1301-N and 1325-N Crib and Trench remed ion comprise one-third of the containers
being handled at ERDF. Only a minor increase in exposures at E”F will occur as a result of
this option. This increase can be igated with some of the same operational controls that will
be implemented to minimize the potential to generate airborne contamination. It is assumed that
worker exposures are about 0.5 3 "hr for 500 hr/yr as a result of this operation.

5.1.3 Option 3

5.1.3.1 Excavation. The need for offsite soils in the mixing operation is not required, and
forklift operations are extended to include packaging the most highly contaminated layer of soil,
as well  the boulders in B-25 boxes. The extension elin ~ tes the need for a second trackhoe
operator and consolidates both the site container and transportation driv ~ roles for the most

h" "\ly contaminated soils. Shielding is placed for the trackhoe operator and the driver, as
discussed above.

The remaining soils are mixed with surrounding lower, contaminated soil and handled in
standard shipping containers same fashion as described in Option 2 for soils that are mixed. All
conditions are the same as those for the mixed soils in Option 2.

 5.1.3.2 Packaging. The B-25 boxes are handled the same as in Option 2. The standard ERDF
containers are filled and handled the same as the containers filled with soils from below the most
highly contaminated layer in Option 2.

5.1.3.3 Transportation. Shielding is applied to all trucks that carry B-25 boxes. Approximately
50 boxes from 1301 N will also be placed at least 8§ m (24.4 ft) from the driver’s cab to ensure
that dose rates in the cab are managed.

5.1.3.4 Disposal. The B-25 boxes and standard containers are handled as described in Option 2.
Doses are higher because there is no shielding in the B-25 boxes. Overall exposure is lower
because the duration of the task is shorter.

5.1.4 Option 4

The factors used for Option 3 for dose evaluation are the same for this option.

5.1.5 Option 5

All waste will be placed in B-25 boxes and sent to ERDF.
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MicroShield 4.21 - Serial #4.21-00949
Bechtel Hanford, Inc.
Page : 1 File Ref:
DOS File: TRENCS5.MS4 Date: 197
Run Date: September 14, 1997 By: %___ﬁ_
Run Tin . 10:39 p.m. Sunday Checked:

Duration: 0:04:17

Case Title: model of trench +5 yrs 0-3' ovrbrden luC/g ea Co60, Csl137

GEOMETRY 13 - Rectangular Volume

centimeters feet and inches

Dose point coordinate X: 570.0 18.0 8.4
Dose point ¢ »>»xd. ate Y: 500.0 - 16.0 4.9
Dose point coordinate Z: - 5000.0 164.0 .5
Rectangular volume width : 10000.0 328.0 1.0
Rectangular volume length: 400.0 13.0 1.5
Rectangular volume height: 1000.0 32.0 9.7
Shield 1: 91.44 3.0 0

Air G& 78.56 2.0~ 6.9

Source Volume: 4000000000 cm~3 141259. cu ft. 2.44095e+8 cu in.

MATERIAL DENSITIES (g/cm”3)

Material Source Shield 1 Air Gap
Shield Slab
Air 0.00122
Concrete 1.8 1.5
BUILDUP

Method: Buildup Factor Tables
The material reference is Shield 1

INTEGRATION PARBMETERS
Quadrature Order

X Direction 10
Y Direction 20
Z Direction 20

- ~ SOURCE NUCLIDES
Nuclide curies microCi/cm™3 Nuclide curies microCi/cm~3
Ba-137m 5.3974e+003 1.3493e+000 Co-60 3.3161e+003 8.2902e-001
Cs-137 5.7055e+003 1.4264e+000

C-5
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Page :
DOS File: TF IC5.MS4
Run Date: September 14, 1997
Run Time: 10:39 p.m. Sunday
Title : model of trench +5 yrs 0-3' ovrbrden luC/g ea Co60, Csl37
====== RESULTS FOR SENSITIVITY REFERENCE CASE (Shield #1 = 91.44) ======
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) (MeV/sqg cm/sec) (mR/hr)
No Buildup With Buildup No Buildup With Buildu
0.0318 4.134e+012 2.691e-066 1.386e-07" 2.242e-068 1.155e-024¢
0.0322 7.628e+012 4.697e-064 © 2.658e-022 3.780e-066 2.139e-02¢
0.0364 2.776e+012 1.451e-047 1.481e-022 8.244e-050 8.416e-02¢
0.6616 1.797e+014 2.357e~001 1.043e+001 4.569e-004 2.023e-00z
0.6938 2.00le+010 3.609e-005 1.480e-003 6.969e-008 2.857e-(
1.1732 1.227e+0! 6.323e+000 1.146e+("2 1.130¢ 302 2.047e-C
1.3325 1.227e+014 1.350e+001 2.040e+002 2.342e-002 3.539e-00C
TOTAL 4.396e+014 2.006e+0UL 3.2%ve+u02 3.518e-002 5.788e-00:
SENSITIVITY RESULTS For: Shieéeld #1 (cm)
Case Sensitivity Energy Fluence Rate Exposure Rate In Air
Number Variable (MeV/sq cm/sec) (mR/hr)
Value. No Buildup With Buildup No Buildup With Build:
1 0.0 3.342e+0C 7.776e+005 6.000e+002 1.403e+00:
2 30.48 7.941e+003 5.134e+004 1.406e+001 9.160e+00°
3 60.96 3.722e+002 4.123e+003 6.549e-001 7.294e+00
4 91.44 2.006e+001 3.290e+002 3.518e-002 5.788e-00:

Use the Display Menu For Energy Group Results For All Cases.
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Bechtel Hanford, Inc. '/CALCULATION SHEET

Originator Mike Wesselman Date 10/10/97 Calc. No. _100N~CA-"""""4 Rev No o
Project _ 100N CRIBS, RAWD Job No. 22192 Checked xd vate:10/10/97
Subject Dose Estimates for Workers Involved with kemediating 1301 = “" 325N
Sheet No. 2 of 18

Dose 10 Track hoe & Fork'® Npe-~*~=<

This exposure estimate assumes a track hoe with a 30’ boom arm (similar to a Caterpillar 325L
excavator). The dimensions of a trackhoe bucket are assumed to be 1 meter cubed. The dose rate
from the bucket will only be a minor addition to the operator s dose The MICROSHIELD model

shows by applymg shleldmg to a trackhoe -7 77" thick sides, dose -
re | b ” T 11 of
Cs"" and Co . See MICROS huswwr ool e oo on oo . ____tbers,nobuld_.

Dose rates from being near the edge of the exposed wastes will probably contribute the majority
of the exposure. Shielding can be applied to the trackhoe to minimize this exposure. The dose
rates are assumed to be the san for ~ forklift operator because the B-25 boxes. which are
moved by the forklift, will be filled near the edge of the crib.

The 1995 MRDS survey (File ID #’s 1325C826.dwg & 1301C826.dwg) shows dose rates along
the edge of the trenches to range from .1 to 100 mrem/hr. Removing the panels and applying 2
feet of overburden is expected to reduce dose rates in these areas to between background and 1
mR/hr. Some locations on the cribs will still have dose rates up to 10 mR/hr, but the long boom
on the trackhoe should preclude the need for workers to stay in these areas. The remainder of the
exposure for these workers will come from being near containers filled with wastes. The forklift
will have at least 2 inches of plate steel installed on its lifting face and the driver will be
approximately 10 feet away from the B-25 boxes and drums of TRU wastes. The track hoe
operator should be able to stay at least 20 feet way from any container. The combination of
shielding and distance should keep the average dose rate for the operatc  below 3.5 n.../hr.
This dose rate allows for brief periods where the operators are exposed to the unshielded
container. Modeling shows this assumption is valid.

A larger forklift was specified to accommodate the required shielding, and its costs were
calculated
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DOS File: B25SHLD.MS4
Run Date: Septe ~ :r 18, 1997
Run Time: 1:43 p.m. Thursday
Title . b-25 box with 1.5 uCi/cm of co-60 & cs-137, w/shield at 10 '
==s=s==sz====s=======z=z===========z= RESULTS —========--==—========Z====S=======
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) (MeV/sqg cm/sec) (mR/hr)
No Buildup With Buildup No Buildup With Buildup
0.0318 4.436e+009 1.030e-161 7.156e-025 8.578e-164 5.961e-027
0.0322 8.184e+009 4.281le-156 1.342e-024 3.446e-158 1.080e-0:
0.0364 2.¢.3e+009 2.584e-110 '5.880e-025 1.468e-112 3.3 e=-027 -
0.6616 1.928e+011 7.612e+001 5.799e+002 1.4° e-001 1.124e+000
0.6938 3.695e+007 1.708e-002 1.263e-( 1 3.2¢ e-005 2.438e-004
1.1732 2.265e+011 5.531e+002 2.823e+003 9.884e-001 5.045e+000 -
1.3325 2.265e+011 8.079e+002 . 3.766e+003 1.402e+000 6.533e+000
TOTAL 6.615e+011 L.as37e+uus /.10YE+UUD 2.550erTUvVy L.c/verull
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DOS File:

NCRIB25.MS4

RESULTS FOR SENSITIVITY REFERENCE CASE (X =

Energy Fluence Rate
(MeV/sq cm/sec)

With Buildup

9.349e-024
9.845e-023
2.291e-016
7.595e+003
1.559e+000
2.01%e+004
2.416e+004

5.19yse+vuvud

Energy Fluence Rate
(MeV/sq cm/sec)

No Buildup With Buildup

Run Date: September 18, 1997
mn Time: 1:32 p.m. Thursday
Title
Energy Activity
(MeV) {photons/sec )
' No Buildup
0.0318 4.436e+009 7.743e-024
0.0322 8.184e+009 8.730e-023
0.0364 2.978e+009 1.982e-016
0.6616 1.928e+011 2.940e+003
0.6938 3.695e+007 6.108e-001
1.1732 2.265e+011 9.132e+003
1.3325 2.265e+011 1.133e+004
TOTAL: b.615e+011 2.340¢ )04
Case Sensitivity
Number Variable
Value
1 213.36 3.872e+005
2 336.804 - 6.571e+004
3. 460.248 2.340e+004

8.923e+005
1.442e+005
5.195e+004

460.248)

b-25 box with 1.5 uCi/cm of co-60 & cs-137, dose at 1-9°

Exposure Rate In Air

(mR/hr)
With Buildup

No Buildup
6.449e-026
7.026e-025
1.126e-018
5.699e+000
1.179e-003
1.632e+001
1.965e+001

4.7 57e+001

SENSITIVITY RESULTS For: X (cm)

7.787e-026
7.923e-025

1.302e-018 -

1.472e+001
3.01l1le-C 3

3.609e+001 -

4.192e+001

v.z:3e+001

Exposure Rate In Air
(mR/hr)
No Buildup With Buildup

6.891e+002
1.170e+002
4.167e+001

1.593e+003
2.575e+0
9.273e+0

Use the Display Menu For Energy Group Results For All Cases.
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t‘..._oﬂ._-- :"I' Dri..-_-

Modeling shows that dose rates on the sides of B-25 boxes will be similar to dose rates on the
sides of RCI containers. Modeling also shows that dose rates decrease more quickly with
distance from a B-25 box than from a RCI container because B-25 boxes are smaller sources. If
three B-25 boxes were placed on a flatbed, the radiation emitted by them would be similar to that
tted by one RCI cont It is assumed that 25bc  oft most hiv

n would be shit |+ :ontan ime 1 OW enot elc  zand
distance between the driver and the box to maintain dose rates ALARA. This assumption is
added to the cost of 1301-N crib. which is considered most likely to have wastes with high dose
rates .
A cc ervative estimate for the dose to a driver is calculated by the MICROSHIELD DOS file
“B25SHLD”, which shows a driver can be exposed to 2.54 mR/hr when sittir - in a shielded cab.
The dose to the driver during brief periods outside the cab can be obtained from MICROSHIELD
DOS file “ NCRBB25” which calculates a dose of 41.7 mR/hr for a person 9 feet from an
1 ‘uelded B-25 box.
Assuming the driver spends 25 minutes to drive between 100N and ERDF. 45 seconds within 9
feet of the truck while entering data at the ERDF scales and another 10 minutes in the cab as the
B-25 boxes are off loaded. the average dose would be as follows:

(35 mins/35.66mins) x 2.54 mR/hr + (.66mins/35.66mins) 41.7mR/hr = 3.26 mR/hr

The value was rounded-up to 3.5 mrem/hr to allow for time for incidental activities outside .of the
shielded cab. This value is higher than that used in the *100NR-1 Treatment, Storage, and
Disposal Units Corrective Measures Study (CMS) /Closure Plan™ (DOE/1l-96-39) for work in

2001. There is no blending of the wastes put in the B-25 boxes and the CMS assumed a blend
ratio of five to one.

Waste Labeling and Container Storage

Dose reduction for storage and labeling operations relies on quick entry and fast work at a
distance. ‘

- Workers are expected to spend about 5% of their time near items reading 50 mR/hr in options 3,

4 & 5. The rest of the time will be spent in areas at or near background. In option 2 workers will
spend all time in low  se areas.

Average dose rate in Options 3-5: .05 x S0 mR/hr = 2.5 mR/hr average dose rate

C-17
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Panel Re oval Exposure T1 :s

Panels removed in all options. table below ¢« ains all assumptions and estimates. Exposure
rates based on the 1995 Man Carried Radiological Detection Syste  (MRDS) survey (File ID #’s
)CT™5 vg & 1301C826.dwg)y S

Par-~! Removal Exposure Estimates
Panels removed in all options. Table contains all estimates.

Task Crew Hours Average Dose(mrem/task) dose/crew
Duration Dose rate member
n /r

Install rigging on 2 120 10 2¢._) 1200 .

paneils

Riggers for lift 2 285 2.5 1425 712.5

Crane operator 1 285 1 285 285

True  driver 1 385 0.3 1156.5 115.5

Install straps on 1 100 10 1000 1000

beams

Dust 1 385 1 385 385

suppression

Total 5611

Option | Exposure es

Option one was dropped from consideration by the project because it v undesirable.
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Option 2 Exposure Estimates

Task Crew Hours Average Dose(mrem/task) dose/crew member

Duration Dose rate
mR/hr
Boulder Forkiift 1 133 3.5 465.5 465.5
Stoc . e Track hoe 1 150 1 150 150
Liner Install 2 860 0.1 172 86
Water Truck 1 1,588 0.1 158.8 158.8
Excavatior. ..ack 1 1,588 3.5 5558 5558
hoe ;
N Truck Driver 2 1,588 1.8 5716.8 2858.4
NRCTS 4 3,441 0.1 1376.4 . 344 .1
Laborers 2 3,441 0.1 688.2 344 1
Waste Label 1 350 01 35 35
0 0

RCI Drivers 4 1588 05 3176 794
ERDF RCTS 4 15¢ _ 0.1 635.2 158.8
ERDF DOz R 1 1588 0.1 158.8 158.8
Riggers (B-25's) 1 10 50 500 500
ERDF Crane 1 140 1.8 252 252
ERDF Laborers 2 430.2 0.1 86.04 43.02
Compaction Test 1 50.2 0.1 5.02 5.02
Panels & Beams . 5610 0
Storage 1 44 1 0.1 4 .41 . 4.41
Total v 24748 mrem
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A3 § SO ¢

) ~heling - Total time minus time to remove panels. Panels will have no dose rates.
368.1 days - 43.9 days = 324 days

Time near high dose items will be 5% of total time.

3.5 hrs/day x 60 min/hr x 5% of ime =10.5 min=.175 hrs.

324 daysx .175° /day = 56.7 hrs.

Dose will average 2.5 mR/hr

POT T rers - lower level wastes only

Total 368.1 days
-High dose 1325 -113.8 days
-High dose 1301 -100.8 days
-High dose boulders -40.7 davs
112.8 days
- Concrete =177 s
98.3 days = 99 days
X 3.25 hr/dav
321.75 hrs

Dose rate will be .1 mR/hr.

RCI B-25 Approximately 8600 boxes hauled 3 at a =~ 1e = 2867 trips + 4 drivers = 717
trips/driver -

Driver is in dose for 30 min/trip = 358.5 hours

Dose rate will be 3.5 mR/hr

ERDF RCT's and Dozer Majority of time in low dose areas.
Average dose will be =.1mR/hr

Crane operator - is exposed for about 5 minutes per box for 8600 boxes
8600 x .083 = 713.8 hrs.

Operator will spend 50% of time near high dose rate waste and 50% of time at more than 30
feet from wastes.
Average dose will be .5( 3.5mR/hr) +.5(.1 mR/hr) = 1.8 mR/hr

ERDF Riggers - are exposed about the same amount of time as the crane operator is
718.3 hours

Average dose rate will be similar to that for waste labeling 2.5 mR/hr

ERDF Laborers - same as RCTs - 1104 hrs, .1 mR/hr
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Option 4 Worker Exposure Time Estimates

Same as Option 3, except there is no compaction test and no bulldozer at waste management.
Did not account for additional time that may be required to package, label and document
waste to waste management’s specifications.

Task Crew Hours Average Dose(mrem/task) dose/crew member
Duration Dose rate
mR/hr

B25 Forklift 1 802.2 3.5 2807.7 2807.7
B: Truck 2 401.1 3.5 28L. .. 1403.85
Water Truck 1 1104 0.1 110.4 1104
Track hoe 1 1104 3.5 3864 3864
N Truck Driver 2 321.9 0.1 64.38 32.19
NRCTS 4 1104 0.44 1943.04 485.76
Waste Label 1 56.7 2.5 141.75 - 141.75
Laborers 4 1104 0.44 1943.04 485.76
RCI Drivers 4 321.75 0.1 128.7 ' 32.175
RCI B25 Drivers 4 358.5 3.5 5019 1254.75
WMHI . o 4 1104 0.1 441.6 1104
Crane Operator 1 713.8 1.8 1284.84 1284.84
WM Riggers 1 713.8 2.5 1784.5 17845
WM Burial 2 1104 0.1 220.8 1104
Storage 1 31 2.5 77.5 775
Panels & Beams 5610

Total 28249 mrem
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EDNT Rigoers same as B-25 truck drivers at 100N = 492 hours
te will average 2.5 mR/hr

Storage — 400

1ys X S min/day x 1 hr/6(

Dose rate will average 2.5 mR/hr

Option S Fvmos -2 Estimates

Task

BL. Forkiift

25 Truck
Water Truck
Track hoe
N truck driver
NRCTS
Laborers
Waste Label
RCI B25 drivers
ERDF RCTS
ERDF Riggers
ERDF Crane
Storage
Panels & Beams
Total

Crew

Ao afABMaBRBANaN-

C-29

n= 333 hrs.

Hours Average Dose Dose(mremftask) dose/crew
Duration rate mR/hr member
983.7 3.5 3442.95 3442 .95
4¢° 3.5 3444 1722
1200 0.1 120 120
983.7 3.5 3442.95 3442.95
492 1.8 1771.2 1771.2
983.7 1.8 7082.64 1770.66
983.7 1.8 7082.64 1770.66
100 2.5 250 250
245 1.8 1764 441
2 0.44 865.92 216.48
4¢ " 2.5 1230 1230
492 0.1 49.2 . 49.2
100 2.5 1000 250
5610 0
37156 mrem
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_Dose .stimate

Task Crew Hours Average Dose(mrem/task) dose/crew member
Duration Dose rate
mR/hr ‘

Drum 1 50 50 2500 2500
Handlii .
Forklift 1 325 3.5 17" I I A
Track hoe 1 325 3.5 1137.5 1137.5
N Truck driver 2 325 3.5 2275 1137.5
NRCTS 4 325 0.44 572 143
Laborers 2 325 0.44 286 : 143
Waste Lal 1 12 2.5 30 30
RCI drivers 4 100 3.5 1400 350
WM HPT's 1 30 0.44 13.2 13.2
WM Crane 1 175 0.1 17.5 - 17.5
WM Riggers 1 175 2.5 437.5 437.5
WM 1 30 0.1 3 3
Receiving .
Storage 1 12 2.5 30 30

Total 9879 ‘ mrem

C-31







APT™"T™ D

REMEDIATION OPTION COST SUMMARY






-

Table D-1. Option 2

Home B&O
Equipment Sul al Distribs Office Profit Tax
Item Item Description $ Materials $§ Labor $ S/IC$ Direct 25% 3.00% 5.00% 0.47% Total Bid §

Remove Panels & Beams $33,230 $62,490 $239,382 $49,530 $384,632 $96,158  $14,424  $24,761  $2,444 $522,418

Remov:  igh Dose Concrete $2,657 $78,180 $2,738 $585 $84,160 $214 $3,156 $5,418 $535 $114,309

Remov: LW Concrete $16,994 $534 $10,593 $ $28,121 $7,030 $1,055 $1,810 $179 $38,195

Remove LLW Soil above Boulders $12,392 $16,602 $12,223 $ $41,217 $10,304 $1,546 $2,653 $262 $55,982

Remove Boulders 1301 Crib 5,489  $3,248,223 $61,098 $8,385  $3,363,195 $840,799 $126,120 $216,506 $21,369 $4,567,988

High Dose Soil 1301 Crib & Trench $290,499 $232,068 $262,995 $150,106 $935,669 $233,917  $35,088 $60,234 $5,945 $1,270,852

High Dose Soil 1325 Crib & Trench $291,548 $234,463 $266,963 $147,324 $940,298  $235,075  $35,261  $60,532  $5,974 $1,277,140

Medium Dose Soil 1301 Crib & Trench $176,165 $122,709 $159,755 $6,565 $465,194 $116,299  $17,445 $29,947 $2,956 $631,841

Medium Dose Soil 1325 Crib & Trench $155,756 $107,233 $140,956 $5,785 $409,730 $102,433 $15,365 $26,376  $2,603 $556,508

Excavate Clean Overburden 1301 $13,866 ¥ $7,920 $ $21,786 $5,447 5 $1,402 5138 $29,590

Excavate Clean Overburden 1325 $6,941 $ $3,966 $ $10,907 $2,727 $409 $702 $69 $14,814

Suppor  anctions $17,488 $201,486  $1,529,808 $ $1,748,782 $437,195 $65,579 $112,578 $11,111 $2,375,246

Mobilization/Demobilization $26,404 $248,912 $4,805 $118,000 $398,121 $99,: $14,930  $25,629  $2,530 $540,739

Subtotals: $1,089,431  $4,552,900  $2,703,202 $486,280  $8,831,813 $2,207,953 $331,193 $568,548 $56,116  $11,995,622

ERDF Disposal $192,946 . $ $ $17,269,694 $17,462,641 $17,462,641

ERC Support $ $ $2,045,615 $500,000  $2,545,615 $2,545,615

Subtotal  $32,003,878

Option 2 : Blend lower dose materials (LLW from 100 H & F) with materials from 1301 Crib & Trench and Direct Distribs @ 18.49% $5917,517
1325 Crib & Trench to lower dose rate to allow free dumping at ERDF with modified operations at ERDF. T

High dose soil (top 1 foot) blended at 25 :1. Assume blended with 2 feet of shielding on top and the LLW Subtotal  $37,921,395

materials. Medium dpse soil (next 4 feel') blended at 1.2:1 . Assume blended with 1 foot of shi  ing on top G&A @ 3.89% $1,475,142

and 3.8 feet of material beneath the Medium dose layer.
TOTAL:  $39,396,538

1 'A%y
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Table D-2. Option 3

) Home B&O
Equipment Subtotal Distribs Office Profit Tax
Item item Description $ Materials $ Labor $ SICS Direct 25% 3.00% 5.00% 0.47% Total Bid $
Remove Panels & Beams $33,230 $62,490 $239,382 $49,530 $384,632 $96,158 $14,424 $24,761 $2,444 $522,418
Remove High Dose Concrete $2,657 $78,180 $2,738 $585 $84,160 $21,040 $3,156 $5,418 $535 $114,309
Remove LLW Concrete $16,994 $534 $IO,5.93 $ $28,121 $7,030 $1,055 $1,810 $179 $38,195
Remove LLW soil above Boulders $12,392 $16,602 $12,223 $ $41,217 $10,304 $1,546 $2,653 $262 $55,982
Remove Boulders 1301 Crib $53,069  $3,789,035 $71,265 $9,360  $3,922,729 $980,682 $147,102 $252,526 $24,924 $5,327,964
High Dose Soil {301 Crib & Trench $18,001  $1,181,852 $23,101 $2,925  $1,225880  $306,470  $45970  $78,916  $7,789 $1,665,025
High Dose Soil 1325 Crib & Trench $56,929  $3,505,780 $71,508 $8,580  $3,642,797  $910,699 $136,605 $234,505 $23,146 $4,947,751
Medium Dose Soil 1301 Crib & Trench $176,165 $122,709 $159,755 $6,565 $465,194 $116,299 $17,445 $29,947 $2,956 $631,841
Medium Dose Soil 1325 Crib & Trench $155,756 $107,233 $140,956 $5,785 $409,730  $102,433  $15,365  $26,376  $2,603 $556,508
Excavate Clean Overburden 1301 ' $13,866 $ $7,920 $ $21,786 $5,447 $817 $1,402 $138 $29,590
Excavate Clean Overburden 1325 $6,941 $ $3,966 $ $10,907 $2,727 $409 $702 $69 $14,814
Support Functions $12,162 $120,863 $945,715 $ $1,078,740  $269,685 340,453  $69,444  $6,854 $1,465,176
Mobilization/Demobilization $23,125 $246,447 $4,565 $118,000 $392,136 $98,034 314,705  $25,244  $2,492 $532,611
Subtotals: $581,287  $9,231,726  $1,693,688 $201,330 $11,708,030 $2,927,008 $439,051 $753,704 $74,391  $15,902,184
ERDF Disposal $457,496 $ $  $8,369,833  $8,827,329 $8,827,329
ERC Support 5 $ $1,422,617 $500,000  $1,922,617 $1,922,617
Subtotal $26,652,129
Option 3: Containerized shipments of High dose materials to ERDF with blending of Medium dose materials Direct Distribs @ 18.49% $4,927,979
for free dumping with modified operations at ERDF. High dose materials (top 1 foot + shielding)
containerized in B-25 boxes and shipped to ERDF Medium dose soil (next 4 feet) blended at 1.2:1. Assume Subtotat  $31,580,108
blended with 1 foot of shielding on top and 3.8 feet LLW material beneath the medium dose layer and shipped
to ERDF.
G&A @3 89% $1,228,466
TOTAL: $32,808,574
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Table D-3. Option 4

Home B&O
Equipment S otal Distribs ( ce Profit Tax
Item Item Description $ Materials$ Labor § S/IC$ Direct 25% 3.00% 5.00% 0.47%  Total Bid $

Remove Panels & Beams $33,230 $62,490 $239,382 $49,530 $384,632 $96,158  $14,424  $24,761  $2,444 $522,418

Remove High Dose Concrete $2,657 $78,189 $2,738 $585 $84,160 $21,040 $3,156 $5,418 $535 $114,309

Remove LLW Concrete $16,994 $534 $10,593 $ $28,121 $7,030 $1,055 $1,810 $179 $38,195

Remove LLW Soil Above Boulders $12,392 $16,602 312,223 3 $41,217 $10,304 31,546 $2,653 $262 $55,982

Remove Boulders 1301 Crib $53,069  $3,789,035 $71,265 $9,360  $3,922,729  $980,682 $147,102 $252,526 $24,924 $5,327,964

High Dose Soil 1301 Crib & Trench $18,001 $1,181,852 $23,101 $2,925  $1,225,880 $306,470  $45,970 $78,916  $7,789 $1,665,025

High Dose Soil 1325 Crib & Trench $56,929  $3,505,780 $71,508 $8,580  $3,642,797 $910,699 $136,605 $234,505 $23,146 $4,947,751

Medium Dose Soil 1301 Crib & Trench $176,165 $122,709 $159,755 $6,565 $465,194  $116,299  $17,445  $29,947  $2,956 $631,841

Medium Dose Soil 1325 Crib & T.rench $155,756 $107,233 | $140,956 $5,785 $409,730 $102,433 $15,365 $26,376 $2,603 $556,508

Excavate Clean Overburden 1301 $13,866 3 $7,920 $ $21,786 $5,447 $817 $1,402 $138 $29,590

Excavate Clean Overburden 1325 $6,941 3 $3,966 $ $10,907 $2,727 $409 $702 $69 $14,814

Support Functions $12,162 $120,863 $945,715 b $1,078,740  $269,685  $40,453  $69,444  $6,854 $1,465,176

Mobilization/Demobilization $23,125 $246,447 $4,565 $118,000 $392,136 $98,0 $14,705  $25244  $2,492 $532,611

Subtotals: $581,287  $9,231,726  $1,693,688 $201,330 $11,708,030 $2,927,008 $439,051 $753,704 $74,391  $15,902,184

ERDF Disposal $24,199 3 3 $19,299,850 $19,324,049 $19,324,049

ERC Support 5 $ $1,422,617 $500,000  $1,922,617 $1,922,617

Subtotal: $37,148,850

Option 4: Containerized shipments of High dose materials to Waste Management (RFSH) and blending of irect Distribs @ 18.49% $6,868,822
Medium dose materials for free dumping with modified operations at ERDF. High dose materials (top 1 foot +

shielding) containerized in B-25 boxes and shipped to RFSH. Medium dose soil (next 4 feet) blended at 1.2:1. Subtotal:  $44,017,672

Assume blended with [ foot of shielding on top and 3.8 feet LLW materi eneath the medium dose layer and G&A @ 3.89% $1,712,287

shipped to ERDF.
TOTAL:  $45,729,959
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able -4. Op mS5
B&O
Equipment Subtotal Distribs Profit Tax
Item Description $ Materials $ Labor § SIC$ Direct 25% Item 5.00% 0.47%  Total Bid $
Remove Panels & Beams $33,230 $62,490 $239,382 $49,530 $384,632 $96,158 $14,424 $24,7 $2,444 $522,418
Remove High Dose Concrete $2,657 $78,180 $2,738 $585 $84,160 $21,040 $3,156 $5,418 $535 $114,309
Remove LLW Concrete $16,994 $534 $10,593 $ $28,121 $7,030 $1,055 $1,810 $179 $38,195
remove LLW Soils Above Boulders $12,392 $16,602 $12,223 $ $41,217 $10,304 $1,546 $2,653 $262 $55,982
Remove Boulders 1301 Crib $53,069  $3,789,035 $71,265 $9,360  $3,922,729  $980,682  $147,102  $252,526 $24,924  $5,327,964
High Dose Soil 1301 Crib & Trench $18,001 $1,181,852 $23,101 $2,925  $1,225,880 $306,470 $45,970 $78,916 $7,789  $1,665,025
High Dose Soil 1325 Crib & Trench $56,929  $3,505,780 $71,508 $8,580  $3,642,797 $910,699 $136,605 $234,505 $23,146  $4,947,751
Medium Dose Soil 1301 Crib & Trench $131,462  $9,216,223 $174,964 $22,620 39,545,269 $2,386,317  $357,948  $614,477 $60,649 $12,964,659
Medium Dose Soil 1325 Crib & Trench $122,546  $8,474,722 $162,128 $20,865  $8,780,261 $2,195,065  $329,260  $565,229 $55,788 $11,925,603
Excavate Clean Overburden 1301- $13,866 $ $7,920 $ $21,786 $5,447 $817 $1,402 $138 $29,590
Excavate Clean Overburden 1325 $6,941 3 $3,966 $ $10,907 $2,727 $409 $702 $69 $14,814
Support Functions $13,246 $131,626 $927,284 $ $1,072,155 $268,039 $40,206 $69,020 $6,812 $1,456,232
Mobilization/Demobilization $23,125 $246,447 $4,565 $118,000 $392,136 $98,034 $14,705 $25,244 $2,492 $532,611
Subtotals: $504,457 $26,703,491 $1,711,636 $232,465 329,152,049 $7,288,012 $1,093,202 $1,876,663 $39,595,153
$185,227

ERDF Disposal $1,352,562- $ $ $6,457,884  $7,810,44¢6 $7.810,446
ERC Support 3 3 $1,549,381 $500,000  $2,049,381 $2,049,381
Subtotal  $49,454,980
Option 5: Containerized shipments of both High dose and Medium dose materials to ERDF with modified Direct Distribs @ 18.49% $9,144,226

operations at ERDF. High dose materials (top 1 foot + shielding) containerized in B-25 boxes and shipped to ) ‘
ERDFE. Medium dose soil (next 4 feet) containerized in B-25 boxes and shipped to ERDFE. Subtotal  $58,599,206
G&A @ 3.89% $2,279,509
TOTAL: $60,878,715
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E1.0 INTRODUCTION

El.1 PURPOSE

The 116-N-1 (1301-N) and 116-N-3 (1325-N) liquid waste disposal facilities (LWDFs) are to be
remediated beginning in July 2000 under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 and closed under the Resource Conservation and
Recovery Act of 1976 (RCRA). Each LWDF consists of a crib and a trench. Under the proposed
remedial action (DC™ RL 1998a and 1998b), pipelines and aboveground structures would be
removed. Clean overburden material would be excavated and stockpiled. Contaminated soils

would be ex ed (if required to meet RCRA land disposal restrictions) and disposed
at the Envir toration Disposal Facility (ERDF). The sites would then be backfilled,
led, and

Revision 0 of the engineering study (BHI 1997a) evaluated various methods for excavation,
transportation, and disposal of contaminated material at the ERDF and focused on radiation
exposure and safety hazards. The 1997 engineering study also developed and compared options
to implement the preferred alternative and recommended a preferred option based on cost and
total dose to workers. Additional sampling of crib and trench soils was also recommended to
better define the design approach and to significantly reduce cost estimates. The recommended
sampling was performed in December 1998.

The purpose of this appendix is to re-evaluate the approach and costs to remediate the 116-N-1
and 116-N-3 LWDFs presented in the 1997 engineering study. The re-evaluation is based on
analytical results for soil: npling performed at the 116-N-1 and 116-N-3 sites during
December 1998. The results of the sampling are presented in a data summary report (BHI 1999).

E1l.2 BACKGROUND

Previous characterization studies indicated that a 1.5-m-thick contaminated soil layer exists
below the bottom of the 116-N-1 and 116-N-3 LWDFs. This layer is contaminated with
plutonium-239/240 and other radioisotopes and, if not remediated, would pose an unacceptable
nisk through direct human exposure if future excavations reached the depth of this layer.
Therefore, this layer will be removed.

An engineering study (BHI 1997a) developed and evaluated various options to excavate and
dispose of the waste from the 116-N-1 and 116-N-3 cribs and trenches. The engineering study
used conservative estimates of radioactive contamination levels and dose rates derived from
earlier characterization activities. These data were used to construct conceptual models of the
contaminated sites. The conceptual models assumed that the upper 0.30 m of contaminated soil
layer contained the bulk of the contamination and was referred to as the high-activity layer. The
lower 1.2-m contaminated layer was assumed to contain lesser amounts of activity and was
referred to as the low-activity layer.

The ERDF waste acceptance criteria (BHI 1998a) established levels of radioactivity in soil that
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could be deposited in the ERDF based on land disposal restrictions. Supplemental waste
acceptance criteria (BHI 1997b) were developed for non-soil items to ensure that ERDF workers
were not unduly exposed to radioactive material. However, no limits were developed for soil to
ensure worker protection.

Because there were no established radioactivity limits for ERDF operations, the engineering
study (BHI 1997a) developed these limits. The engineering study determined that alpha-emitting
airborne concentrations would be the limiting operating factor for disposing 116-N-1 and
116-N-3 cnb and trench waste at the ERDF. The engineering study postulated that under the
worst conditions, an ERDF worker would inhale dust at a concentration of 600 pg/m* for

500 hr/yr (based on studies that have shown that standard construction work can produce a dust
loading of this magnitude). At this dust level a concentration of 270 pCi/g of plutonium-239/240
would result in an airborne level that is 9% of a derived airborne concentration and deliver

100 mrem/yr of dose to the worker. Therefore, the 270-pCi/g limit was used by the engineering
study for exis = [ E”TF operations that are similar to standard construction operations.

1€ neering study conside st stion ‘ope ~ wouldre« e
increased dust control measures, strategic placement of waste at the ERDF and workers handling
this material, increased coordination of all other waste delivered to the ERDF, increased
monitoring of dust loading, and containerization of high-activity material. These measures
would effectively raise the allowable plutonium-239/240 soil conc: ration limit from 270 to
2,000 pCi/g.

The engineering study developed and evaluated five options to excavate and dispose of the waste
from the 116-N-1 and 116-N-3 cribs and trenches. These options are described below.

. Option 1: Mix High- and Low-Activity Material to Meet 270 pCi/g Transuranic Soil
Concentration Limit. This mixing would reduce soil concentrations to address airborne
contamination dose to workers at the ERDF. It was assumed that lower activity material
from other sites and onsite materials from crib/trench excavation oper: s would be
used for mixing to meet this limit. This option was not carried forward for evaluation in
the engineering study because of an unfavorable value engineering ranking.

. Option 2: Increase Transuranic Soil Concentration Limit to 2,000 pCi/g. This
option would introduce operational controls for airborne contamination at the ERDF so
ERDF soil concentration limits could be increased to 2,000 pCi/g for transuranic (TRU)
elements. The increased limit would lessen the amount of mixing that would be required.

. Option 3: Contair -ize (Package) the High-Activity Material and Mix Low-Activity
Material to Meet 2,000 pCi/g Limit. This option would package the higher activity
material in B-25 boxes for shipment to the ERDF. Containing the high-activity waste in
B-25 boxes would eliminate the potential for airborne contamination; however, dose
considerations would still need to be addressed. The lower activity material would be
mixed to achieve a volume that would decrease the potential for airborne contamination
and would be placed in existing ERDF containers (RCI containers).
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Option 4: Containerize (Package) the High-Activity Material for Shipment to
Waste Management and Mix Low-Activity Material to Meet 2,000 pCi/g Soil
Concentration Limit. This option is the same as Option 3, except that the high-activity
waste contained in the B-25 boxes would be shipped to the Central Waste Complex while
the lower activity material would be shielded, excavated, mixed, and shipped to the
ERDF.

Option 5: Containerize (Package) All Material. This option would contain all waste
in B-25 boxes (both high and low activity waste) for shipment to the ERDF.

All options had the following common elements:

Excavation. In all cases, excavation would be accomplished using a hydraulic excavator
equipped with an extended-reach boom. Side-¢ e ben ' ig along the trench would |
performed, as necessary, to position the excavator. Excavation would begin at the side of
the trench and/or crib and material would be removed from the bottom and side slope.
When the reach of the boom is exceeded, soil cover would be placed on top of the
exposed surfaces to provide a clean surface for the excavator to relocate to continue
removing material. Excavated material would be placed and packaged in either ERDF
roll-on/roll-off containers or B-25 boxes, depending upon the option. These containers
would be staged for transport to ERDF.

Concrete Panels, Structural Supports, and Large Debris. These types of debris would
be removed and surveyed for contamination. Material not directly in contact with the
soils of the trench would be surveyed and decontaminated, as required (reasonable
determination made in the field), and clean material would be staged for alternate
disposal. Contaminated material would be sized in accordance with ERDF bulk waste
supplemental criteria and transported to the ERDF for disposal. Smaller concrete
material and debris in contact with the soils or requiring significant decontamination

.efforts would be removed by the excavator and placed in the appropriate package or

container for disposal at the ERDF.

Cobbles and Boulders in the 116-N-1 Crib. Cobble and boulder layers comprise the
upper most region of the 116-N-1 crib area to be remediated. The cobble layer was
considered to have low levels of activity and would be excavated into roll-on/roll-off
containers and transported to the ERDF. High-activity material would be packaged
directly into containers (B-25 boxes) without blending or would be proportionally
blended with low-level soil into roll-on/roll-off containers.

The remediation options were evaluated based upon a number of criteria, including life-cycle
cost, the ability to control the spread of radioactive contamination, worker safety, and worker
radiation exposure. Option 3 was the preferred option based on cost and total dose to workers.

The evaluation criteria were strongly influenced by the assumed volumes and activity levels of
contaminated soil layer. Consequently, the engineering study recommended that additional
sampling be performed in conjunction with remedial design to better define the nature and extent
of the waste. The new data would be used to better define the design approach.
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The recommended sampling was conducted in December 1998 (BHI 1998b and BHI 1999).
Eight soil samples were collected from each of the LWDFs. A test pit was excavated in each of
the trenches, and four samples were obtained from each test pit. Additionally, four samples were
collected from the surface soils at the 116-N-1 Trench, and four samples were collected from the
surface soils at the 116-N-3 Crib. All samples were analyzed for radionuclides and toxic
characteristic leaching procedure (TCLP) metals. The results of the characterization effort are
summarized in the Data Summary Report for 116-N-1 and 116-N-3 Facility Sampling to Support
Remedial Action Design (BHI 1999).

The data summary report (BHI 1999) made the following observatlons with respect to the
characterization data:

e Samples of soil and sediment scraped from the upper 80 mm of the percolation surface of the
116-N-1 trench and 116-N-3 crib have similar activity levels

e Percolation surface activity levels : fairly constant along theler hof ™" 116-N-1tr 1
and across the 116-N-3 crib

e Activity levels of in samples taken from comparable lifts of test pits excavated in the
116-N-1 trench and 116-N-3 trench are comparable

e Activity levels drop off rapidly with depth, by a factor of 10 to 100 in the first 0.61 m of
depth.

¢ None of the TCLP results exceed the toxicity characteristic limits of 40 CFR 261.24

e None of the concentrations of radionuclides that could be designated as TRU exceeded
100 nCi/g

The data summary report developed a revised conceptual model of the sites. The high activity
levels associated with surface sample data are representative of only a very thin (approximately
7 mm thick) layer at the top of the soil profile. This thin high activity layer contains the bulk of
the TRU elements. This thin high-activity layer is significantly thinner than the 0.30-m-thick
high activity layer assumed in the original engineering study (BHI 1997a).

E2.0 RE-EVALUATION OF REMEDIATION APPROACH

E2.1 REVISED REMEDIA1 )N OPTION

Based on the 1998 characterization data, the data summary report (BHI 1999) concluded that the
h™ "1 activity levels are representative of only a very thin layer at the top of the soil profile (about
7-mm thick). This thickness is in contrast to the 300-mm-thick layer that was assumed in the
engineering study (BHI 1997a). This 7-mm thickness is minor when considering remediatis
activities that typically remove contaminated soil in lifts of 300 to 600 mm or greater.
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The soil is acceptable at the ERDF based upon a comparison of the characterization data with the
hazard classification limits and the radionuclide inventory of waste already received at the
ERDF.

The supplemental waste acceptance criteria are currently being revised to establish the acceptable
levels of residual radioactivity in soil for unrestricted disposal at the ERDF (Table E2-1). Levels
above those listed in Table E2-1, while not necessarily prohibited from disposal at ERDF, will
have to be reviewed by ERDF personnel to ensure worker protection. Table E2-1 shows that the
operational limit for plutonium-239/240 is 1,780 pCi/g, approximately 6.6 times the limit of

270 pCi/g that was used in the engineering study (BHI 1997a).

Of the two test pits excavated during 1998 (116-N-1 ' 116-N-3), theci  )osite sample
collected from the 116-N-1 had the higher radionuclide uinat" levi~ The 116-N-1
composite sample would represent a worst-case 1.5-m lift during remediation. The radionuclide
concentrations in the 116-N-1 composite sample are shown in Table E2-1. The calculated
fraction of the maximum soil concentration for “DF disposal for each radionuclide is also
shown in Table E2-1. The sum of these fractions (0.346) is less than 1 and indicates that the soil
1s acceptable for bulk disposal at the ERDF even without blending with soil having lower activity
levels. .

Given that the soil is acceptable for bulk disposal at the ERDF without containerization or
blending, the options and associated cost estimates discussed in Appendix D of the engineering
study (BHI 1997a) that involve blending and/or boxing are no longer applicable. The following
is a description of the revised remediation option based on the revised conceptual model (BHI
1999):

) Excavation. Excavation would be accomplished by using a hydraulic excavator
equipped with an extended-reach boom. Side-slope benching along the trench would be
performed, as necessary, to position the excavator. Excavation would begin at the side of
the trench and/or crib and material would be removed from the bottom and side slope.
When the reach of the boom is exceeded, soil cover would be placed on top of the

- exposed surfaces to provide a clean surface for the excavator to relocate to continue
removing material. Excavated material would be placed in ERDF roll-on/roll-off
containers. These containers would be staged for transport to the ERDF.

. Concrete Panels, Structural Supports, and Large Debris. These types of debris would
be removed and surveyed for contamination. Material not directly in contact with the
soils of the trench would be surveyed and decontaminated, as required (reasonable
determination made in the field), and clean material would be staged for alternate
disposal. Contaminated material would be sized in accordance with ERDF bulk waste
supplemental criteria and transported to the ERDF for disposal.

. Cobbles and Boulders in the 116-N-1 Crib. Packaging and disposal of cobbles and
boulders would depend on activity levels. Cobbles and boulders having activity levels
within the limits set forth in the ERDF supplemental waste acceptance criteria (BHI,
1997b or current revision) would be placed in ERDF roll-on/roll-off containers for bulk
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disposal at the EI'™F. Cobbles and boulders with activity levels that would otherwise
exceed the limits in the supplemental waste acceptance criteria for ERDF would either be
proportionaliy blended with lower activity soil and loaded into ERDF roll-on/roll-off
containers for bulk disposal or would be packaged directly into containers (B-25 boxes)
without blending and transported to the ERDF.

. 116-N-3 Crib. Radiation surveys of the crib in 1995 and later and analytical laboratory
characterization of crib sediments and sludges (BHI 1999) have shown that a significant
portion of the dose rate measured on the roof of the crib is due to radioactive
contamination remaining in the concrete troughs. A significant reduction in radiation
exposure (from the current 300 mrem/hr to about 0.5 mrem/hr) could be realized by
filling the troughs with a cementitious grout.

Demolition of the crib would then proceed in a conventional manner. Demolition would
include removal of inlet side pre-cast retaining wall and footings, the hollow core pre-cast
retention wall, deck panels, girderbe  1s. ~ 1footers. During removal of the concrete
structu ¢ 1 fill (for radiological shielding) would be placed on " :exposed b
bottom surface up to the top elevation of the drain field distribution laterals.

Contaminated material from the bottom of the crib, including the distribution trough
system and the clean shielding material, would be excavated and loaded in ERDF
containers for transport to the ERDF.

E2.2 REVISED DOSE EV "~ JATION

The new characterization data (BHI 1999) indicate that the remediation of the sites can proceed
in a conventional manner, similar to that used in the other 100 Areas sites (e.g., 100-B/C).
Nevertheless, there are relatively high concentrations of cobalt-60 and cesium-137, which emit
high-energy gamma radiation. The presence of these isotopes will contribute a significant dose
to workers unless measures are taken to reduce the dose. Dose will be managed by applying the
three dose reducing factors to minimize the worker exposure time, maximize the distance
between the source and the worker, and provide shielding between the source and the worker.

The most problematic area of remediation, in terms of managing dose to workers, will be the
demolition and removal of the 116-N-3 crib. The distribution trough system represents a
significant contributor to the worker dose. Currently, the radiation dose measured at the top of
the crib covers is about 300 mremv/hr. Flood grouting of the trough system is expected to reduce
the exposure to about 0.5 mrem/hr. With this and other measures, as outlined in Section E2.1,
the remediation of the 116-N-3 crib and trench is estimated to contribute a total effective dose
equivalent (TEDE) of about 10,000 mrem. Remediation of the 116-N-1 crib and trench would
contribute a TEDE of about 5,000 mrem. Details of the dose estimate are provided in
Attachment 1.

E2.3 REVISED COST ESTIMATE

Revised remediation volumes were estimated (Attachment 2) and are summarized in Table E2-2.
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ATTACHMENT 1

DETAILS OF THE DOSE ESTIMATE

Att. 1-1
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N-CRIBS ENGINEERING STUDY
Clean O/B - 1325 Crib and Trench

Unit Cost Jobhours | Labor
Description Quantity [Unit] Equip | Materlal| S/C |Unit| Total $ihr Equip Materlal Labor S/IC Total
Excavate Clean Overburden - 1325 Crib & Trench|
Excavate Clean Material not required for Shielding |
Backhoe, CAT 350, 2 cy 86.69 |hrs | $ 102.11 | 10660 $3232[$% 885 - 344518 - $ 12,298
Water Truck, 5000 gal 86.69 |hrs [$ 36.97 10660 [ $3315|8% 3200 - 3534 |8 - $ 6,739
Equip Standby time o
Backhoe, CAT 350, 2 cy 20.00 |hrs | § 25.52 N $ 51§ - N $ - $ 510
Water Truck, 5000 gal 20.00 |hrs |8 895 | $ b - - $ - $ 179
Subtotal: $ 1274 ) - 6979 |% - $ 19,726
Sales Tax @ 8.0% b - [
To! - $ 1274 b - 6979 |8 - $ 19,726
Production rate = 179..  thr
Volume = 15,544 |lcy/hr
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