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Department of Energy FERIUALD e o
Matienal Nuclear Sacurity Adminiatration ol Hab
Nevada Operations Office t_ﬁu,.é,w A A5 =
PO, Box 98518 I D e A
Las Vegas, NV 89193-8518 i RmRS CLe N
JUN 20 20 '

Stephen H. MeCracken, Director, FEMP, Cincinnati, OH

DISPOSAL OF FERNALD SILOS WASTE MATERIALS AT THE NEVADA TEST SITE
(NTS}

This is to inform you that Fernald Silos muterials, including the Silo 3 untreated material (all of
which is statutorily exempt from the Resource Conservation and Recovery Actl, may be accepted
for disposal at the NTS as 11(e)}(2) byproduct material following the successful completion of the
NTS waste approval process.

1 you have any questions regarding this letter, please feel free to contact Jhon T Carilli, of my
stafl, at (702 ) 293-0672.

Assistant Manager

WMD:ITC-240 for Environmental Management
[+
$. A. Robison, DOEMHQ (EM-31)
Cloverleal
I 1. Satiler, DOE/Femald,
Cincinnati, OH

N. K. Akgunduz, DOEFemald,
Cincinnati, OH
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ATTACHMENT 3 8 2 l 8
TRANSPORTATION RISK EVALUATION

As supporting backup for the Silo 3 Proposed Plan, this attachment provides an evaluation of the short-
term radiological risks accompanying the transportation of Silo 3 material from the Fernald
Environmental Management Project (FEMP) to an off-site disposal facility.

OBJECTIVES AND APPROACH

The transportation risks were evaluated to permit a technical comparison of the two alternatives described
in the Silo 3 Proposed Plan:

e The currently-approved Silo 3 remedy, which involves treatment via chemical
stabilization/solidification or polymer encapsulation to achieve RCRA TCLP performance
standards; and

e The proposed revised Silo 3 remedy, which involves a best-management approach to reduce the
dispersability and leachability of the Silo 3 wastes through the addition of liquid reagents as a
pre-packaging step. As part of the proposed revised remedy, a contingency action to double
package the Silo 3 wastes will be implemented in the event the addition of the liquid reagents
causes operational difficulty and is discontinued. For this proposed remedy, no credit was taken
for the potential reduction in dispersability of Silo 3 wastes that might result from the addition of
the reagents or from double packaging.

The radiological risks to the public and workers during transportation were calculated using the
RADTRANS computer model and code developed by Sandia National Laboratories. RADTRANS
estimates radiation doses to populations from routine (accident-free) transportation, dose risk from
potential transportation accidents, and maximum exposed individual dose estimates. Calculation of
accident-free population dose considers persons residing adjacent to the route, persons in vehicles sharing
the route, and persons at stops. Potential dose risks are also calculated for populations that are downwind
from hypothetical releases associated with accidents of varying severity. Dose risk from an accident
includes the conditional probability of an accident of a particular severity. The population dose risk units
are reported in person-rem.

To permit a fair comparison of the two alternatives, the mode of transportation was assumed for both
alternatives to be direct truck shipments from the FEMP to the Nevada Test Site (NTS). To support other
ongoing evaluations at the FEMP, this attachment also provides an evaluation of risks associated with
other modes of transportation, and an alternate disposal location. The other transportation modes
included an intermodal option (combined rail and truck) to the NTS, a direct truck option to a
representative permitted commercial disposal facility (PCDF), and a direct rail option to a PCDF. For
purposes of this evaluation, Envirocare of Utah was identified as a representative PCDF. For all the
evaluations, this attachment provides a detailed discussion of the model input parameters, key
assumptions, and the model outputs that in turn support the short-term risk assessment findings in the
Proposed Plan.
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KEY ASSP}YIPTIONS FOR THE MODEL - 8 2 1 8

This section summarizes the model assumptions and inputs based on the Silo 3 preliminary design
concepts, coupled with regulatory-based and weight-based transportation requirements for safe waste
transport.

For both alternatives evaluated, it was assumed that the Silo 3 material would be loaded into soft-sided
containers that are then overpacked into cargo containers (Sea/Lands) for ease of handling and shipping
operations. For direct truck shipments, it was assumed that seven soft-sided containers would be placed
into the Sea/Land and that each truck shipment would consist of one Sea/Land container. For direct rail
shipments, it was assumed that nine soft-sided containers would be placed into the Sea/Land and that each
flatcar would consist of four Sea/Land containers. For intermodal shipments, it was assumed that seven
soft-sided containers would be placed into each Sea/Land container. Only seven sofi-sided containers
would be placed into a Sea/Land container withfor intermodal due to the legal weight limitations for truck
shipments. For the rail leg of the intermodal shipments, four Sea/Land containers beingwould be placed
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atcar, and for the truck leg of the intermodal shipments, one Sea/Land container would be placed onto

fl
each truck.

Based on the treated waste volume, the currently approved remedy will require an estimated 2810 soft-
sided containers. With seven soft-sided containers per Sea/land, 402 truck shipments will be required to
transport the Silo 3 material to the NTS. Intermodal shipments would consist of 101 rail shipments and
402 truck shipments. Direct rail would consist of 79 rail shipments.

For the proposed revised remedy, an estimated 1910 soft-sided containers will be required. With seven
soft-sided containers per Sea/Land, 273 truck shipments will be required to transport Silo 3 material to the
NTS. Intermodal shipments would consist of 69 rail shipments and 273 truck shipments. Direct rail
shipments would consist of 54 rail shipments. As a conservative assumption for the proposed revised
remedy, no credit was taken in the model for any potential reduction in dispersability of the Silo 3
material resulting from the addition of the planned additives, or the contingency double packaging, that
are both part of the proposal. In effect, the material was modeled as untreated material. It is understood
that the addition of the additives (and the contingency double packaging, if found to be necessary), will
result in an incremental benefit that is considered important to the FEMP and its stakeholders. However,
no attempt was made to capture this benefit quantitatively in the model, which therefore results in a
conservative projection of risk for the proposed revision.

Proposed Transportation Routes

Truck Shipments to NTS. The proposed truck route to NTS consists of traveling State Route (SR) 128
in Ohio to the Interstate (I)-74 interchange then heading northwest on I-74 to the I-70 interchange in
Indianapolis, Indiana. Trucks would then travel on I-70 through western Indiana and Illinois to the I-270
bypass north of St. Louis, Missouri. Trucks would then continue on I-70 to the 1-435 interchange just east
of Kansas City, Missouri. Shipments would travel north on 1-435 to the I-29 interchange and continue
north on I-29 to Nebraska SR 41. Trucks would continue west on SR-41 to north on United States (US)
77 to the I-80 interchange just west of Lincoln, Nebraska. Trucks would then continue on I-80 west
through Nebraska, Wyoming, Utah, and into Nevada. In Nevada, trucks would travel south on alternate
US 93 to the US 6 interchange in Ely, Nevada, to the US 95 interchange in Tonopah to the NTS.

This route would pass through the following major cities: Indianapolis, Indiana; St. Louis Missouri;
Kansas City, Missouri; St. Joseph, Missouri; Lincoln, Nebraska; Cheyenne, Wyoming; and Salt Lake
City, Utah. Truck routes would use interstate bypasses, where such bypasses exist.
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Intermodal Shipments to NTS. The rail portion of the intermodal shipments would follow the same
route currently. being used by the Waste Pits Remedial Action Project (WPRAP). The rail carrier would
switch fromi CSX to Union Pacific in East St. Louis, Illinois. Shipments would switch to truck at an
intermodal facility in Milford, Utah. From Milford, Utah, truck shipments would travel north SR 21in
Utah to SR 487 in Nevada. Trucks would continue on SR 487 to west onto US 6/50 to north on US 93 to
the US 6 interchange in Ely, Nevada. Shipments would continue west on US 6 to the US 95 interchange
in Tonopah and continue south on US 95 to the NTS.

Truck Shipments to Envirocare of Utah. The proposed truck route to NFSEnvirocare of Utah consists
of traveling State Route (SR) 128 in Ohio to the Interstate (I)-74 interchange then heading northwest on I-
74 to the I-70 interchange in Indianapolis, Indiana. Trucks would then travel on I-70 through western
Indiana and Illinois to the [-270 bypass north of St. Louis, Missouri. Trucks would then continue on I-70
to the [-435 interchange just east of Kansas City, Missouri. Shipments would travel north on 1-435 to the
I-29 interchange and continue north on 1-29 to Nebraska SR 41. Trucks would continue west on SR-41 to
north on United States (US) 77 to the I-80 interchange just west of Lincoln, Nebraska. Trucks would then
continue on I-80 west through Nebraska, Wyoming, into Utah. In Utah, trucks would continue on I-80
into Tooele County and take local roads to Clive, Utah and Envirocare of Utah.

This route would pass through the following major cities: Indianapolis, Indiana; St. Louis Missouri;
Kansas City, Missouri; St. Joseph, Missouri; Lincoln, Nebraska; Cheyenne, Wyoming; and Salt Lake
City, Utah. Truck routes would use interstate bypasses, where such bypasses exist.

Direct Rail Shipments to Envirocare of Utah. Direct rail shipments to Envirocare would follow the
same route currently being used by the WPRAP. Rail carrier would switch from CSX to Union Pacific in
East St. Louis, Illinois.

RISK EVALUATION - MODEL INPUTS

The U.S. Department of Transportation (DOT) requires carriers to utilize routes that minimize
radiological risk when transporting radioactive material (DOT Class 7 hazardous material). When
determining radiological risk, the DOT regulation 49 Code of Federal Regulation (CFR) Part
397.101(a)(2) requires the carrier to consider available information, such as, accident rates, population
densities, and transit time.

RADTRANS relies on various parameters, which are defined by the user, for calculating dose. This
information relates to the radioactive material, the package, the vehicle, and the route. It includes
parameters for the number of shipments, the number of containers per shipment, the radionuclide content
of the container, the radiation dose associated with the container, and the radiation dose associated with
the shipment. Table 1 presents the user-defined package-specific and vehicle-specific parameters
associated with the proposed transportation routes. Where possible, “standard” RADTRANS values for
parameters were used if they were not specific to the radioactive material, package, vehicle, or route.
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Table 2 presents the radionuclide input parameters for RADTRANS. For purposes of the modeling, the
radionuclide chains were broken down into sub-chains of the main radionuclides: Ac-227, Pa-231, Pb-
210, Ra-226, Th-228, Th-230, U-235, and U-238. Table 3 then provides the radionuclide content per
Sea/Land container for both alternatives. As stated previously, it is assumed that seven - 3 yd® soft-sided
containers are placed in a Sea/Land container for truck and intermodal shipments and nine — 3 yd® soft-
sided containers are placed in a Sea/Land for direct rail shipments.

TABLE 2

RADIONUCLIDE PARAMETERS
Radionuclide U-238 U235 | Th232 | Th230 | Ac227 | Ra226 | Pa231 | Pb-210
Half-life (days) | 1.63E+12 | 2.57E+11 | 5.11E+12 | 2.81E+07 | 7.95E+03 | 5.84E+05 | 1.20E+07 | 8.14E+03
Photon Energy | 5 358 05 | 2.69E-02 | 2.68E+00 | 1.55E-03 | 4.27E-01 | 1.72E+00 | 1.50E-02 | 4.81E-03
(meV/dis)
Cloud Shine DCF | 5 155 43 | 262B-02 | 4.18E-01 | 644E-05 | 5.41E-02 | 2.98E-01 | 4.70E-03 | 2.13E-04
(rem-m’/Ci-sec)
Ground Shine
DCF (rem-m?/Ci- | 9.56E-06 | 5.33E-05 | 7.27E-04 | 240E-07 | 1.24E-04 | 4.44E-04 | 130E-05 | 1.13E-06
sec)
CEDE Inhalation | , 5,068 | | 23E+08 | 7.91E+08 | 2.85E+08 | 6.61E+08 | 1.40E+08 | 8.58E+08 | 2.30E+07
DCF (rem/Ci)
CEDE Inhalation

DCF to gonads 1.92E+04 | 1.05E+04 | 3.03E+06 | 6.48E+05 | 4.22E+07 | 4.61E+06 | 1.13E+04 | 2.67E+06
(rem/Ci)

One Year Lung 1.25E+09 | 6.13E+08 | 3.29E+09 | 6.66E-+08 | 1.42E+09 | 6.76E+08 | 1.66E+09 | 2.33E+06
DCF (rem/Ci)
One Year
Marrow DCF 3.14E+05 | 1.59E+05 | 1.69F+08 | 1.55E+08 | 1.58E+08 | 2.84E+06 | 6.39E+08 | 9.22E+06
(rem/Ci)
TABLE 3
RADIONUCLIDE CONTENTS FOR TRANSPORTATION OPTIONS
Raw Material Curies per Overpack Container
Radionuclide aw C ; era Currently Approved Remedy Proposed Revised Remedy
pLve Truck/Intermodal Rail Truck/Intermodal Rait
Ac-227 925 5.70E-03 7.33E-03 1.36E-02 1.53E-02
Pa-231 627 3.86E-03 4.97E-03 9.21E-03 1.04E-02
Pb-210 3,480 2.14E-02 2.76E-02 5.11E-02 5.75E-02
Ra-226 3,870 2.38E-02 3.06E-02 5.69E-02 6.40E-02
Th-228 747 5.19E-03 6.67E-03 1.10E-02 1.24E-02
Th-230 60,200 3.71E-01 4.77E-01 8.85E-01 9.95E-01
U-235 117 7.21E-04 9.27E-04 1.72E-03 1.93E-03
U-238 1,780 1.10E-02 1.41E-02 2.62E-02 2.94E-02

RADTRANS requires data that expresses the likelihood of accidents of a given severity for urban,
suburban, and rural population areas. These conditional probabilities are called “severity fractions” in
RADTRAN, and there is an indexed “severity category” corresponding to each severity fraction. For
each accident severity category, the user inputs data on the fraction of material that could be expected to
be released from a container during an accident, the fraction of material released that can become
airborne, and the fraction of airborne material that can become respirable. The accident release fractions
for treated and untreated Silo 3 material is presented in Tables 4 and 5, respectively. For the currently
approved remedy, airborne fraction and release fraction were obtained from the "ASME Technical Peer
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Review Report on Airborne Release Fractions.” For the proposed remedy, no credit was taken for any
reduction in dispersability that may have resulted from the addition of additives to control dispersion.
The airborne release fraction of 0.01 is the interim “bounding value” recommended for powders by the
ASME in their Peer Review of DOE-HDBK-3010-94 Airborne Release Fractions/Rates and Respirable
Fractions for Nonreactor Nuclear Facilities. The respirable fraction is the calculated mean fraction, of
Silo 3 material, that has a particle size of less than 10 um.

ACCIDENT RELEASE FRACTIOEI;?I&I;:U‘:{RENTLY APPROVED REMEDY
Severity Category Release Fraction Airborne Fraction Respirable Fraction
1 0.0 N/A N/A
2 0 N/A N/A
3 3.125E-02 1.0E-04 5.0E-02
4 6.25E-02 1.0E-04 5.0E-02
5 1.25E-01 1.0E-04 5.0E-02
6 2.50E-01 1.0E-04 5.0E-02
7 5.00E-01 1.0E-04 5.0E-02
8 1 1.0E-04 5.0E-02
TABLE 5
ACCIDENT RELEASE FRACTIONS — PROPOSED REVISED REMEDY
Severity Category Release Fraction Airborne Fraction Respirable Fraction
1 0.0 N/A N/A
2 0.0 N/A N/A
3 3.125E-02 1.0E-02 3.6E-01
4 6.25E-02 1.0E-02 3.6E-01
5 1.25E-01 1.0E-02 3.6E-01
6 2.50E-01 1.0E-02 3.6E-01
7 5.00E-01 1.0E-02 3.6E-01
8 1 1.0E-02 3.6E-01
FEMP\09 - At3 Trans Risk_feb03revredline.dociMarch 12, 2003 3:57PM 3-6
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RISK EVALUATION - MODEL RESULTS

As stated previously, RADTRANS estimates the dose-risk to the public resulting from accident-free
transport of radiological material and dose-risk to populations that are downwind from hypothetical
releases associated with accidents of varying severity.

Tables 6 and 7 present data on the estimated dose received by the maximally exposed individual and the
cumulative dose received by the public resulting from accident-free transport of Silo 3 material,
respectively. Table 7 also presents the estimated exposed population, which includes the population
residing adjacent to the route, the population sharing the route, and the population at or near the rest stops.

TABLE 6
ESTIMATED DOSE TO MAXIMUM EXPOSED INDIVIDUAL (REM) -
ACCIDENT FREE TRANSPORT

Route Currently Approved Remedy Proposed Revised Remedy
Direct Truck to NTS 2.17E-05 4.76E-05
Intermodal to NTS Rail 2.51E-05 4.66E-05
Truck 2.17E-05 4.76E-05
Direct Truck to Envirocare 2.17E-05 4.76E-05
Direct Rail to Envirocare 2.41E-05 3.65E-05
TABLE 7

ESTIMATED CUMULATIVE DOSE TO EXPOSED POPULATION -
ACCIDENT FREE TRANSPORT

Currently Approved Remedy Proposed Revised Remedy
Route (perls)t;>(:1s~t1:'em) Population (perls)o(::em) Population
Direct Truck to NTS 1.72 1.04E+06 3.78 1.04E+06
Intermodal to NTS 0.72 1.06E+06 1.37 1.06E+06
Direct Truck to Envirocare 1.43 7.81E+05 3.13 7.81E+05
Direct Rail to Envirocare 0.58 9.87E+05 0.88 9.87E+05

For determining the incremental lifetime cancer risk (ILCR), the cumulative dose was evenly distributed
amongst the exposed population to provide an average dose per individual. This was determined to be a
reasonably exposed individual for calculating the ILCR compared to using the maximum exposed
individual. The maximum exposed individual assumes one person is standing in the same spot for all
shipments and is exposed to all shipments without the benefit of shielding, even from a building. This is
not a realistic scenario to expect during transportation of the Silo 3 material and is considered inconsistent
with the intent of the definition of a reasonably exposed individual presented in the NCP. Therefore, the
ILCR was calculated using an even distribution of the cumulative dose over the exposed population.
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The risk from exposure to ionizing radiation is measured in latent cancer fatalities (LCF), which is the
number of potential cancer fatalities estimated as a result of radiation exposure. An incremental lifetime
cancer risk (ILCR) - the increased potential of an individual developing a cancer over a lifetime as a result
of exposure - can be determined by comparing the potential number of cancers against the total exposed
population. LCFs are calculated by Eq.1.

LCF = Hg e CRF (Eq. 1)

where,

Hg = collective effective dose equivalent for exposed population
LCF = latent cancer fatalities

CRF = cancer risk factor, LCF/person-rem .

The cancer risk factor for members of the public is 5 x 10 per rem. These values are used in the
RADTRANS® computer model and are from the latest edition of ICRP-30.

Table 8 presents the estimated ILCRs calculated for the reasonably exposed individual resulting from the
dose received during accident-free transportation. The dose to the reasonably exposed individual was
calculated by evenly distributing the cumulative dose over the exposed population to derive an average
dose.

TABLE 8§
ILCR FOR REASONABLY EXPOSED MEMBER OF PUBLIC -
ACCIDENT FREE TRANSPORT

Currently Approved Remedy Proposed Revised Remedy
R
i (per]s)c>(:1s-erem) ILCR (per]s)oons-iem) ILCR
Direct Truck to NTS 1.65E-06 8.27E-10 3.63E-06 1.82E-09
Intermodal to NTS 6.79E-07 3.40E-10 1.29E-06 6.45E-10
Direct Truck to Envirocare 1.83E-06 9.15E-10 4.01E-06 2.01E-09
Direct Rail to Envirocare 5.88E-07 2.94E-10 8.87E-07 4.43E-10

RADTRANS also calculates the dose risk to the public based on exposure from a hypothetical accident.
Dose risk from an accident includes the conditional probability of an accident of a particular severity.
The population dose risk units are reported in person-rem. As with accident-free transportation, the
resulting dose-risk is a cumulative dose over an exposed population. The cumulative dose is determined
from the sum of the product of the probability of an accident occurring and the resulting dose to the
public from the accident. As stated previously, there are eight classes of severity for accidents ranging
from high probability, low consequence accidents (Severity Class 1) to low probability, high consequence
accidents (Severity Class 8). Class 1 and 2 accidents do not result in any exposure to the public because
the container remains intact. Classes 3 through 8 result in increased exposure do to the increased amount
of material released from the package, which at a Severity Class 8 is a total loss of containment of all
packages in the Sea/Land container. Tables 9 through 16 present the estimated risk to the population
resulting from a hypothetical accident for each treatment and transportation alternative. The tables
present the probability of a specific severity category accident occurring, the dose-risk to the exposed
population resulting from the accident, and the ILCR assuming an even distribution of dose across the
exposed population.
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For the hypothetical accident scenario, the highest ILCR to the reasonably maximum exposed individual
occurs as a result of a Severity Category 8 accident. The highest ILCR resulting from a Severity
Category 8 accident occurs in both rural and suburban areas for truck shipments and suburban areas for
both intermodal and direct rail shipments. For treated Silo 3 material, the highest ILCR is estimated to be
3.08E-11 for truck shipments to the NTS, 6.26E-11 for intermodal shipments to the NTS. 3.09E-11 for
truck shipments to Envirocare, and 1.59E-10 for direct rail shipments to Envirocare. For untreated Silo 3
material, the highest ILCR is estimated to be 4.38E-08 for truck shipments to the NTS, 8.95E-08 for
intermodal shipments to the NTS, 4.40E-08 for truck shipments to Envirocare, and 2.25E-07 for direct
rail shipments to Envirocare.

For each accident severity category. RADTRANS also calculates the maximum individual downwind
doses at the mean downwind centerline distance for each isopleth. The individual doses calculated are a
sum of the cloudshine, inhalation, and groundshine exposure pathways. The calculated values can be
used to determine whether Federal exposure guidelines might be exceeded and, if so, at what distances
from the accident site. The DOE limits for annual exposure are a total effective dose equivalent for an
occupational worker of 5 rem and 0.1 rem for occupational workers who are minors and members of the
public. These limits are typically applied to routine operations at DOE facilities and not to accidents.

In addition, RADTRANS is typically used only to estimate dose to members of the public during and
accident and not to hazardous material responders. The accident-scenario dose levels calculated by
RADTRANS for members of the public assume that that evacuation requires 24 hours. These same 24-
hour dose levels can be applied to first responders wearing no personal protective equipment. or can be
interpolated based on a reasonable time of exposure to first responders before they don the appropriate
protective equipment., Based on the doses calculated by RADTRANS, there would not be any exposures
resulting from an accident involving shipment of treated Silo 3 material that would exceed Federal
exposure limits for either occupational workers or members of the public. From an occupational
perspective, only a Severity Class 7 or 8 rail accident involving untreated Silo 3 material would result in
the potential for a worker being exposed {o a dose greater than 5 rem.

Assuming a 24-hour exposure without any personal protective equipment, an occupational worker, or first
responder would be exposed to 100% of the external dose associated with the released material and be
exposed to 100% of the respirable material released. It must be recognized that although the very
conservative assumptions described here assume a 24-hour exposure without any personal protective
equipment, first responders are trained to assure that the proper protective equipment is in place prior to
approaching an accident scene, and to immediately establish controlled access to the accident to prevent
access by workers and members of the public without protective equipment. Further, the actual
likelihood that a 24-hour period would be required for a member of the public to be evacuated from the
accident site is extremely small.

For shipments of untreated Silo 3 material, a rail accident of Severity Ciass 7 or 8 would result in a 24-
hour dose exceeding Federal exposure limits for an occupational worker within 33 meters (108 feet) and
68 meters (223) feet respectively. Occupational workers who are minors and members of the public
could receive a 24-hour dose in excess of Federal exposure limits as a result of accidents involving truck
shipments of untreated Silo 3 material if within 33 meters (108 feet) for Severity Class 4, 68 meters (223
feet) for Severity Class 5. 105 meters (345 feet) for Severity Class 6, 244 meters (801 feet) for Severity
Class 7, and 369 meters (1211 feet) for Severity Class 8. Occupational workers who are minors and
members of the public also could receive a 24-hour dose in excess of Federal exposure limits as a result
of accidents involving rail shipments of untreated Silo 3 material if within 105 meters (345 feet) for
Severity Categories 3 and 4, 244 meters (801 feet) for Severity Category 5. 369 meters (1211 feet) for
Severity Category 6, 561 meters (1841 feet) for Severity Category 7. and 1020 meters (3347 feet) for
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Severity Category 8. Tables 17 through 22 present the maximum individual 24-hour doses resulting from

Severity Category 3 and higher accidents calculated by RADTRANS for truck shipments, intermodal rail

shipments, and rail shipments. Severity Categories 1 and 2 are not included because they do not result in

a release of any material or any dose exposures. For truck shipments the dose to the maximum exposed

individual would be the same regardless of location of the accident, rural, suburban, or urban setting, and

regardless of whether the material is being transported to the NTS or Envirocare. Because there are seven

soft-sided containers per Sea/Land for intermodal rail shipments compared fo nine per Sea/Land for direct

rail. there is a difference in the 24-hour dose received by the maximum exposed individual between

intermodal and direct rail shipments.

TABLE 17

MAXIMUM INDIVIDUAL 24-HOUR DOSE — HYPOTHETICAL ACCIDENT

TRUCK SHIPMENT CURRENTLY APPROVED REMEDY

Centerline Severity Severity Severity Severity Severity Severity
(meters) Category 3 Category 4 Category 5 Category 6 Category 7 Category 8

33 6.53E-05 1.31E-04 2.62E-04 5.23E-04 1.05E-03 2.09E-03
68 3.28E-05 6.57E-05 1.31E-04 2.63E-04 5.26E-04 1.05E-03
105 1.59E-05 3.19E-05 6.38E-05 1.28E-04 2.55E-04 5.11E-04
244 6.16E-06 1.23E-05 2 47E-05 4.94E-05 9.88E-05 1.98E-04
369 2.96E-06 5.92E-06 1.18E-05 2.37E-05 4.74E-05 9.47E-05
561 1.41E-06 2.82E-06 5.64E-06 1.13E-05 2.26E-05 4.51E-05
1020 5.35E-07 1.07E-06 2.14E-06 4.28E-06 8.57E-06 1.71E-05
1630 2.53E-07 5.07E-07 1.01E-06 2.03E-06 4.06E-06 8.11E-06
2310 1.18E-07 2.36E-07 4.72E-07 9.44E-07 1.89E-06 3.77E-06
4270 4.45E-08 8.91E-08 1.78E-07 3.56E-07 7.13E-07 1.43E-06
5470 2.03E-08 4.06E-08 8.12E-08 1.62E-07 3.25E-07 6.50E-07
11100 9.62E-09 1.93E-08 3.85E-08 7.71E-08 1.54E-07 3.08E-07
13100 3,56E-09 7.12E-09 1.42E-08 2.85E-08 5.70E-08 1.14E-07
21300 1.68E-09 3.36E-09 6.71E-09 1.34E-08 2.69E-08 3.37E-08
40500 7.66E-10 1.53E-09 3.07E-09 6.13E-09 1.23E-08 2.45E-08
70000 4.09E-10 8.19E-10 1.64E-09 3.28E-09 6.55E-09 1.31E-08
89900 2.49E-10 5.00E-10 9.99E-10 2.00E-09 4.00E-09 7.99E-09
121000 1.63E-10 3.27E-10 6.54E-10 1.31E-09 2.61E-09 5.23E-09
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N TABLE 18 8218
MAXIMUM INDIVIDUAL 24-HOUR DOSE - HYPOTHETICAL ACCIDENT
INTERMODAL RAIL SHIPMENT CURRENTLY APPROVED REMEDY
Centerline Severity Severity Severity Severity Severity Severity
(meters) Category 3 Category 4 Category 5 Category 6 Category 7 Category 8
33 2.61E-04 5.23E-04 1.05E-03 2.09E-03 4.19E-03 8.37E-03
68 1.31E-04 2.63E-04 5.26E-04 1.05E-03 2.10E-03 4.20E-03
105 6.37E-05 1.28E-04 2.55E-04 5.11E-04 1.02E-03 2.04E-03
244 2.47E-05 4.94E-05 9.88E-05 1.98E-04 3.95E-04 7.90E-04
369 1.18E-05 2.37E-05 4.74E-05 9.47E-05 1.89E-04 3.79E-04
561 5.63E-06 1.13E-05 2.26E-05 4.51E-05 9.03E-05 1.81E-04
1020 2.14E-06 4.28E-06 8.57E-06 1.71E-05 3.43E-05 6.86E-05
1630 1.01E-06 2.03E-06 4.06E-06 8.11E-06 1.62E-05 3.24E-05
2310 4.71E-07 9.44E-07 1.89E-06 3.77E-06 71.55E-06 1.51E-05
4270 1.78E-07 3.56E-07 7.13E-07 1.43E-06 2.85E-06 5.70E-06
5470 8.11E-08 1.62E-07 3.25E-07 6.50E-07 1.30E-06 2.60E-06
11100 3.85E-08 7.71E-08 1.54E-07 3.08E-07 6.17E-07 1.23E-06
13100 1.42E-08 2.85E-08 5.70E-08 1.14E-07 2.28E-07 4.56E-07
21300 6.70E-09 1.34E-08 2.69E-08 5.37E-08 1.07E-07 2.15E-07
40500 3.06E-09 6.13E-09 1.23E-08 2.45E-08 4 91E-08 9.82E-08
70000 1.64E-09 3.28E-09 6.55E-09 1.31E-08 2.62E-08 5.24E-08
89900 9.98E-10 2.00E-09 4.00E-09 7.99E-09 1.60E-08 3.20E-08
121000 6.52E-10 1.31E-09 2.61E-09 5.23E-09 1.05E-08 2.09E-08
TABLE 19
MAXIMUM INDIVIDUAL 24-HOUR DOSE — HYPOTHETICAL ACCIDENT
DIRECT RAIL SHIPMENT CURRENTLY APPROVED REMEDY
Centerline Severity Severity Severity Severity Severity Severity
(meters) Category3 | Category4 | Category5 | Category6 | Category7 | Category8

33 3.36E-04 6.73E-04 1.35E-03 2.69E-03 5.38E-03 1.08E-02
68 1.69E-04 3.38E-04 6.76E-04 1.35E-03 2.70E-03 5.41E-03
105 8.19E-05 1.64E-04 3.28E-04 6.57E-04 1.31E-03 2.63E-03
244 3.17E-05 6.35E-05 1.27E-04 2.54E-04 5.08E-04 1.02E-03
369 1.52E-035 3.05E-05 6.09E-05 1.22E-04 2.44E-04 4.87E-04
561 7.24E-06 1.45E-05 2.90E-05 5.80E-05 1.16E-04 2.32E-04
1020 2.75E-06 5.51E-06 1.10E-05 2.20E-05 4 41E-05 8.81E-05
1630 1.30E-06 2.61E-06 5.21E-06 1.04E-05 2.09E-05 4.17E-05
2310 6.06E-07 1.21E-06 2.43E-06 4.85E-06 9.70E-06 1.94E-05
4270 2.29E-07 4.58E-07 9.16E-07 1.83E-06 3.67E-06 7.33E-06
5470 1.04E-07 2.09E-07 4.18E-07 8.35E-07 1.67E-06 3.34E-06
11100 4.95E-08 9.91E-08 1.98E-07 3.96E-07 7.93E-07 1.59E-06
13100 1.83E-08 3.66E-08 7.32E-08 1.46E-07 2.93E-07 5.86E-07
21300 8.62E-09 1.73E-08 3.45E-08 6.91E-08 1.38E-07 2.76E-07
40500 3.94E-09 7.89E-09 1.58E-08 3.15E-08 6.31E-08 1.26E-07
70000 2.10E-09 4.21E-09 8.42E-09 1.68E-08 3.37E-08 6.74E-08
89900 1.28E-09 2.57E-09 5.14E-09 1.03E-08 2.06E-08 4.11E-08
121000 8.39E-10 1.68E-09 3.36E-09 6.72E-09 1.34E-08 2.69E-08
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8218

MAXIMUM INDIVIDUAL 24-HOUR DOSE - HYPOTHETICAL ACCIDENT

TRUCK SHIPMENT PROPOSED REVISED REMEDY

Centerline Severity Severity Severity Severity Severity Severity

(meters) Category 3 Category 4 Category 5 Category 6 Category 7 Category 8
33 9.81E-02 1.97E-01 3.93E-01 7.86E-01 1.57E+00 3.14E+00
68 4.93E-02 9.87E-02 1.97E-01 3.95E-01 7.89E-01 1.58E+00
105 2.39E-02 4.79E-02 9.59E-02 1.92E-01 3.84E-01 7.67E-01
244 9.26E-03 1.85E-02 3.71E-02 7.42E-02 1.48E-01 2.97E-01
369 4.44E-03 8.89E-03 1.78E-02 3.56E-02 7.12E-02 1.42E-01
561 2.12E-03 4.24E-03 8.48E-03 1.70E-02 3.39E-02 6.78E-02
1020 8.03E-04 1.61E-03 3.22E-03 6.44E-03 1.29E-02 2.57E-02
1630 3.80E-04 71.61E-04 1.52E-03 3.05E-03 6.09E-03 1.22E-02
2310 1.77E-04 3.54E-04 7.09E-04 1.42E-03 2.83E-03 3.67E-03
4270 6.68E-05 1.34E-04 2.68E-04 5.35E-04 1.07E-03 2.14E-03
5470 3.04E-05 6.10E-05 1.22E-04 2.44E-04 4.88E-04 9.76E-04
11100 1.44E-05 2.89E-05 5.79E-05 1.16E-04 2.32E-04 4.63E-04
13100 5.34E-06 1.07E-05 2.14E-05 4.28E-05 8.56E-05 1.71E-04
21300 2.52E-06 5.04E-06 1.01E-05 2.02E-05 4.03E-05 8.07E-05
40500 1.15E-06 2.30E-06 4.61E-06 9.21E-06 1.84E-05 3.69E-05
70000 6.14E-07 1.23E-06 2.46E-06 4.92E-06 9.84E-06 1.97E-05
89900 3.75E-07 7.50E-07 1.50E-06 3.00E-06 6.00E-06 1.20E-05
121000 2.45E-07 4.91E-07 9.82E-07 1.96E-06 3.93E-06 7.85E-06

TABLE 21

MAXIMUM INDIVIDUAL 24-HOUR DOSE - HYPOTHETICAL ACCIDENT

INTERMODAL RAIL SHIPMENT PROPOSED REVISED REMEDY
Centerline Severity Severity Severity Severity Severity Severity
(meters) Category 3 Category 4 Category 5 Category 6 Category 7 Category 8
33 3.92E-01 7.86E-01 1.57E+00 3.14E+00 6.29E+00 1.26E+01
68 1.97E-01 3.95E-01 7.89E-01 1.58E+00 3.16E+00 6.32E+00
105 9.57E-02 1.92E-01 3.84E-01 7.67E-01 1.53E+00 3.07E+00
244 3.70E-02 7.42E-02 1.48E-01 2.97E-01 5.94E-01 1.19E+00
369 1.78E-02 3.56E-02 7.12E-02 1.42E-01 2.85E-01 5.69E-01
561 8.46E-03 1.70E-02 3.39E-02 6.78E-02 1.36E-01 2.71E-01
1020 3.21E-03 6.44E-03 1.29E-02 2.57E-02 5.15E-02 1.03E-01
1630 1.52E-03 3.05E-03 6.09E-03 1.22E-02 2.44E-02 4.87E-02
2310 7.07E-04 1.42E-03 2.83E-03 5.67E-03 1.13E-02 2.27E-02
4270 2.67E-04 5.35E-04 1.07E-03 2.14E-03 4.28E-03 8.57E-03
5470 1.22E-04 2.44E-04 4.88E-04 9.76E-04 1.95E-03 3.90E-03
11100 5.78E-05 1.16E-04 2.32E-04 4.63E-04 9.26E-04 1.85E-03
13100 2.14E-05 4.28E-05 8.56E-05 1.71E-04 3.42E-04 6.85E-04
21300 1.01E-05 2.02E-05 4.03E-05 8.07E-05 1.61E-04 3.23E-04
40500 4.60E-06 9.21E-06 1.84E-05 3.69E-05 71.37E-05 1.47E-04
70000 2.46E-06 4.92E-06 9.84E-06 1.97E-05 3.94E-05 7.87E-05
89900 1.50E-06 3.00E-06 6.00E-06 1.20E-05 2.40E-05 4.80E-05
121000 9.80E-07 1.96E-06 3.93E-06 7.85E-06 1.57E-05 3.14E-05
3-20
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t TABLE 22
MAXIMUM INDIVIDUAL 24-HOUR DOSE - HYPOTHETICAL ACCIDENT
DIRECT RAIL SHIPMENT PROPOSED REVISED REMEDY
Centerline Severity Severity Severity Severity Severity Severity
(meters) Category 3 Category 4 Category 5 Category 6 Category 7 Category 8
33 5.05E-01 1.01E+00 2.02E+00 4.04E+00 8.09E+00 1.62E+01
68 2.53E-01 5.08E-01 1.02E+00 2.03E+00 4,06E+00 8.12E+00
105 1.23E-01 2.47E-01 4.93E-01 9.86E-01 1.97E+00 3.95E+00
244 4.76E-02 9.54E-02 1.91E-01 3.82E-01 7.63E-01 1.53E+00
369 2.28E-02 4.57E-02 9.15E-02 1.83E-01 3.66E-01 7.32E-01
561 1.09E-02 2.18E-02 4.36E-02 8.72E-02 1.74E-01 3.49E-01
1020 4.13E-03 8.27E-03 1.65E-02 3.31E-02 6.62E-02 1.32E-01
1630 1.95E-03 3.92E-03 7.83E-03 1.57E-02 3.13E-02 6.27E-02
2310 9.10E-04 1.82E-03 3.64E-03 7.29E-03 1.46E-02 2.92E-02
4270 3.44E-04 6.88E-04 1.38E-03 2.75E-03 5.51E-03 1.10E-02
5470 1.57E-04 3.14E-04 6.27E-04 1.25E-03 2.51E-03 5.02E-03
11100 7.43E-05 1.49E-04 2.98E-04 5.95E-04 1.19E-03 2.38E-03
13100 2.75E-05 5.50E-05 1.10E-04 2.20E-04 4.40E-04 8.80E-04
21300 1.29E-05 2.59E-05 5.19E-05 1.04E-04 2.07E-04 4.15E-04
40500 5.91E-06 1.18E-05 2.37E-05 4.74E-05 9.48E-05 1.90E-04
70000 3.16E-06 6.33E-06 1.27E-05 2.53E-05 5.06E-05 1.01E-04
89900 1.93E-06 3.86E-06 1.72E-06 1.54E-05 3.09E-05 6.17E-05
121000 1.26E-06 2.52E-06 5.05E-06 1.01E-05 2.02E-05 4.04E-05

FINDINGS AND CONCLUSIONS

The short-term transportation risk evaluation produced the following findings and conclusions:

e Both the currently approved remedy and the proposed revised remedy meet the 1 x 10° ILCR
threshold condition established by the 1998 Silo 3 ESD for both accident-free and hypothetical
accidents.

¢ Although both remedies meet the 1 x 10 threshold established by the Silo 3 ESD, the currently
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approved remedy shows incrementally less radiological risk overall; this is because no modeling
credit was taken for the planned dispersability-control additives in the proposed revised remedy,
and the material was conservatively modeled as untreated material. The differences in
radiological risk between the two alternatives -- even with this conservative approach -- are
considered inconsequential, since both meet the 1 x 107 acceptance target.

The benefits of adding the dispersability control additives (or the contingency double packaging,
if needed) under the proposed revised remedy will further narrow the estimated differences in
radiological risk between the two alternatives.

3-21
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ATTACHMENT 4 - COST ANALYSIS

CURRENT APPROVED REMEDY (On-site Treatment to meet TCLP limits)

Project Management, Engineering, Construction Management

and Startup:
Capital Costs:

Operations and Maintenance (O&M)/Shutdown:

Transportation and Disposal:

Decontamination & Demolition (D&D):

Total

$14,952,041
$20,107,530
$6,772,369
$10,637,535
$2,034,081

$54,503,555

8218

PROPOSED REVISED REMEDY (Conditioning during packaging for dispersability/metals

mobility)

Project Management, Engineering, Construction Management

and Startup:
Capital Costs:

Operations and Maintenance (O&M)/Shutdown:

Transportation and Disposal:

Decontamination & Demolition (D&D):

Total

FEMP\10 - At4 Cost 2-03.doc\March 12, 2003 4:00PM 4-1

$13,847,002
$15,298,850
$4,206,594
$7,223,997
$1,857,206

$42,433,649
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RS 2] SUMMARY OF MAJOR COST ELEMENTS _ 8 2 l 8
COST ELEMENT CURRENT REMEDY PROPOSED REVISED
REMEDY
Project Management, $14,952,041 $13,847,002
Engineering, Construction
Management & Startup
Capital Cost $20,107,530 $15,298,850
Operations & Maintenance/
Shutdown
Soft-sided Containers $1,067,379 $725,513
Inner Liners $18,792 $16,719
Loading Frames $37,236 $19,260
Lifting Frames $11,128 $11,128
Chemicals/ $1,111,134 $55,192
Additives
Misc. Equipment/PPE $390,964 $339,604
Labor $4,135,736 $3,039,178
Total Operations & $6,772,369 $4,206,594
Maintenance/Shutdown
Transportation & Disposal
Cargo Containers $3,010,980 $2,044,770
Shipping $1,978,644 $1,343,706
Labor $564,344 $383,248
Disposal $5,083,567 $3,452,273
Total Transportation & Disposal $10,637,535 $7,223,997
Decontamination & Demolition $2,034,081 $1,857,206
TOTAL COST $54,503,555 $42,433,649
FEMP\L0 - Att4 Cost 2-03.doc\\March 12, 2003 4:00PM 4-2
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ASSUMPTIONS AND BASIS OF COST ESTIMATE - CURRENT REMEDY 8 2 l 8

GENERAL ASSUMPTIONS:

e 5,100 yd® Silo 3 material in-situ.

e The Silo 3 material is dry, powdery material with a moisture content ranging from 3-10% moisture.
The optimum moisture content is 20%, which results in a crumbly material.

e Equipment design and processes for retrieval of material from the silo, conveyance to the process
facility, and packaging are the same for both alternatives. The specific additives and resulting waste
loadings assumed under the current and proposed revised remedies affect the size of the buildings,
equipment needed, operations rate, final waste form, number of packages, shipping containers and
truck shipments, final disposal cost, and D&D costs.

e Treatment of Silo 3 material to achieve TCLP limits for metals will be accomplished utilizing the
chemical stabilization formula developed during Fernald treatability testing. The treatment formula
assumes addition of 48 parts 15% ferrous sulfate solution, 30 parts of lime, 10 parts of portland
cement, and 14 parts of water. The waste loading for this treated waste is 47.9 weight%.

e Treatment results in a greater volume of material for packaging and disposal, as well as increased
material density. A volume and density increase is assumed due primarily to the addition of additives

(52.1 weight-percent). Volume increase also reflects the effect of ‘bulking’ during material handling.

e Volume increase: 3,247 cy (8,347 cy treated material vs. 5,100 cy in-situ)
Density increase: 11.1 Ibs/cf [58.5 Ibs/cf treated vs. 47.4 1bs/cf untreated (observed)]

e Transportation and disposal costs assume shipment by truck to the Nevada Test Site (NTS).

o All costs include appropriate escalation.

000057
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i 1 8 Revised Proposed Plan for Operable Unit 4
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PROJECT MANAGEMENT, ENGINEERING, CONSTRUCTION MANAGEMENT AND
- STARTUP

e Project Management costs include project management activities to support all phases of the project
from conceptual design through completion.

¢ Engineering costs include the development of conceptual, preliminary and final design, safety basis
documentation, Title III (construction support) documentation, and design closeout activities. Costs
also include oversight of the design effort, conduct of design data development laboratory testing,
development of the Remedial Design Package and Health and Safety Plan, and preparation of long-
lead procurement documentation.

e Engineering cost for the Current Remedy includes engineering effort for design of the treatment
processes, equipment and facilities required for the chemical stabilization process, including
equipment and facilities for the addition of additives such ferrous sulfate, lime, and portland cement,
hoppers, feeders, mixers, and mixing tanks.

e Construction Management includes construction management activities, such as infrastructure
coordination, planning and bidding support, subcontract oversight and acceptance testing.

¢ Startup includes startup management activities, development of operating procedures, maintenance
plans, operations training, and conduct of system operability tests (SOTs) and the readiness review.

CAPITAL COSTS

e Capital costs include material, equipment, labor, and subcontracts for the construction of the
processing facility. Equipment procurements such as the retrieval equipment (pneumatic and
mechanical) and packaging systems include necessary testing and demonstration.

e The Silo 3 construction subcontract costs include subcontracts for civil, structural, mechanical and
electrical scope.

e Retrieval and packaging facilities include the silo enclosure, the retrieval facility (excavator room),
packaging facility, cargo containment, and miscellaneous support trailers.

e Equipment required to implement the treatment process for the current remedy includes additive
feeders, mixers, hoppers, sampling equipment, load cells, instrumentation for flow measurement, and
sampling equipment.

e The process building is sized to accommodate the additional hoppers, feeders, mixers, and mixing
tanks associated with the current remedy.

000058

FEMP\10 - Att4 Cost 2-03.doc\March 12, 2003 4:00PM 44



R = 8 2 l 8 Revised Proposed Plan for Operable Unit 4
Silo 3 Remedial Action
40430-RP-0014, Draft Final Rev. A

OPERATIONS AND MAINTENANCE

e Operations and Maintenance (O&M) costs are based on a requirement of 86,700 manhours to
accomplish:

- Retrieval of Silo 3 material from the silo;

- Treatment (utilizing the chemical stabilization formula developed during Fernald treatability
testing). Batch processing is assumed, to accomplish the addition of additives and adequate
mixing of the additives and Silo 3 material prior to packaging;

- Sampling of the material conducted to ensure disposal facility waste acceptance criteria
(WAC) is met, in addition to routine (IH, workplace, rad) sampling.

- Preparing and filling the soft-sided packages; and

- Loading packages into shipping containers.

e  O&M costs also include technical support provided by equipment vendors.
e Labor costs for shipping are included in the transportation and disposal costs.

e The maximum capacity of the retrieval equipment is 6 to 10 cy per hour. The capacity of the batch
stabilization process is 4.5 cy per hour. Therefore, an overall average production rate of 4.5 cy per
hour is assumed for the retrieval, processing, and packaging facility.

e The operations schedule is based on working 4 days per week with 7.5 productive hours/shift (day).
The balance of the available hours per shift are attributed to maintenance, donning and doffing of
PPE, and required breaks due to stay-time requirements.

e Operations includes the cost for preparing the access opening in the silo when retrieval switches from
pneumatic to mechanical, using the excavator.

e Operations personnel will be required to wear PPE for worker protection during retrieval and
packaging. PPE costs include coveralls and air-supplied respirators.

¢ Miscellaneous equipment costs include process filters and consumables used during operations for
swiping, surveying bags, and decontamination of surfaces for free-release.

e The cost of packaging the treated Silo 3 material in 3 yd® IP-2 soft-sided containers is based upon:

e 2783 soft-sided containers are required for the calculated volume of treated Silo 3 material.
An additional 27 containers, for a total of 2810 soft-sided containers, are assumed to be
utilized to account for filling efficiency and overpacking of secondary waste, including
process filters.

e It is assumed that secondary waste that contains process material (i.e., process filters) will be
disposed of at the NTS.

e An inner liner/bag will be used inside the soft-sided package to allow cinching around the fill
spout to reduce the spread of contamination.

- 000059
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* Loading frames will be used to give soft-sided container shape during filling.
» The material is packaged at two packaging lines. The packaging rate is limited by the 4.5
cy/hour batch-processing rate. A packaging rate of 1.5 soft-sided containers packaged per

hour is assumed (4.5 cy/hour processing rate; 3 cy per container).

* Preparation for Shipment includes loading of the soft-sided containers into the cargo containers,
assuming:.

e Seven (7) soft-sided containers per cargo container.
e Lifting frames used to lift soft-sided containers and load them into top loading cargo
containers.

e Shutdown cost reflects those activities necessary to place the Silo 3 facilities in a controlled state
ready for dismantlement. This includes isolation of utilities to the facilities, removal of gross
quantities of hold-up material in equipment and gross decontamination of the equipment and
facilities. Costs for fixative is included in the miscellaneous equipment cost.

O&M Costs

Soft-sided containers (2810 containers @ $379.85/container) = $1,067,379

Inner Liners/Bag (2810 bags @ $6.69/bag) = $18,792

Loading Frames (2 frames rented for 3 months; 12 frames rented for 14 months @ $214/frame per month)
=$37,236

Lifting Frames (2 frames @ $5,564/frame) = $11,128
Chemical Additives (ferrous sulfate, lime, portland cement per vendor quotes) = $1,111,134

Misc. Equipment/PPE = $390,964

Labor: Operations & Maintenance labor: $3,879,455 (based on 86,700 manhours)
Other Labor & Subcontract cost*: $256,281
Total O&M Labor Cost = $4,135,736

*Includes (Shutdown, technical support for cutting the Silo opening, WAC precertification and routine
sampling, other technical support)
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- 8218

TRANSPORTATION AND DISPOSAL

o Shipping schedule assumes real time shipping with minimum storage of containers on site. Shipping
occurs twice weekly.

e Disposal schedule is same duration as operations schedule with one-month lag.
¢ Shipping of soft-sided containers in cargo containers (e.g., sealand) by truck.

¢ The number of packages in cargo container is limited by weight limit for truck shipment load
(40,000 — 42,000 1bs.).

e One (1) cargo container (e.g., sealand) per flatbed truck shipped to the NTS = 402 Truck Shipments.
The waste loading affects the total number of packages produced, nearly doubling the quantity.

s  Truck carriers available (already under contract with Fernald).

o Full cargo container fleet purchased assuming cargo containers buried. Entire cargo container
disposed of (volume =1,360 ft*/sealand).

o Treated waste disposed at NTS.

Transportation & Disposal Costs

Cargo containers (402 containers @ $7,490/container) = $3,010,980
Shipping (402 shipments @ $4,922/truck) = $1,978,644

Labor (not included in O&M estimate) 15,356 manhours (separate crew for preparation of trucks for
shipment) = $564,344

NTS Disposal (402 cargo containers x 1,360 ft’ @ $9.30/ ft’) = $5,083,567

DECONTAMINATION AND DEMOLITION (D&D)

e Cost for D&D the Silo 3 facility assumes a subcontracted price for D&D of the retrieval, treatment,
and packaging facilities and equipment.

e Disposal of major building debris assumed on-site in the OSDF cell.
e Does not include D&D/removal of Silo 3 or soil removal costs.
Costs

D&D of the Silo 3 treatment facility = $2,034,081
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ASSUMPTIONS AND BASIS OF COST ESTIMATE - PROPOSED REVISED REMEDY

GENERAL ASSUMPTIONS: - 8218

e 5,100 yd® Silo 3 material in-situ.

e The Silo 3 material is dry, powdery material with a moisture content ranging from 3-10% moisture.
The optimum moisture content is 20%, which results in a crumbly material.

e Equipment design and processes for retrieval of material from the silo, conveyance to the process
facility, and packaging are the same for both alternatives. The specific additives and resulting waste
loadings assumed under the current and proposed revised remedies affect the size of the buildings,
equipment needed, operations rate, final waste form, number of packages, shipping containers and
truck shipments, final disposal cost, and D&D costs.

e Silo 3 material will be conditioned during the packaging operation with the binding agent (e.g.,
lignosulfonate) tested during Fernald mock-up testing, plus the addition of a reducing agent (e.g.,
ferrous sulfate) for stabilization of metal(s). The cost assumes addition of a 15% ferrous sulfate
solution and lignosulfonate binder combined in solution, optimizing moisture at 20%.

e The waste loading for conditioned waste is 79%.

e A volume and density increase is assumed due primarily to the 20% addition of the aqueous solution.
Volume increase also reflects the effect of ‘bulking’ during material handling.
Volume increase: 553 cy (5,653 cy treated material vs. 5,100 cy in-situ)
Density increase: 10.1 lbs/cf [56.3 lbs/cf treated vs. 46.2 1bs/cf untreated (observed)]

¢ Transportation and disposal costs assume shipment by truck to the Nevada Test Site (NTS).

e  All costs include the appropriate escalation.

PROJECT MANAGEMENT, ENGINEERING, CONSTRUCTION MANAGEMENT AND
STARTUP

e Project Management costs include project management activities to support all phases of the project
from conceptual design through completion.

¢ Engineering costs include the development of conceptual, preliminary and final design, safety basis
documentation, Title Il (construction support) documentation, and design closeout activities. Costs
also include oversight of the design effort, conduct of design data development laboratory testing,
development of the Remedial Design Package and Health and Safety Plan, and preparation of long-
lead procurement documentation.

e Engineering cost for the Proposed Revised Remedy includes the engineering effort required to
incorporate the equipment and facilities for conditioning the Silo 3 material into the retrieval and
packaging design. The change includes adding an area for reagents or additives, revising the use of
the wastewater tanks for mixing of additives, and applying the additives by spraying the dry material
as it is being packaged.
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¢ Construction Management includes construction management activities, such as infrastructure
c-oquifrilation, planning and bidding support, subcontract oversight and construction acceptance

'-"testj__n@l . 8218

e Startup includes startup management activities, development of operating procedures, maintenance
plans, operations training, and conduct of system operability tests (SOTs) and the readiness review.

CAPITAL COSTS

¢ Capital Costs include material, equipment, labor, and subcontracts for the construction of the
processing facility. Equipment procurements such as the retrieval equipment (pneumatic and
mechanical) and packaging systems include necessary testing and demonstration.

¢ The Silo 3 construction subcontract costs include subcontracts for civil, structural, mechanical and
electrical scope.

e Retrieval and packaging facilities include the silo enclosure, the retrieval facility (excavator room),
packaging facility, cargo containment, and miscellaneous support trailers.

e Equipment required to implement the Proposed Revised Remedy includes tanks, pumps, piping and
instrumentation for the addition of additives to the packages of waste.

OPERATIONS AND MAINTENANCE

e Operations and Maintenance (O&M) costs are based upon a requirement of 60,000 manhours to
accomplish:
- Retrieval of Silo 3 material from the silo;
- Conditioning the waste;
- Preparing and filling the soft-sided packages; and
- Loading packages into shipping containers (e.g., sealands).
e  O&M costs also include technical support provided by consultants and equipment vendors.

e Labor costs for shipping are included in the transportation and disposal costs.

¢ The maximum capacity of the retrieval equipment is 6 to 10 cy per hour. An average production rate
of 6 cy/hr is assumed.

e The operations schedule is based on working 4 days per week with 7.5 productive hours/shift (day).
The balance of the available hours per shift are attributed to maintenance, donning and doffing of
PPE, and required breaks due to stay-time requirements.

e Operations includes the cost for preparing the access opening in the silo when retrieval switches from
pneumatic to mechanical, using the excavator. '

e Operations personnel will be required to wear PPE for worker protection during retrieval and
packaging. PPE costs include coveralls and air-supplied respirators.

e Miscellaneous equipment costs include process filters and consumables used during operations for
swiping, surveying bags, and decontamination of surfaces for free-release.
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There is no waste acceptance sampling assumed for this remedy, only routine (IH, workplace,

radiological control) sampling.

- 8218

e The cost of packaging Silo 3 material in 3 yd® IP-2 soft-sided containers assumes:
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1885 soft-sided containers are required for the calculated volume of Silo 3 material. An
additional 25 containers, for a total of 1910 soft-sided containers, are assumed to be utilized
to account for filling efficiency and overpacking of secondary waste, including process
filters.

It is assumed that secondary waste that contains process material will be disposed of at the
NTS (i.e., process filters).

An inner liner/bag is used inside the soft-sided package to allow cinching around the fill
spout to reduce the spread of contamination.

Loading frames are used to give the soft-sided containers shape during filling.
The material is packaged at two packaging lines. Assuming 1 soft-sided container per hour is

filled at each packaging station, the overall production rate (not limited by upstream
processing) is 2 bags (6cy) per hour.

Preparation for Shipment includes the cost of loading of the soft-sided containers into the cargo
containers, assuming:

Seven (7) soft-sided containers assumed per cargo container.
Lifting frames used to lift soft-sided containers and load them into top-loading cargo
containers.

Shutdown costs reflect those activities necessary to place the Silo 3 facilities in a controlled state
ready for dismantlement. This includes isolation of utilities to the facilities, removal of gross
quantities of hold-up material in equipment and gross decontamination of the equipment and
facilities. Costs for fixative is included in the miscellaneous equipment cost.
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IR 8218
Soft-sided containers (1910 containers @ $379.85/container) = $725,513

Inner Liners/Bag (2500 bags (vendor minimum) @ $6.69/bag) = $16,719

Loading Frames (2 frames rented for 3 mos.; 12 frames rented for 7 mos. @ $214/frame per mo.) = $19,260
Lifting Frames (2 frames @ $5,564/frame) = $11,128

Chemical Additives = $55,192

Misc. Equipment/PPE = $339,604

Labor: Operations & Maintenance labor: $2,790,633 (based on 60,000 manhours)
Other Labor & Subcontract cost*: $248,545
Total O&M Labor Cost = $3,039,178

*Includes shutdown, technical support for cutting the Silo opening, routine sampling, other technical
support)

TRANSPORTATION AND DISPOSAL

o Shipping schedule assume real time shipping with minimum storage of containers on-site. Shipping
occurs twice weekly.

¢ Disposal schedule is same duration as operations schedule with one-month lag.
e Shipping of soft-sided containers in cargo containers by truck.

e The number of packages in cargo container is limited by weight limit for truck shipment load
(40,000 — 42,000 1bs.).

e One (1) cargo container per flatbed truck shipped to the NTS = 273 Truck Shipments.
e Truck carriers available (already under contract with Fernald).

e Full cargo container fleet purchased assuming cargo containers buried. Entire cargo container
disposed of (volume =1,360 ft*/container).

e Conditioned waste disposed at NTS.
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Trapsportation & Disposal Costs 8 2 1 8
Car‘go. containers (273 containers @ $7,490/container) = $2,044,770

Shipping (273 shipments @ $4,922/truck) = $1,343,706

Labor [10,429 manhours (separate crew for preparation of trucks for shipment)]= $383,248

NTS Disposal (273 cargo containers x 1,360 ft’ @ $9.30/ ft’) = $3,452,273

DECONTAMINATION AND DEMOLITION (D&D)

e Cost for D&D the Silo 3 facility assumes a subcontracted price for D&D of the retrieval,
conditioning, and packaging facilities and equipment.

e Disposal of major building debris assumed on-site in the OSDF cell.
¢ Does not include D&D/removal of Silo 3 or soil removal costs.

Costs

D&D of the Silo 3 facility = $1,857,206
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