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SECTION 1 1 

2 

3 

4 -  - - 

INTR(3DUCTION 
- .. _._ _ _  

This report reviews the excavation method and presents the waste excavation plan proposed for Operable 
Unit 1 (OU1). OU1 consists of six waste pits, a Bum Pit, and a Clearwell. The six waste storage pits 
constructed at the Femald Environmental Management Project (FEW) are referred to as "wet" or "dry" 
pits, depending on the state of the material at the time it was placed in the pit. A pit that received 
slurries is classified as a ''wet'' pit, while a pit that received dry solids is classified as a "dry" pit. Waste 
Pits 1, 2, 4, and Bum Pit are "dry" pits; Waste Pits 3, 5, and 6 are "wet" pits. 

1.1 Excavation Methods 

5 

6 

7 

8 

9 

10 

11 

12 

13 

The review focuses on a top and bottom excavation method wherein one set of equipment is located on 14 

top of the pit cap (Le., on top of the soil cover overlying the pit waste) to strip the cap and waste, and 15 

a second operation simultaneously completes waste removal from the pit bottom. Equipment operations 16 

are not planned or anticipated to occur directly on pit wastes. Operations will be from on top of pit caps, 17 

on the pit bottoms, on existing berms or on constructed ramps. This approach was devised to eliminate 18 

the need for the operators to drive directly on waste of unknown strength (see Subsection 5.2 for 19 

clarification of excavation approach). 20 

21 

For the preferred top and bottom approach, contingency measures are presented that respond to or 22 

accommodate unexpected waste or stability conditions. Also, various aspects of the operation, such as 23 

the most efficient equipment types are presented to optimize the overall approach. 2$ 

25 

WPRAP is currently planning on performing the excavation of all waste pits by the use of mechanical 26 

excavation equipment. As a contingency, excavation of the waste pits by the use of slurrying equipment 27 

(hydraulic excavation) is being designed and procured. By hesigning &d preparing for both excavation 28 

techniques, if pit wastes are encountered that cannot be readily excavated, slurrying of these wastes can 29 

commence with minimal downtime. 

1.2 Review Methodology 

30 

31 

32 

33 

The waste excavation plan is a review and conceptualization of the top and bottom excavation approach. 35 

The review uses data from Pits 3 and 5 since these pits are the deepest and have the most difficult wastes 35 

to excavate and handle. Excavation in Pits 1, 2, 4, and in the Bum Pit will be similar to Pit 3. 36 

Excavation in Pit 6 and Clearwell will be similar to that of Pit 5. 37 

38 
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Both Pit 3 and Pit 5 (and possibly most of the other pits) are expected to contain some flowable wastes. 
However, for better efficiency in subsequent water removal steps, mechanical excavation is preferred and 
is the planned excavation method. (If there are any wastes that cannot be excavated mechanically, 
hydraulic excavation is retained as a contingency method. For waste volumes that need to be 
hydraulically excavated, pumping will be done without the addition of slurrying water.) Therefore, 
mechanical excavation is the focus of this study. To the extent possible (and the most cost effective), 
water removal is maximized in the pit area either prior to and/or in conjunction with the waste 
excavation. 

J 

Pits 4 and 5 have been identified as a hazardous waste management units. This is not expected to change 
the basic excavation methodology presented in this plan. Since the RI final issue, analytical results of 
sampling indicate there is no listed waste. Those pits will be blended with other pit materials. RCRA 
testing will be performed on the final combined waste streams, after processing, at the time material is 
loaded into railcars. 

1.3 Status with Respect to DEEP Information 

Based on the Dewatering and Excavation Evaluation Program (DEEP) information available on the waste 
strengths, a review of the top and bottom excavation method has been made. Review and analysis of 
waste strength test data from Pits 1, 2, and 3 indicates that, although the waste strengths are very low, 
the excavation faces will maintain minimum slopes of approximately 3H: 1V without the need or further 
benefit of dew atering. 

Trial field excavations also included as part of the DEEP testing have also confirmed the very low 
strengths of most of the pit wastes. The trial excavations also confirmed the need to maintain waste 
excavation slopes of 3H: 1V to ensure stable excavation faces. Furthermore, caution is warranted when 
estimating and predicting the waste strength properties because of the practical limitations on the number 
of test points and the wide variation evident in the existing waste properties. 

While the overlying soil cap materials act as a loaddistributing layer, and the cap materials normally have 
higher strengths than the wastes, as the excavation faces are opened, the overall stability of the slope 
depends on the strength of the underlying waste. 

The DEEP information, data, and status is presented in the accompanying DEEP report, “Technical 
Summary of DEEP Test Data, Rev B,” (PARSONS 1996b). 
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1.4 Waste Pit Descriptions 

This section provides a general description of the configuration and origin of the contents of each of ;he 
waste pits. Narratives for this section were obtained from the OU1 Waste Pit Content Study Report (Rev. 
0, PARSONS 1993). The purpose of this section is to provide basic information about the construction 
and operation of Waste Pits 1 through 6, the Clearwell, axid the Bum Pit. For additional detail, reference 
the above mentioned report. See Figure 1-1 at the end of this section for a plan view of the waste pits 
and the proposed waste processing facilities. 

1.4.1 Waste Pit 1 

The waste pit footprint is oval, and the pit is approximately 165 feet wide by 350 feet long by 29 feet 
deep. The bottom of Waste Pit 1 slopes approximately 1 foot from the east to the west side. Four feet 
of low permeability materials was placed in the southeast comer of Waste Pit 1. A sump area, lined with 
approximately 6 feet of low permeability material, was constructed in the southwest corner of Waste Pit 
1. A trench that is 11-12 feet wide and 10 feet deep was excavated around the'bottom of the waste pit 
and backfilled with low permeability material. The low permeability material used in the construction 
of Waste Pit 1 was obtained from excavating clay from the area which would later become the Burn Pit. 

The majority of the materials placed in Waste Pit 1 were dry solids including neutralized waste filter 
cakes, production plant sump cakes, depleted slag (magnesium fluoride), scrap graphite, contaminated 
brick, and sump liquor. The following materials were routinely dumped into Waste Pits 1, 2, or 3: 
trailer cake from Plant 8, neutralized filtrate from uranyl ammonium phosphate cake from Plant 8 
(including sump liquor), General Sump slurry from the Ore Refinery (including neutralized raffmates), 
broken graphite molds from Plant 5, chemical feed sump residues from the Water and Boiler Plants, hand 
cleaned and moistened residues by the residue crew, and cooling water from heat treating operations in 
Plant 6. The feed sump residues from the Water and Boiler Plants and cooling water from the heat 
treating operation were disposed of using a tank truck. The hand cleaned and monitored residues were 
disposed of with the use of a truck. Rainwater from the pipe trench in the K-65 area was pumped into 
the south end of Waste Pit 1 through an existing pump. Waste acid filter cake from Plant 8, depleted 
C-liner from the Storage Pad and Plant 5, and sump cake from Plant 7 were disposed of in Waste Pit 1.  

1.4.2 Waste Pit 2 

The Waste Pit 2 footprint resembles a six-sided polygon, and the pit is approximately 190 feet wide by 
270 feet long by 23 feet deep. In the southern portion of the waste pit, a small, spring fed pond existed 
with a typical water elevation of approximately 574 feet. The pond was drained and the pit was 
constructed by excavating a basin into the existing native clay. At the north end of the pit, trees, stumps, 
and roots were removed from the bottom of the pit and the area was backfilled with clay to construct an 
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impervious pit. The pit was lined with a compact'sd, on-site native clay layer. The pit bottom and 
interior side slopes were lined with 4.5 feet of low p-:rmeability material. The low permeability material 
used in the construction of Waste Pit 2 was obtaiiied by excavating material from the location of the 
future Bum Pit. 

Waste Pit 2 was primarily used as a dry pit, but some wet materials were placed in the pit before Waste 
Pit 3 was constructed. Waste Pit 2 was filled with semi-liquid, filter cakes, sump liquor, and other 
aqueous liquids. Waste Pit 2 received dry solids mainly consisting of neutralized waste filter cakes from 
the production plants, depleted slag, scrap graphite, contaminated brick, and sump liquor. 

1.4.3 Waste Pit 3 

The pit resembles an irregular oval and is approximately 450 feet wide by 720 feet long by 42 feet deep. 
Waste Pit 3 was constructed by excavating into an existing low permeability material to an approximate 
elevation of 548 feet. The west berm was constructed approximately 20 feet above the 1958 ground 
surface. The north side of Waste Pit 3 had no berm. The east side was formed from the west sides of 
Waste Pits 1 and 2. The sides of Waste Pit 3 were constructed with a 1.5H:lV interior slope and lined 
with 12 inches of clay. Some of the excavated soil was used to form the west wall of the pit. Layers 
of 6- to 8-inches were placed on the sides and compacted with a sheepsfoot roller. A natural layer of low 
permeability material forms the bottom of the pit. Additional clay material was not placed in the bottom 
of the pit. Spoil areas for the construction of Waste Pit 3 were located due north of the pit and west of 
the pit; topsoil was placed further north of the pit. The spoil area due north was graded to an 
approximate elevation of 575 feet. 

From 1959 to 1968, Waste Pit 3 was operated as a wet pit for use as a settling basin. Waste Pit 3 was 
divided into three sections. In August 1959, only one third had been designated for use. This portion 
of Waste Pit 3 was designated to receive slurries from the Ore Refinery and the Recovery Plant. Material 
was not to be dumped here until Waste Pit 2 was filled.. -ne majority of the wet material Waste Pit 3 
received was lime-neutralized radioactive raffinate concentrate from Plant 8 and the General Sump. The 
neutralized waste slurry was received through an inlet pipe at the north end of the pit. The solids settled 
in the pit, while the supernatant liquid flo'wed through weirs at the south end of the pit into the Clearwell. 
Contaminated rainwater from the Bum Pit area was pumped into the north end of Waste Pit 3 with the 
use of a portable pump. The slurries from the Ore Refinery (Plant 2/3) and the Recovery Plant were 
pumped to Waste Pit 3. The solids settled out while the clear liquid passed over a weir to the Clearwell. 
In the late 1 9 6 0 ~ ~  an area was dug in the north end of the pit and wooden pallets were placed in this area 
and then crushed with the bulldozer. 
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3 '  

3 
1 A.4 Waste Pit 4 

The footprint of Waste Pit 4 resemblesrattrapezoid, and the pit is approximately 380 feet wide by 310 
feet long by 32 feet deep. Waste Pit 4 was constructed with interior side slopes of 2H:lV. Waste Pit 
4 was lined with 1 to 2 feet of low permeability material. 

Depleted uranium residues, low grade thorium residues, contaminated ceramics, and general refuse were 
discarded without treatment into Waste Pit 4. The depleted uranium residues (0.142 - 0.40 percent U- 
235) were either not suitable for remelt or it was not economically feasible to recover the uranium. 
Thorium residues were placed in the pit when it was not economically feasible to reprocess the residues. 
The ceramics were from production electric furnaces. From 1975 until 1984 the majority of the filter 
cakes from Plant 8, resulting from the filtration of neutralized raffhates and sludges accumulated in the 
General Sump tanks, and recycled slurries from Waste Pit 5 were classified as dry waste and deposited 
into Waste Pit 4. Waste Pit 4 also received process residues, trailer cakes, slurries, rafXnates, graphite, 
noncombustible trash, and asbestos. Waste Pit 4 received construction rubble, crucibles, and 
contaminated asbestos. Trash, cans, drums, graphite, graphite crucible molds (13 inches in diameter and 
3 feet tall), solid abrasive materials, uranium metal, magnesium fluoride, concrete, ceramics, drummed 
residues of uranium materials, pyrophoric chips and fines, concrete, thorium, and asbestos were deposited 
in Waste Pit 4. At least 100 drums were deposited on the west side of Waste Pit 4. From 1980 to 1983 
barium chloride was disposed of in Waste Pit 4. Between May 1981 and April 1983 Waste Pit 4 received 
approximately 23,500 pounds of low-level radioactive waste containing barium chloride heat treatment 
salt. 

1.4.5 Waste Pit 5 

The footprint of Waste Pit 5 is rectangular, and the pit is approximately 820 feet long by 240 feet wide 
by 30 feet deep. The pit extends about 15 feet above the original grade on the south side and 14 to 20 
feet above grade on the north side. The pit was lined with a 60-mil thick Royal-Seal ethylene propylene 
diene monomer (EPDM) Elastomeric Membrane. Seepage was encountered during excavation of the 
pit. The areas where seepage occurred were over excavated and filled with clay prior to installing the 
1 iner . 

The bottom elevation of Waste Pit 5 is 560 feet at the east side and 558.5 feet at the west side. Waste 
Pit 5 was constructed with interior side slopes of 2.5H:lV. The top of the waste elevation is 
approximately 588 feet. Hence, the maximum depth of waste is approximately 30 feet deep. 

Waste Pit 5 was placed in service on October 21, 1968. Liquid wastes from all of the plants were 
pretreated and then sent to the General Sump. At the General Sump, thorium wastes were co-precipitated 
with barium carbonate and aluminum sulfate to reduce the activity of the Ra-228, and then pumped to 
Waste Pit 5. Uranium wastes were treated at the General Sump with CaO to adjust the pH to obtain a 
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* maximum precipitation of the radioactive material, and then pumped to Waste Pit 5. Until 1984 sludges 
which settled in the General Sump were sampled and, if the total content of radioactive materials was 2 

within pre-set allowable discard limits, the sludges were sent to Waste Pit 5. All of the liquid waste 3 

entered Waste Pit 5 through a pipe in the eastern end of the basin. The uranium and thorium containing 4 

solids settled out and remained in the pit while the supernatant liquor overflowed through an effluent 5 

tower in the southwest end of the pit where it subsequently flowed to the Clearwell. Waste Pit 5 also 6 

received neutralized raffinate settled solids, slag leach slurry, sump slurries, and lime sludge from Plant 7 

2/3 and Plant 8. 8 

9 

1.4.6 Waste Pit 6 

Waste Pit 6 is square with each side approximately 210 feet long. It is approximately 24 feet deep. 
Waste Pit 6 was constructed in the same manner as Waste Pit 5 and was also lined with a 60-mil EPDM 
liner. The bottom elevation of Waste Pit 6 is 560 feet, and the elevation of the top of the waste is 
approximately 580 feet. Therefore, the depth of the waste material is approximately 20 feet. 

Waste Pit 6 received noncoarse, non-pyrophoric solid wastes including depleted slag, green salt, filter 
cakes, and process residues. Excess rainwater that collected in Waste Pit 6 was pumped to Waste Pit 5 
and then discharged to the Clearwell. Material was bulldozed or clam-shelled into the waste pit. 
Depleted sump filter cake from all of the plants, fine depleted slags, decladding "blue" water, and heat 
treated quench water were deposited- into Waste Pit 6. 

1.4.7 
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24 

The Bum Pit was used to bum materials such as laboratory chemicals, combustible materials (including 25 

pyrophoric and reactive chemicals), oils, and low-level contaminated combustible material. The Bum 26 

Pit was also used to bum cafeteria debris, cans, napkins, and skids when the Sewage Treatment Plant 27 

incinerator was inoperable. 28 

29 

1.4.8 Clearwell 30 

- 

The footprint of the Clearwell resembles a trapezoid, and the pit is approximately 200 feet long by 180 
feet wide by 27 feet deep. The east, west, and south side of the Clearwell were constructed with a 
1.5H:lV interior slope; while the north side was constructed with a 2H:lV interior slope. All of the 
sides were lined with 12 inches of clay. 

The west berm was constructed approximately 20 feet above the 1958 ground surface. The north side 
is adjacent to the south side of Waste Pit 3. The east side was formed from the west side of Waste Pit 1 .  
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The Clearwell was constructed by excavating into an existing low permeability material to an approximate 
elevation of 548 feet. Additional clay material was not placed in the bottom of the Clearwell. There is 

1 

2 

approximately 11 feet of decant solid waste in the bottom of the Clearwell. 3 

4 

The Clearwell received surface water runoff from all of the pits and liquid from Waste Pits 3 and 5. The s 

Clearwell was used as the final settling basing before water discharged to the Great Miami River. 6 

... 
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SECTION 2 1 

2 

CRITERIA AND ASSUMPTIONS 3 

2.1 Criteria 5 

The following criteria were considered in the evaluation. 

4 

6 

7 

8 

1) ODerator Safety - Variation in waste composition and soil conditions make excavation operations 9 

less predictable. Personnel and equipment maintain a safe distance from excavated slopes in the IO 

pit cap and pit bottom. 11 

12 

2) Segregation - To process waste in an orderly fashion, segregation of waste types (Le., debris, 
excessively wet material, dry materials) start at the excavation. 

3) Stormwater - Existing perimeter stormwater controls are kept intact. With these controls, 
stormwater runoff from the waste pit area now flows either to the Clearwell or to Sump 18-N 
adjacent to the Clearwell. Separate pumping systems transfer this stormwater to the 
Biodenitrification Surge Lagoon. .- 

Runon into excavation areas is minimized to reduce the volume of contaminated water sent to 
treatment. Stormwater and water freely draining from the waste in the excavations is collected. 
Suspended solids are removed. Additional methods of pretreatment could be necessary and are 
being investigated. Storm and waste drainage water are transferred to the Clearwell and/or Sump 
18-N. From the Clearwell and Sump 18-N, water is transferred to the Biodenitrification Surge 
Lagoon and then conveyed to the FEMP wastewater treatment system for final treatment prior 
to discharge. 

Note: Stormwater associated with the 11 acres for the new processing facilities is handled 
separately from the waste pit area system. 

4) Process - The excavation process is designed to provide a steady stream of waste that is readily 
adaptable to variable drying and mixing rates. The drier the excavated material, the better the 
efficiency of operation. 

5 ) .  Reclamation - The pits are remediated in a logical sequence that permits phased reclamation to 
natural drainage. 

6)  Infiltration - Infiltration of contaminated water from the waste to surrounding soils is minimized. 
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7) Airborne Emissions - The release of fugitive dust is minimized. 

2.2 Assumptions 3 

4 

During the evaluation of the top and bottom excavation approach, the following assumptions are made. 
Various ongoing programs (Le., DEEP) have been perforined to confirm the validity of these assumptions 

s 

6 

where necessary. 7 

Many of the waste types particularly those encountered in Pits 3 and 5 have very low strengths 
and high moisture contents. It is assumed that the waste throughout the pit (and for the other pits 
with overlying soil caps) has sufficient strength to maintain a workable and stable slope and that 
pit caps can support excavation equipment. DEEP strength data indicate undewatered wastes 
have adequate strength to maintain workable excavation slopes. However, recommendations for 
slope adjustments in the field are made at the discretion of, and are to be the responsibility of, 
a qualified and competent field geotechnical engineer. 

The potential for gas and particulate airborne emissions at the pits is assumed to exist. It is also 
assumed that these emissions are manageable and controllable to acceptable levels with readily 
available measures. Additional study during future stages of plan development will determine 
the validity of these assumptions. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

It is assumed that blending (for material characteristics) of waste, as a part of the excavation 
operations, commences at the excavation. As necessary, this blending and mixing will be 
achieved by excavating in two or more areas with the desired different material characteristics. 
By alternately transferring truckloads of waste to the processing facilities, the blending continues 
through the various waste processing steps. 

Equipment support system control for the operator (such as air supplied enclosed cab) and/or 
personal protective equipment requirements are assumed to be the same at the top and at the 
bottom of the pits. 

The FEMP wastewater treatment system is assumed to be able to handle the quantity of storm 
and wastewater from the OU1 construction area and operating facility. (The quantity of water 
will be determined as the design progresses). Temporary storage of storm and wastewater may 
be required and will be based on the 25-year7 24-hour storm. Waste Pit area storm and 
wastewater is managed separately from storm and wastewater in the-waste processing area. Both 
streams ultimately enter the Biodenitrification Surge Lagoon for treatment by the FEMP 
wastewater treatment system. (See the OU 1 Remedial Facilities Process Description for. 
additional clarification.) 
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.... 
SECTION 3 * .1  

2 

PIT EXCAVATION SEQUENCE 

The proposed excavation sequence is as follows: Waste Pits 1,  5, 3, 2, and 4; the Burn Pit; Waste Pit 
6; and the Clearwell (see Figure 3-1). Overlapping or simultaneous excavation of various pits provides 
the necessary waste mixing from a radiological and moisture control standpoint. Once opened, each 
waste area is excavated and reclaimed as soon as is practical. 

For a given pit or group of pits (such as Pits 1, 2, and 3), the excavation will proceed through a series 
of phases. Thus Phase 2 of the excavation of the Pits 1 - 3 group might occur at the same time as Phase 
1 of the Pit 5 excavation. 

1) Waste Pits 1 and 3 are excavated simultaneously. This is the logical area to initiate the 
excavation. The heterogenous nature of Pit 3’s waste provides an initial representative process 
stream to the dryer. This allows for a realistic assessment of the facility’s performance and can 
determine future needs or facility deficiencies at an early phase in the remediation. Pit 3 is 
adjacent to Paddys Run and permits an orderly sequence for reclamation. Waste Pit 1 provides 
an area to egress into Pit 3’s bottom. Hence, the pits are excavated as a unit so that reclamation 
grading can direct uncontaminated runoff toward the natural drainage at Paddys Run (see 
Drawing 91X-5900-G-00133 Appendix B) and Subsection 5.2.1 for additional detail. 

* 

2) During progress of Pits 1 and 3 operation and excavation, Pit 2 becomes accessible and is 
available for excavation. Material in Pit 2 is mixed with Pit 1 and 3 waste to meet the WAC 
requirements. The majority of Pit 2 is excavated from the top. A limited amount of waste will 
be removed from bottom operations. Access into the bottom of Pit 2 is obtained through the 
common berm from the bottom of Pit 1. 

The mixing of pit wastes is achieved by controlling the excavation and transfer sequence from 
the pits as necessary. For instance, if from existing waste pit sample information, one part of 
Pit 2 waste and two parts of Pit 3 waste were required to reduce to the WAC level, then 
excavation and transfer, trucked by truck, would proceed in that fashion. Actual mixing would 
begin to occur as the truck loads were emptied into the bunkers in the waste preparation area. 

3) Pit 4 is excavated next. Pit 4 excavation must precede the Bum Pit excavation to maintain berm 
stability. The, Bum Pit’s limits and confines are unknown; however, they are very close to those 
of Pit 4. It is, therefore, important to excavate Pit 4 first and not risk breaching its berm in 
searching for the Bum Pit’s boundary. In this way the Bum Pit’s excavation is free to follow 
a definable site. Pit 4 waste also requires mixing to meet WAC requirements. Pit 3 and Bum 
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Pit waste is available for this. The 6 foot earthen cap on Pit 4 also provides drier material for 
blending with wet pit wastes. 

4) Waste Pit 6 is excavated after the Bum Pit followed by completion of Waste Pit 5 excavation. 
Excavation within Waste Pit 5 commences early in the operation but is not completed until the 
other areas have been reclaimed. Pit 5's surfaCe face is cut to allow water to drain from the 
w8ste. The wastewater is conveyed by sump and pump to the Pit 5 effluent tower. Waste Pit 
5's operation is extended to permit maximum wastewater -drainage before excavation. Also, as 
quantities of drier waste (including other pit caps and underlying pit soils) become available, they 
are mixed with the Pit 5 wastes to keep production levels of waste product high while processing 
the very wet materials in Pit 5. See Drawing 91X-5900-G-00154 Appendix B and Subsection 
5.2.2 for additional detail. 

5)  The Clearwell is used as part of the stormwater management plan throughout the project; 
therefore, its reclamation is last. The Clearwell is hydraulically pumped periodically to remove 
accumulated sediments. 

Actual excavation rates (and hence, time frames) for completing each pit are tied to the capacity of the 
waste processing facilities and, in particular, the dryer. See Table 3-1 for in situ waste volumes. The 
volumes of contaminated liner and soils below the pits are unknown. The basis for WPRAP's estimated 
treatment volume assumes liners and 1.5 feet of soils. below go to the off site disposal facility, and an 
additional 1.5 feet below this go to the on-site disposal facility. It is assumed for this estimate that the 
remaining soils meet the final remediation levels. The observational approach will be used to guide the 
excavation and establish the actual depths and resultant material volumes. 

Excavation rates are designed to meet this demand (over one shift) and be readily adaptable to increased 
rates if the treatment capacity is fater increased. Provisions are made for stockpiling dry cap material 
in the Waste pit area and for a exterior waste stockpile at the facility. This will provide flexibility in 
management of overall waste processing activities. The exterior stockpile will normally be used for 
stockpiling wetter wastes that will drain over time. While providing a contingency supply, the stockpile 
could be periodically retrieved (for processing) and replaced after sufficient drainage had occurred. 

Once soil remediation progresses to the point where the contamination levels of the remaining soils are 
below the final remediation levels identified in Table A-1 of Appendix A, reclamation of the pits begins. 
Although specifics of these reclamation activities are developed as part of the OU5 design process, it is 
anticipated that any existing berms that meet the final remediation levels are used as backfill to minimize 
the use of borrow materials from other areas. It is assumed that the berm areas contain some areas of 
contamination. Accordingly, prior to use of the berm areas for reclamation, these areas (and other surface 
soil areas within the OU1 boundary) will need to be excavated until the remaining soils are below the 
final remediation levels identified in Table A-1 (obtained from the OU1 and OU5 RODS). 0 
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Table 3-1 - Waste Pit Volumes'') 

Per CRU-1 Waste Pit Data dated September 18, 1995. 
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~9 

10 

11 

12 

14 

Includes waste and low permeability soils serving as pit liners. 15 

Approximate volume to be disposed of with the waste at the permitted commercial disposal 16 

facility. 17 

Approximate volume to be disposed of at the On-Site Disposal Facility (OSDF). 18 

19 

The final reclamation plan for the waste pit area is an integral part of the overall F E W  site reclamation 20 

plan developed as a part of the Soil Remediation Project design. This excavation plan only covers interim 21 

grading for free release of storm runoff to follow a general westerly flow to Paddys Run over a vegetated zz 
cover. 23 
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SECTION 4 1 

...- 

MATERIAL CHARACTERISTICS 
2 

3 

4 

As part of the DEEP Program and previous geotechnica! investigations at OU 1, geotechnical data have s 
been collected to provide for engineering assessment of excavation techniques best suited to remediation 6 

objectives. The following DEEP program activities and associated data have been incorporated into or 7 

considered in this evaluation: 8 

1) Physical properties laboratory test results from Pits 1, 2, and 3 waste materials, including i o  

consolidated, undrained triaxial shear strength tests, unit weight, moisture content, other index 11 

9 

properties, and compaction test results. 12 

13 

2) Physical properties laboratory test results from Pits 5 and 6 waste materials including undrained 14 

triaxial shear strength tests onedimensional consolidation tests, unit weight, moisture content, 15 

other index properties, and compaction test results. 

Wet excavatiodslurry test data, including compaction and bearing tests. 3) 

4) Waste dewatering testing. 

16 

17 

18 

19 

20 

21 

5 )  Dry excavation test data and evaluation. (Note: Although termed "dry," dewatering effects were n 
limited.) 23 

24 

25 

26 

A DEEP report (PARSONS 1996b) is included as part of this Pre-Final design package. 

4.1 Waste/Soil Characteristics for Excavation and Handling 21 

28 

This section provides a general description of the waste materials found in the OU 1 waste pits, primarily XJ 

in tern of soil material classifications. The data were primarily obtained from the OU1 Remedial 30 

InvestigatiodFeasibility Study (RI/FS) and University of Cincinnati Accelerated Life Testing and 31 

Environmental Research (ALTER) testing of materials obtained from small diameter samplers (split- 32 

spoon, Vibra Core, and Shelby Tube), and bulk archived sample material from auger boring and grab 33 

sampling. 

The mixed waste in clay lined pits at the FEMP is, in general, a fine grained-physically soil-like material. 
Typically each waste pit is heterogeneous, and often locally stratified. In general, the mixed waste in the 
pits is similar in its grain size distribution. It is composed predominantly of silt size particles. Moisture 
contents and limits, however, vary widely indicating that the contributing factors to plasticity and 
moisture holding capacity are not similar between pits. It has been found that the properties of the waste 
in several of the pits are affected by amorphous materials (ALTER 1994). 
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The pits, especially the covered pits, also contain debris of various sizes. Various debris, including large 
pieces of concrete rubble, coarse gravel, planks of lumber, sheet metal, metal bands, and metal wire, 
were encountered during DEEP wet trenching with a track hoe at various locations at Pits 1, 2, and 3. 

The subsections below provides a general description of waste materials from each pit. 
descriptions are generally based on data from four reports: 

These 

1) characterization Investigation Study, Geotechnical Evaluation of Waste Pit Material Properties, 
and Boring Logs (WESTON 1988) 

2) Final Remedial Investigation Report for Operable Unit 1 (DOE 1994a) 

3) Cooperative Remedy Screenings Program, Final Report (ALTER 1994) 

4) CRUl Dewatering, Excavation Evaluation Program Waste Pits I ,  2, 3, Final Report (ALTER 
1995b) 

5 )  CRUl Dewatering, Excavation Evaluation Program Waste Pits 5 and 6, Final Report (ALTER 
1995~). 

6) PO19 Data Report, Draft Final Report (SAIC 1996) 
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The descriptions below for Pits 1, 2, and 3 have been updated to include data from the final ALTER P 

Report. ,The DEEP report in this pre-final design package summarizes data from these and other 
laboratory testing. Table 4-1 reports the average initial moisture contents and initial density values along 25 

with waste volumes and total weights. 26 

27 

28 

ERAFSl\VOLl :RSAF'PS\RSDATA\OU-l\ 
< .  PQ- 145MAR 1996\M-EVAL 

... 

4-2 3/16/96, 9:lOam. Rev. No.: F 



c.- -- 

61.1 

-64.7 

22.5 

79.7 

15.5 

Table 4-1 - WRAP Waste Pit Density and Moisture Content Summary 

41,755 16,253 

332,100 117,143 

129,435 100,254 

94,804 19,223 

19,220 16,233 

DensityZ 

68,400 114.5 78.4 

37,400 82.7 32.2 

3 

4 

5 
6 

BP 
cw 

307,500 80.0 28.2 . 

72,800 13 1.7 102.0 

97,700 71.8 14.6 

9,600 148.3 125.3 

30,300 122.0 93.4 

4,300 104.0 65.5 

Initial 
Moisture 

Content (96)' 

46.0 

156.9 

183.5 

29. i 
393.4 

18.4 

30.6 

58.8 

Initial WetTotal Dry Total 
Moisture I Weight I Weight 

Content (%)4 Waste (tons) Waste (tons) 

31.5 I 105.729 I 72.417 
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23.4 I 49.904 I 38.211 

37.0 I 6.037 I 3.802 
~ ~~~ 

Notes: 1 Moisture contents reported on dry weight basis. 
2 

3 
4 

Dry density calculated from wet density and moisture content, assuming constant volume 
and complete saturation. 
Assumes same wet density and moisture content as Pit 5 due to insufficient data 
Moisture contents reported on wet weight basis. 

4.1.1 Waste Pit 1 

In general, Pit 1 waste materials behave like nonplastic silts (ML) with littlc cohesion and low dry 
strength. Some coarse-grained silty sand (SM) (with nonplastic silts) and sandy elastic silt (MH) are also 
present. The moisture contents range from about 16 to 67 percent (by dry weight). 

Petroleum odor was observed for some Pit 1 samples. This indicates that petroleum products may have 
an impact, aiding in its nondastic nature and causing dried Pit 1 waste to repel water (ALTER 1994). 
According to another geotechnical laboratory (SAIC 1996), the dried waste materials repelled water 
initially, but combined with the water after extensive mixing. Observations made during the ramp and 
pad excavations also determined that the waste repels water. 

A composite sample of nonplastic silt was formed from low-watercontent, nonplastic materials (NP1) 
from Waste Pits 1 and 4. A standard compaction test of the NP1 material resulted in an optimum 
moisture content (OMC) of 13.4 percent and a maximum dry density (MDD) of 116.6 pounds per cubic 
foot (pcf), which compares to values for ordinary soils. A direct shear test of the remolded NP1 material 
resulted in a consolidated drained friction angle (qjJ of 40 degrees at 96 percent MDD, which is slightly 
less than that expected for dense sand (ALTER 1994). 
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Compaction tests were also performed on three other bulk samples of materials from Waste Pit 1 using 
either standard compaction methods or a Harvard miniature compactor (ALTER 1995b and WESTON 
1988). The compaction tests resulted in MDD values of 109.4 to 117.5 pcf and OMC values of 15.6 to 
20.3 percent. These values also compare to values for ordinary soils. 

From nine unit weight tests of undisturbed DEEP Shelby tube samples, wet unit weight ranged from 
136.8 to 83.6 pcf, and the corresponding dry unit weight ranged from 36.1 to 115.4 pcf (ALTER 1995b 
and SAIC 1996). Shear strength parameters were measured for-two samples in Pit 1, resulting in t$,, 
values of 19 to 23.2 degrees, t$d values of 30.2 to 39.0 degrees, c,, values of 4.9 to 6.7 psi, and c, values 
of 0 to 3.3 psi. Slopes of 2H/1V can be maintained during Pit excavation provided drain conditions exist. 
Under undrained conditions a slope of 2.5H/lV can be maintained. 

4.1.2 . Waste Pit 2 

In general, Pit 2 waste materials range in behavior from nonplastic silts and sands (silt with sand, sandy 
silt, silty sand) to highly plastic silts (elastic silt, elastic silt with sand, sandy elastic silt). Some lean 
clays and clayey sands with gravel are also present. Moisture contents range from about 17 percent (lean 
clay with sand) to 320 percent (nonplastic silt with sand). Moisture content of the elastic silt materials 
ranges from about 70 to 230 percent. 

A composite sample of elastic silt (MH2) was formed to represent MH materials with lower liquid and 
plastic limits (typical of Pits 2 and 3). The material for this composite sample came from Pits 2 and 3.  
A standard compaction test resulted in an OMC of 35.4 percent and MDD of 77.8 pcf. This density is 
low for MH soil. A remolded, unconfined compressive strength test at 96 percent MDD and + 2  percent 
OMC resulted in an undrained cohesion (cJ of 1,468 psf with a brittle failure mode. A direct shear test 
of the remolded MH2 material resulted in t$d of 29 degrees at 97 percent MDD (ALTER 1994). 

Additional compaction tests were performed on bulk samples from Waste Pit 2. One sample was a 
composite sample of silty sand (SM) from Waste Pit 2 and the Clearwell, which resulted in a MDD of 
102.3 pcf and an OMC of 20.1 percent. In addition, a diiect shear test was performed on the SM 
sample, resulting in a consolidated drained friction angle (t$J of 29 degrees and a consolidated undrained 
cohesion value of 7.6 pounds per square inch @si) at 97 percent MDD. The cohesion value is higher 
than what would normally be expected for- a silty sand and may be due to using too high a strain rate 
during the test (ALTER 1994). 

A second sample was a lean clay (CL) sample from Pit 2 resulting in a MDD of 118.7 pcf and an OMC 
of 14.2 percent (DEEP 1995a). The final sample was an elastic silt (MH), which resulted in a MDD of 
86.3 pcf and an OMC of 17.5 percent (WESTON 1988). The results from the lean clay and the silty 
sand samples are consistent for these types of soils. The MDD from the elastic silt is low for MH type 
soils. 

ERAFS 1 \VOL 1 :RSAPPS\RSDATA\OU- 1 \ 
PO- 145\MARl996\M-EVAL 4-4 3/16/96,9:10am, Rev. No.: F 

2 * 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 -. 21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

31 

38 

40 "e 



. P- 
' S I -  

2 3 6  

From six unit weight tests of undisturbed DEEP Shelby tube samples, wet unit weight ranged from 82.7 
to 131.2 pcf, and the corresponding dry unit weight ranged from 31.1 to 105.7 pcf (ALTER 1995b and 
SAIC 1996). Shear strength parameters were measured for one sample in PitJ2. The resulting 4,, c,, dd, 
and cd values were 18.0 degrees, 1.7 psi, 36.0 degrees, and 0.9 psi, respectively. Slopes of 2H/1V can 
be maintained during Pit excavation provided drain conditions exist. Under undrained conditions a slope 

I 

z 
3 

4 

5 

of 2.5H/lV can be maintained. 6 

1 

4.1.3 Waste Pit 3 8 

In general, Pit 3 waste materials range in behavior from low plasticity and nonplastic silts and sands (silt io 

with sand, sandy silt and silty sand) to highly plastic silts (sandy elastic silt, elastic silt with sand). Some 11 

lean clays are also present. Moisture contents range from about 25 percent (silt with sand) to 270 12 

percent. Moisture content of the sandy elastic silt material ranges from about 55 percent to 366 percent. 13 

From 36 unit weight tests of undisturbed DEEP Shelby tube samples, wet unit weight ranged from 71.4 1s 

to 129.7 pcf, and the corresponding dry unit weight ranged from 15.3 pcf to 110.0 pcf (ALTER 1995b 16 

9 

14 

and SAIC 1996). 17 

18 

In-place strength of Pit 3 waste from the DEEP CFT probes and SPT tests indicates very low strengths 19 

over much of the Pit area (below the cap materials). Low strengths are expected to result in waste 20 

collapse at low natural slopes, which may present safety concerns and excavation inefficiencies due to 21 

flat slopes. DEEP results of 11 consolidated, undrained triaxial shear strength tests had the following n 

results: undrained friction angle (43 ranged from 13 degrees to 24 degrees with cohesion intercept of 0 B 

psi to 2.4 psi, drained friction angle (&) ranged from 28 degrees to 40 degrees, with cohesion intercept 24 

between 0 and 1.6 psi (ALTER 1995b and SAIC 1996). In addition, existing data also indicate that the 25 

moisture content for much of the waste (in situ conditions) is above the liquid limit, indicating the 26 

material could behave similarly to a fluid. This was observed during the ramp excavation. To n 
accommodate these conditions, excavation from the top of the pit cap will allow equipment to operate on 28 

a firm foundation. Once all excavating from the cap is complete, excavating the second bench from the 29 

bottom of the Pit will allow equipment to operate on a firmer footing. Slopes of 3H/1V can be 30 

maintained during excavation of the Pit provided. 31 

32 

4.1.4 Waste Pit 4 33 

In general, most of the materials sampled from Waste Pit 4 behave as either nonelastic silts (ML[NP]) 35 

or lean clays (CL). The moisture contents of the samples ranged between 10.1 and 61.5 percent M 

(WESTON 1988 and DOE 1994). No DEEP samples were removed from Waste Pit 4, since Waste Pit 37 

34 

4 is currently covered with a RCRA cap composed of geotextiles. 38 

39 

ERAFSl\VOLl :RSAPPSWDATA\OU-I\ 
PO- 145- 1996WC-EV AL 4-5 3/16/96,9:1Oarn, Rev. No.: F 



@ A composite sample of nonplastic silt was formed from low-waterantefit, nonplastic materials (NPl) 
from Waste Pits 1 and 4. Compaction test and remolded physical properties of the composite sample are 2 

reported in Subsection 5.1 of this report. 3 

4 

Compaction tests were also performed on two other samples from Waste Pit 4. The material types of 5 

the two samples were nonplastic silt (MLYP]) and lean'clay (CL) having corresponding maximum dry 6 

densities and optimum moisture contents of 120.6 pcf and 18.2 percent and 118.4 pcf and 18.7 percent, 7 

respectively. These values are normal to high for soils with similar USCS classifications, which may be 8 

attributed to the high specific gravities (3.02 to 3.33) reported for the compaction samples form Waste 9 

Pit 4. 10 

From unit weight tests performed on undisturbed samples from previous studies, wet unit weights varied 12 

from 110.7 to 137.7 pcf, and the moisture content varied from 15.9 to 61.5 percent (WESTON 1988 and 13 

11 

DOE 1994). 14 

15 

4.1.5 Waste Pit 5 16 

17 

The majority of the solids portion of the Waste Pit 5 materials behave similar to elastic silts (MH). Also 18 

within Waste Pit 5 there are some silts (ML) and some nonplastic silts (MLYP]). Initially the waste 19 

materials were placed in Waste Pit 5 in slurry form (PARSONS 1993). The Waste Pit 5 materials 
generally remain sludge-like, which is evident since the majority of the sample moisture contents are 
greater than the liquid limits reported. Water contents of the sampled Waste Pit 5 materials range from n 

rn 
73.4 to 1141.2 percent. 23 

x 

A composite sample of nonplastic silt was formed from high-watercontent, nonplastic materials (NP2) s 

from Waste Pits 5 and 6. A Standard Proctor compaction test performed on the NP2 material resulted 26 

in an OMC of 36.2 percent and a MDD of 76.9 pcf. The MDD is low and the OMC is high for soils 27 

having similar USCS classification. A direct shear test was performed on a remolded sample of NP2 28 

material resulting in a consolidated, drained friction angle (&) of 3 1 degrees and a consolidated, drained 29 

cohesion value (cJ of 6.3 psi at 100 percent MDD, which is low for lowclaycontent silt (ALTER M 

1994). 31 

32 

Another composite sample of elastic silt was formed from high-liquid-limit, high-plastic-limit, and high- 33 

moisturecontent materials (MH1) from Waste Pit 5. A one-point Standard Proctor compaction test was 34 

performed on a sample of MH1 material resulting in a MDD value of 64.5 pcf and an OMC value of 35 

56.0 percent (Lutz 1994). The one-point method was necessary since the results from the Standard 36 

Proctor test were determined to be erroneous. The MDD value is very low and the OMC value is very 37 

high for typical soils having a USCS classification of MH. A direct shear test was performed on a 38 

and a consolidated, drained cohesion value (cJ of 1.2 psi at 98 percent MDD, which is average for dense 
remolded sample of MH1 material, resulting in a consolidated drained friction angle (&J of 33 degrees 
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silt. In addition, an unconfined compression test was performed on a sample of the MH1 material 
compacted to 98 percent MDD, resulting in an unconfined compressive strength (a) of 2,425 pounds per 
square foot @sf) or unconfined cohesion value (cJ of 1,212 psf. The unconfined compression failure 
mode of the MHI sample was brittle (ALTER 1994). 

Compaction tests were also performed on four other samples of waste material from Waste Pit 5. Three 6 

of the compaction samples were classified as elastic silts (MH), and insufficient data were available to 7 

determine the classification of the fourth sample. The compaction tests performed on the MH materials 8 

resulted in MDD values ranging from to 62.5 to 65.8 pcf and OMC values ranging from 50.4 to 60.8 9 

percent (WESTON 1988 and ALTER 199%). The MH materials’ MDD values are low and the OMC 10 

values are high for typical soils having similar classification. The fourth compaction test performed on 11 

the unclassified Waste Pit 5 sample resulted in a MDD value of 97.9 pcf and an OMC value of 26.7 12 

1 

2 

3 

4 

5 

percent (ALTER 199%). 13 

14 

Unit weight tests performed on DEEP undisturbed-Vibracore samples resulted in wet density values 15 

ranging from 64.7 to 100.1 pcf (ALTER 1995c and SAIC 1996). Corresponding dry densities cannot 16 

be accurately determined due to the slurry nature of the Waste Pit 5 material. Upon drying, the samples 17 

would lose considerable volume due to the large volume of water present in the samples. 18 

19 

Shear strength parameters were measured on one vibracore sample from Boring WP5-5A. The resulting M 

&, c,, &,, and cd values were 15 degrees, 1.0 psi. 32 degrees, and 0.7 psi, respectively (SAIC 1996). 21 

Consolidation tests were performed on three vibracore samples. The compression index values ranged z 

from 2.7 to 3.9, which indicates the waste is very soft and compressible. The recompression index 22 

values range from 0.04 to 0.09, which is in the normal range for clay @as 1990a). The initial void 3 

22 

ratios range between 9.91 and 16.66, which also indicates a high potential for compressibility. 26 

27 

4.1.6 Waste Pit 6 28 

29 

The majority of the sampled materials from Waste Pit 6 behave as either nonplastic silts (MLWP]) or M 

silty sands (SM). In addition, one sample was classified as a silt (ML) and one sample was classified as 31 

an elastic silt (MH). Moisture contents of all the samples varied greatly from 11.2 to 425.6 percent. 32 

A composite sample of high-moisturecontent nonplastic silt material (NP2) from Waste Pits 5 and 6 was 34 

tested for compaction characteristics and physical properties on remolded samples. Results of the tests 3s 

33 

* 

performed on NP2 were reported in Subsection 5.5 of this report. 36 

37 

Another composite sample of silt material (ML) was formed from Waste Pit 6 and the Burn Pit. A 38 

Standard Proctor compaction test was performed on the ML sample, which resulted in a MDD value of 39 

99.0 pcf and an OMC value of 19.9 percent. These values are typical for soils with an ML classification. 40 
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A direct shear test was performed on a ML sample recompacted to 96 percent MDD, resulting in a 
consolidated drained friction angle (4a) of 37 degrees, which is higher than expected values for a dense 
silt (ALTER 1994). 3 

Compaction tests were also performed on four silty sand (SM) samples, one nonplastic silt (ML[NP]) 
sample, and one sample that had insufficient classificatidn data. The nonplastic silt resulted in a MDD 

'value of 101.2 pcf and an OMC of 23.0 percent, which is typical for a nonplastic silt soil. Compaction 
tests on the silty sand samples resulted in MDD values between 129.7 and 149.5 pcf and OMC values 
between 9.2 and 14.6 percent. The silty sand values are higher than expected values for silty sand, which 
is probably due to the higher than normal values of specific gravity (3.24 to 3.42) for soils. The 
unclassified sample resulted in a MDD value of 139.9 pcf and an OMC value of 11.7 percent, which is 
similar to the SM values from Waste Pit 6. 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Unit weight tests were performed on 13 DEEP undisturbed-Vibracore samples. The resulting wet 14 

densities ranged from 83.4 to 170.2 pcf with respective dry densities of 35.4 to 148.5 pcf (ALTER IS 

199%). The reported values are high; the high densities may be attributed to either a combination of the 16 

high specific gravities or compaction of the samples as a result of the vibratory sampling method. 17 

18 

4.1.7 Burn Pit 19 

The majority of the materials sampled from the Burn Pit behaved similarly to either silts (ML) or silty 2 

sands (SM). One sample from the Burn Pit classified as a lean clay (CL). The Burn Pit was used to n 
bum flammable liquid and solid wastes; therefore, the silts and silty sands are, more than likely, ashes P 

and cinders from incinerated materials. The moisture contents of the Burn Pit materials varied from 25.5 24 

to 43.3 percent (WESTON 1988 and DOE 1994). 25 

26 

Compaction tests were performed on two bulk samples from the Bum Pit. The first sample was a 27 

composite sample of silt (ML) from the Bum Pit and Waste Pit 6. The Standard Proctor test resulted in 28 

a MDD of 99.0 pcf and an OMC of 19.9 percent (ALTER 1994). Results of the physical property tests 29 

performed on the composite sample are reported in Subsection 5.6 of this report. 30 

31 

The second sample was a silty sand (SM) bulk sample from the Bum Pit. The compaction test resulted 32 

in a MDD of 81.2 pcf and an OMC of 9.5 percent (WESTON 1988). The MDD value is low for soils 33 

with similar classification, which is probably due to the low specific gravity of the solids in the sample 34 

(2.35). Silty sand soils generally have specific gravities between 2.65 and-2.67. 

A unit weight test performed on one undisturbed sample of silty sand material resulted in a wet unit 37 

weight of 101.4 pcf, a corresponding dry unit weight of 70.8 pcf, and a moisture content of 43.3 percent. 38 

Due to the large moisture content, the wet and dry unit weights were less than typical in situ densities 
for similar soil materials (dry densities usually vary between 87 and 127 pcf moltz and Kovacs 19811). 

35 

36 
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4.1.8 Clearwell 

One-half (four) of the bulk samples removed from the Clearwell were classified as elastic silts (MH) with 
varying amounts of sand. The other half (four) of the samples from the Clearwell were evenly divided 
between either silty sands (SM) or lean clays (CL). The moisture contents of the samples varied from 
35.4 to 73.9 percent (ALTER 1994). The moisture content tests were performed on archived bulk 
samples from the Remedial Investigation testing. The samples had been stored for at least 2 years, and 
the water had partially separated from the waste material (Lutz 1994), which may have caused the 
reported moisture contents to be low. 

One compaction test was performed on a composite sample made of silty sand (SM) materials from Waste 
Pit 2 and the Clearwell. The compaction test resulted in a MDD of 102.3 pcf and an OMC of 20.1 
percent (ALTER 1994). Results of physical property tests performed on remolded samples of the 
composite material is reported in Subsection 5.2 of this report. 

No undisturbed samples have been removed from the Clearwell. The Clearwell was used to store liquid 
from Waste Pits 3 and 5 and surface runoff water from all of the Pits before pumping the effluent to the 
Great Miami River (PARSONS 1993). As a result of the Clearwell's use, unit weight values from either 
Waste Pit 3 or 5 may be an adequate estimate of Clearwell material unit weights. 

Samples were collected in the north berm of the Clearwell during DEEP. Moisture content data from 
Boring 11574 range from 13.9 to 28.4 percent. All of the samples collected were classified as sandy lean 
clays or lean clays with sand (CL). 

Measured wet densities, from two berm Shelby tube samples, were between 121.3 and 137.4 pcf. The 
corresponding dry densities ranged between 94.5 and 120.1 pcf (SAIC 1996). Shear strength parameters 
were measured on two Shelby tube samples using the consolidated undrained triaxial compression test, 
resulting in 4. values of 16.0 and 22.0 degrees, c, values of 3.5 psi, 4 d  values of 29.0 and 28.0 degrees, 
and cd Values Of 3.1 psi. 

4.2 Potential Waste Dewatering 

DEEP dewatering tests using wells and wellpoints have been conducted in Waste Pits 1 and 3 to evaluate 
the effectiveness of this technique to increase the strength and bearing capacity of wet pit materials prior 
to excavation. Trenching or ramping in the pit materials has been conducted to evaluate the degree of 
success of the excavation program. The results provide the bearing capacity, angle of repose, and safe, 
maintainable slopes. 

ERAFS l\VOLl :RSAPPS\RSDATA\OU-l\ 
PO- 145- 1996WC-EVAL 3/16/96, 9:10am, Rev. No.: F 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

4-9 



Initial strength test data indicate, however, that dewatering is not required to excavate with reasonable 
efficiency and safety for the top and bottom excavation approach. If trenchinghamping tests confirm that 
.dewatering is not necessary to achieve safe bearing capacities and slopes, then a major rationale for the 
use of dewatering is removed. 

However, the dewatering testing did indicate that water Can be removed from some waste areas through 
the use of wells and wellpoints. Given assumptions regarding sustainable yields and the percentage of 
total waste volume that can be removed as free water, the number of wells needed to achieve the greatest 
possible reduction in drying time has been calculated. With some conceptual planning of a dewatering 
system, the cost effectiveness of using this number of wells to reduce drying times could be determined. 
Additional savings from dewatering may result from the potential elimination of a second dryer to meet 
future increased production levels. 

To summarize, it appears that dewatering should not be pursued as a means of enhancing soil strength 
and stability, but may be of value in reducing processing times. If full-scale dewatering is not found to 
be cost effective, other dewatering techniques (such as using wick drains, compression through 
surcharging or preloading the surface, gravity drainage’ through trenching, French drains, or other 
interceptor drains and sumps) may be considered. 
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I' 
SECTION 5 

OPERATION SEQUENCE 
- 

. . -  

5.1 Water Management 

A key element of maintaining a workable site and reducing waste migration is water management. 
Wastewater is removed for treatment and stormwater is restricted to the extent possible from contacting 
waste. Wastewater is considered either the water currently within the waste, perched water that travels 
through the waste, or stormwater that has been allowed to come in contact with exposed waste. 
Retention, collection, and removal of water draining from the waste is expected to be difficult. 

The existing Pit Stormwater Management System (PSMS), including the Clearwell, continues to be used 
throughout the excavation. The PSMS consists of routing stormwater and wastewater to the Clearwell 
and Building 18N (the Special Products Plant), then to the Biodenitrification Surge Lagoon and, finally, 
to treatment at the FEMP wastewater treatment system. However, due to the denuded state created by 
the excavation, selected water management features will probably need to be built, improved, and 
maintained. Approximately 15 to 20 tons/acre/year of sediment from the denuded surfaces could enter 
the water management system. Additional water management work includes temporary stormwater 
diversion berms, construction dewatering, treatment pools, and possible other dewatering/drainage 
techniques as noted in Subsection 4.2. Water management practices are maintained so that the water 
treatment facilities are not overloaded. 

0 
Temporary diversion berms are constructed before excavation begins so that stormwater is intercepted 
before entering uncovered waste areas. These berms are installed, removed, and relocated, as necessary, 
as excavation progresses. See Drawing No. 91K-5900-G-00133 for concept. 

Construction dewatering is accomplished using sumps and pumps. Sump location and number is field 
determined. The sumps and wells are pumped into the PSMS. 

It is important that the sediment is controlled so that the water treatment facilities are not overloaded. 
Temporary settling pools with liners with other sediment control measures (e.g., flocculate, polishers, 
etc.) will potentially be used to reduce solids loading. Baffles are helpful by increasing detention time, 
allowing more suspended solids to settle. The settling pools' purpose is twofold. First, they reduce the 
frequency with which the Clearwell requires maintenance and removal of the settled soils, and second, 
they reduce the solids entering the wastewater treatment facilities (Biodenitrification Surge Lagoon and, 
subsequently, the FEMP wastewater treatment system). 
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5.2 Excavation Approach 

The excavation approach for Waste Pit 3 is described in Subsection 5.2.1 to illustrate the general 3 

excavation approach for most of the other waste areas except Pit 5, Pit 6, and the Clearwell. Pit 5 is 4 

expected to be the wettest waste area; therefore, additional waste drainage measures are warranted. As 5 

described in Subsection 5.2.2 Pit 6 excavation is similar to that of Pit 5, as is the final excavation of the 6 

Clearwell wastes. 7 

In general, lightweight, low-ground-pressure equipment is used to excavate from on top of the cap to a 
safe, maximum possible depth with safe side slopes. This initial operation strips 15 to 20 feet (more, if 
possible) of the cap and waste, and is staged to move ahead of the second operation, taking place from 
the bottom of the pit (the bottom of the waste). Articulated dump trucks (approximate 20-ton capacity) 
haul the waste to the processing area. Low points are graded in the pit to create sumps for wastewater 
collection. Caution is warranted near the bottom of the waste so that sumps are not excavated into the 
top of the Great Miami Aquifer. Excavated dry materials are segregated and transferred to the process 
area. 

The excavation operations allow for separate handling and transfer (to the waste processing facilities) for 
drier wastes and soils and also for debris encountered in the pits. At the waste preparation area of the 
facility, the drier materials are mixed with the wetter waste to improve handleability. Debris management 
starts with initial excavation and is more fully described in Appendix A and the overall Process 
Description for the Remediation System Design (PARSONS 1996a). 

During excavation of dry materials, water sprays are used as necessary to minimize escape of fugitive 
radioactive contaminants to the atmosphere. These dry materials are excavated and transferred separately 
to the waste processing area. Dry waste, such as cap and contaminated berm material, is excavated on 
an as needed basis and is used for blending with wet waste. 

Exposed areas, other than the working face, that are not reclaimed in a timely manner are covered with 
spray membranes, herculite plastic, o r  other suitable protection to reduce erosion and waste migration. 
These and other stormwater control measures are maintained throughout 'the excavation. 

While the following subsections depict fairly definitive phases of excavation, additional phases and plans 
will be prepared for the other less difficult pits (Waste Pits 4 and 6, the Bum Pit, and the Clearwell). 
A large degree of flexibility needs to be maintained in the excavation plans. 

Due to the heterogeneity of the waste pits and the lessons learned during the performance of the DEEP 
project, a precise mining plan would be difficult to implement during changing field conditions. 
Excavation face stability and angle of repose of the wastes will determine the exact method and sequence 
of the pit excavations, and field adjustments to the plan should be anticipated. 
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5.2.1 

As discussed above, the 40 foot deep excavation of Pit 3 uses a top and bottom approach that operates 
from stable edges (i.e., cover, bottom, or berms). An approximately 15 to 20 foot depth of material is 
removed from the top. The remaining waste is excavated from the bottom. A benched working face, 
is used throughout the operations to maintain a safe sepaiation between top and bottom excavations and 
to minimize slope heights. Slopes are to maintain a 3H:lV minimum steepness. Access to the bottom 
of Pit 3 is obtained through Pit 1 .  The sequence for this entry occurs as follows: 

Waste Pits 1 and 3 

Excavate waste at south and west sides of Pit 1 to approximate bottom elevation 562. Maintain 
stable slopes, at least 3H: 1V. Maintain previously existing 3H: 1V slope at east side of Clearwell 
(Phase 1 on drawing 9 1X-5900-G-00 133). 

Remove top 15 to 20 feet of waste from Pit 3 at its southeast corner. Maintain a 20-foot 
clearance from top of dike at Clearwell. These first two operations expose the pit berm shared 
by Pits 1 and 3. The actual location and configuration of this berm must be known prior to ramp 
construction and subsequent entry into the bottom of both pits (Phase 2 on drawing 91X-5900-G- 
00133). 

Construct a cut and fill ramp in the south berm of Pit 1 to the bottom at approximately elevation 
562. Ramp grades are flexible but should be kept uniform and should not exceed 8 percent. 
Construct a road into the Pit 1 bottom liner to the edge of the common Pit 1-3 berm. 
Simultaneously excavate the top 20 feet of the common berm at the point of planned entry into 
Pit 3. Point of planned entry needs to be established at a reasonable distance (approximately 120 
feet) north of the Clearwell to permit construction of slopes and road without endangering 
Clearwell. All roads are established through berms or pit bottoms and not in wastes (Phase 3 on 
drawing 9 1X-5900-G-00133). 

Excavate through the bottom portion of the Pit 1-3 common berm to begin operations from 
bottom of Pit 3 at approximately elevation 548 (Phase 4 on drawing 91X-5900-G-00133). 

See Drawing 91X-5900-G-00133 for the plan view of the above sequence and for a section of Pit 1 ramp 
construction and Pit 3 benched excavation. 

The areas need to be maintained and drained. Roads are crowned or pitched. Sufficient space is 
provided for ditches and sumps. Road surfaces consist of at least a layer of geotextile and gravel. 
Consideration should be given to interlocking wood mats at locations with more difficult soil conditions 
or high traffic areas. 
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The waste conditions are quite varied and will be unpredictable. Operations will need to maintain stable 
slopes and setback distances. See Subsection 5.6 for further discussion. 

5.2.2 , Waste Pit 5 

In addition to the foot or more of water over the waste,'Waste Pit 5 is reported as having a significant 
amount of liquid waste. Therefore, this pit is opened early and remains open for an extended period to 
allow drainage. The waste at the pit's southern boundary is trenched fist .  The open face is expected 
to release wastewater. This wastewater is conveyed to the Clearwell via an existing effluent tower and 
pipe. Sump pumps and pipe will be used to keep trenched excavations dry and to convey wastewater to 
the effluent tower. After the pit has drained as much as is practical, waste excavation is anticipated to 
follow similarly to the other areas. Approximately 11,OOO cubic yards of berm material needs to be 
excavated to provide a work area so that the backhoe can reach to the bottom of Waste Pit 5. See 
Drawing 91X-5900-G-00154 for plan and Drawing 91X-5900-G-00134 for accompanying sections. 

The sequence for waste excavation is planned as follows: 

Widen the Pit 5 berm from 10 feet to 20 feet to permit access for excavation equipment. See 
Section A on Drawing 91X-5900-G-00134 for detail. 

Excavate waste around perimeter of pit from berm using a long reach excavator. Operator needs 
to exercise caution near 2.5H:lV berm slopes. Water will be drained from top of waste prior 
to excavation and excavations will be pumped and kept dry as possible throughout construction 
sequence. 

Construct a cut and fill ramp and bench at mid-height in existing 2.5H: 1V berm slope around pit 
perimeter. Excavation of waste will occur concurrently with this operation. The integrity and 
function of the effluent tower needs to be maintained. Hence, bench construction will not occur 
at this vicinity. The excavator will cast material from the pit to the top berm. A front end loader 
will be used to load trucks from here. This method of operation will minimize truck traffic on 
the narrow bench in the berm. 

At the end of the above operation, a mound of waste will be left in the bottom of Pit 5. The 
natural repose angle of Pit 5 waste is expected to be low. Hence, the resulting mound will 
probably be less than 10 feet in height. A ramp will be constructed on the east side of the pit 
to egress the bottom. Excavation will proceed from this ramp and progress west through the 
bottom of the pit to complete the waste's removal. It is expected that whatever is left of the Pit 
5 EDPM liner will also be removed at this time. 
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The existing water cover at Pit 5 controls radon release from the pit waste. Additivnal monitoring and 
surveillance at the time of dewatering will determine if any radon abatement measaires are required for 
the waste. 

5 . 2 X  Excavation of Soils Underlvinathe Pits 

For this Waste Excavation plan, it is assumed that upper parts of the pit liners and some areas soil below 
the liners must be treated and disposed of with the pit waste. Visual observation of material 
characteristics during the excavation operations are initially used to determine when the apparent depth 
of contamination is reached (Le., limit of waste). However, following the initial cut, and at some actual 
deeper fielddetermined depth, the contamination lessens to a level at which the soil can be disposed of 
in the planned OSDF. This delineation of contamination level and depth (and excavation as necessary) 
is initially accomplished with the use of real-time field scanning equipment. Additional characterization 
of the incrementally excavated soil will likely be necessary to assure confidence in meeting the OSDF 
Waste Acceptance Criteria (WAC) or designating the soil for off-site disposal. 

Similarly, at some greater depth, the soil contamination level will further lessen to the point at which it 
is below the final soil remediation levels identified for OU1 and OU5 and can therefore be left in place. 
Cleanup level confirmation sampling and site restoration is determined in a site-wide design package 
submitted pursuant to the OU5 remedial design process. Additional detail of this soil excavation process 
as described in the Draft OU5 Record of Decision is presented in Section A4.1 of Appendix A of this 
plan. 

For purposes of preparing this excavation plan, and for developing overall project waste and soils mass 
balances, assumptions are made for these contaminated soil depths. The first 1.5 feet of soil below the 
pit liners is assumed to be treated with the waste (and disposed of off-site) and the next 1.5 feet of soil 
is assumed suitable for disposal in the OSDF. Below the 3-foot limit, it is assumed the soil is acceptable 
to be left in place. 

5.3 Waste Transport 
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As described in Subsection 5.2, waste pits are excavated using conventional earth moving equipment such 32 

as extended reach hydraulic excavators and front end loaders. Approach ramps are excavated as required 33 

for equipment deployment and for transporting waste from the pits. During excavation, large debris is 34 

segregated from the waste based on visual observations. Waste along with some debris (that is not 35 

visually apparent) is loaded into trucks (all wheel drive articulating rear dumps) for transport to the debris 36 

management area located in the waste preparation facility. 37 

38 
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Large debris found during excavation is loaded into trucks and transported or possibly moved by skid to 
a pad at the pit side. Debris segregation and processing is also discussed in Section 2.2 of Process 
Description and in Appendix A of this report. 

All waste and debris is transported by all wheel drive articulating rear dump trucks. As necessitated by 
field conditions, trucks are covered with tarp during tranSportation of dry materials to minimize fugitive 
emissions to the atmosphere. 

5.4 Equipment Selection Parameters 

Conventional earth moving equipment such as front end loaders, hydraulic excavators, and all wheel drive 
articulating rear dump trucks are used for excavation and transport of waste and debris. As the 

. excavation proceeds, excavation conditions change depending on the waste characteristics. The cap 
material is relatively dry and is easily excavated. However, as the excavation proceeds deeper in some 
of the pits, liquid waste may be encountered. For ALARA purposes equipment will have enclosed cabs 
with filtered intakes. 

Because of the varying conditions in the pits, equipment selection takes into consideration the following 
parameters. 

5.4.1 Debris Excavation 

Some of the pits (Pits 1, 2, 4, and the Burn Pit) contain waste that has a high solids content. During 
excavation of these pits (and excavation of some areas of other pits), excavation equipment such as front 
end loaders and hydraulic excavators is used to excavate and segregate debris from the waste. If waste 
is deemed to be debris free it is loaded directly into trucks. However, if debris (wood pallets, concrete 
blocks, structural steel etc.) is encountered, it is segregated before transport to the feed preparation 
facility. 

5.4.2 Low Ground Pressure 

In Pit 3, soft footing conditions will be encountered as excavation proceeds deeper into the pits. In those 
conditions "swamp equipment," (i.e., equipment with wide tracks suitable for low ground pressure) is 
employed. The approach ramps, as well as areas being excavated, may require interlocking wooden 
mats, as field conditions warrant, for transport of waste out of the pits by alT wheel drive articulating re& 
dump trucks. Trucks are equipped with flotation tires suitable for low ground pressure operations. 
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5.4.3 Waste Excavation and Transfer Rates * 

Pit waste excavation and transfer rates vary depending upon &e moisture content of the waste. This is 
because the dryer has a maximum water evaporation capacity of 4.2 tons per hour (tph). To support 
dryer operations, excavation rates are lower for thewet pi& and-higher for the dry pits. 

t .  

The highest excavation rates will be for Pits 1, 4, and 6, because when free water has drained, the 
contents of these pits yield the maximum dryer throughput. A maximum of approximately 4,100 tons 
of waste per week will be excavated for Pits 1,  4, and 6. Excavation operations are planned for 5 days 
per week, 8 hours per day. However, excavating operators and equipment are effective only 6 hours per 
day. The equipment and operator fleet is, therefore, selected to support an excavation rate of 140 tph. 
Excavation rates for the other pits are expected to be less. 

5.4.4 EauiDment Retrieval CaDabilities 

There is a possibility of equipment getting stuck in areas where soft footing conditions are encountered. 
Excavation operations will be planned so that excess equipment is available to pull equipment out of the 

.: waste. Trucks, dozers, winches, and steel cables are made available for equipment retrieval. All 
excavation equipment will have features so that steel cables can 
pulled by a truck or a dozer. 

5.4.5 Liauid Waste Retrieval 

Some areas of the pits are extremely wet and pumping waste 
retrieval. A slewing/luffing crane with long reach may be needed 

be easily attached in case it has to be 

is a reasonable alternative for waste 
if it is necessary to reslurry the waste. 

5.4.6 Stormwater Collection 

As described earlier, stormwater is collected from excavation areas and pumped to the Clearwell for 
settling. Also, temporary settling pools are employed prior to pumping the water to the Clearwell. If 
field conditions dictate, a crane may be required for deployment of the stormwater pumps. In some 
instances it is possible to manually deploy the pump without a crane. In that case steel cables are attached 
to the pump for ease of handling. 

5.5 Minimization of Aquifer Infiltration 

Water that percolates or travels over the waste to the pit bottom could infiltrate to the coarse sands and 
gravels of the Great Miami Aquifer. Pits 1,  2, 4, 5, and 6 bottoms are located approximately 10 feet 
above the Great Miami Aquifer materials. The top of the aquifer materials is approximately 547 feet 
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* mean sea level elevation. Water levels in the aquifer are-approximately 25 feet lower. If the pits are 
kept drained, no deep holes are excavated in the pit bottoms, and pit liners maintained. intact as much as 
possible, the potential for infiltration is minimal and manageable. The actual depth and limits of the Burn 
Pit are not known. Pit 3 and the Clearwell have areas with 1 foot or less of separation between the waste 
and the Great Miami Aquifer. Some of the aquifer’s sands may be contaminated. The extent and depth 
of contamination is not known, but will be determind during sampling and analysis after waste 

2 

3 

4 

5 

6 

excavation (see Subsections 1.4 and 5.2.3). 7 

Construction will take measures to limit and minimize infiltration, especially at Pit 3 and the Clearwell. 
As mentioned previously, stormwater diversion is important because it lessens the volume of water to 
handle or possible infiltration into the Great Miami Aquifer. Covering on inactive excavation face areas 
lessens water contact with waste. The sump and pumps in the bottoms of the excavation are to be kept 
functional and maintained. A diligent and dedicated effort to remove standing water will be followed. 
Exposed sand in the pit bottoms presents the most difficult condition. Based on the site and distance from 
the working face, various techniques can be used, such as: 

1) Blend in agricultural lime, cement, or bentonite with sand to form a less permeable surface. 

2) Install perforated drain lines to intercept seepage. 
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3) Geomembranes or sprayed membranes can be applied to pit bottoms that will remain inactive for 
a long period. 

Common clayey soil can be placed. Soil may be from above pit caps, to minimize creation of 
new or additional waste. 

4) 

Combinations of these techniques (such as combining a geomembrane with a foot of common soil) could 
prove effective. Use of additives and drains is more effective at or near the working face. Additives, 
which are especially useful in absorbing free liquids, can be broadcast and tilled in later. Care is to be 
exercised when using lime or cement, due to their acidic and alkaline natures. Bentonite, while more 
costly, is a more effective additive. 

Additional study in the later stages of design will determine the most cost-effective choices. At this time, 
sprayed membranes appear attractive from the standpoint of easy application, minimal additional waste, 
and anticipated effectiveness. However, having a selection of options is probably best suited to the range 
of conditions that may be encountered. 
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5.6 .' Field Conditions : 

5.6.1" Flexibilitv of Owrations 

A wide array of field conditions will be encountered through a multitude of waste types. The waste 
includes wooden pallets, concrete debris, cinders, clay, s'ands, wet tailings, sludge, drums, metals, slag, 
graphite, process wastes, and perched water. Thickness of waste types varies drastically from several 
feet to 30 feet. Pit 5 ,  Pit 6, and the Clearwell waste is mostly a wet consistent tailing, sludge, or 
sediment. Pit 1 is mostly non-plastic solids and debris. Pit 3 is the largest and most varied, and is 
expected to have the most difficult and uncertain conditions. The middle half or more of this pit contains 
a wet sludge or tailings ranging in thickness from 20 to 30 feet. Recent CPT and SPT test data show this 
area to have very little strength; however, results indicate sufficient material strengths for the planned 
excavation operations. 

Operations and equipment will adapt to this wide array of wastes. Backhoes are readily adaptable to 
interchanging attachments. Buckets with "thumb," grapples, and hydraulic hammer attachments are 
considered standard standby equipment at the site. The majority of the pit wastes were enddumped or 
pumped in. Hence, operations occur from pit caps, pit bottoms, and pit berms at reasonable setback 
distances from all open slopes. 

5.6.2 SloDe Stability 

Waste materials need to be able to hold a stable slope to allow the safe operation of equipment during 
mechanical excavation. If it becomes necessary to improve strength and bearing capacity of the material, 
dewatering techniques using wells, drains, or other methods may be implemented. 

Stable slopes for the different soil and waste material encountered will be determined and adhered to. 
Guidelines for determining slope stability for the various conditions will be addressed in the design and 
in the construction work plan. Continual observation is needed due to the multitude of waste types and 
conditions encountered. Qualified field personnel, knowledgeable about soil analysis and predictable 
hazards in excavation work, ultimately will determine the safe setback distance and stable slope to 
maintain. As with any excavation operation, the rules and regulations of OSHA 29 CFR, Part 1926, 
Subpart P, "Excavations," will be adhered to and followed. 

Excavation operations from the cover will consider transitional and rotational slide failures. The cap 
material is composed mostly of earthen materials at a reasonable moisture and is approximately 10-feet 
thick at Pit 3. Excavation activities to this depth present only limited problems. Once excavation 
proceeds deeper than the thickness of the cap, the waste becomes exposed. In the middle of Pit 3, the 
waste has limited strength. Hence, .toe conditions could become unstable, resulting in various degrees 
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and types of slide failures. Field operations will inspect toe conditions and adjust slopes of excavation, 
or depth as necessary. Conditions at the top of the slope, such as undercutting that leaves a ledge or 
tension cracks in the soil, will be monitored. Equipment will not proceed into areas with these features. 

Pumping subgrade and other undesirable characteristics associated with soft and wet field conditions are 
expected in the pit bottoms. Equipment is to operate from an aggregate road with geosynthetics or 
equivalent platforms to reduce the risk of sinking and tracking waste. Truck traffic and egress from the 
pit bottoms is not allowed to leave a dedicated and maintained road. Use of interlocking wood mats 
should be considered on difficult areas (Le., pumping subgrade). 

5.6.3 Airborne Emissions 

The waste pit area excavation approach and methods uses conventional soils excavation equipment, 
similar to many other common earthwork and earth-moving operations. In these operations, dry soil or 
waste particles become airborne from moving vehicles or operating excavation equipment. Activities such 
as dumping from a frontend loader, dropping from a backhoe or hydraulic excavator, and blending with 
a frontend loader all create airborne particles. As natural wind speeds increase, the dust problem 
increases. If wind speeds are high enough, they cause particle suspension and dispersion. 

A number of dust controlhppression measures are available. Because the wastes exist in a saturated 
condition, dust control measures are not expected to be required on a normal basis in the waste pit area. 
Normally the wastes remain wet throughout their excavation and transfer to the waste preparation area. 

However, for the waste haul roads, pit areas that are open but inactive, or any areas where dusting 
becomes or has the potential to be a problem, the following types of dust control measures will be 
employed. 

1) Operating controls, such as truck haul speed limits and truck bed covers, are established by field 
conditions. 

2) Water spraying outside of the pits, using recycle wastewater wherever possible, is used. 

3) Chemical binders or moisture attractors are applied. The choice of chemical depends on whether 
there might be travel on the surface, whether it is an inactive area, and the required time for 
stabilization. 
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Wastewater from Pit 5 is conveyed-to the Clearwell via a 12-inch diameter pipe located along Pit 3's 39 

western berm. This pipe system must be relocated before this berm is used as backfill in reclamation. 40 
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SECTION 6 1 

MONITORING 
2 

3 

This section covers Air and Worker Safety Monitoring that will be conducted during waste pit area 
excavation operations. Ground and surface water monitoring will be implemented as part of the Aquifer 
Restoration Project monitoring operations. 

6.1 Air Monitoring Program 

Two existing air emissions monitoring programs support the OU1 remedial action; they are the Fernald 
Site Environmental Monitoring Program and the Occupational Air Monitoring Program. Both programs 
will continue to be implemented throughout the OU1 remedial action. In addition to these programs, air 
monitoring specific to OU1 emissions requirements will also be identified in subsequent more detailed 
versions of the Excavation Plan and the accompanying equipment specifications will address those 
requirements. The remedial action deliverables associated with the actual air monitoring operations will 
be identified in the Remedial Action Work Plan. 

Radiological Environmental Monitoring continues under the Fernald Site Environmental Monitoring 
Program on a weekly basis. Data is collected during the implementation of the remedial action from air- 
monitoring stations located on site (including four environmental air monitors in the vicinity of the waste 
pits), near the fenceline, and at several locations in nearby communities. The monitoring program has 
been developed in response to United States Department of Energy Orders 5400.1 and 5400.5 and 
10 CFR 835 and is presented in the Fernald Site Environmental Monitoring Plan, PL-1002. 

Additional project specific monitoring may be required based on an environmental assessment for 
supplemental air monitoring conducted during the remediation. During the design process computer 
modeling is done to derive a maximum release estimate and off-site exposures during OU1 remedial 
activities at the waste pits.. For this modeling and release estimation, natural catastrophes (such as 
earthquakes) are not considered. If modeling indicates that the maximum off-site inhalation exposure due 
to excavation and drying of the wastes is at least 0.1 millirem (mrem)/yr., then supplemental 
environmental ambient air monitoring is required during remedial activities. 

Air monitoring is not required if modeling indicates the maximum potential off-site inhalation exposure 
due to the excavation and drying of the wastes is less than 0.1 mredyr. However, monitoring may still 
be performed during these activities to provide data on the effectiveness of engineering controls or to 
address public concerns. 
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Once a decision is made to monitor theaemediation activities for OU1, a project specific air monitoring 
program is developed. The monitoring locations, frequency of filter collection and analysis, specific 
analytes, etc. is determined. The following elements are evaluated to develop a project-specific, 
supplemental air monitoring program: 

Project specific phases and activities that have the potential for radiological air emissions, and 
the type of monitoring (continuous versus grab) that should be performed. Continuous sampling 
is desirable if airborne radionuclide concentrations have the potential to fluctuate widely. 

The need for pre- and post-project monitoring. This data is necessary for comparing data that 
is obtained during each project. Such data are also used to verify the effectiveness of control 
measures. 

The potential hazard of the materials available for release, considering both the expected 
quantities and relative radiotoxicities. The review of previously obtained characterization data 
of radionuclides in a particular component, including ratios to other non-measurable 
radionuclides, is necessary since the control of radionuclide releases depends on the source 
available and any treatment system used. 

The expected dispersion of airborne releases, including predominant wind directions and the 
degree to which the radionuclides of concern is diluted or reconcentrated in the biosphere. Air 
monitors generally concentrate downwind of the monitored area, but monitors in all directions 
are desirable. 

The length of time required to complete each activity that has the potential to cause fugitive 
emissions. 

Representativeness. Measurements should be made at the pointdareas at which the data best 
represent what is being released to uncontrolled areas. These measurement points are based on 
the previously discussed modeling efforts and take into consideration maximum release estimates 
for optimal placement of the air monitors. 

Other remedial activities being performed at the same time. More than one project may be 
occurring simultaneously. Project-specific monitoring with results that can be attributed solely 
to one project may not be possible. 

The radionuclides or analytes to be measured. Gross radioactivity measurements will probably 
be inadequate, except under the following circumstances: when gross radioactivity releases are 
a small fraction of the off-site Derived Concentration Guide values for "unidentified" mixtures; 
when ratios of specific radionuclides are sufficiently known (and constant) for which gross 
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activity measurements are truly indicative; and when radionuclide concentrations are so low as i 

to preclude specific nuclide measurements. -. 2 

Accessibility to the air monitoring station for maintenance, filter exchange, and calibration. 
3 

4 

5 

9) 
- 

In addition to the air monitoring network described here,’ Radiological Environmental Monitoring is also 
conducting environmental monitoring and surveillance of radon. This program has been previously 
documented and discussed in the CRUl Dewatering, Excavation, Evaluation Program. The radon 
monitoring program currently has several continuous radon instruments in the waste pit area. Additional 
monitors may be deemed necessary once project plans have been finalized. 

6.2 Occupational Air Monitoring, Chemical (Volatile Organics and 
Heavy Metals) 

Personnel monitoring for workers conducting activities associated with OU 1 remedial activities is 
,- conducted to access exposure to volatile organic compounds (VOCs) and heavy metals. The VOCs and 

metals sampled for are based on air monitoring data collected during the DEEP. 

-,. The amount of sampling conducted is based on the task being conducted and the potential for exposure. 
This information is further defined as the remediation design is completed. 

For personnel VOC sampling, it is anticipated that personal Photoionization Detector (PID) units with 
alarming features will be used along with long term sampling equipment. 

For personnel heavy metal sampling, it is anticipated the personal sampling pumps with particulate filters 
will be used. 

In addition to the personnel monitoring, area monitoring for VOCs is conducted. The VOCs are 
monitored using PID, FID, or other direct reading portable equipment and sorbet tubes. 

At this t h e ,  the use of respiratory protection along with protective coveralls (anti-c’s) is anticipated for 
some workers on a temporary basis. Specific personnel protective equipment requirements will be 
determined when the excavation plan is completed. 

All Radiological Control air sampling that is to be performed during the excavations of the waste pits is 
intended to supply information to Radiological Engineering and Radiological Assessment (field support) 
for implementation of worker protection requirements. Radiological surveys (radiation and 
contamination) are performed to assess conditions in the work areas and are used in conjunction with the 
air sample data to determine personal protective requirements. 
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e The isotope of concern for the Radiological area that isolates Waste Pits 1-4, the Bum Pit, the Clearwell, 
and the Pit 5 Contamination Area is Thorium-230. The Derived Air Concentration @AC).for Th-230 2 

is 3E-12 pCi/ml. The DAC for Radon-222 (in the Uranium-238 decay chain) progeny is 0.33 Working 3 

Levels. 4 

6.3 

1) 

2) 

3) 

Radiological Control Air Monitoring to be Pe.rformed During OU 1 
Waste Pit Excavations 

All personnel entering the contamination area that isolates Waste Pits 1-4, the Bum Pit, and the 
Clearwell are required to wear Personal or Breathing Zone Air Samplers (Lapel Air Samplers). 
This is required for all thorium areas and the information is used for internal dosimetry purposes. 

High or low volume general area air sampling (for particulates) is performed at the excavation 
sites and at the boundaries of the Radiological Areas. This data also aids Radiological Control 
in determining necessary posting requirements and ensuring proper radiological controls and 
personal protective measures for work activities. 

Radon grab sampling is performed in and around the excavation and at the boundaries of 
Radiological Areas. The samples are taken periodically during excavation to determine radon 
levels in worker occupied spaces and aids Radiological Control in determining necessary posting 
requirements and ensuring proper radiological controls and personal protective measures for work 
activities. 
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APPENDIX A 

MATERIALS MANAGEMENT 

A. 1 Introduction 

A key aspect of the remediation activities for Operable Unit 1 (OU1) relates to the handling of materials 
excavated from the pit areas during the remedial action. The purpose of this appendix is to discuss the 
various forms of materials which can be expected to be generated through the OU1 excavation activities 
and then discuss how these materials will best be handled, with a focus on special waste handling needs. 
This appendix does not include materials management associated with the Decontamination and 
Decommissioning @&D) activities; rather, this will be addressed through facilities D&D remedial 
planning documents. 
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For discussion purposes, this appendix presents the OU1 materials management strategy reflective of 15 

currently delineated organizational responsibilities. The organizational responsibilities generally fall 16 

within one of five Fernald Environmental Management Project remediation project designations, which, 17 

with the exception of soils remediation, are essentially aligned with the operable unit definitions contained 18 

in the United States Department of Energy’s (DOE’S) Amended Consent Agreement with the United 19 

States Environmental Protection Agency (US EPA). These remediation projects, as currently defined, 20 

are as follows: ?1 

22 

1) Waste Pits Remedial Action Project - Includes the scope of activities identified in the OU1 23 

Record of Decision (ROD). 24 

Soil Remediation Project - Includes the scope of activities identified in the OU2 ROD, including 26 

the removal of source units within the OU, and all aspects of design and operation of the On-Site n 

Disposal Facility (OSDF). In addition, the Soil Remediation Project includes the various 28 

components of the OU5 ROD associated with the sitewide excavation of contaminated soils, 29 

2.5 

2) 

disposition of those soils, and sitewide restoration activities. 30 

31 

3) Facilities Decontamination and Dismantlement @&D) Project - Includes the scope of activities 32 

identified in the proposed alternative for OU3. 33 

34 

4) Fernald Residues Vitrification Plant Project - Includes the scope of activities identified in the 35 

OU-4 ROD. 36 

31 

5) Aquifer Restoration Project - Includes the scope of activities identified in the OU5 ROD, except 38 a for the soil remediation activities which are part of the Soil Remediation Project. 39 
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Although responsibilities may change over time,'this should have no direct relationship to the concepts 
presented herein. 

A.2 OU 1 Waste Streams 

Based on process knowledge and excavation activities which have taken place through the Dewatering 
Excavation and Evaluation Program, various types of materials are expected to be encountered during 
OU 1 excavation activities. These materials can be separated into two categories - OU 1 Processable Waste 
Streams and OU1 Special Case Waste Streams. OU1 Processable Waste Streams reflect various materials 
which are routinely processed through the OU1 waste processing facilities, while OU1 Special Case 
Waste Streams reflect wastes which, by their nature, require some special handling. This includes 
nonprocessable wastes and other special wastes that may be processed in the OU1 remediation facility 
after pre-treatment, such as size reduction. The materials identified as being a part of each of these waste 
streams are as follows: 

1) OU1 Processable Waste Streams - General sump sludge; neutralized raffkate; magnesium 
fluoride; water treatment sludge; graphite and ceramics; uranyl ammonium phosphate filtrate; ash; 
flyash; thorium wastes; and depleted residues, including: contaminated rags, paper, and 
polyethylene; dust collector bags; scrap salts (high in fluoride), including floor sweepings; 
contaminated soil, rocks, sand, brick, and ceramics; pit liners; furnace salt (solidified, 
nonchloride); dust collector residues (high fluoride, pyrophoric); dry crushed slag from furnace 
pot blowouts; partially oxidized metal (containing no metal-x fire retardant); bad reductions (no 
derbies); unrecycled slag (ball mill product); dirty prill (magnesium metal, high uranium content); 
reject U03; drum decontamination residues; magnesium oxide and magnesium zirconate from 
crucible cleanout; sludges (oily, high free metal); sludges (salt, soft, chloride); sludges (nonoily, 
low or high free metal); wet sump of filter cake (with and without oil); scrap uranium oxide 
U308; chips and turnings; scrap wood/wood pallets; concrete with rebar; personal protective 
equipment; and solid metal (other than cores) U308. 

2) OU1 Special Case Waste Streams - Intact drums; oversized concrete with rebar; heavy gage 
metals; derbies; heavy equipment metals; asbestos; and transformers. - 

This categorization of materials provides the basis for the remainder of the discussions in this appendix. 
It is not the intent of this appendix to discuss routine materials management activities, but rather to focus 
the discussion on special handling requirements for OU1 materials. This -appendix, therefore, focuses 
on the OU1 Special Case Waste Streams which, by their definition, require special handling. In addition, 
this appendix focuses- on the handling of soils, which can differ from that of the other OU 1 Procksable 
Waste Stream materials depending on the levels of contamination found therein. 
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-- Subsections A.3 and A.4 provide discussion relat+:e to the handling of OU1 Special Case Waste Streams. 
Subsection A S  discusses the management of OU 1 soils. 

A.3 

0 
Derbies, Intact Drums, Asbestos, and Transformers 

Because of the nature of these materials, or the nature of materials within them, derbies, intact drums, 
asbestos, and transformers are packaged to prevent possible degradation to the environment (e.g., drums 
to be overpacked), and transported to the Fernald site's existing and ongoing Waste Management 
operation where they are handled by others in accordance with existing site procedures for such wastes. 
This includes such things as the characterization of materials in drums, draining of fluids from 
transformers, treatment of any wastes from drums, transformers, etc., as necessary, appropriate 
packaging, and shipment for disposal to Envirocare', the United States Department of Energy's Nevada 
Test Site, etc., as appropriate. 

A.4 Oversized Materials 
- 
.. . . Certain materials identified in Subsection A.2 as waste streams are identified as such primarily because 

of their size, including oversized concrete with rebar, heavy gage metals, and heavy equipment metals. 
-- These "oversized" materials are categorized as such because they are not amenable or readily amendable 

to processing through the OU1 remediation facilities. These materials are transported to the waste 
preparation area, or other area, where attempts are made to size reduce this material to meet the size 
constraints of the treatment process (primarily dictated by the shredder). Any OU1 oversized materials 
which are otherwise incompatible for processing through the OU 1 remediation facilities, are transported 
to the Blending and Loadout Facility for size reduction to meet the Waste Acceptance Criteria (WAC) 
for the off-site disposal facility and placement in railcars for shipment to the permitted commercial 
disposal facility. 

- 0  

A.5 OU1 Soils Management 
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29 

This section focuses on the extent to which OU1 soils need to be excavated, the disposition of excavated 30 

soils, and factors that, therefore, need to be considered relative to soils management. 31 

A.5.1 Final Remediation Levels for ODerable Unit 1 Soils 
32 

33 

34 

The selected remedy described in the OU1 ROD includes excavation of the surrounding contaminated 35 

soils within the OU1 boundary. In support of this, the ROD presents remediation levels established for 36 

' FEMP Waste Management has contracted with.Envirocare for this disposal. OU1 has not yet contracted 37 

with a permitted commercial disposal facility. 3a 
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. both surface soils and soils beneath the waste areas, for the OU1 constituents of concern. mese levels 
are also presented in Tables 3-1 and 3-2 of the OU1 Remedial Design Work Plan.) These levels are 
protective of human health and the environment, assuming continued Federal ownership of the site as 
provided in the selected OU1 remedy. 

The OU1 ROD states that the OUl remediation levels discussed above will be re-examined upon 
finalization of the OU5 remedy decision process. Specifically, where the final remediation level for a 
constituent established through the OU5 remedy decision process is more restrictive (Le., lower) than that 
defined in the OU1 ROD, the final OU5 remediation level will serve as the soil cleanup criteria. Table 
A-1 presents the OU1 final remediation levels for soils based on a re-examination against the on-property 
soil remediation levels identified in Table 9-3 of the Final OU5 ROD. 

As is evidenced by Table A-1 , the OU5 levels are more restrictive in their entirety than the OU 1 surface 
soil levels and, therefore, are used for all OU1 surface soil excavation. The OU5 remediation levels are 
also used for OU1 subsurface soils, with the following exceptions: 

1) OU1 levels established for technetium-99 for subsurface soils are more restrictive (i.e., lower), 
in every case, than the OU5 soil remediation level for technetium-99 and are, therefore, used. 

2) The polychlorinated biphenyl (PCB) level established for Waste Pit 1 subsurface soils is used in 
conjunction with the Aroclor-specific OU5 levels. Specifically, in addition to remediating to the 
individual levels for Aroclor-1254 and -1260, remediation also proceeds to the extent that the 
level for all PCBs is below .78 ppm. 

Table A-1 includes only the level of 82 ppm for less leachable forms of uranium (i.e., it does not contain 
the 20 ppm level for the more leachable forms of uranium). The reason for this is that according to the 
Final OU5 ROD, the more leachable forms of uranium are associated with soils within the former 
production area beneath the retired processing buildings. For soil exhibiting these less leachable forms 
of uranium, however, the Final OU5 ROD goes on to state that the selected remedy has adopted an As 
Low As Reasonably Achievable (ALARA) goal of 50 ppm of total uranium in soil. 

A 4  3116196, 9:12am, Rev. No.: F 
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Table A-1 - Final Remediation Levels for OU1 Soils" 

Final OU1 
Remediation r Level 

Constituent 

~~ 

Constituent 

~~ ~~ 

Radionuclides @Ci/g) 

Cesium-137 + Id 

Neptunium-237 + Id 

Lead-210 + 26 

Plutonium-238 

~ ~~ 

Final OU1 
Remediation. r Level 

~~ 

Chemicals (mg/kg) (Cont'd) 

1.4 x 10' Bromomethane 8.2 x ICY 

3.2 x lo0 Cadmium 8.2 x 1 6  

3.8 x 1 6  Carbazole 1.2 x 10' 

7.8 x 10' Carbon disulfide 5.0 x 103 

Radium-228 + Id 

Strontium-90 + Id 

Technetium-99" 

Thorium-228 + 7d 

Thorium-230 

~ ~~ ~~ 

Plutonium-239/240 7.7 x 10' I Carbon tetrachloride 1 2.1 x lo0 

1.8 x lo0 Chlorobenzene 3.4 x loz 

1 . 4 ~  10' Chloroform 4.5 x 10' 

3.0 x 1 6  Chromium VI 3.0 x loZ 

1.7 x lo0 Chrysene 2.0 x lof 

2.8 x loZ Cobalt 7.4 x loz 

Radium-226 + 8d I 1.7 x 100 I Chlordane I 1.9 x lo-' 

Uranium, total @pm) 

Chemicals (mg/kg) 

Acetone 

Antimony 

Aroclor-1254b 

8.2 x 10' Cyanide 1.2 x lo5 

Dibenzo(a,h)anthracene 2.0 x loo 

3,3-Dichlorobenzidine 5.5 x 10-l 

4.3 x loo 1 ,2-Dichloroethane 1.6 x 10-l 

9.6 x 10' 1,l-Dichloroethene 4.1 x 10-l 

1.3 x 10-l Dieldrin 1.5 x lo-* 

Thorium-232 + 10d I 1.5 x 100 I Copper I 2.2 x lo5 

Aroclor- 1260b 

Arsenic 

Barium 

Benzene 

Benzo (a)anthr acene 

B e r n  (a)p yrene 

Benzo(b)fluoranthene 

1.3 x 10-l Di-n-octylphthalate 1.1 x lof 

1.2 x 10' . Ethylbenzene 5.1 x 103 
- 

6.8 x lo0 Fluoride 7.8 x 104 

8.5 x 102 Heptachlorodibenzofuran 8.8 x lo4 
2.0 x 10' Heptachlorodibenzo-p.dioxin 8.8 x lo4. 

2.0 x lo0 Indeno(l,2,3-cd)pyrene 2.0 x 10' 

2.0 x 10' Lead 4.0 x 102 

Beryllium 

~ ~~~p~ ~~~ ~ 

B e r n  (k) flu0 r anthene I 2 . 0 ~ 1 0 2  I Manganese 

1.5 x lo0 Mercury 7.5 x loo 

I 4.6 x 103 
~ 
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Table A-1 - Final Remediation Levds for OU-1 Soils" (Continued) 

Constituent 

Chemicals (mg/kg) 

Final OU1 
Remediation Constituent 

Level 

Chemicals (mg/kg) (Cont'd) 
~ ~ ~~ 

Bis(2chloroisopropyl)ether I 4.2 x 102 I Methyl-2-pentanone 

Bis (2ethylhexyl)phthalate 

Boron 

Bromodichloromethane 

Bromoform 

4-Nitroanaline 

8.2 x 102 Methylene chloride 

7.4 x 103 CMethylphenol 

4.0 x lo0 Molybdenum 

3.1 x 10' Nickel 

1.5 x 102 Thallium 

N-nitrosodiphenylamine I 5.1 x 10' I Toluene 

N-nitrosodipropylamine 

Octachlorodibenzofuran 

Octachlorodibenzo-pdioxin 

Pentachlorophenol 

Selenium 

Silver 

2.0 x 10' Tributyl phosphate 

8.8 x 1 , 1,2-Trichloroethane 

8.8 x loe3 Tr ichloroethene 

2.3 x lo0 Vanadium 

5.4 x 1v Vinyl chloride 

2.9 x 10" Xylenes, total 

Tetrachloroethene I 3.6 x lo0 I Zinc 

Remediation 
Level 

2.5 x 103 

3.7 x 10' 11 
2.5 x 102 

9.1 x 10' 

1.0 x 10-5 )I 
2.5 x 102 

4.3 x lo0 - 
2.5 x 10' 

5.1 x l@ 

1.3 x lo-' 

9.2 x 10s 

1.2 x 10s 11 
a The soil remediation levels for technetium-99 for the following OU1 areas (as identified in the 

OU1 ROD) are more restrictive than the level identified in this table, and will, therefore, serve 
as the final remediation level for technetium-99 for the respective area: 

Waste Pit 2 Subsurface Soils - 5.5 x lo0 pCi/g 
Waste Pit 3 Subsurface Soils - 7.5 x 10' pCi/g 
Waste Pit 4 Subsurface Soils - 2.6 x 10' pCi/g 
Waste Pit 5 Subsurface Soils - 1.4 x lo0 pCi/g 
Waste Pit 6 Subsurface Soils - 7.3 x lo0 pCi/g 
Bum Pit Subsurface Soils - 1.4 x 10' pCi/g 
Clearwell Subsurface Soils - 9.9 x lo0 pCi/g 

b The PCB level established for Waste Pit 1 subsurface soils will be used in conjunction with these 
Aroclor-specific levels. Specifically, in addition to remediating - to the individual levels for 
Aroclor-1254 and -1260, remediation will also proceed to the extent that the level for total PCBs 
is below 0.78 ppm. 

C Based on integration with Final OU5 ROD remediation levels 
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I ,  % 2 3 6  

The Fernald site will apply available hhd-held instrumentation to help guide excavation and assist in 1 

identifying any isolated areas of higher cpntamination to help attain this ALARA goal. 2 

3 
*. 

A.5.2 4 

5 

Another key component of the selected remedy described in the OU1 ROD is that residual contaminated 6 

soils are dispositioned consistent with the selected remedies for contaminated process area soils 7 

documented in the Final OU5 ROD. The OU1 ROD further states that any materials not amenable to 8 

the OU5 remedy will be disposed as waste materials (Le., shipped off site). This section addresses this 9 

component by first presenting the selected remedy for OU5 with respect to soils remediation, and then io 

discussing how this soils remediation strategy will be implemented in terms of OU1 remediation activities. 11 

A.5.2.1 OU5 Selected Remedy 

The selected remedy described in the Final OU5 ROD consists of several key components associated with - 
,- . .h soil (and sediment) remediation. 

-_ 

-. 

. -. 

- . There are several key elements of the selected remedy in the August 1995 Draft OU5 ROD which relate 
- to excavation. Specifically, excavation includes verification sampling to establish excavation boundaries, 

excavation of soils to the extent necessary to attain the final remediation levels, and performance of a 
certification sampling program following excavation activities to demonstrate that the final remediation 

- levels have been attained. 

- a 
. .  

In terms of the disposal of soils, the two key elements identified in the Final OU5 ROD are the 
transportation and on-property disposal of excavated material attaining the OSDF WAC, and the 
transportation and off-site disposal of excavated material exceeding the OSDF WAC. As can be seen 
here, the key to this disposition strategy is the ability to meet the WAC for the OSDF for OU5 materials. 
Table A-2 presents the OU5 OSDF WAC, as identified in Table 9-7 of the Final OU5 ROD. 
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Table A-2 - Operable Unit 5 On-Site Disposal Facility Waste Acceptance Criteria 

~~~ 

Constituent of Concern Maximum 
Concentration 

Radionuclides (pCig) 

Constituent of Concern MaXhUm 

Concentration 

Oqanic (mg/kg) (Cont'd) 

* I Neptunium-237 I 3.12 x 109 I Heptachlor epoxide 

Technetium-99 

Uranium, total (mg/kg) 

organics (mg/kg) 

~~ 

Strontium-90 

2.91 x 10' Methoxychlo f * 
1.03 x le Methylene chloride' * 

Methyl ethyl ketone' * 

~~ ~ I ~ 5 . 6 7 ~  109 I Hexachlorobutadiene' I * 

Acetone' 

Alphachlordane 

Benzene' 

* Methyl isobutyl ketone * 
2.89 x 10" 4-Nitromiline 4.42 x 10-2 

* Tetrachloroethene' 1.28 x 102 

Bis(2chloroisopropyl)ether 

Bromodichloromethane 

Carbazole 

2.44 x lo-2 Toluene' * 

9.03 x lo-' Toxaphene' 1.06 x 105 

7.27 x 10'' 1 , 1 , 1-Trichloroethane' * 

* I Trichloroethene' I ---1.28 x 102 I Carbon tetrachloride' 

Chloroethane' 

chloroform' 

Chloromethane' 

3.92 x lo' Vinyl chloride 1.51 x 10" 

* Xylenes' * 
* Inorganics (mg/kg) 

1,l-Dichloroethane 

1 ,2-Dichloroethanea 

1,l-Dichlomethene' 

1 ,2-Dichloroethenea 

* Barium' * 

* Boron 1.04 x l@ 

1.14 x 10' Chromium VP * 
1.14 x 10' Lead' * 

Endrin' 

Ethylbenzine' 

a RCRA-based constituent of concern. 

* .  Mercury' 5.66 x 10'' 

* SilveP * 

/ 
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* Denotes compounds that will not exceed designated Great Miami Aquifer action level within the X) 

1,000-year performance period, regardless of starting concentration in the disposal facility. 3T 
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Several of the Resource Conservation and Recovery Act (RCRA) constituents s..own in T L . ~  A-2, 
including a number of the RCRA organic solvents, do not have a calculated WAC value because the OU5 
modeling simulations show that these constituents do n e  have the capability to exceed designated Great 
Miami Aquifer action levels within the 1,000-year simulation period, regardless of the starting 
concentrations for these constituents in the disposal facility. However, the mass balance approach applied 
in the modeling does not consider the potential deleteriots effect that full-strength solvents can have on 
the earthen material comprising the disposal facility liners or the underlying native clays. Full strength 
solvents have been proven to cause shrinking of clays with a resulting potential for increases in clay liner 
permeability. As a best management practice for these compounds, the Fernald site acknowledges that 
it cannot place any RCRA Constituents of Concern into the disposal facility at concentrations that are 
incompatible with the clay liners or the underlying native clays beneath the liners. To track these 
concentrations during the excavation control surveys, field screening methods will be relied on to identify 
the soil that is contaminated with RCRA organics. This soil will be segregated for treatment before 
placement in the OSDF or shipped for off-site disposal. 

. __ In addition, through the identification of specific geographical areas in the Final OU5 ROD, where efforts 
will be made to identify and segregate for treatment (as needed) the soil that qualifies as- RCRA 

placed in the OSDF. 

a 
I 

- -  
c - .  characteristic waste, it is envisioned that no significant quantity of RCRA Characteristic materials will be 
-- 

-- - Key elements of the OU5 selected remedy, which relate to the treatment of soils, include the application 
of cost-effective treatment (e.g., thermal desorption) for soil that exceeds the WAC due to the presence 
of nonradiological constituents. Additionally, continuation of efforts to examine and apply, where 
practical, emerging technologies pertaining to treatment of soil and sediment occurs. 

- 0 .  
- -  ~ 

- 

-- A final element of the OU5 selected remedy relates to the implementation of the remedy, and hence, is 
a focal point of the discussions which follow. Specifically, the Final OU5 ROD states that soil excavation 
and interim storage will be conducted consistent with the requirements of the US EPA-approved Removal 
Action (RA) 17 Work Plan (Improved Storage of Soil and Debris) until such time as the appropriate OU5 
remedial design is approved by the US EPA. The OU5 remedial design deliverable addressing soil 
management practices during the remedial action will contain the final strategy for excavation and interim 
storagehtaging of contaminated materials originating from OU5. At this point, RA 17 will be terminated, 
and soil and sediment excavation activities will be conducted in accordance with the approved remedial 
design plan. 
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A.5.2.,2 Overall OU1 Soils Disposition Strategy 

This section discusses how the selected remedy for OU5 soils, as discussed in Subsection A.5.2.1 is 
implemented in terms of OU1 remediation activities. Specifically, the discussion focuses on the overall 
concept for OU1 soils management based on the elements discussed above. 

Soils Generated Prior to ODening of the OSDF 

Under this scenario (Le., prior to the opening of the OSDF), the only soils that are assumed to be 
generated by OU1 are soils removed during initial site preparation activities. 

As is indicated in Subsection A.5.2.1, until such time as the appropriate OU-5 remedial design is 
approved, soils management is conducted consistent with the requirements of the US EPA-approved RA 
17 Work Plan. Rev. 3 of the RA 17 Work Plan provides a strategy based on approved RODS or 
anticipated remedies, such as the selected remedy in the Final OU5 ROD. In terms of soils management, 
one of the goals of Rev. 3 of RA 17 is to minimize the total number of soil staging areas for the Fernald 
site by providing an integrated implementation strategy (which can be achieved through the application 
of soil staging criteria). In general, therefore, the following storagdstaging strategy will be applied to 
OU1 soils generated prior to the opening of the OSDF: 

1) Soils which meet the WAC for the OSDF could be managed with soils from other projects 
destined for on-site disposal, including potential management in a single central storage area. 

2) Soils which do not meet the WAC for the OSDF because they contain organic matter in excess 
volumes could be managed with like soils from other projects, including potential management 
in a single central staging area, until such treatment can be applied. 

3) OU1 soils destined for eventual treatment in the OU1 remediation facility (for disposal off site), 
including those which do not meet the on-site WAC, will be stored and appropriately managed 
(e.g., appropriate fugitive emissions controls) within the OU 1 boundary. 

It should be noted that construction rubble could also be generated during site preparation activities. 
Because this rubble is destined for eventual treatment in the OU 1 remediation facility (in accordance with 
Section A.4), it will also be stored and appropriately managed within the OU1 boundary. 

Soils Generated After the OSDF is Open 

Prior to the opening of the OSDF, the Soil Remediation Project will be developing remedial planning 
documents for approval, which will provide details associated with the management of soils destined for 
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placement in the OSDF. Once the Soil Remediation Project remedial planning documents are approved 
relative to material handling for the OSDF, any subsequent OU1 activities which result in the generation 
of materials which can be placed into the OSDF will be performed in a coordinated sitewide manner in 
accordance with these documents. . -  

Within the OU1 remedial facilities, storage areas have been identified for soils, with these areas generally 
representing feed piles leading into treatment, and storage in preparation for loading, primarily for 
shipment for off-site disposal. Those OU1 soils destined for the OSDF will be segregated and managed 
in one of these areas, as necessary, to effect a coordinated transfer of these materials to the Soil 
Remediation Project for placement in the OSDF. 

A.5.2.3 Disposition of OU1 Waste Pit Soil Cover 

An exception to the strategy presented in Subsection A.5.2.2, is that the waste pit cover soils are 
stockpiled during excavation, for possible blending with other OU1 wastes. Processed wastes that are 
characterized and determined to exceed the WAC of the permitted commercial disposal facility are loaded 

:';- into railcars and mixed with the cover soil in a proportion determined to meet the permitted commercial 
-- disposal facility WAC, thereby minimizing the quantity of wastes requiring shipment and costly disposal 

at the Nevada Test Site. Any cover soils remaining after remediation of the waste pits are treated and 
characterized for placement in the OSDF, maximizing the quantity of waste pit cover soils disposal in 
the OSDF. - 

A.6 Summary 

Figure A-1 provides a summary of the various materials management strategies presented in this 
appendix. Figure A-1 reflects management for placement of any materials in the OSDF by the Soil 
Remediation Project. 
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APPENDIX B 

CONCEPTUAL DRAWINGS 
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SECTION 1 

INTRODUCTION 

This document presents geotechnical interpretations, analyses, and evaluations based on field and 
geotechnical laboratory data collected in the Operable Unit 1 (OU1) area at the Femald Environmental 
Management Project (FEW) as part of the Dewatering and Excavation Evaluation Program (DEEP). 
These geotechnical data include results of slug tests, cone penetrometer tests (CPTs), Standard Penetration 
Tests (SPTs), visual logging of test borings, wet trenching, test dewatering, and ramp and pad 
excavations at Pits 1, 2, 3, 5, and 6. Geotechnical soil sampling was performed in conjunction with the 
test borings at Pits 1, 2, 3, 5, and 6. This report summarizes the final results of geotechnical laboratory 
tests on samples from test borings at Pits 1,  2, and 3 test borings completed in October 1994. Data 
included in this report is from the Bum Pit, Clearwell, and Pit 4 were collected during the RI/FS. 

Seven additional test borings were conducted in Pits 1,2, and 3, and the Clearwell berm in August 1995, 
and a crane-mounted VibraCore sampler collected samples at 40 locations in Pits 5 and 6. Results of 
geotechnical laboratory testing of samples collected during the 1995 field activities are presented in this 
report. Samples were also collected for geotechnical testing during trenching activities. 

There are numerous reasons for collecting the DEEP data, as can be found in the DEEP Data Quality 
Objectives (DQOs). However, these can be combined into three general purposes: 

1) To provide engineering input to an assessment of excavation techniques best suited to remediation 
objectives 

2) To develop a data base for assessing laboratory test results as they relate and can be extrapolated 
to actual physical conditions, and correlation to CPT and SPT data. 

3) To provide material property parameters for waste process design 

The data received by PARSONS to date from the DEEP for Pits 1,  2, 3, 5, and 6 were used for 
preliminary analyses and evaluation of in situ dewatering and mechanical excavation of these Pit wastes. 
The preliminary analyses, described in Section 4, consider the slope stability and bearing capacity of Pit 
3 waste material during mechanical excavation. This section also summarizes preliminary evaluation of 
well or well point systems for use in waste dewatering prior to and during excavation. Section 2 
described the DEEP testing program as performed. 
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Section 3 summarizes index properties, including moisture content, density, and plasticity. These 
properties provide data that can be used to establish a basis for process design, which includes drying the 
waste. Index property data from geotechnicd testing conducted prior to the DEEP Project were used to 
supplement the DEEP index properties data base. Section 3 also includes available physical in situ 
properties of the waste materials currently consisting *of shear strength parameters only. Finally, 
compaction characteristics and remolded physical properties of various bulk samples from all the Waste 
Pits are presented in Section 3. 

Based on the preliminary analyses described in Section 4 and the current design data needs, 
recommendations for additional testing are provided in Section 5. 
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SECTION 2 

z . 

TESTING PROGRAM 

Fernald Environmental Restoration Management Corporation (FERMCO) conducted a treatability study 

_. .~ - 

to evaluate dewatering and mechanical excavation of waste materials in three covered Waste Pits and two 
open Pits in the OU1 area at the FEMP site. operable Unit 1 Dewatering ELrcavation Evaluation 
Program Treatabiliv Study Work Plan @OE 1994a), prepared and amended by FERMCO 
Comprehensive Environmental Response, Compensation, and Liability ActPResource Conservation and 
Recovery Act (CERCLA/RCRA) Unit 1, describes the objectives and activities of the treatability study. 
As part of the treatability study, geotechnical data collection activities at Waste Pits 1, 2, 3, 5 ,  6, Bum 
Pit, and Clearwell have been conducted. Field slug tests were performed at nine existing monitoring 
wells in covered Pits 1,2, and 3. Geotechnical test borings and cone penetrometer tests in Pits 1, 2, and 
3 were conducted to provide data regarding physical properties of the waste in existing "wet" conditions. 
Geotechnical samples have also been removed from test borings in Pits 5 and 6 using a vibratory sampler. 
Geotechnical samples taken from the test borings have been transferred to two different geotechnical 
testing laboratories. Final geotechnical laboratory test results are available for Pits 1, 2, 3, 4,5, 6, Bum 
Pit, and Clearwell and are located in Appendix F. Trenching was conducted under wet conditions using 
a tracked excavator at a total of seven locations in Pits 1, 2, and 3. The first phase of test dewatering 
was performed in Pits 1 and 3. Ramp and pad excavations were performed in Pits I and 3. 

The following subsections summarize the DEEP field activities conducted. Section 3 summarizes the final 
results of geotechnical laboratory testing. 

2.1 Slug Tests 

As part of the DEEP, to evaluate dewatering and excavation conditions within Waste Pits 1, 2, and 3, 
during March and April, 1994 (see Figure 2-l),FERMCO performed field slug tests on nine existing 
monitoring wells located in the Waste Pits, and forwarded the data to PARSONS for analysis (PARSONS 
1994). Wells 1073, 1765, 1766, and 1767 are located in Pit 1. It shoukl be noted that, judging from 
the boring log, Well 1073 appears to have been drilled in the berm of the Pit and, therefore, is screened 
largely in materials not representative of waste materials. Wells 1768 and 1769 are located in Pit 2; wells 
1770, 1771, and 1772 are located in Pit 3. 

In general, falling head field tests were performed by initially measuring undisturbed water levels by 
hand, then inserting a slug to perturb the water level and digitally capture water level versus time data 
as the well water level returned to near initial conditions. Rising head field tests were similarly performed 
by withdrawing the slug and digitally logging water level recovery. 
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The objective of the slug tests in existing wells was to develop an approximate sense of the range of 
hydraulic conductivity values that can be anticipated for Pit Waste materials in the vicinity of the well 
screens. Figure 2-1 presents a Waste Pit area well site map that includes xising head hydraulic 
conductivities for each well, and conductivity averages ~ for each Pit. 

From the slug tests, some general observations can be made regarding the permeability characteristics 
of the wastes. Pit 1 wastes show slightly higher hydraulic conductivities than Pit 2 wastes, which show 
slightly higher conductivities than Pit 3 wastes (see Figure 2-1). Although the hydraulic conductivity 
ranges vary slightly, it can be concluded that the waste materials in Pits 1 and 2 typically show modal 
conductivities'on the order of 10' cdsec,  whereas Pit 3 waste materials show hydraulic conductivities 
on the order of 106 cdsec.  No general trends within each Pit were noted. 

2.2 Cone Penetrometer Testing 

Applied Research Associates, Inc. (ARA) conducted Piezoelectric CPTs at Waste Pits 1, 2, and 3 from 
August 23, 1994, to September 2, 1994. The tests were conducted with a penetrometer truck having an 
overall push capacity of 45,000 pounds. Twenty-three CFT probings were conducted at Waste Pits 1, 
2, and 3: six at Waste Pit 1, five at Waste Pit 2, and 12 at Waste Pit 3. Figure 2-2 shows the CPT 
locations. Data from these tests represent existing water conditions. 

A penetrometer probe of standard dimensions was used and advanced at a constant rate. Inside the probe, 
load cells independently measure the vertical resistance against the conical tip and the side friction along 
the sleeve. Forces are sensed by the load cells and the data are transmitted from the probe assembly via 
a cable within the push tubes. A pressure transducer located behind the tip in the lower end of the probe 
measures penetration probe pressure. Typically a set of data is recorded each second, for a minimum 
resolution of one data point every 0.8 inch. The depth of penetration is measured using a string 
potentiometer mounted on the push frame. 

Electronic data acquisition equipment for the cone penetrometer consists of a computer with a graphics 
monitor and a rack of eight signal conditioners. Analog signals transmitted from the probe are amplified, 
filtered, and digitized. The digital data are then read into memory and written to an internal hard disk 
for future processing. Upon completion of the test, raw data are translated via a soil-specific algorithm 
and plotted. Floppy disks containing data are brought to ARA for analysis and preparation of reports. 
Following these tests, PARSONS was also provided copies of the floppy disks. PARSONS developed 
CPT logs for Waste Pits 1, 2, and 3 from the ARA digital data. Appendix A contains these preliminary 
CPT logs. 
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2.3 Test Borings 

Standard Penetration Tests (SPT) (ASTM D 1596) were performed in conjunction with geotechnical 
sampling at Waste Pits 1, 2, and 3 from October 4 to 11, 1994. Nine borings were completed: three in 
Waste Pit 1 (11352, 11353 and 11354), two in Waste Pit 2 (11358 and 11359), and four in Waste Pit 3 
(11360 through 11363). Figure 2-2 shows the locations’ of the test borings. Data from these borings 
represent existing water conditions. Hollow stem auger drilling methods were used to advance the test 
borings. SPTs were performed in each test boring at planned depth intervals. A FERMCO field 
geologist visually logged split-barrel samples. Thin-walled samples (Shelby Tubes) (ASTM D 1587) were 
collected in undisturbed material in advance of the auger at planned depth intervals. Selected geotechnical 
samples were sent to an on-site geotechnical laboratory for testing. At the completion of sampling, all 
borings were backfilled with Volclay grout. Geotechnical testing results of samples collected from these 
test borings are available (ALTER 1995a). 

To provide correlation data for the CPT probes, these nine borings in Waste Pits 1,2, and 3 were located 
within about 10 feet of a CPT location. Section 4 contains additional discussion of SPTKPT correlation. 

Seven additional geotechnical test borings were completed at Waste Pits 1, 2 and 3 from August 7 
through 16, 1995: one in Pit 1 (11568), one in Pit 2 (11569), three in Pit 3 (11570, 11571, and 11572), 
and two in the Clearwell berm bordering Pits 1 and 3 (1 1573 and 11574). Figure 2-2 shows the test 
boring locations. Boring 11573 did not intercept the clay berm at the anticipated depth -and was 
terminated in cover waste material at 16.5 feet. Boring 11574 intercepted the berm at about 15 feet and 
was terminated at 35 feet. Shelby Tube sampling was conducted as described above to provide additional 
samples for strength tests to support slope stability analyses. The test borings in the Pits were located 
near the locations of the borings completed in October 1994 to allow for comparison of test results. 
Selected geotechnical samples were sent to a geotechnical laboratory for testing. The geotechnical 
laboratory data are available (SAIC 1996). 

In addition to the above-mentioned geotechnical test borings, Figure 2-2 also includes locations of test 
borings from the following geotechnical studies: 

- 

1) Characterization Investigation Study, Geotechnical Evaluation of Waste Pit Material Properties, 
and Boring Logs (WESTON 1988) 

2) Final Remedial Investigation Repon for Operable Unit I (DOE 1994) 

3) Waste Pits 3 and 5 and Clearwell Dikes Stability Analysis Report (PARSONS 1992) 
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Forty vibracore test borings were conducted at Waste Pits 5 and 6 during July 1995: 28 (WP5-1 through 
WP5-14 and WPS-1A through WP5-14A) in Pit 5 and 12 (WP6-1 through WP6-7 and WP6-1A through 
WP6-5A) in Pit 6. Figure 2-3 shows the vibracore test boring locations along with test borings from 
previous geotechnical studies, including: 

Type 

Monitoring Wells 

Leachate W el 1 

Geotechnical Test Boring 

Monitoring Wells 

1) Characrerimion Investigation Study, Geotechnical Evaluation of Waste Pit Material Properties, 
and Boring Logs (WESTON 1988) 

Final Remedial Investigation Report for Operable Unit I (DOE 1994) 2) 

Identification Reference Report 

lo00 series (DOE 1994) 

1000 series (DOE 1994) 

1000 series (DOE 1994) 

2000 series (DOE 1994) 

3) Waste Fits 3 and 5 and Cleanvell Dikes Stability Analysis Report (PARSONS 1992) 

Geotechnical Test Boring 

Geotechnical Test Boring 

Geotechnical Test Boring 

Piezometer 

Vibracore Test Boring 

Selected geotechnical samples were sent to two different geotechnical laboratories. Table 2-1 is a cross- 
reference of the geotechnical test borings or wells and the studies in which they were performed. 

. .  

Table 2-1 - Geotechnical Test Boring and Well Cross-Reference for OUl Waste Pits 

B3-1 through B3-6 (PARSONS 1992) 

BC-1 and BC-3 (PARSONS 1992) 

B5-1 through B5-12 (PARSONS 1992) 

P5-13 and P5-15 (PARSONS 1992) 

WP5-1 through WP6-7 and * 
WPS-1A through WP6-5A 

Geotechnical Test Boring 

Geotechnical Test Boring 

II Monitoring Wells I I (DOE 1994) II 3000 series 

~ ~ ~~ 

1 1352 through 1 136 1 

11568 through 11574 * 

* 

II Monitoring Wells I 4OOO series I (DOE 1994) II 
11 Geotechnical Test Boring I 01-01 through 06-04 I (WESTON 1988) -11 
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Appendix B contains draft logs for the test borings from the July 1995 and August 1995 DEEP 
geotechnical investigations. 

-~ 2.4 Wet Trenching 

A total of seven wet (not dewatered prior to excavation) trenches were excavated in Pits 1, 2 and 3 as 
part of DEEP for the purpose of evaluating conditions of the waste, and to provide information about 
dewatering and/or excavating a wet waste. A John Deere 690D LC tracked excavator (track hoe) was 
used to perform test excavations at seven locations at Pits 1, 2 and 3 (see Figure 2-2). FERMCO 
conducted the trenching from February 1 through March 14, 1995. 

The trenches were conducted, using the track hoe, at seven locations that had a prior CFT sounding and 
a geotechnical test boring. The excavation site was prepared for spoil piles prior to the excavation. 
Plastic sheets were placed on the ground surface in the vicinity of the location to collect and direct 
drainage from the spoil pile back to the trench. A temporary berm around the perimeter of the spoil pile 
areas was formed using hay bails and plastic sheets. The trench was dug between two spoil pile areas. 
One spoil pile was for the cover material and the other for the waste. Tanks (3,000 - 8,000 gallon 
capacity) at each trench IQcation collected water that was pumped from the trench during excavation. 

Excavation proceeded by creating a rectangular trench about two bucket widths wide (30 inches wide, 
0.79 cy heaped bucket), resulting in a planned width of 5 feet total. The length of the trenches was about 
20 to 25 feet. The long axis trended along a north-south line, with the track hoe positioned at the north 
end of the trench. Excavation was performed so the trench wall slope remained as steep as possible, 
permitting observation of trench sidewall failure. The backhoe’s full reach allowed for an excavated 
depth of 15 feet. As the trench wall material collapsed into the trench, it was excavated from the Pit and 
placed on the spoil pile. The final width of the trench at ground surface varied from 5 to 30 feet, 
depending on the amount of sidewall failure. A field engineer recorded observations during the 
excavation. 

During the trenching, a FERMCO sampling technician collected samples bucket of the waste materials 
directly from the track hoe, the materials as they were taken from various depths within the trench. 
Excavated materials were then placed in the prepared spoil pile areas. Additional material samples were 
collected from the waste spoil pile prior to backfilling the trench. A 5-gallon plastic bucket of waste 
material was collected from each trench. Only compaction tests were reported for these samples. 
Moisture content, classification, and bearing ratio data were not reported by the laboratory. Additionally, 
waste material from each of the trenches was archived in white steel boxes for future testing by 
FERMCO. 

FERMCO videotaped excavation operations at each location. The videographer was positioned above 
the trench location with a four-wheel drive man-lift. 
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Appendix C summar&.field observation notes completed by the field engineers during trenching 
operations. 

-2.5. Dewatering 

B&B Drilling, Inc. performed the first of three phases of a dewatering test program for Pits 1 and 3 from 
July 27 to August 19, 1995. The primary objective of Phase I was to determine whether groundwater 
could be extracted from Pit 1 and 3 sludges. If extraction was judged feasible, further objectives were 
to determine optimum well installation technique and well yield. Phase 11 of the study was to determine 
sludge hydrology, well spacing, and the effect of certain enhancements to well efficiencies. Phase I11 
presented a plan to perform pilot-scale dewatering operations in Pits 1 and 3. 

Starting on July 27, 1995, a linear array of wells, wellpoints, and instruments were installed in Pit 1 
using various combinations of drilling techniques. Figure 2-4 shows a plan view of the array. Both wells 
had screen and riser diameters of 4 inches, while both wellpoints had screen and riser diameters of 1.5 
inches. All wells and wellpoints were screened from 7 to 12 feet of depth. The pore pressure piezometer 
was screened by a canvas bag over an interval of 10 to 12 feet of depth, and the tensiometer tip was 
installed at a depth of 6.5 feet. Figure 2-5 shows the location of the array within Pit 1. 

The well designated as DWl-1 on Figure 2-4 was installed using direct rotary techniques with water only. 
Well DW2-1 was installed in a similar fashion, except that the borehole was flushed with fresh water after 
drilling. Wellpoints WP1-1 and WP2-1 were both installed by the jet method, the difference being that 
WP2-1 was flushed with fresh water after drilling. The Pit 1 array installation was completed on August 
8, 1995. 

A similar linear array was installed in Pit 3 beginning on August 9, 1995. Figure 2-6 shows that the 
arrangement of the test array for Pit 3 differs from that of Pit 1 only in the interelement spacing. Screen 
and riser diameters were 4 inches and 1.5 inches for the wells and wellpoints, respectively. All wells 
and wellpoints were screened from 10 to 30 feet of depth except DW1-3, which was screened from 9 to 
29 feet. The pore pressure piezometer was screened by a canvas bag over the 27-to-29 foot interval 
whereas the tensiometer tip was installed at 9 feet. Figure 2-5 depicts the location of the array within 
Pit 3. 

Both wells were drilled using direct rotary techniques with water only, and both wellpoints were installed 
by the jet method. Array installation was completed on August 14, 1995 for Pit 3. 

Four preliminary tests for Pit 1 commenced on August 17, 1995 and involved, for each of the four wells 
and wellpoints, 1 hour of pumping followed by measurement of post-pumping recovery. For the two 
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wells, the 1 hour pumping periods consisted of 1/2 hour of pumping under gravity followed by 1/2 hour 
of pumping with applied vacuum of 23 inches of water. The wellpoints were pumped with a vacuum of 
20 to 25 inches of water for the entire hour. 

Wellpoint WE-1 demonstrated the highest yield in the preliminary tests (approximately 1.3 gallons per 
minute [gpm]) and was then pumped for 4 hours, after which recovery was measured. Figure 2-7 shows 
the time history of well yield during this 4 hour test. The plot shows a fluctuating yield with an average 
over the 4 hours of 1.15 gpm. Pit 1 testing was completed on August 18, 1995. 

Testing in Pit 3 began on August 18, 1995. The preliminary test procedure for Pit 3 was identical to that 
for Pit 1. Vacuum for the second 1/2 hour of the well pumping tests was 22 inches of water for DW1-3 
and 27 to 28 inches for DW2-3. Vacuum was 24 to 27 inches for WP1-3 and 25 to 26 inches for WP2-3 
for the entire hour of pumping. 

Well DW2-3, which demonstrated a preliminary test average yield of .4 gpm (.a5 gpm with vacuum), 
was selected for the 4 hour pump test. Figure 2-8 shows the time history of well yield during this Chour 
test. The plot shows a consistently decreasing yield with a final yield of .26 gpm at the end of 4 hours. 
Pit 3 testing was completed on August 19, 1995. 

Appendix D summarizes B&B Drilling, Inc.'s findings and recommendations and uses Phase I results to 
evaluate the impact of dewatering on Pit remediation activities and schedules.- 

2.6 Ramp and Pad Excavations 

The DEEP test ramps and pads were excavated to determine at what slopes the Pit materials from Waste 
Pits 1 and 3 would remain stable. Secondly, the ramp excavations would provide information on 
allowable bearing capacity for equipment, and the field bearing capacity results could then be compared 
to the calculations, which were based on limited geotechnical data. Finally, the ramp excavation would 
provide insight into the depth at which water will be encountered within the Waste Pits and the rate at 
which the groundwater will enter the excavations as final excavation of the Pit materials begins. Figure 
2-5 shows the approximate locations ramps and pads excavations in Waste Pits 1 and 3. 

A ramp and pad excavation was performed in Waste Pit 1 between October 17 and October 24, 1995. 
The ramp excavation in Waste Pit 1 contained an east-west trending ramp having a slope of approximately 
15 percent. A horizontal pad was excavated at the bottom of the ramp (approximately 8.5 feet below the 
existing ground surface), having a diameter of approximately 30 feet. The side slopes along the ramp 
were cut to lH/lV at the top of the ramp and gradually became 
Slopes surrounding the pad varied between lSH/ lV and 2H/lV. 

1.5H/lV at the bottom of the ramp. 
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The ramp and pad excavation was performed using a John Deere 690D-LC track hoe working from the 
existing ground surface. The excavated material was then stockpiled using a track loader. The stockpiles 
of Waste Pit 1 materials maintained angles of repose between 30 and 35 degrees. 

Upon completion of the ramp and pad excavation, approximately 0.5 to 1.0 feet of water covered 
approximately one-fifth of the west pad area. The origin of the water w e  difficult to determine. It 
appeared that a small portion of the water was coming from the south slope approximately 6 feet below 
the existing ground surface while the remaining water appeared to be intiltrating from the bottom of the 
excavation on the west side of the pad area. 

Once the ramp and pad excavation was finished, a John Deere 5556 WT Series IV track loader was 
driven down the ramp and onto the pad area. The track loader made several laps around and across the 
pad. The surface material of the pad appeared to compact under the weight of the tracks except on the 
west side of the pad, where the water had ponded. In the area of the pad where the water had ponded, 
the track loader caused ruts to form, but the wet Pit material did not noticeably hinder the movement of 
the track loader. 

At the bottom of the ramp in the pad area, an additional excavation (10 feet wide by 17 feet long by 
approximately 5 feet deep) was performed. The purpose of the excavation was to determine the 
groundwater level in Waste Pit 1 .  

At approximately 13 feet below the existing ground surface, groundwater was observed flowing rapidly 
into the excavation. The seepage forces of the inflowing groundwater were sufficient to cause sloughing 
of the excavation side walls, which were approximately vertical. After approximately 'h hour after 
seepage began the water level in the additional excavation appeared to remain constant at approximately 
1 1  feet below *e existing ground surface. 

After the excavation had remained open for three days, the water level in the bottom was approximately 
7.5 feet below the existing ground surface. All of the side slopes in the ramp and pad excavation 
remained stable throughout the duration of the excavation. 

A second ramp and pad excavation was performed in Waste Pit 3 between October 25 and October 31, 
1995. The ramp excavation in Waste Pit 3 was to have a north-south trending ramp with a slope of 
approximately 15 percent. A horizontal pad was to be excavated at the bottom of the ramp 
(approximately 12 feet below the existing ground surface), having a diameter of approximately 30 feet. 
The side slopes along the ramp were to be cut at 2H/1V at the top of the ramp and gradually become 
2.5H/lV at the bottom of the ramp. Slopes surrounding the pad were to be 2.5H/lV. 

Before excavation of the ramp and pad were started in Waste Pit 3, the center of the proposed pad area 
was moved 54 feet to the sou@east to avoid damaging a monitoring well. The center of the pad was 177 
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feet from well 2028 and 60 feet from well 1770; the distances were estimated by pacing. The excavation 
was started on October 25, 1995, and completed on October 31, 1995. Due to the soft'materials 
encountered in Waste Pit 3, the proposed ramp was not excavated. However, most of the mat&ial in the 
pad area was excavated before a slope failure precipitated the halt of excavation. 

The depth of the pad excavation was approximately 13'feet below the existing ground surface. The 
majority of the final excavation side slopes varied between 1H/lV to 2H/lV. The final north slope of 
the excavation was nearly vertical when excavation was halted. 

The excavation in Waste Pit 3 was performed using the same equipment and methods used in the ramp 
and pad excavation in Waste Pit 1. The cover and waste materials excavated from Waste Pit 3 were 
separated and stockpiled. The cover material stockpile and the waste stockpile containing mostly fly ash 
and bottom ash sustained angles of repose between 35 and 40 degrees. The waste stockpile containing 
an orange colored, soft, semicohesive material maintained an angle of repose of approximately 30 
degrees. 

On the second day of excavation in Waste Pit 3, an orange layer of soft, saturated, poordraining, semi- 
cohesive waste material was encountered. The upper surface of the orange layer sloped from 4 feet 
below the existing ground surface on the east side of the excavation to approximately 9 feet below the 
existing ground surface on the west side of the excavation. Overlying the orange material was a black, 
fly ash and bottom ash, granular, free-draining, cohesionless material overlain by 1 to 1.5 feet of brown, 
silty clay. 

On the west side of the excavation, the orange material was excavated to a depth of approximately 13 feet 
below the existing ground surface by the end of the second day of excavation. Upon reaching the 13- 
foot depth, the surrounding orange material began to flow into the resulting excavation. As a result of 
the flowing orange material, the black material that the track hoe was resting upon was undercut (a 
horizontal void was formed between the black material and the orange material). Vertical tension cracks 
formed in the cohesionless black material beneath the tracks of the track hoe. The unsupported black 
material then broke away at the tension crack into the existing excavation. Immediately before the black 
material failed, the track hoe operator backed the track hoe off the portion of the black material that 
failed. 

At the beginning of work on the third day of excavation in Waste Pit 3, water had ponded in the bottom 
of the excavation. The surface of the ponded water was approximately 10 feet below the existing ground 
surface. The depth of the water varied between 3 feet on the west side of the excavation to approximately 
1 foot on the south and east sides of the excavation. It appeared that the water was originating from the 
northwest side slope of the excavation s w i n g  at a depth of approximately 3 feet. A majority of the side \ 

slopes steeper than lH/lV 
sloughed in isolated areas. 
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On the third day of Waste Pit 3 excavation, the track hoe'operator attempted to drive onto the stockpile 
of orange waste material. Due to the consistency of the material, the track hoe simply drove through the 
stockpile. 

Additionally, on the third day of Waste Pit 3 excavation, FERMCO decided to discontinue the excavation. 
It was decided that the material was too soft to drive the track hoe on, and further excavation was not 
warranted. The filling of the excavation was started on the afternoon of October 30, 1995 and finished 
on October 31, 1995. 

Appendix E presents a more detailed discussion of the ramp and pad excavations. 
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SECTION 3 . _  

SUMMARY OF LABORATORY TESTING PROGRAM 

Selected disturbed samples (from split-barrel samplers) and undisturbed samples (Shelby Tube and 
Vibracore samples) were transferred to two different on-site geotechnical laboratories for testing. The 
testing plan for these samples includes index properties testing and physical properties testing. Index 
properties testing includes grain size analyses, specific gravity tests, moisture content tests, and Atterberg 
limits tests. Physical properties testing on waste material from Waste Pits 1, 2, 3, and 5 includes 
consolidated, undrained triaxial shear strength tests, consolidation test, and unit weight test data. 

Tests on some of the samples from Borings 11352 through 11363 were performed about 6 to 8 months 
after sampling was complete. As a result, some drying of the samples or segregation of moisture and 
solids may have occurred in the samples, which may have affected the moisture content and physical test 
results. 

3.1 Index Properties 

Index properties are reported for the OU1 waste. Index properties for the DEEP are reported in CRU-I 
Dewatering, Excavation, Evaluation Program Waste Pits I ,  2 ,  3, Final Report (ALTER 1995a); CRU-I 
Dewatering, Excavation, Evaluation Program - Waste Pits 5 and 6, Final Report (ALTER 1995a); and 
Drafr Final Test Results, PO-I9 (SAIC 1996). Additional data are reported from the following sources: 

1) Characterization Investigation Study, Geotechnical Evaluation of Waste Pit Material Properties, 
and Boring Logs (WESTON 1988) 

2) Final Remedial Investigation Report for  Operable Unit I (DOE 1994) 

3) Cooperan've Remedy Screenings Program, Final Report (ALTER 1994) 

Table 3-1 is a summary of the index properties of materials sampled from the OU1 Waste Pits. It is 
organized by the primary Unified Soils Classification System (USCS) group names found in each Waste 
Pit. 

Table 3-2 is a summary of average moisture contents and unit weights for the OU1 Waste Pits arranged 
by USCS group name. For Pit 1, the majority of the material sampled was a nonplastic silt (ML[NP]). 
In Pit 2 the majority of the sampled material was an elastic silt (MH) with some lean clay (CL), clayey 
sand (SC) and silty sand (SM). In Pit 3 the majority of the sampled material classifies as either a silt 
(ML) or an elastic silt (MH) with some lean clay (CL) and silty sand (SM). 
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Table 3-2 - Summary of Average Moisture Contents and Unit Weights 

USCS Group 
Name 

Average Moisture 
Content (s) 

Average Dry Unit 
Weight (pcf) 

Average Wet Unit 
Weight (pcf) 

SM 
MH 

67.4(" 64.70 

57.S4' 64.1" 

CL 
MH 

24.0" 110.0(" 

192. 6O') 24.7(19 

h4L 

ML(NP) 

SM 

CL 

85 .5(' ') 43.6O 79.4(2' 

58. 8(" 64.3"' 93 . O(') 

1 79. 5('" 29 .2(' ') 79.7'' ') 

1 8.2" 108.9" 1 29. 6(2) 
- 

ML (NP) 24.7(@ 117.1(') 

MH 463. 3(33) 15.4@" 

ML 224.8(@ 27.0(@ 

ML (Np) 111.90 ND 

ML (Np) 139.7'' 35.4'" 

SM 26.@'% 129.8('3 

MH 69.8@) ND 

137.7") 

7 2 . P  

76.8(@ 

ND 

83 .4(') 

152 .2(12) 

ND 

- 
Pit Number 

1 ML(NP) I 22. gN * I  114.1(@ I 138.5(@ 

9 1 . 9(3) 

102.3" 

ND I ND I C L I  27S0 2 

85.0(@ I MH I 127.1"" I 35.1(@ 

sc I 22.8O I 105.7" I 13 1.2(') 

SM I 34.1" I 84.V I 112.S') 

3 129.7(') 

76. 9('% 

4 

'5 

6 

Clearwell 

ND I ND I 44.40 cL I 
Clearwell 

Berm cL I 18.0Q 110.6@) 131.8@ 

Bum Pit SM I 51.1O I ND I ND 

Notes: ND = No data available 
Number in parentheses is number of samples average is based upon. 
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In Pit 4 the sampled materials were evenly divided between lean clay (CL) and nonplastic silts (MLWP]). 
The predominant material sampled from Pit 5 was elastic silt (MH) with some inelastic silt (ML) and 
nonplastic silt (MLYP]). Sampled materials from Pit 6 were evenly divided betGeen nonplastic silt 
(ML[Np]) and silty sand (SM). The most predominant material sampled from the Clearwell was elastic 
silt (MH) with some lean clay (CL) and silty sand (SM). In the Bum Pit the sampled materials were 
evenly divided between nonplastic silt (ML) and silty s a d  (SM). 

Figures 3-1 through 3-8 present the distribution of grain-size curves for materials sampled from the OU 1 
Waste Pits. Pits 3, 4, 5, and 6 were very poorly graded, which was also true of the Bum Pit. Pits 1 
and 2 exhibited more uniform gradation characteristics. Most the the material from teh Waste Pits was 
measured in the silt region of the grain-size curver, with the exception of the Bum Pit which had more 
sand than silt. 

Figure 3-1 is the grain-size distribution for Waste Pit 1. The lower left, flatter curves represent the 
samples classified as silty sands and one sample classified as a clayey gravel. The upper right curves that 
have more curvature represent the samples classified as nonplastic silts. Overall, the band of grain-size 

- distribution for the Waste Pit 1 samples is somewhat narrow for the variety of different materials 
encountered. 

-\ 

. Figure 3-2 is the grain-size distribution for Waste Pit 2. The lower five c h e s  represent the samples 
classified as clayey or silty sands, while the remaining upper curves represent the samples classified as 
silts. Waste Pit 2 has a wide band of grain-sue distribution and has the widest band of all the Waste Pits. 

Figure 3-3 is the grain-size distribution for Waste Pit 3. There appear to be no distinguishable trends 
in the grain-size distribution between the different material types. In general, the band of grain-size 
distribution is very narrow for the large number of samples analyzed for grain-size. 

Figure 3-4 is the grain-size distribution for Waste Pit 4. The upper three more curving grain-size curves 
represent nonplastic silts. The remaining lower and flatter grain-size curves represent both nonplastic 
silts and clays sampled from Waste Pit 4. Overall, the band of grain-size curves is very narrow for the 
sampled materials from Waste Pit 4, and all the sampled materials were classified as fine-grained (silts 
or clays). 

Figure 3-5 is the grain-size distribution for Waste Pit 5.  There is no distinguishable pattern between the 
nonplastic silts and elastic silts sampled in Pit 5. Considering the number of grain-size analyses 
performed, the band of grain-size curves is extremely narrow. 

Figure 3-6 is the grain-size distribution for Waste Pit 6. All the grain-size curves shown represent 
materials classified as nonplastic silts. The band of grain-size curves is narrow. 

.. 
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Figure 3-7 is the grain-size distribution for the Bum Pit, representing materials classified as either silt 0 
or sand. The band of the grain-size curves is narrow with the exception of the uppermost curve. This 
grain-size curve represents a silt (ML) and appears to be an outlier for the Bum Pit. 

Figure 3-8 is the estimated grain-size distribution for the*Clearwell. The grain-size curves shown were 
estimated from reported ALTER 1994 percentages of gravel, sand, silt, arid clay as no grain-size curves 
were presented. According to the estimated grain-size curves, most of the materials from the Clearwell 
are silts, and the band of grain-size curves is narrow. 

Overall, the band of grain-size curves were in the silt region, considering the number of and classification 
variety of OU1 Waste Pit samples. In general Pits 4,5 ,  and 6 and the clearwell contain the finer grained 
materials, and Waste Pits 1,  2, 3 contain a combination of both fine grained and coarse grained materials. 
The Bum Pit is the only Pit in which the majority of samples were classified as coarse grained. In 
general, Pits 3, 4, 5, and 6 were poorly graded, while Pits 1 and 2 were more uniform in grading. 

Appendix E includes tables of all the geotechnical properties for OU1 Waste Pits 1 through 6 and Bum 
Pit and Clearwell. 

As shown in Figure 3-9 and in Appendix E, the fine-grained materials from Waste Pits 1 and 6 are 
nonplastic silts while the materials from Waste Pits 2, 3, and 5 are low plasticity and high plasticity silts. 
The material from Pits 1 and 4 tends to be much drier and more dense than the materials from Waste Pits 
2, 3, and 5. 

a 
3.2 Physical Properties (In Situ and Remolded) 

The physical properties of Pits 1,  2 and 3 are divided into in situ and remolded physical properties. The 
in situ physical property source is ALTER 1995a and SAIC 1996, and the remolded physical property 
source is ALTER 1994. 

3.3 Undisturbed Physical Properties 

The only in situ physical property reported in ALTER 1995a is the consolidated, undrained CU triaxial 
shear results from Waste Pits 1 and 3. SAIC 1996 reports shear results from Waste Pits 1 ,  2, 3, and 5. 
Table 3-3 summarizes Waste Pits 1,  2, 3, and 5 CU triaxial results. The reported undrained 4" values 
range between 13 degrees and 23 degrees and undrained cohesion values between 0 and 4.9 psi. The 
reported drained 4d values range between 28 degrees and 39 degrees and the drained cohesion values 
were between 0 and 3.1 psi. SAIC 1996 reported consolidation data for Waste Pit 5. The results of the 
consolidation tests are reported in Table 3-4. 
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Table 3-3 - Summary of In Situ Physical Properties 

WP5-SA 

11574 

11574 

405325 20.0 - 25.0 5 15.0" 1.0 32.0" 0.7 SAIC 

SAIC 405678 7.5 - 10.0 16.0" 3.5 29.0" 3.1 Clearwell 
(berm> 

Clearwell 
(berm) 

SAIC 405684 22.5 - 25.0 22.0" 3.5 28.0" 3.1 
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Table 3-4 - Summary of In Situ Consolidation Parameters 

Boring 
No. 

WPS-SA 

WP5-5A 

WPS-11A 

Sample Depth E t  Initial C, cr Coefficient of Consolidation, C, 
No. Range No. Void 

Ratio 400 psf 800 psf 1600 psf 3200 (ft) 
load load load psf load 

405325 15.0-20.0 5 16.660 3.850 0.094 0.207 0.528 0.041 0.119 

405325 20.0-25.0 5 14.657 3.750 0.089 0.145 0.035 0.194 0.063 

405337 12.5-17.5 5 9.910 2.696 0.035 0.067 0.047 0.040 0.029 

3.4 Remolded Physical Properties 

Physical property tests were performed on remolded samples composited from several different sample 
intervals and combinations of different Waste Pits (ALTER 1994). Table 3-5 summarizes the results of 
the physical property tests performed on the composited samples. 

In addition, moisturedensity relationships were determined using bulk samples of materials in the Waste 
Pits using either the Standard Proctor method (ASTM D698, method A) or the Harvard miniature 
compactor in ALTER 1995a, ALTER 1995b, ALTER 1994, and WESTON 1988. Figures 3-10 to 3-17 
present the various compaction curves by individual Waste Pit presented in the above-mentioned reports. 

WESTON 1988 used a Harvard miniature compactor to determine the moisturedensity relationships of 
composite waste samples from all of the OU1 Waste Pits as a result of inadequate sample volume to 
perform a Standard Proctor on the samples. In WESTON 1988, a correlation study was performed 
between the Harvard miniature compactor and the Standard Proctor compaction methods to determine the 
compaction sequence and compaction effort required for the Harvard miniature compactor to produce 
results similar to the Standard Proctor. Figure 3-18 shows the results of the compaction correlation 
study. As a result of the correlation study, it yas determined that using the Harvard miniature compactor 
with 3 lifts and 25 rods per lift produced the results nearest to the Standard Proctor. 

The bulk samples tested for moisturedensity relationships vary in depth between 0 and 30 feet below 
grade at Pits 1,  2, 3, 4, and the Bum Pit. The bulk samples at Pits 5 and 6, and the Clearwell were 
collected from 1 to 40 feet below the standing water level. The maximum dry densities of the compaction 
tests vary between 60.4 and 149.5 pounds per cubic foot, and the optimum moisture contents vary 
between 9.2 and 62.8 percent by dry weight basis. The specific gravities of the materials tested varied 
from 2.35 to 3.42. Depth and specific gravity data were unavailable for several of the samples used in 
the reported compaction tests. 

ERAFS 1\VOL1 :RSAFTS\RSDATA\ 
OU-l\PO- 145UAN1996\DEEPW 3-17 3/6/96,'11:58am, Rev. No.: 0 





a 

a 

z 
0 

2 
0 
0 * 
0 
X 
Y 

ii !2 

0 

I- 
LL 

z 
> 
c 

Compact ion C u r v e s  for  O U I  Waste Pit 2 Mat-erials 

w ez 

DNA 118.7 14.2 
DNA 102.3 20.1 

2 0 2 - 0 3 9  0-10 MH HARVARD BOWSER-MORNER 2 .59  86 .3  17.5 

1 2 200129059 7-8 CL ASTM UCiALTER 
2 2,Clearwell 9A, 9B. 52A, 5 2 8  ' DNA SM ASTM UCIALTER 

4 2. 3 11A, 118, 16A, 16B DNA MH ASTM UCIALTER 
DNA Data Not Available 
ASTM - ASTM 0 6 9 8  Method A 
HARVARD - Harvard Miniature Compactor 
UCSC Symbols for Curve No. 1 is a VisualClassifications 

2.69 7 7 . 8  35 .4  

Zero Air Void Curves 

I 

I * I  - - - - - - _I_ - - - - _ I _  - - r - - - l - - - r - - - l - - - r - - ~ - - - r - - ~ - - -  

I I I I I I I I I I I I I I I I I I I I I I I I I I 1 -  I 

5 0 ~  5 10 15 20 25 30 35 40 45 50 55 60 65 70 75  80 a5 

MOISTURE CONTENT 
IN PERCENT OF DRY WEIGHT 

Figure 3-1 1 - Compaction Curves for OU1 Waste Pit 2 Materials 
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Figure 3-12 - Compaction Curves for OU1 Waste Pit 3 Materials 
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Figure 3-13 - Compaction Curves for OU1 Waste Pit 4 Materials 
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3.4.1 Pit 1 

The maximum dry densities and optimum moisture contents for Waste Pit 1 materials vary between 109.4 
and 117.5 pcf and 13.4 and 20.3 percent, respectively. The depths of the test materials range from 0 to 
13 feet below the existing ground surface. The different USCS classifications of the Waste Pit 1 materials 
were nonplastic silt (MLWP]) and clayey gravel (GC), and the specific gravities vary between 2.62 and 
3.02. 

3.4.2 Pit 2 

For Waste Pit 2 the maximum dry densities and optimum moisture contents ranged between 77.8 and 
118.7 pcf and 14.2 and 35.4 percent, respectively. The depths of the test materials range from 0 to 10 
feet below the existing ground surface. The different USCS classifications of the Waste Pit 2 materials 
were lean clay (CL), silty sand (SM) and elastic silt (MH). The specific gravities of the elastic silts range 
from 2.62 to 3.02, and the specific gravities were not reported for the lean clay and the silty sand 
samples. 

3.4.3 

. The maximum dry densities and optimum moisture contents for Waste Pit 3 materials varied between 60.4 0 
and 88.3 pcf and 26.4 and 62.8 percent, respectively. The depths of the test materials range from 0 to 
20 feet below the existing ground surface. The different USCS classifications of the Waste Pit 2 materials 
were silt (ML), elastic silt (MH), and a mix of elastic silt and silty sand. The mix of silty sand and 
elastic silt was determined from the field log of the trench excavation from Waste Pit 3, not from 
laboratory classification. The specific gravities of the materials range from 2.65 to 2.69. 

3.4.4 

For Waste Pit 4 the maximum dry densities and optimum moisture contents ranged between 116.6 and 
120.6 pcf and 13.4 and 18.7 percent, respectively. The depths of the test materials range from 0 to 20 
feet below the existing ground surface. The different USCS classifications of the Waste Pit 2 materials 
were lean clay (CL), nonelastic silt (MLWP]) and silt (ML). The specific gravities of the elastic silts 
range from 3.02 to 3.33, and the specific gravities were not reported for the lean clay and the silty sand 
samples. 
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3.4.5 

The maximum dry densities and optimum moisture contents for Waste Pit 5 materials varied between 62.9 
and 97.9 pcf and 26.7 and 60.8 percent, respectively. The depths of the test materials range from 6.9 
to 30 feet below the existing ground surface. The different USCS classifications of the Waste Pit 2 
materials were nonplastic silt (ML[NP]) and elastic silt '(MH). The specific gravities of the materials 
range from 2.43 to 2.71. 

3.4.6 Pit 6 

For Waste Pit 6 the maximum dry densities and optimum moisture contents ranged between 76.9 and 
149.5 pcf and 9.2 and 36.2 percent, respectively. The depths of the test materials range from 0 to 17.5 
feet below the existing ground surface. The different USCS classifications of the Waste Pit 2 materials 
were silty sand (SM), nonplastic silt (MLWP]) and silt (ML). The specific gravities of the elastic silts 
range from 2.50 to 3.42. 

3.4.7 

The maximum dry densities and optimum moisture contents for the Bum Pit materials varied between 
81.2 and 99.0 pcf and 9.5 and 19.9 percent, respectively. The depths of the test materials range from 
0 to 16 feet below the existing ground surface. The different USCS classifications of the Waste Pit 2 
materials were silt (ML) and silty sand (SM). The specific gravities of the materials range from 2.35 to 
2.98. 

3.4.8 Clearwell 

In the Clearwell, one sample was tested for compaction characteristics. The sample tested was a 
combination of silty sand material from the Clearwell and Waste Pit 2. The maximum dry density and 
the optimum moisture content were 102.3 pcf and 20.1 percent, respectively. Specific gravity data were 
not reported for the sample. 

3.4.9 Conclusion 

Compared to material from Pits 2, 3 ,5 ,6 ,  the Bum Pit, and the Clearwell, the waste materials from Pits 
1 and 4 are closer to optimum moisture due to their more freedraining nature and original dry placement. 
As a result, it is possible for the materials in Pits 1 and 4 to have in situ densities near maximum dry 
density, whereas the material from the other Pits is too wet to obtain in situ densities near maximum dry 
density. 
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These data suggest that the material in Pits 2 and 3 will have to be densified before ramps, roads or other 
access structures can be built in the Pits for removal of the waste material, assuming equipment will bear 
directly on the waste material. Materials from Pits 5,6, and the Clearwell ,will have to be dewatered and 
possibly densified before ramps, roads, or other access structures can be built in these Pits for removal 
of the waste material. Except for working atop the soil cap, there is no plan to work on the waste. 

Appendix I summarizes recommendations for density and moisture to be used for process design. 
Additionally, the geotechnical laboratory data are expected to allow for calibration of the CPT data from 
Waste Pits 1,2, and 3, thus enhancing confidence in extrapolation of expected material properties to areas 
where only CPT data exist. Water levels and geotechnical data corresponding to geotechnical borings 
in the near vicinity of the CPTs have been sent to the CPT contractor. Updated CPT data considering 
the water levels and geotechnical data have not been received and are planned for inclusion included in 
the final report. 
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. vi. 

SECTION'4 

ANALYSIS AND RESULTS 
- 

This section presents an evaluation of the Waste Pits'. subsurface conditions, and analyses of slope 
stability and bearing capacity of materials at Pit 3. The results from these &lyses  are important with 
respect to evaluating and establishing the appropriate approach to safe mechanical excavation of the 
materials at OUl/WPRAP. The analyses evaluate conditions in covered Pit 3, which is the largest and 
deepest, and, potentially, poses the most challenging excavation sequence. A three-dimensional (3-D) 
interpretation of CPT data is presented, and preliminary correlations of CPT and SPT data are discussed. 
A 3-D excavation sequence is modeled and presented in Appendix H. 

Considerable benefit has been realized in terms of correlating CPT/SPT data as it relates to necessary 
design parameters and interpretation of subsurface conditions. By integrating data from the CPT probings 
with data from the boring logs, it is possible to view the suite of results on a single graphic (see Figure 
4-1). This capability greatly enhances understanding of the interactions of the various parameters, and 
lends confidence to conclusions made from the data. Subsection 4.5 provides a discussion of specific 
parameters as they relate to one another, to the boring log classifications, and ultimately to laboratory 
test results. 

- 

4.1 Subsurface Conditions 

The following discussion summarizes findings from the SPT borings and vibracore borings drilled in the 
areas of Waste Pits 1, 2, 3, 4, 5, 6, Bum Pit, and Clearwell and trenching activities in Waste Pits 1, 2, 
and 3. 

The waste in clay-lined Pits at the FEMP is, in general, a fine-grained, physically soil-like material. 
Typically each Waste Pit is heterogeneous, and often locally stratified but not stratified over the areal 
extents of each Pit. In general, the waste in the Pits is similar in its grain size distribution. It is 
composed predominantly of silt size particles. Moisture contents and limits, however, vary widely, 
indicating that the factors contributing to plasticity and moisture holding capacity ire not similar between 
Pits. It has been found that the properties of the waste in several of the Pits are affected by amorphous 
materials (ALTER 1994). 

Although samples recovered from borings tend to show locally stratified conditions within the boring 
excavation, it is worth noting that any reasonable attempt at stratigraphic correlation between and among 
borings or trenches more than a few feet apart results in nearly all identified units displaying 
discontinuity. This is understandable in light of the method of deposition. The materials were literally 
dumped at various locations around the Pits at irregular (spatially and temporal) intervals, were of 

J3bWSIWOLl :RS UPSUSDATA\ 
OU- 1 w 1 1 4 5 U ~ N  1996DEEM 4-1 3/6/96, 11:58arn. Rev. No.: 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

2.5 

26 

n 

28 

29 

30 

31 

32 

33 

34 

35 

36 

31 

38 

39 



LOCATION 

Cmdlmtes INAO 19811 G r o u n d  SCTfoce 
E l e v a t i m  - fset 

INAVO 19271 
NQthlop Eastlng 

48 1536 1346593 5 8 4 . 8  

48 1546 1346593 5 8 4 . 5  

LEGEND NOTES Fernald Environmental Management Pro ject  
3 Dewater i ng Excavat ion Eva I ua t  i on Project  ( DEEP I .. - - - - - - Jtandwd PenetratIm Teat ISPTl blow ccunt I. Doto S a r c e :  A D D I I ~  Reseach AssaclOtOS I A R A I .  Inc. F i le :  SOIS402 . ~ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ :  I -Sens l t lve  2-Peat 3-Clay 4-SItt Ulxture  3 .  water table aet t lng reoreaents cooraxlnute OdDth and 

trm Odjocent baing: 11562 

5-Scnd U l x t w e  6-Sand I-CroveIly S a w  has not Men adjurted bosed m moswed water levels. 
8-Overcmsolldated 

2. water tmle set by A R A  at  deDth: 0 feet 

E l e c t r i c  Cone Penetrometer Test Results 

CPT I D :  C3-2 
4 .  CPT der lved  C b N l t y  and Strength dato Shorn O r 0  O s t l m t e S  

based cn e m l r l c a l  c a r e l a t l m  by ARA o-d have 
not been oajwted based m labzatay doto. 

5. St rat lq-y  ma-n In c t a s s l f l c a t l m  by CPT C w r e l a t l m  
l e  trm ARA InterDretatlm. C A O  FILE: P019/SK103462.0( 

P I T :  3 

CPT I D :  C3-2 

DATE TEST PERFORMED: 911 /94  

C l a s s l f l c a t l m  by 
CPT C a r e l a t l m  - 

Yellc-. scndy 
SILT C L A Y  

I 
I 
I 

1-J -1 -  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  

-I- -I - + - 
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  

-1-  1 - T - 
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  

-I- -I - l. - 
I l l  
I l l  

I- 

- - - - - -  

A. 

I 
I 

1 - J - I -  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  

-I- -4 - + - 
I l l  
I ' I  I 
I l l  
I l l  
I l l  
I l l  

-1- 1 - T - 
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  
I l l  

I l l  
I l l  
I l l  
I l l  
I l l  
I l l  

-1-  1 - T - 
I l l  

1 

- - - - - -  

-I- -I - I - 

4 , .  

B l o s k  ASH n 
2. Visual logging of 
adjacent CPThest 

comparison of visual 
observations CPT-interpreted with soil 

classification. 

I I 
' CI s i l t  . I 

I (  boring allows for 

bL&l-L I&: 
YQterIaI 

' IS ' 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-I 
I 
I 
I 
I 
I 
I 

- 1  
I 
I 
I 

- 

I 

I 

I 
I 
I 

' I  

I I I I  I 

I 
I 

a parameter I 

3. Classification falls 
outside of range for 
typical sail materials 
below this depth. Low 
tip and sleeve stresses 
(see Columns 1 and 2) 
indicate materials with 
very low shear strength, 
possibly viscous. 

I 1 0  I I  

I I  I I . I  I 
I I  I I I I  

7 - 1 -  r 1 
I I  I I I I  

I I  
I I  I I I I  

I I I I  

I I  . I l l 1  I I I I  

I I 1  
. I  I 
- -I- -I - 

I I  
I 1  

. I  I 

. I 1  
I I  
I I  - -1-  1 - 

. I l l  1 I-;--;-- l l ! ! : ! l  t l ! I f  S I ,  

1 1  
I 1  
I I  

I I  
I 1  
I I  

- 4 - -1- - i I I  

5. Wet density, friction angle, and 
undrained shear strength are empirically 
derived from the CPT. DEEP geotechnical 
laboratory test data will provide for 
correlation and adjustment, if required. 

Gray. 
CLAYI  IKE 

I I  
I I  
I I  
I . I  

30 -1- 1 
I I  
I I  I I I  

Ill I I 
1. Sleeve and tip stress 
are parameters 
measured directly . 

I D  

C3-2 

1 1  362 

Figure 4-1 - Annotated Log of CPT Data and Adjacent Test Boring Selected Data 

ERAFS l\VOLl :RSAPPSWSDATA\ 
OU-l\PO-l45UAN 1996\DEEPRPT 3/6/96, 11:58am, Rev. No.: 0 



inconsistent composition, and were periodically reworked as it became necessary to spread dumped 
materials farther into the Pit as the active area of deposition along Pit margins became full. 
Consequently, prediction of what specific material might be encountered at what depth or in what areal 
configuration is impossible with any reasonable certainty. However, based on review of boring logs and 
attendant laboratory test results, some generalizations pertinent to design of remediation activities can be 
made. 

Materials used to cover the process waste within Pits 1, 2, 3, and 4 range in composition from fly ash 
to siltklay mixtures. No attempt was made to provide detailed evaluation of cap thickness on a Pit-by-Pit 
basis, but suffice it to say that the thickness where observed in borings and trenches ranges from less than 
a foot to several feet. Consistency of the covering materials varies from very stiff to medium dense. 

In general, visual classifications as presented on boring logs tend to identify materials and units within 
the Pits as finer grained than they are demonstrated to be in the laboratory; most materials visually logged 
and classified as clay are found to be silts when subjected to laboratory analysis. This is in large part 
demonstrated and confirmed by the wet-trenching operations wherein it was clear that materials did not 
stick to the backhoe bucket as would be anticipated if the materials were indeed clay. Also, the materials 
displayed a tendency to be "blocky" when saturated and first excavated, but readily dissipated into a 
"lump" when disturbed by the process of excavation and placement on the spoil pile - behavior typical 
of silts. Field identification of the materials as clay or clay-like is understandable due to the generally 
shiny and smooth appearance, as well as the tendency to retain a substantial amount of water and behave - 

in a plastic manner, all characteristics typically attributable to clays. 

Figure 4-2 shows the location of cross sections presented on Figures 4-3 and 4-4. Figure 4-3 presents 
diagrammatic cross sections of Pits 1, 2, and 3, and provides for graphic comparison of visual log 
classification with laboratory classification. The cross sections show visual classification along the left 
side of the boring line with the appropriate Unified Soil Classification System designator in parentheses, 
and laboratory classification (where samples were collected for testing) along the right side of the boring 
line in bold print. It should be noted that most of the borings are projected into the section line. Figure 
4-4 presents diagrammatic cross sections of Pits 4, 5 ,  and 6 for comparison of visual log classification 
with laboratory classification of subsurface materials. 

For purposes of generalizing the subsurface material types into units that can be readily recognized 
between borings and Pits, boring materials are presented in four major categories based on evaluation of 
boring logs and analysis of laboratory test results: Silty sand and sand (SM), low plasticity silt (TvlL), 
high plasticity silt (MH), low plasticity clay (CL). There are also locations where clayey sand (SC) is 
identified, but they are rare compared to the other major material types. 

Although debris is not considered as a "material type," any discussion of the Pits without mention of 
debris would be incomplete. Unfortunately, only the largest of generalizations can be made regarding 0 
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the natura and extent of the numerous types of debris in the various Pits. Types of debris encountered 
during GEEP wet trenching and ramp excavations with a track hoe at various locations in Pits 1 ,  2, and 
3 includd large pieces of concrete rubble, coarse gravel, planks of lumber, sheet metal, metal bands, 
metal diums, metal buckets, and metal wire. In general, debris can be expected more typically around - 

the margins of the Pits and extending an estimated one-third the distance into the center of each Pit. 
Beyond that, no prediction is made with any confidence.' 

Visual inspection of the various diagrammatic cross sections demonstrates some recognizable correlations 
with various material types as they relate to the various Pits. The following sections discuss these 
correlations on a Pit-by-Pit basis. 

Based on preliminary review of DEEP wet trenching and ramp excavation activities in Pits 1,  2, and 3, 
groundwater may be present as freestanding or pore water in the waste materials and perched at the 
cap/waste interface, which may present problems during excavation. Other sources of perched 
groundwater may be encountered at the excavation face at the Pit perimeters. A detailed description 
summarizing the field observations from wet trenching and ramp and pad excavations in Pits 1 ,  2, and 
3 can be found in Appendix C and Appendix E, respectively. 

4.1.1 Classification of Waste Pit 1 Material 

The waste contents in Pit 1 are predominantly composed of materials that respond to laboratory testing 
similarly to nonplastic silts. Up to about 3 feet of coarser-grained material (silty sand [SM]) was 
identified by laboratory test on a sample from about 12 to 15 feet in boring 11354. Visual logging 
indicated that at depth, materials were generally classified as siltlsand mixtures (SM) in the more central 
area of the Pit. For purposes of this discussion, the central area is that area in the middle third of the 
Pit when measured from side to side. 

Boring 11352 indicates a stiff to very stiff siltklay mixture comprising a cap of about 6 inches in 
thickness. Below a depth of about 5 feet to the total drilled depth of 15.5 feet, the materials become 
paste-like, wet, and soft. Boring 11353 indicates a cap thickness of about 2 feet that is c,omposed of very 
stiff, sandy clay. At a depth of about 3 feet, to the total drilled depth of 15.5 feet, the materials become 
soft, wet, and loose. The upper 10 feet of boring 11354 is composed of very stiff siltlclay mixtures. 
Below 10 feet, the materials become wet to the total depth of 15.5 feet. Materials in Pit 1 have been 
classified visually as predominantly clay (CL); however, examination of Figure 4-3 shows that in most 
places classified visually as clay (CL), the materials are classified according to laboratory test results as 
low plasticity silt, ML. 

General conclusions from observing wet trenching can be found in Subsection 5.1 1 .  General conclusions 
from observing Pit 1 ramp excavations can be found in Subsection 5.12. 
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4.1.2 

Similar to Waste Pit 1,  materials in Waste Pit 2 were visually logged as clay (CL), and laboratory tests 
on the materials result in classifications of predominantly high plasticity silt, MH, as well as some low 
plasticity silt, ML, and some minor amounts of sand/silt/clay mixtures. It is also worth noting that some 
coarse-grained materials (clayey sand, SC, and silty sand; SM) were found in the middle one-third of Pit 
2 just as in Pit 1 .  The most notable difference is that in Pit 2 the majority of materials respond to 
laboratory testing as high plasticity silt, MH, rather that the low plasticity silt, ML, of Pit 1.  See 
Subsection 5.11 for general conclusions from observations during Pit 2 wet trenching. 

Classification of Waste pit 2 Material 

4.1.3 Classification of Waste Pit 3 Material 

Although predominantly logged as clay (CL) visually, most of the samples of materials from Pit 3 have 
been laboratory classified as high plasticity silt, MH. Scattered throughout the Pit in layers up to about 
10 feet locally (boring 1770), visual classifications have identified sandhilt (SM) layers. Laboratory tests 
on samples from throughout the Pit have also identified sandhilt mixtures at depths ranging from 4 feet 
to 23 feet. Typically these mixtures are observed in samples about 24 inches long. It is interesting to 
note, however, that with only one exception, laboratory samples that classified as SM were retrieved from 
areas within a boring that were visually classified as (CL) the same characteristic as observed in Pits 1 
and 2; the visual classification tended to be finer grained than the laboratory classification. 

See Subsection 5.11 for results drawn From observations made during the Pit 3 wet trenching. Subsection 
5.12 includes results made as a result of observations made during the Pit 3 ramp and pad excavation. 

4.1.4 Classification of Waste Pit 4 Material 

Materials visually logged and classified, as well as laboratory classifications of material samples, 
uniformly provided descriptions of fine-grained materials, CL and ML. However, it is expected that 
considerable trash is scattered throughout the Pit. 

4.1.5 Classification of Waste Pit 5 Material 

For purposes of discussion, only boring 05-04 was plotted on the diagrammatic cross section because all 
borings seemed to provide material descriptions of "semi-solid" without any attempt to necessarily relate 
the material to a standard soil classification. Also, boring 05-04 had laboratory test results from a 
composite sample taken of the interval 10 feet to 29 feet. Testing of that sample resulted in a material 
that behaves generally like a high plasticity or elastic silt MH. Boring logs as well as laboratory data 
mention a grittiness, or slightly granular nature of some of the materials. Commonly the waste materials 
are brightly colored and highly variegated, displaying some indication of correlative "stratigraphy" 
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between borings. However, with some water contents in excess of 600 percent, it is understandable that 
sample recovery with standard soil sampling techniques is difficult at best, and consequently the ability 
to determine specific engineering parameters for specific "layers" is moot. 

1 

2 

3 

4 

4.1.6 Classification of Waste Pit 6 Material 

Borings used for interpretation of subsurface material type, nature, and extent all resulted in visual 
classifications correlative to coarse-grained materials (i.e., silt/sand mixtures with some clay [SC]). 
Laboratory classification of the same materials resulted in classification of ML-sandy silt, silt with sand, 
and silty sand SM. This is the only instance regarding logging and testing of Waste Pit materials wherein 
visual logging resulted in classifications of the materials being more coarse grained than laboratory 
classification of the same materials. It is important to recognize, however, that the difference is slight, 
inasmuch as the visual log provides descriptions of sand/silt mixtures with some clay, and the laboratory 
results yield silt with sand, and silty sand. Regardless, the materials are nonplastic and appear to come 
closer to being predictably stratified than in Pits 1 through 4. This is reasonable considering the 
"settlement pond" nature of the Pit and the somewhat more consistent process used to deposit waste 
materials. 

4.1.7 Classification of Burn Pit Material 

Samples taken from the Bum Pit as composites of materials from 10 feet to 16 feet are classified as silty 
sand, SM; sandy silt, ML; and lean clay with sand, CL, based on laboratory results. This compares 
favorably with the visual field classifications which also describe layers of sandhilt mixtures with some 
clay locally. 

4.1.8 Classification of Clearwell Material 

Samples from the Clearwell ihdicated constituents representative of the broad spectrum of materials 
present in Pits 1 through 6 and the Bum Pit. This is reasonable because the Clearwell was used to handle 
overflow as well as stormwater drainage. The materials are predominantly fine-grained and seem to be 
silts. 

4.2 Stability Analysis 

This section discusses slope stability analyses of Waste Pit 3 materials. The discussion is divided into 
technical approach, analysis cross section, material properties, and results. 
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4.2.1 Technical Amroach 

The stability of the proposed Pit 3 excavation access ramps and subgrade soils was analyzed for the 
following six unique scenarios: 

1) 
2) 
3) 
4) 
5 )  
6) 

2.5 Horizontal to 1 Vertical Slope, Undrained Condition 
3 Horizontal to 1 Vertical Slope, Undrained Condition 
4 Horizontal to 1 Vertical Slope, Undrained Condition 
2.5 Horizontal to 1 Vertical Slope, Drained Condition 
3 Horizontal to 1 Vertical Slope, Drained Condition 
4 Horizontal to 1 Vertical Slope, Drained Condition 

Undrained conditions consider total stress parameters determined for the waste while drained conditions 
assume effective stress parameters and incorporate a lowered phreatic water surface to account for partial 
Pit dewatering from wells, wick drains, trenching, etc. 

The analyses were performed using the XSTABL slope stability computer model, developed by Interactive 
Software Designs, Moscow, Idaho. This model performs two-dimensional limit equilibrium analyses and 
incorporates a random surface generator for searching out the critical failure surface for a given slope. 
All analysis performed assumed static conditions and utilized the Bishop’s Simplified Method. 

4.2.2 Analvses Cross Section 

Each cross section consists of five soil layers including the cap, waste, berm, one foot clay liner, and 
Great Miami Aquifer. Three distinct geometries are assumed based on slopes of 2.5 to 1, 3 to 1, and 
4 to 1. The geometry is determined by descending through the cap and waste at the appropriate slope 
to a point midway through the waste depth. A horizontal bench extends from this point to a location 

. . . .  determined by extending the first ramp to the bottom of the Pit and drawing a vertical line to intersect. 
The second ramp proceeds from this intersection point at the appropriate slope to the bottom of the Pit. 
Figures 4-5 and 4-6 show the safety factors for each slope angle analyzed, and the undrained and drained 
conditions, respectively. Embankment heights are also shown in these figures. 

Both drained and undrained cases incorporate a horizontal phreatic water surface representing the water 
table at 522.0 ft above mean sea level. However, the drained scenarios assume a second water surface 
to account for partial dewatering. This surface is bordered by the bottom of the waste, the lower ramp, 
and the extension of the horizontal bench to the Pit berm (See Appendix F). 
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4.2.3 Material ProDerties 

Material properties used for slope stability modeling were based on laboratory results (ALTER 1995a and 
SAIC 1996), literature values, and engineering judgement. Properties for drained and undrained 
simulations for each of the five soil layers are summarized in Appendix F. 

4.2.4 

Table 4-1 summarizes the results of the stability analysis modeling for each of the six cases examined. 

Table 4-1 - Summary of Stability Analyses Results, Pit 3 

Note: For Drained Case FOS = 1.09 for 2.0 to 1 Slope. 

In all cases, the most critical failure surface is located on the upper ramp. Any reduction in the height 
of the embankment will increase the factors of safety. 

Data files detailing geometry, soil layer parameters, phreatic water surfaces, and the 10 most critical 
failure surfaces are provided in Appendix F. 

4.3 Bearing Capacity 

This section discusses bearing capacity of materials from Waste Pit 3. Shear strength data were available 
for Waste Pit 1, but shear strength values were only used from Pit 3 since Pit 3 values were smaller than 
Pit 1. The smaller values from Pit 3 were used to provide a conservative analysis. 
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4.3.1 Bearina Caoacitv of Track Loaders on Waste Material 

Track loaders are being considered for use in removing the waste material from the OU1 Waste Pits. 
As a result, the bearing capacity of the waste material under the load of various track loaders was 
investigated. The bearing capacity of the waste material was analyzed in the event that equipment would 
rest on the waste material while excavating adjacent waste material. This is a conservative analysis since 
the excavation plan calls for working from the capped berms and excavating upward from the ramped 
entrance into the Pit bottom. 

Shear strength values, determined using consolidated-undrained triaxial shear tests, from OU1 Waste Pit 3 
were used for evaluation of bearing capacity. The undrained 4 value was 13 degrees, and the undrained 
cohesion value was 50 psf. The drained 4 value was 28 degrees, and the drained cohesion value was 0 
psf. These are the lowest measured values and were used to remain conservative. 

The width of the tracks were used for the width of the bearing surface, and the contact length of the 
tracks with the ground surface were used for the length of the bearing surface. Operating loads and track 
dimensions of two track loaders, a Caterpillar 931 C Series I1 and a Caterpillar 953B, were determined 
using published data from the manufacturer. 

Both drained and undrained conditions were evaluated for bearing capacity failure. The existing waste 
material in Waste Pit 3 has moisture contents between 18 percent and 295 percent with the majority of 
the measurements being greater than 40 percent. As a result, the majority of the waste material is 
saturated, and any loading of the material would result in undrained conditions. If the waste material was 
dewatered before excavation was started, loading could result in drained conditions depending upon the 
degree of the dewatering. 

The drained and undrained factors of safety against bearing failure for both types of track loaders are 
summarized in Table 4-2. Since the removal of the wastes in the Waste Pits is a construction activity, 
a factor of safety against bearing failure between 1.5 and 2.0 is considered adequate. The Caterpillar 
931C Series 11 track loader results in undrained and drained factors of safety of 0.8 and 1.8, respectively. 
The Caterpillar 953B track loader results in undrained and drained factors of safety of 0.4 and 0.8, 
respectively. Due to the low factors of safety in both the undrained and drained cases, the Caterpillar 
953B track loader or similar loaders producing loads of similar magnitude are not recommended for the 
excavation of the waste materials in the OU1 Waste Pits. The waste materials in the OU1 Waste Pits 
should provide adequate bearing capacity to support the Caterpillar 93 1C Series I1 track loader or another 
track loader producing similar load for drained conditions only. 
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Table 4-2 - Summary of Bearing Capacity, Pit 3 

Loader/Drainage 
Case 

93 1C Undrained 

93 1C Drained 

953B Undrained 

953B Drained 

~ 

TrackLoad (psi) Ut. Bearing Factor of Safety 
Capacity (psi) 

4.8 4.0 0.8 

4.8 8.5 1.8 

9.1 3.8 0.4 

9.1 7.2 0.8 

4.3.2 Field Observations of Track Loaders on Waste Material 

During the ramp and pad excavations in Waste Pits 1 and 3, attempts at operating a John Deere 5556 
WT Series IV track loader on the waste materials were made. The contact pressure of the tracks on the 
ground surface for this track loader is 5.81 psi, according to the owner’s manual. 

Upon operating the track loader on the waste material within Waste Pit 1,  the track loader operated 
without difficulty. In fact, the loose material left from excavation appeared to compact under the weight 
of the loader’s tracks. At the west end of the pad area where water had ponded, operating the track 
loader caused significantly deep ruts; but the rutting did not hinder or slow the movement of the track 
loader. As a result, it appears the actual bearing capacity of the waste material in Waste Pit 1 is equal 
to or greater than the estimated bearing capacity that was calculated using shear test results. 

No attempt was made to operate the track loader on the Pit 3 waste material since it was determined by 
OU1 personnel that the waste material was too soft to support the track loader. During excavation of the 
soft waste material, the material would almost immediately collapse into the excavation made by the track 
hoe bucket. In addition, an attempt was made to drive the track hoe onto the stockpiled waste material 
from Waste Pit 3. Instead of driving onto the pile, the track hoe drove through the pile with little or no 
resistance. As a result, no attempt was made at driving the track loader on the waste in the Pit. 

As a result of not operating the track loader on the waste in Waste Pit 3, the validity of the bearing 
capacity calculations using the shear test results could not be determined. Considering the observations 
made in the field, it is estimated that the bearing capacity by calculation closely estimates the actual 
bearing capacity of the waste material encountered during the ramp and pad excavation within Waste 
Pit 3. 
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4.4 3-D CPT Data Interpretation 

Colon 

Black 

Red 

Purple 

Blue 

Yellow 

Green 

In addition to the graphic log representation, the CPT data can readily be entered into a Geographical 
Information System (GIS) 3-D model to develop interpretations as presented on Figures 4-7 and 4-8. 

Blow Count Consistency 

0 to 4 

5 t 0 8  medium stiff 

9 to 15 stiff 

16 to 30 very stiff 

31 to 50 hard 

very soft to soft 

> 50 very hard 

Figures 4-7 and 4-8 are developed by PARSONS directly from the ARA digital CPT data. The empirical 
blow count data for the 12 Waste Pit 3 CFT probings were loaded into the GIS platform, and a 3-D voxel 
model was used to interpolate and extrapolate the data and create various views. Color Figures 4-7 and 
4-8 represent a range of blow count, which, in turn, also represents a range of consistencies for the waste 
materials. For Waste Pit 3, the consistencies of materials were used as described in Table 4-3. 

Table 4-3 - Consistency of Cohesive Soils (see Figures 4-5 and 4-6) 

From the graphical presentations for Waste Pit 3, the distribution of the consistencies of the Waste Pit 
materials can be visualized and areas with potentially low strength characteristics identified for additional 
evaluation. Figures 4-7 and 4-8 show that potentially unstable, very soft to soft materials exist below 
about Elevation 565. Stiffer materials overlay the softer materials. These stiffer materials have a greater 
thickness at the northern end of Waste Pit 3. 

Visual inspection of the side-by-side CPT printouts and of the GIs-generated graphics provides a general 
picture of the more granular cap materials, which are about 10 to 15 feet in thickness, overlying the fine- 
grained, clay like, soft waste materials below the cap. More recently, trenching activities under present 
water conditions (part of the DEEP program) have confirmed much of the engineering data derived from 
the CPT probings and SPT boring activities. 

The GIS system has also proven useful in assessing the rdationship of material types among the Waste 
Pits. Figure 4-9 is a 3-D depiction of material types in Waste Pit 3 (the biggest block), Waste Pit 2 (the 
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Figure 4-7 - Three-Dimensional Interpretation of Empirical Blow Count Data 
at Waste Pits 1,  2, and 3 
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Figure 4-8 - Cross-Section of Three-Dimensional Interpretation 
of Empirical Blow Count Data at Waste Pit 3 
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Figure 4-9 - Three-Dimensional Block Model Interpretation of Material Types at 
Waste Pits 1, 2, and 3 

4-19 
ERAFS 1 \VOLl :RSAPPS\RSDATA\ 
OU-1 \PO- 145WAN 1996DEEPRPT 3/6/96, ll:58am, Rev. No.: 0 

LEGEND 
CPT 

Soil TvDe 

Below 
Range 

Sensitive 

Peat  

Soft  Cloy 

Cloy 

Silty Cloy 

Clayey Silt 

Silt ' 

Sandy Silt 

Silty Sand 

Gravelly 
Sand 

Over Consolidate( 

Above OC 

. . .  . . > .  

Note: North Direction is 
Toward the Lower Right Corner 



block intercepting the coiner of the big block), and Waste Pit 1 (intersecting the side of the big block). 
The graphic is generalized, taking into account only material type (Le., CPT empirical classification) and 
not necessarily the shape or exact geographical orientation of the three Pits. 

In Figure 4-9, the red to pink and purple-red represents fine-grained, soft deposits (i.e., clay). The green 
to greenish-blue represents sand/silt mixtures, and the light to dark blue represents coarse-grained 
materials (sand and gravel). From Figure 4-9 it is readily discerned that Waste Pit 3 is generally similar 
to Waste Pit 2 in grain-size makeup and distribution, whereas Waste Pit 1 is clearly different from either 
Waste Pit 2 or Waste Pit 3. 

4.5 CPT Correlations 

As discussed in Section 2, test borings were conducted adjacent to the CPT probes. The purpose of the 
adjacent placement of test borings and CPT probes was to allow comparison among CPT data and visual 
observations, SPT blow counts, and material classifications and physical properties obtained from 
laboratory tests. This co-mparison is anticipated to allow a site-specific calibration of the CPT for FEMP 
materials. Figure 4-1 provides an annotated log showing the CPT data from CPT probe C3-2, SPT blow 
count data from boring 11362, and a generalized visual description profile from the field geologist’s log 
of boring 11362. Assumptions made for preparation of the CPT logs are indicated in the notes on the 
log. 

The following items correspond to the annotated text blocks on Figure 4-1: 
e 

1) The three parameters measured directly with the CPT are sleeve stress, tip stress, and pore 
pressure. Other CPT data from C3-2 are based on empirical correlations for soils. Site-specific 
laboratory data from the adjacent test boring will assist in calibrating the CPT for the site-specific 
material, especially necessary because the majority of the OU1 waste materials are not truly soil 
materials. .-. 

2) The visual logging of adjacent test borings allows comparisodcorrelation of visual observations 
with emiirical CPT classifications. 

3) The empirical CPT classification number sometimes falls outside the range of typical soil 
materials when CPT data for the waste materials are evaluated using empirical correlations for 
soils. For C3-2, low tip and sleeve stresses indicate waste material with very low shear strength, 
possibly viscous. 

4) During the SPT at test boring 11362, the sampler advanced under the weight of the drill string 
alone. This occurred from a depth of about 8 feet to the bottom of the test boring (27.5 feet). 
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The empirical blow count from the CPT correlated very closely with the SPT blow count from 1 

the test boring. 2 

3 

5 )  Empirical CPT correlations such as wet density, friction angle, and undrained shear strength 
require comparison with results of geotechnical laboratory tests. This will allow for adjustment 

4 - 

5 

of CPT parameter plots, if required. 6 

7 
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SECTION 5. 

CONCLUSIONS 

This section presents conclusions regarding OU 1 Waste Pit material geotechnical characteristics; 
dewatering and CPT correlations based on the DEEP activities conducted; &d geotechnical laboratory 
test results. Appendix I presents 
suggested use of data for waste processing design. 

Appendix F presents all the geotechnical data in tabular form. 

5.1 Pit 1 

In general, Pit 1 waste materials behave like nonplastic silts (ML) with little cohesion and low dry 
strength. Some coarse-grained silty sand (SM) (with nonplastic silts) and sandy elastic silt (MH) are also 
present. The moisture contents range from about 16 to 67 percent (by dry weight). 

Petroleum odor was observed for some Pit 1 samples. This indicates that petroleum products may have 
an impact, aidine in its nonDlastic nature and causing dried Pit 1 waste to -repel water (ALTER 1994). 
According to another geotechnical laboratory (SAIC 1996), the dried waste materials repelled water 
initially, but combined with the water after extensive mixing. Observations made during the ramp and 
pad excavations also determined that the waste repels water. 

A composite sample of nonplastic silt was formed from low-watercontent, nonplastic materials (NP1) 
from Waste Pits 1 and 4. A standard compaction test of the NP1 material resulted in an optimum 
moisture content (OMC) of 13.4 percent and a maximum dry density (MDD) of 116.6 pounds per cubic 
foot (pcf), which compares to values for ordinary soils. A direct shear test of the remolded NPl material 
resulted in a consolidated drained friction angle (4d of 40 degrees at 96 percent MDD, which is slightly 
less than that expected for dense sand (ALTER 1994). 

Compaction tests were also performed on three other bulk samples of materials from Waste Pit 1 using 
either standard compaction methods or a Harvard miniature compactor (ALTER 1995a and WESTON 
1988). The compaction tests resulted in MDD values of 109.4 to 117.5 pcf and OMC values of 15.6 to 
20.3 percent. These values also compare to values for ordinary soils. 

From nine unit weight tests of undisturbed DEEP Shelby tube samples, wet unit weight ranged from 
136.8 to 83.6 pcf, and the corresponding dry unit weight ranged from 115.4 to 36.1 pcf (ALTER 1995a 
and SAIC 1996). Shear strength parameters were measured for two samples in Pit 1, resulting in 4” 
values of 19 to 23.2 degrees, 4,, values of 30.2 to 39.0 degrees, c, values of 4.9 to 6.7 psi, and c, values 
of 0 to 3.3 psi. Slopes of 2H/1V can be maintained during Pit excavation provided drain conditions exist. 
Under undrained conditions a slope of 2.5H/lV can be maintained. 
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5.2 Pit 2 

In general, Pit 2 waste materials range in behavior from nonplastic silts and sands (silt with sand, sandy 
silt, silty sand) to highly plastic silts (elastic silt, elastic silt with sand, sandy elastic silt). Some lean 
clays and clayey sands with gravel are also present. Moisture contents range from about 17 percent (lean 
clay with sand) to 320 percent (nonplastic silt with sand). Moisture content of the elastic silt materials 
ranges from about 70 to 230 percent. 

A composite sample of elastic silt (MH2) was formed to represent MH materials with lower liquid and 
plastic limik (typical of Pits 2 and 3). The material for this composite sample came from Pits 2 and 3. 
A standard compaction test resulted in an OMC of 35.4 percent and MDD of 77.8 pcf. This density is 
low for MH soil. A remolded, unconfined compressive strength test at 96 percent MDD and +2  percent 
OMC resulted in an undrained cohesion (CJ of 1,468 psf with a brittle failure mode. A direct shear test 
of the remolded MH2 material resulted in $d of 29 degrees at 97 percent MDD (ALTER 1994). 

Additional compaction tests were performed on bulk samples from Waste Pit 2. One sample was a 
composite sample of silty sand (SM) from Waste Pit 2 and the Clearwell, which resulted in a MDD of 
102.3 pcf and an OMC of 20.1 percent. In addition, a direct shear test was performed on the SM 
sample, resulting in a consolidated drained friction angle ($d) of 29 degrees and a consolidated undrained 
cohesion value of 7.6 pounds per square inch (psi) at 97 percent MDD. The cohesion value is higher 
than what would normally be expected for a silty sand and may be due to using too high a strain rate 
during the test (ALTER 1994). 

A second sample was a lean clay (CL) sample from Pit 2 resulting in a MDD of 118.7 pcf and an OMC 
of 14.2 percent (DEEP 1995a). The final sample was an elastic silt (MH), which resulted in a MDD of 
86.3 pcf and an OMC of 17.5 percent (WESTON 1988). The results from the lean clay and the silty 
sand samples are consistent for these types of soils. The MDD from the elastic silt is low for MH type 
soils. 

From six unit weight tests of undisturbed DEEP Shelby tube samples, wet unit weight ranged from 82.7 
to 131.2 pcf, and the corresponding dry unit weight ranged from 31.1 to 105.7 pcf (ALTER 1995 and 
SAIC 1996). Shear strength parameters were measured for one sample in Pit 2. The resulting 4,, c,, &, 
and cd values were 18.0 degrees, 1.7 psi, 36.0 degrees, and 0.9 psi, respectively. Slopes of 2H/1V can 
be maintained during Pit excavation provided drain conditions exist. Under undrained conditions a slope 
of 2.5H/lV can be maintained. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

n 

28 

29 

30 

31 

32 

33 

34 

35 

36 

ERAFS 1 WOLl :RSAPPS\RSDATA\ 
OU- 1 \PO- 145UAN1996\DEEPRlT 5-2 3/6/96, ll:58am, Rev. No.: 0 



1 

5.3 Pit 3 2 

In general, Pit 3 waste materials range in behavior from-low plasticity and nonplastic silts and sands (silt 
with sand, sandy silt and silty sand) to highly plastic silts (sandy elastic silt, elastic silt with sand). Some 

clays are also present. Moisture contents range from about 25 percent (silt with sand) to 270 

3 

4 

s 

6 

percent. Moisture content of the sandy elastic silt material ranges from about 55 percent to 366 percent. 7 

8 

From 36 unit weight tests of undisturbed DEEP Shelby tube samples, wet unit weight ranged from 71.4 
to 129.7 pcf, and the corresponding dry unit weight ranged from 15.3 pcf to 110.0 pcf (ALTER 1995 
and SAIC 1996). 

In-place strength of Pit 3 waste from the DEEP CPT probes and SPT tests indicates very low strengths 
over much of the Pit area (below the cap materials). Low strengths are expected to result in waste 
collapse at low natural slopes, which may present safety concerns and excavation inefficiencies due to 
flat slopes. DEEP results of 11 consolidated, undrained triaxial shear strength tests had the following 
results: undrained friction angle (42 ranged from 13 degrees to 24 degrees with cohesion intercept of 0 
psi to 2.4 psi, drained friction angle (4d) ranged from 28 degrees to 40 degrees, with cohesion intercept 
between 0 and 1.6 psi (ALTER 1995 and SAIC 1996). In addition, existing data also indicate that the 
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moisture content for much of the waste (in situ conditions) is above the liquid limit, indicating the 
material could behave similarly to a fluid. To 
accommodate these conditions, excavation from the top of the capped berm will allow equipment to 

a0 

21 

n 

This was observed during the ramp excavation. 

operate on a firm foundation. Once all excavating from the berm is complete, excavating the second 
bench from the bottom of the Pit will allow equipment to operate on a firmer footing. Slopes of 3H/1V 

23 

2ri 

can be maintained during excavation of the Pit provided. 25 

26 

5.4 Pit 4 n 

In general, most of the materials sampled from Waste Pit 4 behave as either nonplastic silts (MLWP]) 
or lean clays (CL). The moisture contents of the samples ranged between 10.1 and 61.5 percent 
(WESTON 1988 and DOE 1994). No DEEP samples were removed from Waste Pit 4, since Waste Pit 

28 

29 

M 

31 

4 is currently covered with a RCRA cap composed of geotextiles. 32 

33 

A composite sample of nonplastic silt was formed from low-watercontent, nonplastic materials (NP1) 
from Waste Pits 1 and 4. Compaction test and remolded physical properties of the composite sample are 

M 

3s 

reported in Subsection 5.1 of this report. 36 

31 

Compaction tests were also performed on two other samples from Waste Pit 4. The material types of 
the two samples were nonplastic silt.(ML[NP]) and lean clay (CL) having corresponding maximum dry 
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densities and optimum moisture contents of 120.6 pcf and 18.2 percent and 118.4 pcf and 18.7 percent, 
respectively. These values are normal to high for soils with similar USCS classifications, which may be 
attributed to the high specific gravities:f3.02 to 3.33) reported for the compaction samples form Waste 
Pit 4. 

From unit weight tests performed on undisturbed samples' from previous studies, wet unit weights varied 
from 110.7 to 137.7 pcf, and the moisture content varied from 15.9 to 61.5 percent (WESTON 1988 and 
DOE 1994). 

5.5 Pit 5 

The majority of the solids portion of the Waste Pit 5 materials behave similar to elastic silts (MH). Also 
within Waste Pit 5 there are some silts (ML) and some nonplastic silts (MLWP]). Initially the waste 
materials were placed in Waste Pit 5 in slurry form (PARSONS 1993). The Waste Pit 5 materials 
generally remain sludge-like, which is evident since the majority of the sample moisture contents are 
greater than the liquid limits reported. Water contents of the sampled Waste Pit 5 materials range from 
73.4 to 1141.2 percent. 

A composite sample of nonplastic silt was formed from high-watercontent, nonplastic materials (NP2) 
from Waste Pits 5 and 6. A Standard Proctor compaction test performed on the NP2 material resulted 
in an OMC of 36.2 percent and a MDD of 76.9 pcf. The MDD is low and the OMC is high for soils 
having similar USCS classification. A direct shear test was performed on a remolded sample of NP2 
material resulting in a consolidated, drained friction angle (+A of 31 degrees and a consolidated, drained 
cohesion value (cJ of 6.3 psi at 100 percent MDD, which is low for lowclaycontent silt (ALTER 
1994). 

Another composite sample of elastic silt was formed from high-liquid-limit, high-plastic-limit, and high- 
moisture-content materials (MH1) from Waste Pit 5. A one-point Standard Proctor compaction test was 
performed on a sample of MH1 material resulting in a MDD value of 64.5 pcf and an OMC value of 
56.0 percent (Lutz 1994). The one-point method was necessary since the results from the Standard 
Proctor test were determined to be erroneous. The MDD value is very low and the OMC value is very 
high for typical soils having a USCS classification of MH. A direct shear test was performed on a 
remolded sample of MH1 material, resulting in a consolidated drained friction angle (+J of 33 degrees 
and a consolidated, drained cohesion value (CJ of 1.2 psi at 98 percent MDD, which is average for dense 
silt. In addition, an unconfined compression test was performed on a sample of the MHl material 
compacted to 98 percent MDD, resulting in an unconfined compressive strength (a) of 2,425 pounds per 
square foot ( p s f )  or an unconfined cohesion value (c3 of 1,212 psf. The unconfined compression failure 
mode of the MH1 sample was brittle (ALTER 1994). 
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Compaction tests were also performed on four other samples of waste material from Waste Pit 5. Three 
of the compaction samples were classified as elastic silts (MH), and insufficient data were available to 
determine the classification of the fourth sample: The compaction tests performed on the MH materials 
resulted in MDD values ranging from to 62.5 to 65.8 pcf and OMC - values ranging from 50.4 to 60.8 
percent (WESTON 1988 and ALTER 1995b). -The MH materials' MDD values are low and the OMC 
values are high for typical soils having similar classification. The fourth compaction test performed on 
the unclassified Waste Pit 5 sample resulted in a MDD value of 97.9 pcf and an OMC value of 26.7 
percent (ALTER 1995b). 

Unit weight tests performed on DEEP undisturbed-Vibracore samples resulted in wet density values 
ranging from 64.7 to 100.1 pcf (ALTER 1995b and SAIC 1996). Corresponding dry densities cannot 
be accurately determined due to the slurry nature of the Waste Pit 5 material. Upon drying, the samples 
would lose considerable volume due to the large volume of water present in the samples. 

Shear strength parameters were measured on one vibracore sample from Boring WP5-5A. The resulting 
&,, G, 4 d ,  and cd values were 15 degrees, 1.0 psi, 32 degrees, and 0.7 psi, respectively (SAIC 1996). 

Consolidation tests were performed on three vibracore samples. The compression index values ranged 
from 2.7 to 3.9, which indicates the waste is very soft and compressible. The recompression index 
values range from 0.04 to 0.09, which is in the normal range for clay @as 1990a). The initial void 
ratios range between 9.91 and 16.66, which also indicates a high potential for compressibility. 

5.6 Pit 6 

The majority of the sampled materials from Waste Pit 6 behave as either nonplastic silts (MLWP]) or 
silty sands (SM). In addition, one sample was classified as a silt (ML) and one sample was classified as 
an elastic silt (MH). Moisture contents of all the samples varied greatly from 11.2 to 425.6 percent. 

A composite sample of high-moisturecontent nonplastic silt material (NP2) from Waste Pits 5 and 6 was 
tested for compaction characteristics and physical properties on remolded samples. Results of the tests 
performed on NP2 were reported in Subsection 5.5 of this report. . 

Another composite sample of silt material (ML) was formed from Waste Pit 6 and the Bum Pit. A 
Standard Proctor compaction test was performed on the ML sample, which resulted in a MDD value of 
99.0 pcf and an OMC value of 19.9 percent. These values are typical for soils with an ML classification. 
A direct shear test was performed on a ML sample recompacted to 96 percent MDD, resulting in a 
consolidated drained friction angle (&) of 37 degrees, which is higher than expected values for a dense 
silt (ALTER 1994). 
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Compaction tests were also performed on four silty sand (SM) samples, one nonplastic silt (MLW]) 
sample, and one sample that had insufficient classification data. The nonplastic silt resulted in a MDD 
value of 101.2 pcf and an OMC of 23.0 percent, which is typical for a nonplastic silt soil.. Compaction 
tests on the silty sand samples resulted in MDD values between 129.7 and 149.5 pcf and OMC values 
between 9.2 and 14.6 percent. The silty sand values are higher than expected values for silty sand, which 
is probably due to the higher than normal values of specific gravity (3.24 to 3.42) for soils. The 
unclassified sample resulted in a MDD value of 139.9 pcf and an OMC value of 11.7 percent, which is 
similar to the SM values from Waste Pit 6. 

Unit weight tests were performed on 13 DEEP undisturbed-Vibracore samples. The resulting wet 
densities ranged from 83.4 to 170.2 pcf with respective dry densities of 35.4 to 148.5 pcf (ALTER 
1995b). The reported values are high; the high densities may be attributed to either a combination of the 
high specific gravities or compaction of the samples as a result of the vibratory sampling method. 

5.7 Burn Pit 

The majority of the materials sampled from the Bum Pit behaved similarly to either silts (ML) or silty 
sands (SM). One sample from the Bum Pit classified as a lean clay (CL). The Bum Pit was used to 
bum flammable liquid and solid wastes; therefore, the silts and silty sands are, more than likely, ashes 
and cinders from incinerated materials. The moisture contents of the Bum Pit materials varied from 25.5 
to 43.3 percent (WESTON 1988 and DOE 1994). 

. .  

Compaction tests were performed on two bulk samples from the Bum Pit. The first sample was a 
composite sample of silt (ML) from the Burn Pit and Waste Pit 6. The Standard Proctor test resulted in 
a MDD of 99.0 pcf and an OMC of 19.9 percent (ALTER 1994). Results of the physical property tests 
performed on the composite sample are reported in Subsection 5.6 of this report. 

The second sample was a silty sand (SM) bulk sample from the Bum Pit. The compaction test resulted 
in a MDD of 81.2 pcf and an OMC of 9.5 percent (WESTON 1988). The MDD value is low for soils 
with similar classification, which is probably due to the low specific gravity of the solids in the sample 
(2.35). Silty sand soils generally have specific gravities between 2.65 and 2.67. 

A unit weight test performed on one undisturbed sample of silty sand material resulted in a wet unit 
weight of 101.4 pcf, a corresponding dry unit weight of 70.8 pcf, and a moisture content of 43.3 percent. 
Due to the large moisture content, the wet and dry unit weights were less than typical in situ densities 
for similar soil materials (dry densities usually vary between 87 and 127 pcf woltz and Kovacs 19811). 
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5.8 
2' 

Clearwell 

One-half (four) of the bulk samples removed from the Clearwell were classified as elastic silts (MH) with 
varying amounts of sand. The other half (four) of the samples from the Clearwell were evenly divided 
between either silty sands (SM) or lean clays (CL). The moisture contents of the samples varied from 
35.4 to 73.9 percent (ALTER 1994). The moisture content tests were performed on archived bulk 
samples from the Remedial Investigation testing. The samples had been stored for at least 2 years, and 
the water had partially separated from the waste material (Lutz 1994), which may have caused the 
reported moisture contents to be low. 

One compaction test was performed on a composite sample made of silty sand (SM) materials from Waste 
Pit 2 and the Clearwell. The compaction test resulted in a MDD of 102.3 pcf and an OMC of 20.1 
percent (ALTER 1994). Results of physical property tests performed on remolded samples of the 
composite material is reported in Subsection 5.2 of this report. 1 

No undisturbed samples have been removed from the Clearwell. The Clearwell was used to store liquid 
from Waste Pits 3 and 5 and surface runoff water from all of the Pits before pumping the effluent to the 
Great Miami River (PARSONS 1993). As a result of the Clearwell's use, unit weight values from either 
Waste Pit 3 or 5 may be an adequate estimate of Clearwell material unit weights. 

Samples were collected in the north berm of the Clearwell during DEEP. Moisture content data from 
Boring 11574 range from 13.9 to 28.4 percent. All of the samples collected were classified as sandy lean 
clays or lean clays with sand (CL). 

Measured wet densities, from two Shelby tube samples, were between 121.3 and 137.4 pcf. The 
corresponding dry densities ranged between 94.5 and 120.1 pcf (SAIC 1996). Shear strength parameters 
were measured on two Shelby tube samples using the consolidated undrained triaxial compression test, 
resulting in 4, values of 16.0 and 22.0 degrees, c, values of 3.5 psi, +d values of 29.0 and 28.0 degrees, 
and c,, values of 3.1 psi. 

a 
r e  

5.9 Dewatering 

DEEP dewatering tests using wells and wellpoints have been conducted in Waste Pits 1 and 3 to evaluate 
the effectiveness of this technique to increase the strength and bearing capacity of wet Pit materials prior 
to excavation. Trenching or ramping in the Pit materials is being conducted to evaluate the degree of 
success of the excavation program. The results should allow a confirmation of the bearing capacity, angle 
of repose, and safe, maintainable slopes. 
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Strength test data indicate that dewatering is not required to excavate with reasonable efficiency and safety 
for the top and bottom excavation approach. Trenching/ramping tests confirm that dewatering is not 
necessary to achieve safe slopes. 

Dewatering testing indicated that water can be removed from the wastes through the use of wells and 
wellpoints. Given assumptions regarding sustainable yields and the percentage of total waste volume that 
can be removed as free water, the number of wells needed to achieve the greatest possible reduction in 
drying time has been calculated (see Appendix D). With some conceptual planning of a dewatering 
system, the cost effectiveness of using this number of wells to reduce drying times could be determined. 
Additional savings from dewatering may result from the potential elimination of a second dryer to meet 
future increased production levels: 

Due to measured drawdown and well efficencies from the Phase 1 Dewatering, it is estimated that 
dewatering wells would provide dewatered conditions in a very localized area near the wells. As a result, 
wells would have to be spaced very close to one another to achieve any considerable dewatering of the 
waste. In addition, the remedial facility dryer would provide more efficient moisture reduction of the 
waste than the 'use of dewatering wells for waste processing. 

To summarize, it appears that dewatering should not be pursued as a means of enhancing soil strength 
and stability, but may be of value in reducing processing times. 
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5.10 CPT Correlations 

Inclusion of the laboratory test results will provide a basis for calibration of the CPTs to direct 
measurements from test borings, providing further confidence and enhancing specific detail. Currently, 
a decision is being made whether to incorporate the geotechnical data with the CPT data. Geotechnical 
data has been incorporated into four sets of CPT data. PARSONS and FERMCO are reviewing the 
revised CPT data to see if the changes affect the results significantly, and whether further revision is 
justified. 

Application.of the integrated CPT/SPT and laboratory test data includes: 

1) Allowing efficient data gathering with the CPT in the event that specific data gaps are identified 
in design. 

2) Allowing concise and understandable presentation of a wide range of data to concerned parties. 

3) Providing specific data for evaluation of excavation alternatives. 
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4) Possibly assisting in prioritization of remedial activities. 
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The geotechnical index property and unit weight data have been provided to the CPT contractordo make 
adjustments in data files, if required. Further, it is recommended that the shear strength data, be 
provided to the CPT contractor to make adjustments in data files, if required. 

- .  

5.1 1 Wet Trenching 

The following conclusions are the results of observation from the wet trenching at Pits 1, 2, and 3: 

Mechanical excavation of Pit wastes to depths of about 15 to 20 feet using a bucket excavator 
from the ground surface of the covered Pits was demonstrated. 

The waste materials encountered to the depths excavated, behaved like earth materials (i.e. did 
not flow), and were blocky or granular. Material that exhibited gelatinous behavior was also 
encountered, especially in Pit 1. 

The cover material for the Waste Pits was general fill: clay, flyash, gravel, and other debris and 
rubble. The cover thickness in Pits 1 and 2 is from 1 to a few feet, and the cover thickness at 
Pit 3 is from 10 to 12 feet thick. 

A laminated to stratified, fine-grained waste underlies the cover material in Pits 2 and 3. This 
material, composed of various layers of plastic and granular materials, is soft, saturated, highly 
plastic and holds water. Wastes in Pits 2 and 3, which are laminated to stratified, had thin layers 
of wet, soupy material. The waste material in Pit 1, is soft, saturated, granular and gelatinous. 

Standing water was encountered at trenches T1-S, T2-N, and T3-N near ground surface. 
Trenches T1-N, 7243, T3-C and T3-S did not have standing water. At the trenches with standing 
watet, large amounts of rubble were also encountered in the cover or shallow waste. This 
relatively porous rubble creates zones of perched watet, often found in the cover material. A 
large amount of lumber was found in Trench T3-N. 

Trench wall collapse was observed in the noncohesive materials comprising the cover. At the 
shallow depths excavated, the more cohesive waste material underlying the cap often held vertical 
slopes when it was-wet. The material, however, is soft and gelatins or "pudding like". The 
ability of the these materials to hold steep working slopes at an appreciable height is doubtful. 
Laboratory classification tests show the waste material is non plastic to highly plastic silts. As 
the exposed working face dries, this material exhibits an uncertain behavior. 

Based on visual observation, angle of repose of the wet waste placed waste piles was generally 
about 20 to 30 degrees for ... Pit 2 and 3 wastes. It should be noted that the waste piles were 
typically no greater than about 8 feet high. 
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5.12 Ramp Excavations i 11 

The following conclusions are the results of the field observations made during the ramp excavations 
made in Waste Pits 1 and 3: 

1) Mechanical excavation with a bucket excavator (track hoe) from the ground surface to depths of 
approximately 10 to 13 feet was demonstrated. 

2) The materials encountered in Waste Pit 1 behaved similarly to noncohesive silt and sand soils. 
In addition, the Waste Pit 1 materials appeared to have adequate shear strength to maintain slopes 
of 1.5H/lV and flatter and to support excavation equipment on horizontal surfaces. When wet, 
however, the material did not support the excavation equipment as well as when the material was 
only moist. No slope stability calculations were performed on the Waste Pit 1 excavation 
scenario, but shear strength test results indicate that Waste Pit 1 materials have higher shear 
strength than Waste Pit 3 materials. 

3) The upper materials encountered in Waste Pit 3 behaved similarly to noncohesive, freedraining, 
sand soils. The material appeared to be a combination of cinders and ash material. The upper 
material also exhibited adequate shear strength to maintain slopes up to 1.5H/lV and support 
excavation equipment on horizontal surfaces. The presence of perched water required flatter 
slopes to remain stable. 

4) Lower-lying materials in Pit 3 did not behave similarly to soils. Instead, the materials behaved 
more like a semicohesive sludge. When excavated, the material often slumped or flowed into 
the void created by the bucket excavator. At one point during the.excavation, the flowing 
material caused a slope failure of the overlying noncohesive material. 

5) The cover material in Waste Pit 1 consisted of 1 to 2 feet of clay material. The cover material 
in Waste Pit 3 consisted of 1 to 2 feet of clay material and several feet of ash and cinder 
mater ids. 

6)  Slow groundwater seepage occurred in both Waste Pits 1 and 3. At approximately 12 to 13 feet 
below the existing ground surface, a large quantity of groundwater was encountered that 
infiltrated into the excavation at a rate of approximately 110 to 150 gpm, estimated by using the 
estimated pit dimensions and the rise in water level per a given period of time. As a result, 
sumps and pumps will be required at deeper depths in Pit 1,  if equipment will be used on the 
waste material. 

7) Stockpiled clay cover material maintained angles of repose between 35 an 40 degrees. Stockpiled 
noncohesive materials from Waste Pits 1 and 3 maintained angles of repose between 30 and 35 
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degrees. .The stockpiled semi-cohesive sludge-like material from Waste Pit 3 maintained an angle 
of repose of approximately 25 degrees. 

8) The moist materials at the bottom of the excavation in Waste Pit 1 appeared to compact under 
the weight of the track loader's tracks. The wet material in the bottom of Waste Pit 1 rutted 
under the weight of the track loader's tracks, but did not hinder the movement of the track 
loader. Due to the observed rutting of the wet material, dewatering of the waste or using sumps 
to collect excess water may be necessary if equipment is to be operated directly on the waste in 
Pit 1. 

9) The noncohesive, cinder and ash material in Waste Pit 3 was strong enough to support the weight 
of the track hoe (bucket excavator). No attempt was made to operate equipment on the semi- 
cohesive sludge, since it was determined the sludge was too weak to support the weight of 
equipment. 

10) The track loader easily traveled up and down the stockpiled clay and noncohesive materials 
without affecting the stockpiles' angles of repose. An attempt was made to drive the track hoe 
on the stockpile of semicohesive sludge-like material, which resulted in the track loader driving 
through, not on, the stockpile. 

11) From observations and discussion with workers involved in the-ramp excavation, it appears the 
semicohesive sludge-like material loses most, if not all, of its shear strength when disturbed 
(vibrated, stepped on, etc.). As a result, this material will have to be excavated from the side 
berms or utilizing some other method that does not require equipment to rest on the waste. 
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(ALTER 1994) 

(ALTER 1995a) 

(ALTER 1995b) 

(B&B 1995) 
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P I T :  3 

DATE TEST PERFORMED: 911 /94 

CPT I D :  C3-2 

~~ ~~ ~~~. 

LOCITIOH LEGEND NOTES F e r n a l d  Env i ronmenta l  Management P r o j e c t  
4 Dewoter i ng Excavat  ion Eva I u a t  i on Proj e c t  ( DEEP 1 
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Grana ~ ~ ~ ~ ~ ; + ~ ~ ~ ~ i ~ :  I-Sens i t i ve  Z-Peot 3- 4 - S i l t  M i x t u e  

Goa-ainotes (NU) 19831 5-SoM U i x t V e  B-SmalFte&oveI l y  S a K l  2. voter ioble  set  by ARA o t  depth: 0 fee t  , 
E l e c t r i c  Cone Penetrometer Test R e s u l t s  8-o~ercmso i i ao ted  3. woter ioble se t t i ng  represents w r o x i m t a  aeptn QM 

N w t n i n g  East i no nos not m e n  odjustea aosea on m o s u a a  w t e r  leve ls .  
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P I T :  3 
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LEGEND NOTE 5 Fernald Environmental Management Project 
~ Dewater i ng Excavat ion Eva I uot i on Proj ect ( DEEP 

1. Dot0 S w c e :  Appl ied Reseorcn ASSOciOt~5 I A R A I .  IK. f i l e :  SOIS401  . c l o a 8 ~ ~ ~ c o t ~ o o :  I -Sens i t i ve  Z-feot 3- 4 - S i l t  M i x t u r e  
5-SoM M i x t u r e  6-Sond%rovel l y  Sma 
8-Overcoosol iaatea 
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bosea cn env i r i co l  c c r r e l o t i o n  b y  IRA OM nove 
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Electric Cone Penetrometer Test Results 
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P I T :  3 

DATE TEST PERFORMED: 8/25/94 

CPT I D :  C3-4  
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LEGEND NO1,fS F e r n a l d  Env i ronmenta l  Management P r o j e c t  
Dewoter i ng Excavat  ion Eva I u a t  i on P r o j  e c t  ( DEEP 1 

E l e c t r i c  Cone Penetrometer Test R e s u l t s  
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5.  S t r a t i q w n y  snow in c l a s s i f i c a t i m  by  CPT C o r r e l a t i o n  
CAD F I L f :  PO19/SKX03464.OGN 

1-1- 1- 1 - 

I I I I  

I l l 1  
I I I I  

I I I I  

I I I I  

I I I I  
I I I I  

-I -I- I- i - 

-I -I- L 4 - 

I I I I  
I I I I  

-1 - I -  r -i - 

0 20 40 60 80 I O  

I I I I (  
I l l 1  

_ I I I I _  
; , I  

- 1 1 1 1  
I I l - i - '  

- I I I I  
I I I I  
I l l 1  
I l l 1  
I I I I .  
I I I I  
I I I I  

. I  I I I 
I I I I .  

_ I I I I _  

. I  I I I 

- - - - - - -. 

I I I I  

- t -I- t i - '  

I I I I  
I I I I  
I I I I  

. I  I I I 

. I l l 1  
I l l 1  
I I I I  

' I I I I '  
. l I l I .  

I l l 1  
I l l 1  

. I  I I I 
- 4 -I- L 4 -. 

I l l 1  
I I I I  

. I  I I I 

. I l l 1  
_ I l l 1  

I l l 1  

- - - - - - -. 

- 7 -I- r i - .  1 ,  i ,  i . ; , :  , I  
I I  I 

0 0 10 20 30 40 51 

I I I I  
I I I I .  

I I I .  

.- 7 - I -  r i -.  

I I I I '  
I l l 1  
I l l 1  
I l l 1  

' . I  I I I . 
I . I . I . I .  

0 10 10 XI to Y 

I I I I  
: I l l  
I I I I  
i l l 1  
I I I I  
I I I I  

I I I I .  
I I I I  
I l l 1  

. , I  I I I 

! I l l  
1 I I I .  
I I I I .  
I l l ( _  
: I l l  
: I l l  

I I I I _  
I I I I  
i i i i .  1 1 1 1 -  

1 - 1 -  - - -~ 

-h - 1 -  r -1 - -  

i l  I I I 

. -! - 1 -  L _I -.  

-i -. . _I  - 1  - i -  

I I I I .  
I I  

I I I I  
' I 1  I I 

I I I I  

. 

7 l l l l  I I I I  

I I I I '  
1 -I- L -I -. 

d l  I I I 
I I I I  
I I I I  
I I I I -  
I I I I  
I I I I  

I I I I .  
. I I I I  

I I I I  
I I I I  
I I I I '  
I . I . I . I .  

D 0 10 20 30 4 0  51 

- -i .-I- r i -. 

Undrainea Sneor Syntnesizea E f  f e c t  I ve 
Sleeve Stress l i p  Stress. Tip Stress. Rat i a. D v e r W d e n  wet D e n s i t y  Relat ive  Friction Pore Presswe 81o- c o m t  C I O s s i f i C a T i m  by  Strength. Su O v e r W a m  

lpa i  I UncorrecTea ( p s i  I Corrcc tea  (ps i  I Corrected 1x1 Presswe Ips i I P r e s s w e  Ips i I lpcf  I Dens i ty  1 % )  Ips;  I (ps i  I I blorg/f t I CPT C o r r e l o t i m  * mgle caewees l  

0 

I l l -  
- - 1 -  J - L _. 

I l l  
I l l  
I I I '  
I l l  
I l l  
I l l  

- - 1 -  1 - t -. 
I l l .  
I l l  
I l l  

' I  I I .  
I l l  

I l l  
' I  I I 

I l l  
I l l  
I l l  
I l l  

- - 1 -  .-! - L _.  

t - .  - - 1 -  - 
I l l  
I l l  
I l l  
I I I .  

, 1 1 1 .  
I l l  
I l l  

' I  I I 
. I l l  

I l l  

- - - - - - - 

' I l l -  I l l  

- -I- -1 - c -. 
I l l  
I l l  
I l l  

, 1 1 1  

I l l  

I l l  
. I l l _  

I l l  
I l l  
I I I '  
1 . 1 . 1 . -  

, 1 1 1  

- - I -  i - r - 

> bo W 1 0 0  120 1 4 0  D 

0 

5 

10 

15 

- 
* u. - 

20 f 
Q a 

25 

30 

35 

4 0  



1 --I 

1 1 1  

- I- -1 - 
I I I I  

I 
I I I I  

NOTES 

~ 

1. Data Sarce:  ApDIiea Researm AsSoCiOt6S I A R A 1 .  InC. Fi le :  5015404 
2. l a t e r  toble set oy IRA at  aeptn: 0 feet 
3. voter tmle set t ing represents opproximte aeotn ona 

nos not oeen oajustea Dosea m moswea w t e r  ieveis. 
4 .  CPT aerivea aensity ma strenptn aata s m  ore estimtes 

based on env i r i co l  c a r e l o t i o n  by ARA and hove 
not been oajustea based m l c t . a o t c c y  aata. 

is frm I R A  in terpretat ion.  
5. S t r a t i g a m y  s n o w  in c l a s s i f i c a t i m  by CPT Correlat ion 

F+rno I d Env i r onmenta I Management P r o j  e c t  
Dewoter i ng Excavat ion  Eva I u a t  i on Proj e c t  ( DEEP 1 
- 

E , I e c t r i c  Cone Penetrometer Test Resu l t s  
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P I T :  3 

DATE T E S T  PERFORMED: 9/1/94 

CPT ID: C3-6 

LEGEND NOTES Fernald Environmental Management Project 
Dewotefing Excavation Evaluation Project ( D E E P )  

Electric Cone Penetrometer Test Results 

. ~ ~ ~ ~ ~ l f l ~ ~ ~ ~ ~ :  1-Sensitive 2-Peat 3-Clay 4 - S i l t  Mixture 
5-Sand Mixture  6-Sand ?-Gravelly S m d  2. water t a b e  set by ARA at aeptn: 0 feet 
8-Overcmsolidoted 3. Water taole setting represents ODprOrimDte depth QM 

m s  not been adjusted based cm measured w t e r  levels. 
4.  CPT dbrivea abnsity ana strengtn data s N n n  are e s t i m t e s  

based cn errpiricol cwrelatim by ARA ana nave CPT ID: C3-6 
not been aajusted based m I a b w o t w y  doto. - 
, s  f r m  ARA interpretotim. I 5. Strat lgrwny snow in c l a s s i f i c a t i m  by CPT Cwrelaticm 

CAD f I L E :  POl9/SKX03466.DCN 
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REMARKS 

i 

SAMPLES COUECTED PER ASTM STANDARD PENETRATW TEST. 

FsF-3681-1 7l11r96 ?p 9 



DESCRIPTION 

(Cobrs identified per Munsell Cobr Chart) REMARKS 
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REMARKS 
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SAMPLES COUECTED PER ASTM STANDARDPENETRATlON TEST. 
FSF-3681 
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I DEPTH 
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TIME. 

DATE. AND 

NUIWER 
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W 0 5 6 7 z  
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I 
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ERKGD 

BETA I GAMMA 
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DESCRIPTICN 

(Colors identified per Munsell Cob chart) 

SAMPUNGEQUIPMENT: . I [ r  

REMARKS 

I 



a. I. - 

DESCRIPTION 

(Colon identified per Munsell Color Chart) 

I SAMPUNG EQUIPMENT: 1 1- 
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1 WATER RECOVERED WRING DRIUJNG: I WATER LOST DURING DRLLINO 

D E s c R I m  
(Cobn Identiffed per Munsell Color Chart) REMARKS 
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LITHOLOGIC LOG 

(Contlnuath Page) 
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2 
4 

6 
IO 

2 7  

IC 

DESCRIPTO4 

(Cobk identified per Munsell Cobr Chart) 

N4 

- 

N A  

REMARKS 



-.-.I 

SAMPLE 
TIME. 

DATE. AND 
NUWER 

r / 4  

- 16 -9! 

- 

DESCRlPTlON 

(Colors identified per Munsell Cobr Chart) REMARKS 

i 

SAMPLES W C T E D  PER G T M  STANDARD PENETFuTK)N TEST. .. 

FS-1-1 7Illr05 



FEMP - 
LITHOLOGIC LOG 

(Contlnuatlon Page) . 
CONTROL NUMBER I 

- 3 J . t  I 

BETA1 GAMMA 

DESCRIPTION 

(Cobs identified per Munsell Cobr Chart) 
REMARKS 
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DESCRIPTION 

(Cobrs dentifid per Munsell Color Chart) 

L m l l C N  NUMBER: I 

R W R K S  

G:\WP.SOOSIlrO.DRW 

2-7 
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gpo 

/ 2  YO 

r 
1 ESQIIPTION OF ACTIVITY I 



P . 7  c 
. M I E  



GEOL T: GROUNOWATER L M L :  O A E  

WATER USE0 OURINdORILLINQ 
p? LL,'fAd 

WATER RECOMRED WRffi ORILLINO: 
GAL AI/% GAL 

1 

INSTRUMENT 

RD 

ALPHA 

BETA I GAMMA 

I I 1 

BACKGROUND DATE TIYE 

* SAMPLES COUECTED PER ASTM STANMRD PEMTkATlON TEST. 
fs-f-3681 

(04 e l ,  

REMARKS 



,'Y/ d- I I I 
I 

WATER USED DURING DRILLlk3: I WATER RECOVERED WRING MIILLINO: 
GAL hw GAL 

:o "'"I 

I INSTRUMENT I BACKGROUND I DATE I TIME I 

ALPHA 4w 

BETA /GAMMA L _-  
. SAMPLES COLLECTED PER ASTM STANDARD PENETRATION EST. 
FSF-3681 

REMARKS 

NOTES: SJ@ 6 9  

G: I WPSC I W 7 . D R W  (2-15-95) 
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FEMP c o r n  w.: 
LITHOLOGIC LOG ,&,OF Y 

P R a E C T & M E :  PROJECT No.: 

/&. 03, / /  

1 
A)* p c 4  &ur,?yJkJ L a 7 5  3-eaJ 0 
1 !d*>& P t . 0  (.U,fJR NuR 

BORN0 NJMSER COORDINATES O R W  CONTRACTOR DRILLER I HELPER 

SURFACE ELEVATION: GROUNDWATER L M L :  M E  

GmlmT 6c,,c GROUNDWATER L M L :  M E  

WATER USED DURINO'DRILLINQ: WATER RECOMCIU) WRING DRILLING. 
rvde GAL. /u+ GAL 

INSTRUMENT I= 

ME: 

I . , , -  

DRILLING MUIPMENT: 
Lb- 

REMARKS 

BACKGROUND 
/ /  



1 CONTROL No.: 
2 7  LITHOLOGIC LOG ._ 

PROJECTNAME: 

6 < # Z ~ 4  ~ u / s F y ~ ~ a d  /,‘a J-~A 6 

INSTRUMENT p 

L/ -- PAQE ,--..-y OF 

PROJECT No.: 
- _  

,- . - 
p . 0 3 .  / / 

I ALPHA 

B O R M  NUMBER 

/ p x  6 

’ I BETAIGAMMA 

- sAMPL€ScOuECTE 
FS-F-3681 

DRILLER I HELPER COORDINATES: DRlLLlNO OONTRACTOR: 

w. ‘FLL MA 

DESCRIPTION 
(Colors identified per Munsell Color Chart) 

SURFACE ELEVATION: 

GEOLOGIST 

/c‘ +t, 0 

NOTES: 
f M G  I , /  

BACKGROUND DATE TIYE 
/ L  ‘ 

N4- - 

s4c- A s /  
PER ASTM STAND~R~PEMTRATION TEST. 

G:IWPSC/9=7.ORW (2-1595) 
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D A T E S  R D 

7 a , -  

7Z7k  
GROUNDWATER L M L :  DATE nME: 

GROUNDWATER L M L :  DATE nME. DATE M €TEE 

WATER USED DURlNd DRll IG: WATER RECOVERED WRING DRILLING: DRlLLlNQ H3UIPMpcT: 



FEMP 



I 

LITHOLOGIC LOG 
CONTROL No.: 

P R O J E C T W E  

z 

PAGE / OF 

PROJECT No.: 
/a. 0 3. / /  

3 

SMPLE 
TIME. 

DATE, AND 
NUMBER 

U p -  

. .  

INSTRUMENT + 
e 1- BETA I GAMMA 

DESCRIPTION 
(Colors Identified per Munsell Color Chart) 

V 

REMARKS 



1 FEMP ' CONTROL No.: 
LITHOLOGIC LOG P M E  OF I 

PROJECTNAME: PROJECT No.: 

BORINQ NUMBER COORDINATES: ORllllNCI CONTRACTOA: 
I .  GQ* z e d ,  z y # s z f ( z r q /  f i ' f i  f O O d  6 /&.OX / /  

*.' . 2 b'3A Q d  

I DRILLER I HELPER 

SURFACE ELEVATION GROUNDWATER LEVEL: DATE nME: DATES AR 0 
7)6/&- 

G EOLOG 1st GROUNDWATER LEV& ME nME: DATE COMPLETED: 

WATER USED DURING DRIUING: 
/c &$An, 7 / 4 / v -  

I WATER REWERED WRING DRILLING: 

I IN- - 

7 

I 
I - v 

BACKGROUND DATE TIME 

REMARKS 

- SAMPLES COUECTED PER m STANDARD PENETFNDN TEST. 
FS-F-3681 G:IWPSC 1950037.DRW (2-15-95) 
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1 ' CONTROL No.: 

LITHOLOGIC LOG 
PROJECTWE: 

I 

OF s/ PAQE i 
PROJECT No.: 

'I; 1 

, GP@%c/; 5 U t J r 7 f r W d  ./ . a 3   LA^ 6 

G K J J l S T :  Ga,, 4/ 

/ f i t  b3. // 

L , ' 5 A ,  dJkL 
WRING NUMBER COOROINATES: ORlLLlNQ CONTRACTOR: DRILLER I HELPER 

GROUNOWATER L m  O A E  n m  

QROUNOWATER LEVEL O A l E  nME: 

I z P,r 6 
SURFACE ELEVATION 

DA COMPLETED. , 7 C / f <  

SAMPIE 
Tu(€ 

DATE. AND 
NUkBER 

I INSTRUMENT 

L 
a 15 BETA I GAMMA 
I - sAMPLEscouEcn 
FSF-3681 

w GAL bad L I 

REMARKS 



7 FEMP 
LITHOLOGIC LOG P M E  Y 0: 4/ CONTROL No.: 

PmJECTNAME: PROJECT No.: 
1 

&.ficlr r L t r 5 .  P .re r o r $ 6  /0,03. I / ?  

IC/, ‘54 /uA- -. 2 p--@ 
BORINQ NUMBER WORD~UTES DRILLING CONTRACTOR: DRILLER I HELPER 

GROUNDWATER LEVEL: D A E  TIME DATE STARTED SURFACE ELEVATION: 
7/6/P5- 

GROUNDWATER LEVEL: DATE ME: DAYrdYFF‘L& 
“ “ L F  

WATER USED DURlfh DRILLING. I WATER RECOVERED WRING DRIUJK;: DRILLING MUIPMENT: 

SAMPLE 
TIME. 

DATE. AND 
NUMBER 

INSTRUMENT 

PID 

ALPHA 

BETA I GAMMA 

DESCRIPTION 
(Colors identifled per Munsell Color Chart) 

BACKGROUND DATE TIME 

REMARKS 

6 “S*e//S 



. 

I I / DESCRIPTION OF ACTIVITY 

METER CAUBRAnON 
WATER O U A W  METER 

: SERMNO.: PlTlus:  TD. m. LOT No.: 

VISITORS nME 

NA)IB(S) I ORGANIZATION(S) ARRIVED I DEPARTED 
I I I I 

I I I 1 



* 
.. 

* 
' i  

P-- 236 v3-1 FEMP CONTROL No.: 
LITHOLOGIC LOG 

PRQlECT No.: 
e 

PROJECTMAME 

&07i?c~&:Cd 1 I M l S  ZrN s f  kJCS2 P* 7 5  S r u O  4 /@, 03,  // 
COORDINATES: DRILUNQ OONTRACTOR: DRILLER I HELPER G/:s c- ,c/'e 

GROUNDWATER LEVEL. DATE: TIME: DATE TA TED: ,- 
,BOR7NUM%5~ @ 

7L07p57 
SURFACE E L m n o N :  

G =LOG ISf: GROUNDWATER LEVEL: DATE: nME: 

&:plrC/ 
WATER USED DURlNf3 ORIUINQ: WATER RECOVERED WRING DRILLING. 

GAL && 

INSTRUMENT 1. 

REMARKS 

~ 

SAMPLES COUECTED PER ASlM STANDARD PEkETRATION TEST. 
FSF-3681 



Y 

, 

5 

1 

r: 
.- 

I 

SAMPLE 

DATE.AND 

DEPTH 

I -* 
I 

INSTRUMENT 

PID 

BETAIGAMWA 

BACKGROUND DATE TIME 

I 

A 

SAMPLES COUECTED PER ASTM STANDARD PENETRATION TEST. 
FS-F-3681 

p. A .? 1 - 7  f "3 
L c ? i.- d 

REMARKS 

G: / WPSC /950037.DRW (2-15-95) 



GAL GAL 

BACKGROUND DATE TIME 

W P l E S  COUECTED PER ASlM STANDARD PENETFUTKm TEST. 
FS-F-3681 

NOTES: 

REMARKS 

. . .  



GEOLOGIST: 

I I -  - 

/ J  s-/% 0 
INSTRUMENT 

i 
BETA I GAMMA 

sAMPLEscouEcTE 
FS-F-3881 

'. . 

/L 

I t  

/t 

BACKGROUND DATE TlYE ' 

/ 

5 1 4  f l  Y 
PER ASTM STANDARD PENETRATIW TEST. 

REMARKS 

G: I WPSC IQWM37.DRW (2-15-95) 

(I 3 
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LITHOLOGIC LOG 1 CONTROL No.: 

i 
PROJECTNAME: 

# 

#ll ulsry&# 4s WQ5 r7/ 3--.uA46/(( & 

PAQE ' OF 

PROJECT No.: 

/ A  c3, // 

INSTRUMENT k 

* 

SAMPLESCOUECTE 
FS-F-3681 

DRILLER I HELPER C~~RRINATES: DRILLING CONTRACTOR 
& J i & t f c J  J 

BORtNQ NUMBER 
a.j ~ 0 5 2  t7- 6 I U f . S  -4 /t9& 

SURFACE ELEVATION: GROUNDWATER L M L .  DATE TIME. DATE STARTED 
- c  

GMLOQIS~ GROUNDWATER LEVEL: DATE TIME. DATE COMPLETED 

BACKGROUND 

WATER USED 0 6 l N Q  DRIUIKI: WATER RECOVERED WRffi DRILLING: 
&& GAL MM- GAS. 

DATE 

DRILLING MUIPWBCT: 

I l .6Rq-CkJ4- 

I llYE I 
I I 

1 

PER rrsTM STANDARD PENETRATION TEST. 

NOTES: 

G: I WPSC 1910037.DRW (2-15-95) 



1 FEMP 
OF 

- OONTROL No.: LITHOLOGIC LOG PAQE 

PROJECTNAME: PAOJECTNO.: 

m ; d f i c 4 # ~ . & r p q r w  d f  lu4rP kt7s 4 - k ! / d  /Otc ,3.  // 
&f lilt574 17 c wI'5 Q Av& 

BOA ONUMBER COORDINATES: DRILLING CONmcToA: DRILLER1 HELPER: 

SURFACE ELEVATIOH GROUNDWATER L M L :  DATE TIME: DATE STARTED: 

GROUNDWATER LEVEL: I DATE: IME: DATE COMPLETED: GEOLOGIST: h 4,' 
DRILLING EQUIPMENT: 

&-&A f - (04 ucc I 

J C O J  c k i y  

INSTRUMENT 
3 

BETA I CAMMA 

NOTES: 
BACKGROUND I DATE I TIME I /- 

I 
G: I WPSC I95-0037.DRW (2-15-95) 
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7 
INSTRUMENT 

AD 

ALPHA 

I I 
I 



,-----. 

. .  . .  ... .- 

7 t- 170-P- 

l c l  - 
INSTRUMENT 

BETA I GAMMA 

f 
I I 

BACKGROUND DATE TIME 

I 

G : / W P S C I M ? . Q R W  (2-15-85) 
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WATER USED DURN 

1 OF -' Il FEYP 
CONTROL No.: 

LITHOLOGIC LOG PAQE 

PRoJEcfNAME: PROJECT NO: 

&7,73~4u,~&.( I & J / S ? Y Q T v f  B f tOa5 74 j?79 &*/d (5 
d5rs"r $2. u . 3  e u2+ 

/a e 3. - 
BORPMN BER COORDINATES DRILLING CONTRACTOR DRILLER I HELPER 

SURFACE ELEVATION: GROUNDWATER L M L :  DATE TIME: OATESTARTED: * 

7.(Y- f 7 I  

3 - / v  -f 5- 
ME: DATE COMPLtFED: QROMDWATER LEVEL: I DATE 

I 
SAMPLE 
TIME. 

DATE.AM 
NUMBER 

DEPTH 

BETA I GAMMA 

- S A M P L E S C O U E ~  
FSF-3681 

PER rxTM STANDARD PIENETRAM TEST. 
G:IWPSC195.0037.DRW (2-1595) 



I YETER CAUBRAllON I 

1 

VISITORS TIME 

NAME(S) ORGANaATION(S) ARRJVED DEPARTED 
.~ ~~ 

I . .  . 



I 

I 
REMARKS 

DESCRIPTION 
(Cdors identMed per Munsell C o b  chart) 

i 

BACKGROUND I DATE I I NOTES INSTRUMENT 

PI0 

ALPHA 

BETA I GAMMA 

. SAMPLES COUECTED PER A m  STANDARD PENETRATION TEST. 
FS-F-3681 



SAMPLE 
TIME. 

DATE AND 
NUMBER 

ALPHA 

r B E T A  I GAMMA 

DESCRlPnON 
(Cobrs IdentMed per Munsell Color Chart) 

BACKGROUND DATE TlYE 

REMARKS 



3 
FEMP CONTROL No.: 

LITHOLOGIC LOG ' PAGE 3 OF 

ECT NAME: PFOSCT No.: b ? c 4  &d4S 8 4  Icrus'rc /2?5 d-&J // /A&?, // 

aycr p. r(y c/ c r 5  4- AT& 
BORING NUMBER COORDINATES: DRILLING CONTRACTOR: DRILLER I HELPER- 

GROUNDWATER L M L :  I DATE: 1ME: DATE STARTED: SURFACE E L m n o N :  

I I 
GEOLOGIST:/ I QROUNDWATER LEVEL: I DATE 

I NUMB- 

' INSTRUMENT 

PID 

DRlLLlNQ 

REMARKS 

BACKGROUND I DATE I TIME 1 1  

I I ,  

ER A S l M  STANDARD P-TION TEST. 
G: I WPSC / 950037DRW (2-15-95) 



t 

YETER CALIBRATION 

WATER QUALITY METER 
: : SERULNO.: IINITULS: pTE: :TIME: ism. SOLN. urn.: 1SlD. SOUI. LOT NO.: SlD. SCiN. MP. DATE: 

I 1 I I . --+ I 



I I 

ALPHA 

Y 

v 
I 

BACKGROUND 

- [ V -  y( 

rJf+ A&- 

FS-F-5681 

NOTES: 
1 

REMARKS 



..-- 
BACKGROUND DATE 

2 

INSTRUMENT 

PID 



FEUP 
PAGE 3 OF 3 
PRaECT No.: 

7-1 LITHOLOGIC LOG 

I I 

GEOLOGIST: I GROUNDWATER LEVEL 1 DATE 

/c &'9& 
WATER USED DURINP/DRIU 

I INSTRUMENT 

I AD 

BETAIGAMYA I 

I I I I I WATER FiECOVERu) WRING IXILLING: 

D E s c R I m  
(Cokn identifled per M W l  Cob Chart) 

BACKGROUND I DATE I TIYE 1 1  

-~ 
* SAMPLES COLLECTED PER ASTM STANDARD P E N E T R 4 W  TEST. 
FS-F-3681 

I 

IME: DATE STARTED: 

DRlLUNQ MUIFWEM: 

REMARKS 

G: I WPSC 1950037.DRW (2-15-95) 



TIME 

~ 

'cc 20 

/ Y 35- 

- 

/ Y >-Y- 
/p O 

I DESCAlPTlON OF ACTNlTT 1 

I I I 
I I 1 I 

I I I 1 



0 

. .  

3 

4 

7 

SAMPLE 
TIME, 

DATE. AND 
NUMBER 

INSTRUMENT 

PI0 

ALPHA 

BETA I GAMMA 

OESCRlPlloN 

(Cob= identif i  per Munsell Cobr Chart) 

I 

REMARKS 



FEMP 7 LITHOLOGIC LOG PAQE OF Y CONTROL No.: 

PROJEC NAME: PRaEcfNo.: 

n ch Z " d 5  )- i . 7 5  p-b /ecc13. 
BORlNQ NUMBER: DRILLING CONTRACTOR: DRlLLERlH PER 

A 2  bt4.F- / k, 0-L  
QAOUNDWATER LEVEL: D A E  nME: DATE STARTED: SURFACE ELEVATION: 

7-'? -F 5- 

7 -/? -P -r 
GhL Ud&r h k J L  

QAOUNDWATER L M L :  D A - E  n w  DATE COMPLETED: 

/9&% 4- 
DAnUNQ MUIPMBTT: WATER U S E D  DURING DRdLINo: 

L 

SAMPLE 
TIME. 

DATE. AND 
M E R  

/?? I?- 

INSTRUMENT 

BETA I GAMMA 

(Won identified per Munsell Cokr Chart) 

Y / t / p  L 2 C 0 3 t  

... 

BACKGROUND I DATE I TlME I NOTES: 

REMARKS 

a 

* 



FEMP 
LITHOLOGIC LOG PAGE' -7 O F Y  

WNTROC NO.: 

P R a E C T W E  
&@7;C4 / 75 J-- h 
l v j s  - 1 

BOANO NUMEIIR COORDINATES: DRILLING OONTRACTOA: 

SURFACE ELEVATKM 

cu5A 
GROUNDWATER LEVEL: IME: : DATE STARTED- 

/ 

UD 

;7R9 
BETA I GAM MA 

I I 

GEOLOGIST GROUNDWATER L M L :  M E  

WATER USEO OURIN~XXLINQ: 
< & . 4  

WATER RECOVERED WRING DRIUNG: 
rtA GAL &A GAL 

-- *zz I INSTRUMENT I BACKGROUND I DATE TIME 

IME: DATE COMPLETED: 

DRILUUQ I 
I '  
UIPMENT: 

REMARKS 



I FEMP CONTROL No.: 
PAQE . 3 OF 

PAaJ;cT No.: 
LITHOLOGIC LOG 

/r3ro3. 
PROJECTNAME: 

-LCmc{ *uo,jT 1.k J--O 
I DRILLERIHELPER 

I 
I DRRLF!zT- BORING NUMBER COORDINATES: 

LA&-- 1 
SURFACE ELmAnoN: GROUNDWATER L M L :  I DATE 

I 1 
I 0 EOLOG IST I GROUNDWATER LEVEL. 

I -ER 

I 

INSTRUMENT 

PID 
~ 

ALPHA 

BETA I GAMMA 

6 

BACKGROUND I DATE I TIME 1 1  

I A@ 
IME DATE STARTED: 

DATE COMPLETED: IME 

I I ' I  

DRlUNQ EQUIPMENT: 

q c-4 c c  

REMARKS 

!: 

a 

0 

a 



. DESCRIPTION OF ACTIVITY I I ,. TINE I 

I . 
W ( S )  ORGANMllON(S) 1 ,  ARRIVED I DEPARTED I 

I I 



9 

3 

4 

G: 

7 

FEMP +cT- - 236 
OF 4 c o r n  No.: 

PRO.ECTNAME: PROJECT NO.: 

/ BORWO NUMBER COORDINATES DRILLING CONTRACTOA: DRILLER I HELPER 

LITHOLOGIC LOG PAGE 

/ t @ y f r (  Z;u257+707; 'c~  I,J~ 57d /.r- _~'+c" /&43 // 
SY7' 3 lue 6 

GROUNDWATER LEVEL: DATE TIME DATE STARTED: 
wps-  z 

7 -If -73- 
3 - / P - f  J- 

SURFACE E L N A T I O N  

DATE COMPLETED. DATE TIME: GPOUNDWATER LEVEL: 

O R I L L F F F M E N T  
GAL 

WATER USED DUfflNG ORIUING: 

/u& 

~ 

INSTRUMENT 

PI0 

ALPHA 

BETAIGAMMA 

- SAMPLESCOUE~~ 
FS-F-3681 

DESCRIPTK))'( 

(Colors identified per Munsell Cokr Chart) 

. .  

I 



LITHOLOGIC LOG PAGE 2- OF - "LI FEMP 
CONTROL No.: 

PROJECTNAME: PRo.EcT No.: 

6znkI 3h.d B . f i  GJC. /&A3 I // 
u/p-- 3 Lu. JL 

BORING NUMBER COO ROINATES: DRILLING CONTFIACTQR: DRILLER I HELPER 

GROUNDWATER LEVEL: DATE nME: DATE STARTE 

3 -/p -85 
SURFACE ELEVATH3N 

DATE COMPLETED: GROUNDWATER L M L :  O A F  WE: 
7 - /9-F 5 

""'y &- 
ORlLLlNQ EQUIPMENT: WATER USED DURING @LlNO: I WATER RECOVERED WRffi DRIUJNG: 

==T= 

'I L 
INSTRUMENT 

B E T A I M M A  - 

Ir 

.- 

I I 

BACKGROUND DATE TIME 

/ 
5 4 1  I -- 

I I 

1 '  I 
~ . SAMPLES COUECTED PER ASTM STANDARD PENETR4TION TEST. 
FS-F-3681 Gc "2.5 3 

NOTES: 

' ( u u 4  I 

r n  

7 



2c 

2( 

1 L17HOLOGIC LOG 
c o r n  No.: 

PROJICTNMIE: 
K - 7 7  J-+ 

Y PAGE 3 OF 

PR(MCT NO.: 

/io. c 3. // 

I I I 
I GROUNDWATER L w  I DATE: I 

I I I I  - SAMPLES CQUECTED PER ASTM STANDARD PENETRATlON TEST. FS-F-3681 G:/WPSC 195.0037.DRW (2-15-95) 

I NU*ER 

SURFACE,ELEVATION 

I 

INSTRUMENT 

I I GROUNDWATER LEVEL: .. 

PID 

ALPHA 

f 

~ 

BETA 

I I 
RIUINQ: 

GAL 

BACKGROUND DATE TIME 

WATER RECOVERED WRING MIIUffi: 
/v f+ GAL 

AE: 

DRILUNG H 

C W  

REMARKS 



I r 

SURFACE ELEVATION: GROUNDWATER LEVEL: DATE nME: 

GEOLrnQP GROUNDWATER L M L  O A F  nME: ht, '< 

SAMPlE 
TIME. 

DAllLAND 

DATE STARTED: 
, ?-/F-95--- 

DATE COMPLETED: 
7-1q-95- 

NUkBER M- 

INSTRUMENT Ck- 
I ALPHA 

DESCRIPTION 
(cdors identtfied per Munsell Cob Chart) 

BACKGROUND I DATE I TIME 1 1  NOES: 

SAMPLES COUECED PER ASTM STANDARD P E N m T D N  TEST. 

REMARKS 

G: I WPSC 195-0037.DRW (2-15-95) 



FEMP 

FIELD ACTIVITY LOG 

/ DESCRIPTION OF ACTIVITY I 



0. . .  

v. 
' I BETAIGAMMA 

DESCRIFTKN 

(cokrs Mentified per Munsell Cob Chart) 

V 

BACKGROUND 

- 

REMARKS 

FS-F-3681 



, .. 

CoN-TROL No.: 
LITHOLOGIC LOG 2 OF c/ PAGE 

PR(xEcT No.: 
/P. (7, // 

I 
IME: 

I I 

GEOLOGIST / I GROUNDWATER LEVEL: I D A E  
, "  

DATE COMPLETED: 
7 - / V - Y T -  

IME: 

0RIu.m f 

I 

I 

BACKGROUND I DATE ' I TINE I ]  
I I ! I  

ALPHA 

BETAIGAMMA I I I '  I I  I I I I I I  
SAMPLES COUECTED PER ASTM STANDARD PENETRATlON TEST. 

FSF-3681 G:IWPSC1950037DAW (2-15-95) 
n qTr-. Qy.. kl.i 3 



/5 

FEMP 
LITHOLOGIC LOG PAGE 3 OF 

CONTROC NO.: 

CT HAME PROJECT NO.: 

/ p . o 3  0 ' 7 & ' C 7 @  - .  r ( j * 4 J V f s  ',A' k', ' 75 SF F d' 
DRILLER I HELPER. 

/uA 
BORING NUMBER: e,' COORDINATES: DRlLLlNQ CONTFlACTDA: 
"7 [Jbj-- 3 /lJ.St-C 

nME: I --' I SURFACE ELEVATION GROUNDWATER LEVEL: 

GEOLOGIST: GROUNDWATER LEVEL: DATE /+ ,y.tn. 
WATER USED I WATER RECOVERED WRING DRILLING: 

SAMPLE 
TIME. 

DATE. AND 
NUMBER 

INSTRUMENT 

PI0 
-~ 

ALPHA 
- 

BETAIGAMMA 

SAMPLESCOUECTE 
FS-F-3681 

DESCRIPTION 
(cdors Mentined per Munsell Color Chart) 

IME: DATE COMPLETED: 
Y-/Y-P5- 

DRILLING EQUIPMENT: 

BACKGROUND I DATE I TlYE 1 1  

G:IWPSC 1950037.DRW (2-15-95) 



__ FEMP 

LITHOLOGIC LOG PAGE - OF y 
CONTROL No.: 

PROJECT NAME: PmJEcI18.: 
k743, // 

BORING NUMBER COORDINATES - DRILLING CONTWCTOA: 

SURFACE ELwAnoN: GROUNDWATER LEVEL: ME 
b 1'51 - L'PP 3 a 1  

GROUNDWATER LEVEL DA& 

)RIU!NG: I WATER RECOVERED WRING DRILLING: 

I I Nuhem 
!- 

I 
INSTRUMENT 

PID 

ALPHA 

BETA I GAMMA,' 

DEscRIpTK)N 

(Colors IdmtMed per Munsell Cobr Chart) 

BACKGROUND DATE TIME 

REMARKS 

SAMPLES COUECTED PER ASTM STANDARD PENElIUTION TEST. 
G: l WPSC /9!50037.DRW (2-15-05) 



FEMP 

I I I I 

I I I 



W P L E  
TIME. 

NUMBER 
(FEET) DATE.AND 

O E S C R I m  
(Cobrs identined per Munsell Cobr Chart) 

BACKGROUND DATE TlYE 

0.0 7 - / 4  -q< (2  @c9 

835 ? - / U - f /  (200 

- &hL 

* SAMPLES COUECTED PER G T M  STANDARD PENETRATK)N TEST. 
~ . 

FS-F-3681 



1 FEMP CONTROL No.: 

LITHOLOGIC LOG P M E  OF ?/ 
P R a a C T W E :  PAOJECINO.: /u 7 3 .  f /  

DRILLING CONTRACTOR: I DWLLER I HELPER 
Lv5e 

I 
I 

GEOLOGIST: GROUNDWATER LEVEL: DATE: 

WATER USED DURINQ D R I U l N d  I WATER RECOMRED WRING DRILLING. 

I 
I Nuam 

5 
I+ 

BETA I GAMMA 

MSCRlrmON 
(Cobra identified per Munsell Cob  Chart) 

BACKGROUND I DATE I TIME 1 1  

I A,'& .- 
IME: DATE STARTED: 

?-I,?- P r -  
IME: DATE COMPLETED: 

. 7 - / f - p J  
DA1LlJNQ EOUIPMW. 

I I I I  . SAMPLES COUEClED PER ASTM STANDARD PENETRATION TEST. 
FSF-3681 GIWPSCI950037DRW (2-lC95) 



- 
CONTROL No.: FEMP C C ?  V ' Y )  

~ ( F n c - (  J5o?sTgqJ .@J P.TA J f CI /ot f? 3. // 
1 LlTHOLOGIC,LOG PAGE 3 7 0 F  '/ 

PROJECTNAME: PROJECT No.: 

BORING NUMBER COORDINATES: ORILLINi CONTRACTOR: DRILLER I HELPER 

I, t wk5-q L&--Y# 1.3 t r { L  /ud 
DATE STARTED SURFACE ELEVAllOht GROUNOWATER Lw DATE TIME: 

7 -/P -P >- 
GROUNDWATER L m  M E  TIME: D;T;?IfLLB GmLy 6 (.W</C 

WATER USE0 DURING DRILLINQ: WATER RECOVERED WRING D ~ U I m  ORlLLINa MUIPMPIT. 

GAL ,zc& mL L J r J 4  C? l O L 4 &  

D E S C R I m  
(Cobrs Identined per Munsell Cob chart) REMARKS 

G 

( 7 .  

w n  

IL 

Y *  

tl 

F BACKGROUND I DATE I TIME 1 1  
I A = W  P .I,,, 

- &&PES CoUEcTED PER ASlM STANDARD PENETRATlON TEST. 
FS-F-3681 G:/WPSC/95.0031.DRW (2-15-95) 



' I  

3 

i 

t 

I FEMP 
PAGE qvvxq OF z' CONTROL NO.: 

LITNOLOGIC LOG 
PAOJECT W E :  PROJECT No.: 

BORING NUMBER. COORDIWTES: ORLLINQ CXWRACToR. 

SURFACE ELEVATION GROUNDWATER LEVEL DATE TIME DATE SURTED: 

GEOLOGIST: GROUNDWATER LEVU: [ME TIME DATE COMPLETED: 

&DC( z u a ,  r.y@Ted w 7  I f " ! J k  /&*a 3 .  i f  
.. 4 DRlLLERIH PER 

p,r3- 5 2  ~ ~ j - 7  ,w;-Y+ 1 ,  L J I C R -  

7 h/f- p f  

7 -/y%J- OXr'9t 4 
WATER USED DURING BhlLLINQ: I DRlLUNQEaUIPMPCT: 

SAMPLE 

DATE. AND 
NUMBER 

n e  

INSTRUMENT 

PID 

ALPHA 

BETA I GAMMA 

BACKGROUND 1 DATE I TIME 1 1  

~~ . SnMPtES COLLECTED PER ASTM STAUDARD PENETMTDN TEST. 
FS-F-3681 

REMARKS 

4- 

G: IWPSC 19C0037.DRW (2-15-95) 



I 
"I I 

VlSIlORS 

W ( S )  ORGANaAnON(S) ARRNED DEPARTED 
. _  

1 



FEMP [-I LITHOLOGIC LOG PAGE OF Y 
'-738 3. / / 

*P 
PROJECTNAME: 

&*f/& /. * 0 4 Z , ( Y T d  cf Ad..* &WJ b 
DAKLERIH PER CONTRACTOA: I DRILUr,.u BORWG NUMBER COORDINATES: 

D TESTARTED: 
U P F - 5  s!? 

GROUNDWATER LEVEL DATE nME: 3-M-f r SURFACE ELEVATION 

DATE ME: DATE COMPLETED: GROUNDWATER LEML: 7 -/P-4 9- 
GEOLOGIST: 

WATER USED OURlN6DRIUINQ: 

k-- ( n r f v / e  
I WATER RECOVERED WRING DRILLING: 

7. y 

*I,,, I BETAIGAMMA 

DESCRIPTION 
(Cobrs identified per Munsell Cobr Chart) 

I 

i I 

R e A A R K S  

~~ 

* SAMPLES COUECTED PER ASTM STANDARD PENETRATION TEST. 
FS-F-3681 

G:/WPSC 1950037.DRW (2-15-95) 



FEMP - 
LITHOLOGIC LOG PAGE ’’7 OF Y CONTROL No.: 

PROJECTNAME: PROJECT No.: 
&I..{ z k p ; !  A 7 5  >-&h /& 03. // 

w r 5 - q  d ? ”  1 w,‘- 
BORING NUMBER: COORDINATES DRILLING CONIRACTOR: DRILLER I HELPER 

GROUNDWATER LEVEL: SURFACE ELEVATION: 

GROUNDWATER L M L :  DATE 

WATER USED DURIN&ULLIM: I WATER RECOVERED WRING DRILLING: 

NUhSER I 

INSTRUMENT 

PID 

ALPHA 

BETA I GAMMA 

OEsCAlrmoN 
(Cobn identifled per Munsell Cobr Chart) 

M E  

DRULINO E 

* R  

DATE STARTED: 71 

REMARKS 

FER ASTM STANDARD PENETRATION TEST. 
G:IWPSC 195007.DRW (2-15-95) 



1 FEMP 
CONTROL NO.: LITHOLOGIC LOG PAGE 3 OF 

PRCMCT NO: 
/ / . P  r: PROJECTNAME: 

b i c ~ ~ r  - I J C ~ C ~ .  P.77 5 9 Q 
BORING NUMBER COORDINATES: DRILUNQ CONTRACTOR CRILLERI HELPER 

ff14 l L l l ' 4 4 . -  d/M 
DATE STARTED: I GROUNDWATER LEVEL: 

L/W- 5- 
SURFACE ELEVATION: 

GAL 

I 
DESCRIPTION 

(Cobrs identified per Munsell Cobr Chart) REMARKS 

I I NUME* 

. .  n 

b 
NOTES: 

INSTRUMENT k- BACKGROUND DATE 

..'. I BETAIGAMMA s 

I I I 

SAMPLES COUECTED PER ASTM STANDARD PENETRATlON TEST. 
FS-F-3681 G:lWPSC195-0037.ORW '(2-15-95) 



DATE.AND 

I 

FEMP i 
CQmRQL No.: 

b LITHOLOGIC LOG PAGE Y OF '/ 
PAOJECTNAME: W C T  No.: 6 f U ~ d  ; 5 ; V / G 7 ,  j . 7 5  /&@3 // 

DRILLER/ H LPER /2 BORHQ NUMBER COORDINATES DRlLLlNQ CONTRACTOR 
l&?--/F 67 LJ. Le 

SURFACE ELEVATKXI: GROUNDWATER LEVEL: ME TIME: DATE STARTED 
7 -/4- p 9- 

GEOCOQIST: QROLJNDWATER LEVEL: ME TIME: DATE COMPLETED 

WATER USED DURINQ DHlLLLN& WATER REcoIlERED WRING DRILLING: DRlLuNQI UIFMPTT: 

~y 6er;rte 7-/9 -/< 
A//+ Glrl , 3 4 4  (0- 

I INSTRUMENT p 
BETA I GAMMA 

BACKGROUND I DATE I TIYE I NOTES: 



t 

I I I I 

I I I 



' p1-- P -. 236 

. 

' I  

7-- 
NUMBER 

INSTRUMENT 

~~ 

ALPHA 

SAMPLES COUECTE 
FS-F-3681 

! 

I 

I 

I 
I 

, 
! 

$ 

44e 6 - 4 6  

REMARKS 



I COHTROL~.: - 

LITHOLOGIC LOG 
p-cf r a w  

& ? O ~ C (  Gc./~Z 1.75 2-y 6 

v PAGE OF 

PROJECTNO.: 
/de a 3 ,  I /  

GEOLOGIST: GROWIDWATER L M L :  OATE: 

WATER USED DURING 96lLLIe:- . I WATER -RED WRWG DRILLING: 
/u f&+m 

REMARKS 

I 1 t 

z 

2. 

tz 

1. 
-. . 

tk- 
BETA I GAMMA- 



SAMPLE 
TIME. 

DATE. AND 
NUhSER 

I INSTRUMENT 

DESCRIPTIW 
(Cdon Mentined per Munsell C o b  chart) REMARKS 

BACKGROUND I DATE I TIME 1 1  

/’5’d ’- 
‘ER A m  STANDARD P E m T K ) I J  TEST. 

G:IWPSC 1954Cb7.DRW (2-15.95) 

:: 
. /  



FEi4P COHTROL No.: 
LITHOLOGIC LOG PAGE Y - OF f /  

WRING NUMBER COORDINATES 

W s - -  6 
SURFACE ELEVATION: 

I I 
I GROUNDWATER L M L :  ' I DATE 

4 
WATER USED DURlfh 

I R/ 

NUMBER 

INSTRUMENT 

BETA I GAMMA 

*e I I '  
3RILLINO: I WATER RECOMAU) WRING DRILLING: 
I 

BACKGROUND I DATE I I 

I I . SAMPLES COLLECTED PER S l M  STANDARD PENETFUTlON TEST. 
FS-F-3681 

r:n ?-- 
' . . 4, 'c' *. 'ha., 5' GO 

NOTES: 

REMARKS 

G:IWPSC 19500519RW (2-15-85) 



FEMP 

. . ._ 

/ TlME I DESCRIPTION OF ACTIVITY 



P- m -  236 
COHTROL No.: 

LITHOLOGIC LOG 
PRaECTNAME: 

& P f i C 4  X ” / > Z ~ & ~ W & /  p T5 3-T b a 
..__ 

PAGE OF y 
P ~ C T  m.: 
/@-C3. // 

F 
6 

71, 

SAMPLE 
TIME. 

DATE. AND 
NukBER 

INSTRUMENT 17 
@I=- . .  -- I BETAlGAMMA 

AD?- 

- - 

DESCRIPTION 
(Colors identified per Munsell Cobr Chart) 

I - SAMPLES COUECTED PER ASTM STANDARD PENETRATION TEST. 
FSF-3881 

ORILLIN0 EQUIPMENT: 

REMARKS 

G: I WPSC 1950037.DRW (2.15-99 



1 FEMP 
OF Y CONTROL No.: 

LITHOLOGIC LOG PA& 

PROJEC W E :  P-CT No.: &--C4 &“+I? /1 c - r  Kt6 /ar 0 3r 
BORING NUMB€& COORDINATES: DRILLING WTRACTCR DRILLER I HELPER. 

SURFACE ELwAnoN: GROUNDWATER L M L :  DATE ME DATE STARTED: 
1L’#s-7 Nr9 

1-2 y-FJ- 

7 - 2  Y - f J -  
DATE COMPLETED QROUNDWATER L M L :  I ME 

DRlLUNO WUIPMBCT: e GAL 

GEOLOGIST 

INSTRUMENT tR.- 
E BETA/ GAMMA 

I 
D E S C R I m  

(Won identMed per Munsell Cobr Chart) 

V L C  

BACKGROUND I DATE I I 

I I . SAMPLES COUECTED PER ASTM STANDARD PENETRATION TEST. 
FS-F-3681 

NOTES: 

AEMARKS 



- - I  c- 

b- 2.36 
. Y. 

FEUP , 1 

PAGE 3 OF Y 
PAOJECT No: 

/ P X 3  / /  

LITHOLOGIC LOG 

I I DRILLER/ HEL,PJFt I 

I 
. . I"" ME: DATE COMPLETED: 

I - - - -  , r)vnr nYL _._.-. ow... 

__ _ _ _  . . I R  L M L :  

I ORILLINQ MUIPMPCT: 

REMARKS 

. .... 

I I 

BACKGROUND DATE TIME NOTES: c I 
I BETAIGAMMA 

.- 
I I 1 - SAMPLES COUECTED PER ASTM STANDARD PENETRATION TEST. 

FS-F-3681 G:IWPSC 1950037.DRW (2-15-95) 



/ - - - I  

I J 

I COORDINATES: I DRILLING CONTRACTOR: SEA: * -  I I I f I / . ' L 4  I 
I ME GROUNDWATER LEVEL: 

-~ I SURFACE ELEVATION- IME: DATE STARTED: 

DATE COMPLETED: 

O R l L M o  JIPMW. 

I I 

GEOLOGIST: . I GROUNDWATER L M L :  I DATE 

6 ~ ~ 5  M I I '  
WATER USED OURIN6 DRILLINQ: I WATER RECOVEREP DURWG DRILLING: 

A&- - I 

DEscRIpT#)N 
(Colors Identified per Munsell Cobr Chart) REMARKS 

I 

INSTRUMENT BACKGROUND I DATE I TIME 1 1  
PID 

ALPHA 

SETA I GAMMA 
I I 

ER A m  STANDARD PENE~RATK)F( TEST. SAMPLES CoUEcrn 
EF-3681 G:/WPSC 195-0037.DRW (2-15-95) 





a 

ff 

f 

2 

3 
@ 

Y 

J 

& 

7 

a- 

GROUNDWATER L M L :  DATE: M E  SURFACE ELEVATION 

GROUNDWATER L M L :  DATE: ME: GEOLOGIST: 

DATE STARTED: 
7~2V-f75-- 

7 9 Y - P S -  
DATE COMPLETED: 

I 
NLNSER 

~~ 

INSTRUMENT 

PiD 

ALPHA 

BETA I GAMMA 

REMARKS 

SAMPLES COUECTED PER ASTM STANDARD PENETRAW TEST. 
FS-F-3681 G:IWPSC1910037,DRW (2-15-95) 



. .-_ 

.. . 

CQNrRoL No.: 

-*. LITHOLOGIC - .  LOG. - -__ __ 7- 
- G I ~  m- Tuuf5T /n J-F@ 

2 

PAQE , X L  OF 

PAOJECTNO.: -'-- 
- --- 

P , o 3  /i" - -  

J 

WRING NUMBER 

ILIp5-- Y- 

? 

COORDINATES: DRRLINQ CONTRACTOR D R I L L E R I Z E .  
4YSiQ, 

l f  

SURFACE ELEVATION: 

G EOCCG IST: 

K & w A -  

/2  

GROUNDWATER L M L :  DATE TIME: DATE STARTED 

7 - 2 v 9 7  
7 -2 wr GROUNDWATER L M L :  DATE TIME: DATE COMPLETED: 

!, 

I 

INSTRUMENT 

PID 

u P n A  

BETA I GAMMA 

DESCRIPTION 
(Colors identified per Munsell C o b  Chart) 

2 -  
REMARKS 

BACKGROUND I DATE I TIME 1 1  



FEMP CONTRol No.: 
LITHOLOGIC LOG 

PROJECTWE: PROJECT No.: 

BORING NUMBER. COORDINATES: DRILLING CONTRACTOR 
df0 2cl;  7 NU@$< /?fs 5 f "  /d,a7// -. 

DRILLERIHE PER- L. : hN5-9 W.'& M 

,( h e t y c e  ?-2)r-f> 

SURFACE E L m n o N  GROUNDWATER LEVEL: DATE! nME: DATE STARTED: 

. 7 . 3 p q 3 -  
GROUNDWATER L M L :  DATE! TIME: DATE COMREIEB- G EOLCG IST: 

WATER USED DURN6 DRILLINQ: WATER FIECOMRED WRffi DRILLING: DRILLING JIRAENT: 
4 6  OAL /&-- Gu- 

A 

BACKGROUND I DATE I TIME I 

I I 

* sAlc(pLES COUECTEO PER ASTM STANDARD PENETRATION TEST. 
FSF-3681 

NOTES 

REMARKS 

. .  

G: /WSC 1950037.DRW (2-1595) 



1 INSTRUMENT 

i 
BETA I GAMMA 

FEMP 
CONTROL No.: 

LITHOLOGIC LOG PAGE 4/ OF 

PROJECTNAME i PAOJECT No.: 

EORINQ NUMBER COORDINATES: DRlLLlNQ CONTFUCTOA: DRILLER I HELPER: 

SURFACE ELEVAT#)N: GROUNDWATER L R I R :  DATE TIME: DATE STARED: 

& i t C 4  t s v d  pJy P b  /?G?, // 4 
&?f- B 4Y.W &? 

5 7 . 2  Y - p j  

lt: Le/-/a 7 w - 6 -  
GMLOQIST: GROUNDWATER LEVEL: DATE TIME: DATE COMPLETED: 

WATER USED OURlNd DRILL WATER RECOMRED WRING ORILUNQ EOUIPMENT: 
OAL pJ4P f O U &  OAL 

- 

BACKGROUND I DATE I TlME 1 1  

REMARKS 

. SAMPLES C0UECTED PER AS"U STANDARD PENETRATION TEST. 
FSF-3681 G : I W P S C I w 7 . D R W  (2-15-95) 





. 
FEMP P- 236 

OF 4 
CONTROL NO.: 

LITHOLOGIC LOG PAGE 

P R O S  TMAME: PROJECT NO.: 

BORING NUMBER COORDINATES: O R U I ~ ~ ~ T O R :  

SURFACE ELEVATION GAOUNDWATER L M L :  DATE ME:  DATE STARTED 

z t o  7rr < & V I  C./ 2 & 3 7 ; S c r 7 ; C W  p.79 J-+ P . C 3  // 

5 I ORIUER'Y7 h P 5 -  9 c// 7 

F 6 P Y C L -  

7 - c " ' f . 1 y r  
GEOLOGIST: GROUNDWATER L M L  DATE 1ME: DATE COMPLE'IED: 

WATER USED DURING ~RIUING: WATER RECOVERED WRING DRILLING: 
/& GAL @A- GAL I 

0 A T E . W  

0 

INSTRUMENT 

BETA/ GAMMA 

DEs6RIPllON 
(Colors Identifled per Munsell Color Chart) 

N U  

FSF-3681 

REMARKS 



! 

SAMPLE 
TIME. 

DATE,AND 

I RD 

I 
DEscAIFllON 

(Colors identified per Munsell Cobr Chart) REMARKS 

/- I 

G: I WPSC 1950037.DRW (2-1SW 



ld  

LITHOLOGIC LOG 
CONTROL NO.: 

PROJE TNAME 

8 J t J l C 4  Z " / 5 Z  P-ts Ff b 

PAGE 3 OF s/ 
PROJECT NO.: . 

P-03. // 

fc hqm- I I I I 3-3Y-Yr- 
WATER USED DURING D@l.IM: I WATER RECOVERED WRLNG DRILLING: I DRILLING MUIWPTT: I 

BORING NUMBER 

U / f -  9 

R 
1 

COOROINATES: DRILLING CONTRACTOR: DRILLER I HELPER 

Wl% d4- 

I NUMBEA 

SURFACE ELEVATION: 

GEOLOGIST: , 

INSTRUMENT 

R D  

GROUNDWATER LEVEL: D A E  nME: DATE STARTED 

7'2vfT 
GROUNDWATER LEVEL: I DATE: I nME: DATE COMPLETED: 

ALPHA 

BETA I GAMMA 

f 2 .  

17 

lc 

/L 

DESCAIPTM% 
(Cobrs MentMed per Munsell Cob Chart) 

BACKGROUND DATE TIME 

REMARKS 

*. SAMPLES COUECTEO PER ASTM STANDARD PENETRATION EST. 
FS-F-3881 



3 

2( 

I 
GEOL~GIST: GROUNDWATER L M L :  O A E  

WATER USE0 O U R k  ORILLIN& 

/y- 61/p% 
I &A- 

I INSTRUMENT 

6 

ME: 

ORILUN~E 

u4 

REMARKS 

BACKGROUND I DATE I TIME 1 1  

G: I WPSC I W . D R W  (2-lSas) 



c 



FEMP 

I 

OF cf CONTROL No.: 

LITHOLOGIC LOG 
P W C T  No.: 

P - 0  3. 
COORDINATES: DRILLING CONTRACTOR: 

SURFACE ELEVATlOH GROUNDWATER L M L :  DATE TIME: 

GEOLOGIST: GROUNDWATER L w  DATE nME: 
,y &(ytw 

WATER USED DURING DRfUINa: WAEFI RECOVERED WRING DRILLING: 
GAL 

i 

SAMPLESCOUECTE 
FS-F-3681 

DESCRIPTION 
(Cobrs identified per M W l  Cob Chart) 

DRILLING E 

L 

DATE STARTED 
7 . z y -  P5- 
7 --y--a7 

DATE COMPLETED: 

IIPMENT: 

REMARKS 



I 

1 FEMP 
P M E  7- OF '/ COhiTRoL No.: 

LITHOLOGIC LOG -- 
P ~ & T N A M E :  PRaECT NO.: 

BOAIF(0 NUMBER COORDINATES: DAlWNQ CONTRACTOR. 

4J&--/a LIc 4 R, 
SURFACE E L m n o N :  GROUNDWATER L M L :  

[ 7 P C k  1; /Ld&,t Et5 J-f c. 18.03. If 

2 DRILLERIH PER 

I DATE: I 

- OAT€. AND 

7 

I INSTRUMENT 

i '. 
BETA I GAMMA -- 

M e  GAL GAL 

OESCAlPnON 
(Colors MentMed per Munaell Cob Chart) 

M E  

DRILLING E 
L 

DATE STARTED: -2r-cj- I 

REMARKS 

. SAMPLES COUECTED PER ASTM ST-AD PENETRATION TEST. 
FS-F-381 

. .  

G:IWPSC/9-7.DRW (2-15-95) 



t -  

.. . 

/ Y  

FEMP 
OONTROL No.: LITHOLOGIC LOG PAGE 3 OF--Y- 

P#UECT No.: * 

C' 
DATE STARED I 7 -  2 4- fr SURFACE ELEVATION: GROUNDWATER LEV= 

-= . 
TIME. 

DATE. AND 
NUkeER 

INSTRUMEM 
~ 

PI0 

ALPHA 

BETA I GAMMA 

-sAMptEscouEcTE 
FSF-3681 

DESCFUFTW 
(Cdors identified per Munsell Color chart) 

/ z  I 

13 
// 

I 

BACKGROUND DATE TlYE 

DRILUNO E 

DATECOMPLETE . 7 ' 2  Y . - E  

REMARKS 

I I 
I ti 



SAMPLE 
TIME. 

DATE,- 

D- 

BACKGROUND 

9 4  

I NUkeER 

DATE TlME 

. 
/I 

I 
INSTRUMENT 

RD 

ALPHA 

BETA I GAMMA 
I 1 I 

SAMPLES COUECTED PER ASTM STANDARD PENETRATtON TEST. 
t- ~.“.C.d-J c‘ + ... :. 4. 

FSF-3681 

NOTES: 

v/dg 
. .  

REMARKS 

G:IWPSC/950051DRW (2-1585) 



.-, e..- : * 



e 
1 LITHOLOGIC LOG 

CONTROL No.: 

P R a A C T W E :  

PAGE / OF ,L 
PAQACT No.: 

p , 0 3  // 

DEPTH 
WET) 

SAMPLE 
TIME. 

DATE, AND 
NUMBER 

I 

I 

INSTRUMENT 

PI D 

ALPHA 

DESCAIPTDd 
(Cobs identMed per Munsell Cobr Chart) REMARKS 

I I I t .  



I INSTRUMENT 

I 
F BETA I GAMMA 

NQ MUIPMW.  

REMARKS 

BACKGROUND I DATE I TIME 1 1  

e 

e 

SAMPLES COUECTED PER AslM STANDARD PEMTRATloN TEST. 



'. e--. * 2 3 6  
CONTROL No.: .. . FEMP 

LITHOLOGIC LOG 

I- 
z [  - I I 

BACKGROUND DATE TIYE 

REMARKS 

QIWPSC 195-Oa37.DRW (2-lSss) 



J FEMP 
COHTROL No.: LITHOLOGIC LOG PAGE 4 OF 

PROJECTWE:  PROJECT No.: 
bI ,GCl J J d 5 r  / 1 v 5  5fib 10. G ' 3 ,  I /  

BORING NUMBER COORDIMTES: DRILLING CONTRACTOR: DRILLER I H F R  

SURFACE ELWATIOH GAOUNDWATER L M L  
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APPENDIX C 
SUMMARY OF FIELD OBSERVATIONS FROM WET TRENCHING 

c. 1 INTRODUCTION 

A total of seven wet (not dewatered prior to excavation) trenches have been excavated in Pits 1, 2 and 
3 as part of DEEP for the purpose of evaluating conditions of the waste, and to provide information about 
dewatering and/or excavating a wet waste. A John Deere 690D LC tracked excavator (track hoe) was 
used to perform test excavations at seven locations at Pits 1, 2 and 3 (see Figure 2-2). FERMCO 
conducted the trenching from February 1 through March 14, 1995. 

c.2 GENERAL 

The trenches were conducted, using the track hoe, at seven locations that had a prior CPT sounding and 
a geotechnical test boring. The excavation site was prepared for spoil piles prior to the excavation. 
Plastic sheets were placed on the ground surface in the vicinity of the location to collect and direct 
drainage from the spoil pile back to the trench. A temporary berm around the perimeter of the spoil pile 
areas was formed using hay bails and plastic sheets. The trench was dug between two spoil pile areas. 
One spoil pile was for the cover material and the other for the waste. Water tanks (3,000 - 8,000 gallon 
capacity) at the excavation location collected water that was pumped from the trench with portable 
dewatering pumps. 

Excavation proceeded by creating a rectangular trench about 30 inches wide, 0.79 cy heaped bucket, and 
5 feet total. The length of the trenches was about 20 to 25 feet. The long axis of the trench ran along 
a general north-south line, with the track hoe positioned at the north end of the trench. Excavation was 
done so the trench wall slope remained as steep as possible, permitting observation of trench sidewall 
failure. The backhoe achieved its full reach (excavated depth of 15 feet). As the trench wall material 
collapsed into the trench, it was excavated from the Pit and placed on the spoil pile. The final width of 
the trench at ground surface varied from location to location, depending on the amount of sidewall 
failure. A field engineer recorded observations during the excavation. 

During the trenching, a FERMCO sampling technician collected samples of the waste materials, taken 
at various depths from each trench, directly from the track hoe bucket, prior to its placement on the spoil 
pile. Additional material samples were collected from the waste spoil pile prior to backfilling the material 
into the trench. A 5-gallon plastic bucket of waste material was collected from each trench. The samples 
were transferred to an on-site geotechnical laboratory for moisture content tests, classification, 
compaction, and bearing ratio tests. The geotechnical laboratory only reported compaction test results. 
The results of these geotechnical tests are not available. Additionally, waste material from each of the 
trenches was archived in white steel.boxes for future testing by FERMCO. 0 
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FERMCO videotaped excavation operations at each location. The cameraman was positioned above the 
trench location with a four-wheel drive man-lift. 

When the trench was completed, material from the waste spoil pile was backfilled into the trench and 
covered with material from the cover spoil pile. 

The following subsections summarize field observation notes completed by the field engineers during 
trenching operations. 

c.3 Pit 1 Trenches 

Trench ID: T1-N 

Location: North end of Pit 1, at stake #11352 

Field Engineer: K. Ernst 

Lon? Axis of Trench: North-South 

CorresDonding CFT and Test Boring: 

CPT ID: c1-2 
Test Boring ID: 1 1352 

CorresDondine Video Number: Trench #2 

Datemime of Trenching: 

. -  . .  
February 13, 1995 
Excavation start time: 1416 
Excavation end time: 1509 
Backfill start time: 1510 
Backfill end time: 1545 

ERAFSl\VOLl :RSAPPS\RSDATA\ ' 

OU-lWO-l45UAN1996\DEEPRPT 

... 

c-2 3/6/96, 11:58am, Rev. No.: 0 



Weather Conditions: 

, L. P- - 8 6  

At 1002: Cold, Temperature approx. 10 degrees F, SUMY and clear. Ground surface is frozen, 
with about 2 - 4" of snow cover. 

DescriDtion of Materials Encountered: 

Note: Visual descriptions are from materials excavated from the trench and placed on the spoil piles, 
materials placed in sample containers, and observations of visible sections of the .trench walls. 
Observations of the trench walls were made from the perimeter of the safety exclusion zone, about 15 
to 20 feet from the excavation. Depths are estimated, from one-foot tick marks on the stick of the track 
hoe stick. 

DeDth (feet) 

0 -1 

1 

1 - 3  

3 - 4  

4 

5 

6 - 7  

DescriDtion 

yellow-brown clay (cover) 

gray material encountered (waste) 

gray and reddish earthen material, dry 

reddish gray, coarse, sand-like material; reddish, gray and some black clayey 
sand. The gray coarse granular material was "jelly-like", but runny (flowable). 
The reddish granular material was wet. Black material was sandy, drier. 

reddish gray, with some black material, dry to moist. Track hoe bucket makes 
vertical sides of trench smooth, slickensided. (Note: At the end of the 
excavation, the east trench wall collapsed creating a bowl that undercut the 1 foot 
thick clay cap, exposing alternating layers of gray, brown, black, and red 
material varying from about 2" to 1 foot thick directly beneath the cover. The 
layers dipped to the north at an angle of about 30 degrees.) 

ERAFS lW0Ll :RSAPFYI\RSDATA\ 
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spots of white material in waste 

red and gray material which is somewhat "icecream" like in appearance. The 
gray material is clay-like and behaves like jelly when troweled in the plastic 
sample bucket. Some sand is present. Water comes to top of bucket when 
agitated. 



7.5 red, gray clay-like, "icecream like material. Material transported in track hoe 
bucket bounces in jelly-like fashion. . 

9 - 10 Mostly red, clay-like material, pockets of green granular material, wet. Green 
grains look like coarse subangular sand, 1/16" to 1/8" max. Brown clay-like 
material is present. White, soupy, granule, non plastic material also present. 
Some of the white material was "jelly-like". 

10- 11 White, grayish sludge pockets encountered in the mostly red, clay-like material. 
Gray, runny, soupy, sludge-like materid, wet. Some, black, green yellow and 
gray material. Yellow material was flakes, sandy and wet. Black material was 
sandy. 

12 - 14 Sandy material, primarily brownish gray sandy material. Sand is coarse grained, 
moist, with tints of pink color. Sand is surrounded by clay-like material. Some 
orange clay-like material, and some greenish yellow material. 

Stabilitv. Handling and Water Conditions During Excavation 

Time Depth C f t l  Condition 

1418 1 Track hoe operator digging off cover material, creating trench 
about 2 bucket widths wide 

1420 1 - 3  Reddish gray material angle of repose on waste spoil pile 35 - 40 
degrees 

1425 

1428 

1432 

1444 8 

ERAFSl WOLl :RSNPS\RSDATA\ 
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Trench is "dry" (no standing water) 

Trench side slopes vertical, track hoe bucket makes sides of 
trenches smooth, slickensided 

Angle of repose of waste spoil-pile 35 -40 degrees. Operator in 
the man-lift observed a soft pocket zone in the trench from depth 
of about 3 to 6.5 ft  below land surface that was slowly caving in 
while digging. 

Trench slopes still vertical. 
bounces as if "jelly-like" 

Material in track hoe bucket 
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1455 

1507 

1510 

1535 

1541 

Trench ID: 

11-12 Collapse of north and east trench walls, creating a bowl that 
undercuts the overlying material. Top of the undercut is at 5 
feet 

13-14 Trench walls of waste material rapidly slough into the trench, 
creating a large bowl that undercuts overlying materials on the 
east and west sides of the trench. The zone of undercut extends 
horizontally about 3 feet from the plane of previously near 
vertical face at each side of the trench. The waste material that 
caved from the trench walls broke cleanly from the (frozen) clay 
cover along the covedwaste interface, leaving a 1 foot shelf of 
frozen ground. 

13-14 The maximum depth before the cave-in at 1507 was about 13 - 
14 feet. No standing water was observed in the trench. The 
size of the trench at the ground surface before the cave-in was 
about 6 feet wide by 25 feet long. After the cave-in, the 
northern portion of the trench had a width at ground surface of 
about 12 feet 

During backfilling: the backfilled material behaves (jiggles) like 
jello when the track hoe operator smoothes the waste material 
filled into the trench at waste final grade 

At completion of backfilling: after the (clay) cover material is 
placed over the waste in the backfilled trench, the ground surface 
behaves (jiggles) like jello when tamped with the hoe bucket 

T1-S 

Location: South end of Pit 1 

Field Engineer: B. Catanach 

CorresDonding CPT and Test Boring: 

CFT ID: c1-4 
Test Boring ID: 1 1353 

CorresDonding Video Number: 

ERAFS 1 \VOLl :RS APPS \RSD ATA\ 
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DateRime of Trenching: 

March 15, 1995 
Excavation start time: 0905 
Excavation end time: 1045 

DescriDtion of Materials Encountered: 

Note: Visual descriptions are from materials excavated from the trench and placed on the spoil piles, 
materials placed in sample containers, and observations of visible sections of the trench walls. 
Observations of the trench walls were made from the perimeter of the safety exclusion zone, about 15 
to 20 feet from the excavation. Depths are estimated, from one-foot tick marks on the stick of the track 
hoe stick. 

DeDth (feet) 

0 - 1  

2 -3 

- 4  

5 

6 

7-8 

9 

11-12 

14 

15 

DescriDtion 

brown and gray cover material. Small amounts of wood and metal debris 

same as above, more metal debris 

brown silt material with concrete and steel debris . .  

gray material, light brown material, plastic. 
(Water begins to seep rapidly into the trench) 

No more construction debris.. 

black sludge material 

dark gray material, plastic, jello consistency (Water level in trench at 5 ft depth) 

same as above 

gray material with some light blue, dry looking material (Water pumped down 
to 10 ft depth) 
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same above 

light brown plastic material, and light gray material 
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Stabilitv. Handling a1.d Water Conditions Durine Excavation 

Time DeDth Cft) Condition 

0905 

0925 5 

0934 7-8 

Start trenching 

Water starts to rapidly seep in 

Standing water level in trench at 5 feet depth, right face 
of trench sloughs into trench 

' 

0940 9 Right face of trench collapses again 

0950 

0955 

9 

9 

0958 10 

Started pumping water, stopped excavating 

Filled 1800 gallons into a 2,500 gallon tank 

Restarted excavating, right face collapse again. Trench 
width about 9 feet at ground surface 

1008 11 - 12 Left face still holding, only minor sloughing. Water 
level pumped down to 10 feet 

1020 12 - 13 Stopped pumping. 8000 gallons pumped, water level in 
trench 10 feet 

c .4 Pit 2 Trenches 

Trench ID: T2-N 

Location: 

Field Enpineer: K. Ernst 

Long Axis of Trench: North-South 

North end of Pit 2, at stake #11358 
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CorresDondinE CPT and Test Boring: 

CPT ID: c2- 1 
Test Boring ID: 11358 

CorresDondinE Video Number: Trench #1 

Datemime of Trenching: 

February 1 - 2, 1995 
Excavation start time: 1405 (February 1) 
Excavation end time: 1541 (February 1) 
Backfill start time: 1100 (February 2) 
Backfill end time: 1715 (February 2) 

Weather Conditions: 

February 1 at 1245: Sunny with some clouds, temperature about 38 degrees F, snow on ground . 

February 2 at 1740: Overcast, temperature about 36 degrees F, ground partially covered with snow, 
snow melting, slush and .puddles on ground, ground extremely wet. 

DescriDtion of Materials Encountered: 

Note: Visual descriptions are from materials excavated from the trench and placed on the spoil piles, 
materials placed in sample containers, and observations of visible sections of the trench walls. 
Observations of the trench walls were made fiom the perimeter of the safety exclusion zone, about 15 
to 20 feet from the excavation. Depths are estimated, from one-foot tick marks on the stick of the track 
hoe stick. 

DeDth (feet) 

0 - 1.5 

1.5 - 2 

2 - 2.5 

2.5 - 3 

DescriD tion 

brown to yellow brown silt and clay, grass and roots, dry to moist. (Water 
beginnings to seep in to the trench at depth 1.5 feet) 

grayish brown soil 

encounter concrete rubble 

"brick-red," 'white and black material 
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3 - 6  

6 - 8  

red clay-like material, wire (2 to 5' long typic=), porous slag (3 to 4" pieces, 
black, lava-like, 1/16 to 1/8" pores; typical; fhating on water surface), black 
siding material, metal straps, metal buckets (10-gal typical), construction debris; 
concrete rubble 

clay, brown with gray streaks, with brown, grayish brown and gray sand and 
gravel, very wet. Gravel is round (larger gravel) to subangular (smaller gravel), 
size is 1/8" to about 2.5", red and black gravel also present. Rock (3 to 5" 
diameter), possibly concrete rubble. Some metal, flat 1" wide by 10" long, 
typical. 3' x 3' x 1' piece of flat concrete excavated (water surface at depth 6 - 
7 feet) 

8 -  11 brown, with "brick-red" and black clay like material, wet to very wet. Track 
hoe bucket scraping sound at 11 feet while excavating south end of trench, 
possibly large piece of concrete rubble. Gray clayey gravel-like material, 1 to 
2", rounded. 

11 - 13 stratified white, light greenish gray, reddish brown and tan fine-grained material, 
some rust colored material, low to medium plasticity, moist. Material is putty- 
or paste-like, very spreadable. Some material possibly lime sludge (water 
surface at depth 7 - 8 feet) 

13 - 17 same as above, some black and burnt orange material, moist. Reddish brown 
material is very fine-grained, appears paste-, putty-like, and breaks into chunks 
along discrete lines. Lard-like white to light green tinted material. Also contains 
brown -coarse sand to fine gravel (1/8" typical), round to subangular. Burnt 
orange material, approx 2" x 2" porous, friable. 18" x 18" x 1/4" to 1/8" black, 
hard tar-like sheet. 

Stabilitv. Handling and Water Conditions Durine Excavation 

Deuth Cfi) Condition 

1405 

1412 

Start trenching 

Track hoe operator excavating cover materials to start a 
rectangular trench, about 15 - 17 feet long, and two 
bucket widths (about 5 - 6 feet) wide 
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1413 

1415 

1419 

1422 

1425 

1430 

1434 

1435 

1454 

1510 

1525 

1541 

1553 

1.5 

3 

4 

5 

5 - 6  

6 - 7  

7 - 8  

7 - 8  

7 - 8  

11 - 13 

13 - 17 

17 
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a Water begins to seep in at east side of trench at 1.5 feet 

Water also observed seeping into trench from a level of 
about 3 feet 

Predominantly red clay-like material is excavated. 
Excavated materials in the hoe buckets come from the 
trench as pieces, or blocks of earthen-like materials 

Length of trench (north - south) at surface 15 - 20 feet; 
width 5 feet; side slopes (east and west) are vertical 

water seeping into trench from above 

angle of repose of waste pile about 35 degrees 

waste material in bucket slides easily from hoe bucket 
into white metal box 

f 

Water surface in trench at about 6 foot depth, trench 
walls vertical 

Waste material placed on the spoil pile is very wet, 
causes pile to slump to about 30 degree angle of repose. 
Water level in trench is relatively constant at 6 - 7 foot 
depth 

Stratified waste material appears chalky and blocked in 
hoe bucket; material heaped high (2 feet) in bucket 
excavated from below water surface in trench. Material 
sticks slightly to hoe bucket, as operator has to move 
bucket up and down to remove material. 

Stratified waste material breaks from hoe bucket in 
blocks. 

Stopped digging trench 

Condition of trench: Length 26 - 27 feet, width about 
5 feet at ground surface, about 17 feet deep. Standing a. 
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1623 

1000 (Feb 2) 

1115 

1125 

1129 

1135 

11.39 

water in trench at about 6 feet below land surface. . 

Water in the trench is brown and murky. Trench walls 
(that are visible above the standing water level) are 
vertical, and generally composed of brown to grayish 
brown clay. Just above the water surface there appeared 
to be ’some undercutting, but the extent could not be 
determined due to murky, brown water. Conditions of 
the trench below the water level can not be seen. 

Other observations: little water drained from the waste 
material after it was piled on the spoil pile. (Note: 
standing water in the hoe bucket was drained into the 
trench prior to placing the bucket load on the pile.) 
Some water puddled on the plastic sheet in the vicinity 
of where the waste was piled, but there was no flow or 
streams of water back into the open trench. Wetter 
waste material from depths of about 12 - 15 feet slumped 
more when placed on the top of the waste pile (est. angle 
of repose of the waste pile: 20 degrees) 

Condition of trench: Water level in trench about 0.5 .to 
1 foot below land surface. Surface water runoff from 
snow melt into the trench (which is located along a 
drainage swale) contributes to the standing water in the 
trench 

Started pumping water from trench to tank 

500 gallons of water in tank (pumping rate approx. 50 

a m )  

Water level in trench about 1.3’ below land surface; 750 
gallons of water in tank 

lo00 gallons of water in tank (pumping rate approx 50 

am) 

Water level in trench 1.8’ below land surface; 1250 
gallons of water in tank 
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1144 

1149 

1155 

1205 

1213 

1220 

1618 

1619 

1620 

1630 

1650 

1704 
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Water level in trench 2.1’ tdow land surface; 1500 
gallons in tank 

Water level in trench 25-be low land surface; 1750 
gallons of water in tank 

Water level in trench 2.8’ below land surface; 2000 
gallons of water in tank 

Stopped pumping, tank near capacity. Water level in 
trench about 3’ below land surface; 2600 gallons of 
water in tank 

Track hoe operator backfilling trench 

About 1/2 of the waste spoil pile backfilled into trench. 
Water in trench displaced; water level 0.25 to 0.5 feet 
below land surface 

Construction personnel 
gallon capacity tank near 

Trench condition: water 

position an additional 2500 
the trench 

level at or near land surface. 
Pieces of porous slag floating on the water surface cover 
about 50 percent of the water surface area of the trench 

Pump started, pumping to tank. Trench collecting 
surface water runoff from snow melting. Drainage is 
entering the trench from the northwest. Hoe operator 
builds berm at the north end of the trench to minimize in 
flow. 

Track hoe operator backfilling during pumping 

Approximately 1500 gallons in tank 

Pump stopped. Approximately 2200 gallons pumped to 
tank votal pumped from trench to two tanks: 
approximately 4800 gallons) 
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Trench ID: 1’2-s 

Location: South end of Pit 2 

Field Engineer: B. Catanach 

Corresuonding CPT and Test Boring: 

CPT ID: C2-5 
Test Boring ID: 11359 

Corresuonding Video Number: Trench #7 

-. DateRime of Trenching: 

Backfilling complete, operator grading surface with hoe 
bucket 

March 16, 1995 
Excavation start time: 1018 

. .  Excavation end time: 1 152 
Backfill start time: 1152 
Backfill end time: 1230 

Descriution of Materials Encountered: 

Note: Visual descriptions are from materials excavated from the trench and placed on the spoil piles, 
materials placed in sample containers, and observations of visible sections of the trench walls. 
Observations of the trench walls were made from the perimeter of the safety exclusion zone, about 15 
to 20 feet from the excavation. Depths are estimated, from one-foot tick marks on the stick of the track 
hoe stick. 

Deuth (feet) 

0 - 1  

1 - 2  

ERAFSl \VOLl :RSAPPS\RSDATA\ 
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Descriotion- 

brown to light brown clayey silt 

mainly brown material, some plasticity 
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2 - 3  

_, 

3 - 4  

4 - 7  

7 - 9  

9 - 1 1  

11 - 14 

mainly light browdred material, plastic small amounts of gray powdery 
material. Excavated two round crucibles that could not be crushed with 
hoe bucket. 

a 
light red clay-like material, very plastic. 
material mixed in. A lot of cast iron crucibles. 

Small amounts of white 

light red and tan material, very plastic (no water infiltration into trench) 

same as above 

light tan and red material, very plastic, "pudding-like (no water 
infiltration into trench) 

same as above (small amount of water trickling into trench from 4 - 5 
feet below land surface) 

14 - 16 dark brown material 

Stabilitv. Handling and Water Conditions During Excavation 

Time Depth (ft) 

1018 

1028 3 

1033 . 4 

1055 6 - 7  

1102 8 - 9  

1109 10- 1 1  

1125 13 

1140 14 

ERAFS l\VOLl:RSAPPS\RSDATA\ 
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Condition 

Start excavation 

Trench walls holding vertical 

Trench walls holding vertical 

Trench walls holding vertical. No water infiltration 

Trench walls vertical. 

Trench walls vertical. No water infiltration 

Major collapse of right trench face 

Small amount of water trickling in at 4 - 5' depth below 
ground level 
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1143 

1152 

1230 

15 -16 Left face of trench cave in 

Started backfilling 

Backfilling complete 

h 

c.5 Pit 3 Trenches 

Trench ID: T3-N 

Location: 

Field EnPineer: K. Ernst 

Lone Axis of Trench: North-South 

Corresuonding CPT and Test Boring: 

North end of Pit 3, between stakes #11360 and C3-9 

CPT ID: c3-9 
Test Boring ID: 11 360 

Corresuonding Video Number: Trench #3 

DateRime of Trenching: 

February 16, 1995 
Excavation start time: 1034 
Excavation end time: 1208 
Backfill start time: 1450 
Backfill end time: 1525 

Weather Conditions: 

At 1000: Overcast, temperature about 35 degrees F, puddles and some patches of snow on 
the ground 

ERAFSl WOLl :RSAPPS\RSDATA\ 
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Descriotion of Materials E n c o u z a :  

Note: Visual descriptions are from materials excavated from the trench and placed on the spoil piles, 
materials placed in sample containers, and observations of visible sections of the trench walls. 
Observations of the trench walls were made from the perimeter of the safety exclusion zone, about 15 
to 20 feet from the excavation. Depths are estimated, from one-foot tick marks on the stick of the track 
hoe stick. 

Deoth (feet) Description 

0 - 1  yellow brown clay, 2" x 8" X 5' piece of lumber 

1 - 3  black ash, dry to moist; many wood (lumber) debris, 1/2" to 3/4" thick, 
up to a few feet long, wood pallet debris (water level encountered 2 to 
3' below land surface) 

3 - 5  

5 - 6  

6 - 10 

10 - 13 

13 - 15 

15 - 17 

black or gray ash-like material with wood and metal debris; wood is 
lumber ranging in a few inches to several feet in length; typical thickness 
of lumber: 1" to 4 - 6". 

brown clay with coarse sand and fine to coarse gravel (2 - 3" max.). 
Ash and wood debris. The east side of the trench (observed to about 6 
ft depth) generally had alternating layers of clay and ash dipping to the 
south. The west side of the trench had crossed lumber stacked, and 
protruding at the trench wall. 

@ 

brown gravelly, sandy clay, medium plasticity, wet. Gravel is fine to 
coarse (2 - 3" max.), subround to round, sand is fine to coarse. (water 
surface in trench at 4.5 feet below land surface) 

Stratified "rust"-red, orange, white finegrained material, some light to 
dark gray material. White material has a yellowish or greenish tint 

same as above 

same as above, red material layers are plastic, clay-like; gray layers are 
'I jell y -1 ike . 

17 - 18 same as above, white material is paste-like 
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Stabilitv. Handling and Water Conditions During Excavation *: 

Time DeDth eft) Condition + 

1034 Start excavation 

1038 . 

1041 

1044 

1050 

1103 

1130 

1137 

1159 

1207 

2 - 3  

3 

4 

5 

6 

10 

15 

17 

18 

ERAFSl\VOLl :RSAPPSWDATA\ 
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Encountered groundwater level, trench side slopes are 
stable 

Standing water in trench, water black and murky 

West side of cover material falls into trench while 
digging; east side of trench vertical 

Water draining from waste pile (containing ash and 
lumber) back into trench 

Water level in trench about 3' below land surface 

Started pumping water from trench to tank (approx 8000 
gal. capacity). Water level in trench about 4.5 feet 
below land surface 

Tank approx. 112 full (approx. 4000 gallons). Water 
level in trench at about'6 feet below land surface. 

Stratified waste material is "blocky", i.e. breaks into 
blocks when placed with the hoe bucket on the spoil 
pile. A block sitting on the pile was observed to break 
apart under it's own weight 

Stopped pumping from trench. Tank approx 5/8 full 
(approx 5000 gal). (Note: pumping was stopped from 
about 1 1 4 0  to 1202 to clear clogged strainer valve). 
Standing water in trench at about 6 feet below land 
surface. Trench, at ground level is about 18 feet long, 
and 6 feet wide at south end; 9 - 10 feet wide at north 
end. 
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14-40 

1450 

1456 

1457 

1525 

1525 

1528 

1535 

1545 

1614 

1622 

Trench ID: T3-C 

Location: 

Field Engineer: B. Catanach 

Central part of Pit 3 

F.RAFSl\VOLl :RSAPPSWDATA\ 
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p r. q n "-. 
L : t  t -_ 6. 5 

Water level in trench about 4 feet.below land surface. 
Pumping to tank started. 

Water level in trench at about 5.5 feet below land 
surface. Water observed pouring into the trench along 
a horizonal line along the north trench face at depth 5.5 
feet. Bowled cave in at about depth 4 feet along east 
and south face of trench at south end. Bowled area is in 
black ash material, and extends below the water surface. 

Stopped pumping, tank full (appox. 7500 gal.) Water 
level in trench is about 6.5 feet 

Start backfilling trench 

Water level in trench at about depth 4 feet due to 
backfilling. Stopped backfilling. 

Started gravity drain of tank into trench 

Stopped gravity drain 

Started pumping water from tank into trench 

Water level in tank about 1/2 full (about 3500 gallons of 
water pumped). Water surface in trench is steady, about 
3 - 4 feet below land surface. 

Pump looses suction. About 6700 gallons, total pumped 
into trench. Water level in trench about 3 - 4 feet below 
land surface. Recommence backfilling trench. 

Backfilling complete. 

C-18 
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Corresponding CPT and Test B q a :  

CPT m: C3-11 
Test Boring ID: 11361 

Corresuonding Video Number: Trench #5 

DateEime of Trenching: 

March 14, 1995 
Excavation start time: 0925 
Excavation end time: 1045 
Backfill start time: 1055 
Backfill end time: 1125 

DescriDtion of Materials Encountered: 

Note: Visual descriptions are from materials excavated from the trench and placed on the spoil piles, 
materials placed in sample containers, and observations of visible sections of the trench walls. 
Observations of the trench walls were made from the perimeter of the safety exclusion zone, about 15 
to 20 feet from the excavation. Depths are estimated, from one-foot tick marks on the stick of the track 
hoe stick. 

* 
DeDth (feet) DescriDtion 

0 -  1 

1 - 3  black ash 

3 - 4  

4 - 9  mostly black ash 

9 -  1 1  

11  - 13 

brown clayey silt with small amounts of black ash 

mostly black ash, small amounts of olive brown silt 

black ash, small amounts of red pudding-like material 

black ash, pudding like, with coarse consistency, saturated, with free liquids 

13 - 15 red pudding-like material 
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Stability. Handling and Water Conditions Durine Excavation 

Time DeDth eft) Condition 

0925 

0935 

0945 

0950 

1005 

1010 

1055 

4 

5 

6 

11 

13 

Start excavation 

Ash material is sloughing in off trench sidewalls. Waste 
(ash) stockpile angle of repose 1 to 1. 

Trench sidewalls sloughing off, left face sloughs into 
trench 

Right face of excavation sloughed into trench. Trench 
about 9 feet wide at top 

Trench at surface about 9 feet wide, trench sidewall 
holding 

Both trench sidewalls cave in, the excavation is 15 feet * wide at ground surface. Black ash is saturated with free 
liquids 

Start backfilling trench 

1125 Complete backfilling trench 

Trench ID: T3-S 

Location: South end of Pit 3, at stake C3-2 

Field Engineer: K. Ernst 

Long Axis of Trench: North, North-East 

Corresuonding CPT and Test Boring: 

CPT ID: C3-2 
Test Boring ID: 11362 
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CorresDondinP Video Number: Trench #4 

Dateflime of Trenching: 

February 22, 1995 
Excavation start time: 1006 
Excavation end time: 1 1 11 
Backfill start time: 1136 
Backfill end time: 1215 

Weather Conditions: 

At 0907: Sunny, temperature about 31 degrees F, ground is free of snow cover, 

Description of Materials Encountered: 

Note: Visual descriptions are from materials excavated from the trench and placed on the spoil piles, 
materials placed in sample containers, and observations of visible sections of the trench walls. 
Observations of the trench walls were made from the perimeter of the safety exclusion zone, about 15 
to 20 feet from the excavation. Depths are estimated, from one-foot tick marks on the stick of the track 
hoe stick. 

DeDth (feet) DescriDtion 

0 - 1.5 yellowish brown clay, moist 

1.5 -2 

2 - 3  

3 - 5  

5 - 6  

6 - 7  

7 - 7.5 

7.5 - 8 

black ash, moist 

black ash and brown clay, moist. Some "brick"-red clay-like material 

brown and gray sandy clay material with black sandy ash, moist to wet 

grayish brown sandy clay and sandy ash, wet 

gray and brown sandy clay, wet 

same as above, with some black ash 

black ash 
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8 - 9.5 

9.5 - 14 

14 - 18 

brov. a sandy clay, moist to wet 

red, tan, white, gray, brown, black stratified material. Materials, except 
whice and black materials are paste-like. White and black material are 
granular (fine to medium sand) 

same as above. "Brick"-red material is soft, fine-grained, paste-like and 
wet. Bright white material is granular (fine to medium sand). Tan-white 
material is more paste-like, moist. Material is generally stratified (layer 
thickness 1 inch typical), however layers thinner than 1/4" are present 
(l/8", 1/16" typical, often the black granular material) 

Stabilitv. Handling and Water Conditions Durine Excavation 

Time Depth (ft) Condition 

1006 Start excavation 

1009 

1015 

1022 

1035 

1044 

1048 

1 

5 

Angle of repose of cover material (clay, moist) spoil pile approx. 
40 degrees 

Angle of repose waste spoil pile material (sandy clay and ash, 
wet) approx. 25 degrees 

6 Grayish brown sandy clay and sandy ash sticks somewhat to hoe 
bucket 

1 1  

13 

14 

W S l \ V O L l  :RS APPS\RSDATA\ 
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q" q - w -  .: 
, L C 1 - 4  ,-) 

Cave in of west trench wall, west side wal€ vertical, creating 
"D" shaped trench perimeter at the ground surface. Exposed 
face of east trench shows stratigraphy of clay and ash cover: 
alternating layers of clay and ash. 

Upper part (cover material) of the west trench wall falls into the 
trench, creating an approximately oval shaped trench perimeter 
at ground surface (about 18' x 10'). Some areas of the clay at 
the ground surface are undercut by the collapsed material. 

ash and clay caving from trench walls into trench 
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1057 

1059 

i 103 

1104 

1107 

1111 

1114 

1115 

1126 

1127 

1136 

14 

15 

excavated stratified waste material sticks somewhat to hoe bucket 

excavated stratified. waste material is very soft, highly plastic 
when worked with the hoe bucket while placing in white metal 
box 

16 - 17 stratified waste material shows signs of dilatancy when a plastic 
bucket of the material is tapped with a'trowel 

16 - 17 waste material is soft when tamped with the hoe bucket while 
placing in white metal box 

17 Angle of repose of red clay-like material on top of the waste 
spoil pile is approx. 20 degrees 

ERAFS l\VOLl :RSAPPS\RSDATA\ 
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19 Track hoe boom at full extension, can dig no deeper. No 
standing water in trench. No drainage of water from spoil piles. 

Angle of repose of waste spoil pile approx. 20 - 30 degrees 

. East edge of -upper part of trench caves some more 

Condition of trench: cover material is layered brown; grayish 
brown sandy clay and black ash. The cover materials have 
sloughed into the trench creating an oval shaped depression about 
9 to 10 feet deep to the top of the sloughed material in the 
trench. The side wall angles are estimated to be about 50 to 60 
degrees. 

Hoe operator excavates the sloughed material from the trench, 
and creates vertical faces (i.e and notch) in the red clay-like 
material. Vertical faces extend from about 10 to 15 feet depths, 
and appear "greasy" or slickensided due to the excavator bucket. 
There was no standing water or seepage. After excavating to 
about 15 depth, the overlying sandy clay and ash material caved 
suddenly into the trench, filling the notch. 

Started backfilling trench 
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1137 

1145 

Final dimensions of trench prior to backfilling: wal  shaped, 
approx. 20 feet by 15 feet wide at ground surface 

Waste dropped into the trench while backfilling was heavy and 
pudding-like 

1215 Completed backfilling 

C.6 Analysis of Wet Trench Data for Groundwater Flux Into Trench 

Rough estimates of the volumetric flux of water produced in a trench may be made from data taken 
during wet trenching tests. The calculated flux may be used to size dewatering pumps and requires the 
following input data: (1) width of trench, (2) length of trench, (3) depth of water in trench at the 
beginning of pumping, (4) volume of water pumped for a fixed time period, (5) length of pumping 
period, (6) depth of water in trench at end of pumping, and (7) estimated saturated thickness of 
productive (highly permeable) zone. 

The.following assumptions must be made to estimate the volumetric flux of water produced by the 
productive zone: 

1) The rate of pumping .is constant. 

2) 

3) 

The trench is a rectangular box. 

The flux of water produced is constant. 

4) The supply of water in the productive zone is very large compared to the volume of water 
removed during trench tests. 

5) The trenching takes place in soil layers (including productive and less permeable layers) of 
uniform thickness. 

6)  The entire face of the productive zone is completely exposed by the time pumping starts. If this 
is not the case, the saturated thickness of the zone can be decreased to reflect a more accurate 
t ime-aver age. 

7) The only source of water into the trench is seepage from the productive zone and the only sink 
of water out of the trench is that which is pumped out. 
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The calculation proceeds from a conservation of free water mass in which the rate of water produced 
(volume/time) minus the rate of water pumped out of the trench equals the rate of change of water 
volume in the Pit: 

where 

Q, = .2674qT(L+W) 

.1337P 
Qo = - t 

and 
a = volume flow into trench (f"/min) 

V = volume of water in trench (e) 
4 = volumetric flux of water produced (gpm/ft? 
T = saturated thickness of productive zone (ft) 
L = length of trench (ft) 
W = width of trench (ft) 
P = volume of water pumped in time period t (g) 
t = time period for pumping- (min) 
0, = depth of water in trench at end of time period t (ft) 
Db = depth of water in trench at beginning of time period 

= volume flow out of trench (fC'/min) 

t (ft) 

Making substitutions and solving for 4, there results 
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LW(De-Dd + .1337P 
.2674wL+w) 4 =  

Table'l contains the results of the estimated groundwater flux for T1-S located in the south end of Pit 
1.  
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APPENDIX D 
DEWATERING EVALUATION 

D. 1 Introduction 

FERMCO awarded a contract to B&B Drilling, Inc. on March 3, 1995; to perform a dewatering 
feasibility study at OU1 Waste Pits 1 and 3. On completion of the first of three phases of the study, B&B 
submitted a report to FERMCO dated August 1995 (B&B 1995). This evaluation summarizes the major 
findings of Phase I and evaluates the impact of these findings on the activities and schedule for 
remediation of Pits 1 and 3. 

The primary objective of Phase I was to determine whether groundwater can be extracted from Pit 1 and 
3 sludges. If extraction was judged feasible, further objectives were to determine optimum well 
installation technique and well yield. Phase II of the study was to determine sludge hydrology, well 
spacing, and the effect of certain enhancements to well efficiencies. Phase I11 was to perform pilot-scale 
dewatering operations in Pits 1 and 3. Phase 11 and I11 were cancelled due to results of Phase I. 

D-1.1 Test Configurations and Installation Techniques 

- A linear array of wells, wellpoints, and instruments were installed in Pit 1 using various 
combinations of drilling techniques. Figure D-1 depicts a plan view of the array. Both wells had screen 
and riser diameters of 4 inches, while both wellpoints had screen and riser diameters of 1.5 inches. All 
wells and wellpoints were screened from 7 to 12 feet of depth. The pore pressure piezometer was 
screened by a canvas bag over an interval of 10 to 12 feet of depth, and the tensiometer tip was installed 
at a depth of 6.5 feet. Figure D-2 shows the precise location of the array within Pit 1. 

The well designated as DWl-1 on Figure D-1 was installed using direct rotary techniques with water 
only. Well DW2-1 was installed in a similar fashion, except that the borehole was flushed with fresh 
water after drilling. Wellpoints WP1-1 and WP2-1 were both installed by the jet method, the difference 
being that WP2-1 was.flushed with fresh water after drilling. 

- Pit 3 - Figure D-3 shows that the test array for Pit 3 had an arrangement similar to the Pit 1 array but 
with different spacings. Screen and riser diameters were 4 inches and 1.5 inches for the wells and 
wellpoints, respectively. All wells and wellpoints were screened from. 10 to 30 feet of depth except 
DW1-3, which was screened from 9 to 29 feet. The pore pressure piezometer was screened by a canvas 
bag over the 27- to 29-foot interval while the tensiometer tip was installed at 9 feet. Figure D-2 shows 
the location of the array within Pit 3. 

- 
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Both wells were drilled using direct rotary techniques vith water only, and both wellpoints were installed 
by the jet method. 

D-1.2 Test Procedure and Results 

- Pit 1 - The preliminary test procedure for Pit 1 involved 1 hour of pumping, followed by measurement 
of post-pumping recovery. Each of the four wells and wellpoints were pumped in this manner for a total 
of four preliminary tests. For the two wells, the 1 hour pumping periods consisted of a 1/2 hour of 
pumping under gravity flow followed by a 1/2 hour of pumping with applied vacuum of 23 inches of 
water. The wellpoints were pumped with vacuum of 20- to 25-inches of water for the entire hour. 

Wellpoint WP2-1 demonstrated the highest yield in the preliminary tests (approximately 1.3 gpm) and 
was then pumped for 4 hours, after which recovery was measured. Figure D-4 shows the time history 
of well yield during this 4 hour test. The plot shows a fluctuating yield with an average of 1.15 gpm 
over the 4 hours. 

- Pit 3 - The preliminary test procedure for Pit 3 was identical to that for Pit 1 .  Vacuum for the second 
1/2 hour of the well pumping tests was 22 inches of water for DW1-3 and 27 to 28 inches for DW2-3. 
Vacuum was 24 to 27 inches for WP1-3 and 25 to 26 inches for WP2-3 for the entire hour of pumping. 

Well DW2-3, which demonstrated a preliminary test average yield of .4 gpm (.65 gpm with vacuum), 
was selected for the 4 hour pump test. Figure D-5 shows the time history of well yield during this 4 hour 
test. The plot shows an almost monotonically decreasing yield with a final yield of .26 gpm at the end 
of 4 hours. 

D.2 B&B'S Conclusions and Recommendations 

- -  From the test results presented above (and more detailed results contained in the B&B report), B&B 
concludd that sufficient amounts of free water exist in Pits 1 and 3 to allow sustainable yields with 
conventional dewatering equipment. In particular, B&B recommends 1.5-inchdiatneter PVC wellpoints 
in Pit 1 (where suction lift is less than 18 feet) and einchdiameter PVC wells for the deeper wastes of 
Pit 3. Installation of wellpoints and wells should be done via the jetting and drilling techniques described 
in the Phase I report. In all cases, flushing the borehole with fresh water immediately preceding well and 
filter installation is recommended. Vacuum enhancement is recommended for both wells and wellpoints, 
as is incorporation of ejectors in each Pit 3 well. Further advanced enhancement techniques, such as 
electroosmosis, are not recommended. 

D-5 3/6/96, ll:58sm, Rev. No.: 0 



0 

L 

I I I I I I 
em H CI 1 y! 0 

0 

n 
t .- 
€ 

i= 

Y 

E 
n 



--.-- 

I 

I- 
d a 3 

n c .- 
€ 
Y 

.- E 
I- 

0 

.. 

n 

. 



D.3 Evaluation 

The primary benefits anticipated from Pit dewatering are increased soil stability and reduction in soil 
water content. More stable soils will alleviate handling problems and result in a quicker, more efficient, 
and safer excavation process. Reduction in soil water content will shorten processing times and lower 
energy costs associated with soil drying. 

D-3.1 Soil Stability Enhancement 

Ramping activities in the sections of the Pits treated in Phase I determined the degree of improvement 
in soil stability. The results allowed comparison of bearing capacities and angles of repose for pre- and 
post-Phase I soils. However, data from predewatering strength tests indicate that Pit soils are sufficiently 
stable for safe and efficient excavation without the use of dewatering. 

D-3.2 Reduction in Soil Water Content 

To evaluate the impact of dewatering on soil processing activities and schedules, the following 
assumptions were made: 

1) Sustainable yields of 1.15 and .26 gpm can be achieved for Pits 1 and 3, respectively. 

2) The above yields are reliable averages for the entire areal extent of the respective Pits. 

3) The volume of free water drainable from the Pits equals the soil effective porosity times the total 
saturated Pit volume. An effective porosity of .15 is assumed for both Pit 1 and 3. 

4) Infiltration is negligible with respect to pumping. It is assumed that runon from heavy 
preciPitation and perched water sources will be controlled by use of conventional devices such .__  - 

. as sumps and drains. 

5) Minimizing the duration of remediation will minimize the total cost of remediation. 

6)  In the absence of dewatering, the remediation duration is constrained by the rate at which the soil 
can be dried. 

The first and most important of these assumptions deals with the sustainable yields of wells and wellpoints 
used in the dewatering of Pits 1 and 3. The declining yield through time depicted in Figure D-5 is a 
major concern. Tests longer than 4 hours in duration would be valuable in determining whether a 
significant sustainable yield exists, and, if so, what that yield is. If longer duration tests indicate a 
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negligiblr: sustainable yield, advantage can be gained by attempting to dewater the Waste Pits. It should 
be kept In mind throughout the following evaluation that assumptions of long-term yields based on short 
duration tests may be suspect. 

The assumption that test results from a small area of a Pit are applicable to the entire Pit may also be 
suspect. Sustainable yield data available from several locations within a Pit is preferred for calculating 
a more reliable overall average. 

The majority of materials in Waste Pits 1 and 3 are classified as silts (USCS classes ML and MH) 
(ALTER 1995a). An effective porosity value of .15 is generally prescribed for these classes of soils 
(Maidment 1993). A depth to water level of 4 feet (ALTER 1995a) will be used to calculate the saturated 
volume of soil. 

The assumption of negligible infiltration implies that an equilibrium drawdown distribution will not be 
reached. The dewatering wells will simply remove the volume of free water initially present in the soils. 

The final two assumptions dictate that the remediation duration and cost will be minimized if the time 
required to dewater equals the time required to dry the soils to the optimum moisture content. Because 
the amounts of water that will be removed by dewatering and drying are both fixed, the drying time is 
likewise fixed. The optimum number of wells is the number that can dewater a Pit in this fixed drying 
time; more wells will cost more without shortening remediation, and fewer wells will make the 
dewatering process the time constraint. 

Given the above, the following equation expressing the equality of drying and dewatering times can be 
solved for the number of dewatering wells: 

where A4 = mass of water evaporated without dewatering (t) 
p = water density (t/yd? 
n = effective porosity of soil 
F = saturated fraction of soil volume 
V = total volume of soil in Pit &d3) 
r = dryer evaporation rate (t/d) 
q = yield of each dewatering well &d3/d) 
N = number of dewatering wells 
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Because an integrh number of wells must be used, drying and dewatering times will vary slightly. The 
expression on the left side of equation D-1 represents drying time, while the right side (with the 
appropriate number of wells substituted) represents dewatering time. 

Input Data 
Dryer Evaporation Rate (todd) 
Effective Porosity of Soil 
Pit Depth (ft) 
Depth to Water Level (f&) 
Total Volume of Soil in Pit (yd? 
Yield of each Dewatering Well (gpm) 
Mass of Water Evaporated without Dewatering (ton) 
Water Density (todyd? 
Treatment Time without Dewatering (d) 

Results 
Saturated Fraction of Soil Volume 
Volume of Water Removed by Dewatering (yd3) 
Mass of Water Removed by Dewatering (ton) 
Mass of Water Evaporated after Dewatering (ton) 
Treatment Time with Dewatering (d) 
Required Number of Dewatering Wells 
Time Saved by Dewatering (d) 

Table D-1 lists values of the above variables, number of dewatering wells required, and treatment times 
with and without dewatering for Pits 1 and 3. Values fot mass of water evaporated without dewatering, 
total volume of soil, dryer evaporation rate, and treatment time without dewatering were obtained from 
a FERMCO waste processing analysis (FERMCO 1995). 

Pit 1 Pit 3 
100 100 

0.15 0.15 
17 37 
4 4 

68400 307500 
1.15 0.26 

9245 145494 
0.843 0.843 

92 1442 

0.765 0.892 
7846 41 139 
6614 34680 
263 1 110814 

26 1108 
36 20 
66 334 

Table D-1 shows that 36 wells are required to dewater Pit 1 and 20 wells are required to dewater Pit 3. 
These figures reflect the minimum numbers of wells that should be pumping at all times during 
excavation to keep up with the drying rate. In actuality, an array of wells greater in number than the 
minimum should be installed over a limited area; as excavation proceeds, the front row of this array can 
be shut down and a new row at the back of the array can be turned on. This "leapfrogging" technique 
allows wells to be reused or disposed of in place while maintaining a core array composed of the 
minimum number of operating wells. 

Table D-1 also gives an estimate of processing time reductions due to dewatering. Dewatering results 
in savings of 66 days for Pit 1 and 334 days for Pit 3. These estimates are only as reliable as the 
assumptions used to derive them. 

Table D-1 - Calculation of Number of Dewatering Wells Required to Minimize Processing Times 
and Reduction in Processing Times for Pits 1 and 3 
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APPENDIX E 

SUMMARY OF FIELD OBSERVATIONS FROM RAMP AND PAD 
EXCAVATIONS 
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E. 1 Introduction: 

Between October 17 and October 31, 1995, FERMCO performed ramped excavations within Waste Pits 
1 and 3 in conjunction with the DEEP (Dewatering, Excavation, Evaluation Program) project. The intent 
of the ramp excavations was to provide information for the excavation methods, equipment operation and 
material handling of the waste materials within the Wastk Pits 1 and 3. . 

The planned ramp excavations consisted of a circular excavation @ad area) having 1 .5H/lV side slopes 
and a ramp extending from the bottom of the excavation to the ground surface having a grade of 
approximately 15 percent. The depth of the excavations were dependent upon the Pit in which the 
excavation was being performed. The planned excavation depth in Pit 1 was eight feet below the existing 
ground surface, and the planned excavation depth in Pit 3 was twelve feet below the existing ground 
surface. Approximate locations of the ramp excavations are shown in Figure 2-9. 

A PARSONS engineer was present during the ramp excavations to observe the stability of the excavated 
slopes within the different waste material types. In addition, the engineer noted the depths at which water 
was encountered in each Pit and approximated the infiltration rate of groundwater flowing into each 
excavation. 

E.2 Ramp Excavations 

The ramp excavation in Waste Pit 1 was performed first. The ramp excavation in Pit 3 was performed 
after the excavation in Pit 1 was completed and filled with the stockpiled waste materials. Therefore, this 
report will first discuss the ramp excavation in Pit 1 and then the excavation in Pit 3. 

Both ramp excavations were performed using a John Deere 690D-LC track hoe. The material excavated 
by the track loader was then stockpiled using a John Deere 5556 WT Series IV track loader. . 

Waste Pit 1 

Ramp excavation in Waste Pit 1 began on October 17, 1995. The ground surface was dry and was 
covered with vegetation (grass). The ramp excavation was located immediately southeast of the southern 
most well in the line of dewatering test array installed during the dewatering test phase of the DEEP 
project. The center of the pad portion of the excavation was located about 82 feet to the southeast of 
Well #1766 and 40 feet northeast of Well #1767. The ramp was planned to start on the east side of the 
bottom of the rounded excavation and rise to the ground surface east of the rounded excavation. 
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* The top 1 to 1.5 feet of excavated material consisted of a lean, yellowish-brown to dark yellowish brown, 
moist clay material. Upon stock piling the lean clay material, the material had an angle of repose of 
approximately 40 degrees. 

Once the lean clay material was removed, the pad and ramp were excavated from west to the east. 
Underlying the lean clay material was a medium to darkqgray, moist, silty to sandy material. The gray 
material had little to no cohesion. On the west side of the pad excavation beginning at a depth of 
approximately 3 feet below the ground surface, the material became reddish gray mixed with occasional 
green. The reddish gray and the green material also appeared to have little to no cohesion and were also 
moist and silty to sandy in nature. At approximately 6 feet below the ground surface the material became 
brownish-gray and remained that color to the bottom of the excavation, approximately 8.5 feet. The 
brownish-gray material was again moist, silty to sandy in nature and exhibited little to no cohesion. The 
east half of the pad excavation remained medium to dark gray immediately below the lean clay to the 
bottom of the excavation, approximately 8 feet below the ground surface. Traces of wire, metal banding, 
brick, plastic sheeting, lumber and one 55 gallon drum were encountered throughout the gray and reddish 
gray material. 

At the end of the f i s t  day of excavation, all of the lean clay material was removed and stockpiled. In 
addition the west half of the pad excavation was excavated to approximately 6 feet. The side slopes were 
graded to approximately 1 .5H/lV to 2H/lV. Portions of the north and south areas of the pad excavations 
were excavated to a depth of approximately 5 feet. Due to the manner of excavation, the track hoe was 
excavating from a peninsula within the pad and ramp excavation areas. The slopes around the peninsula 
were approximately lH/lV. The track hoe moved off of the peninsula at the end of the first day and was 
parked to the northeast of the ramp and pad area. The stockpiled gray and reddish gray material had an 
angle of repose of approximately 30 degrees. 

Upon starting excavation on October 18, 1995, all of the slopes left open overnight along the excavation 
perimeter and peninsula remained intact with no visible failures. The stockpiles of lean clay and the silty 
to sandy material maintained their angle of repose overnight. In addition, there was approximately one 
foot of water in the bottom of the excavation along the bottom of the west side slope. The water was 
entering the excavation slowly from along the southwest slope at a depth of approximately 5.5 to 6 feet. 
In addition, there was very slight bubbling occurring in the water near the base of the west perimeter 
slope, which may have been water entering the excavation from the bottom of the excavation. 

The track hoe operator attempted to absorb the water in the bottom of the excavation using the dry gray 
material that was excavated during the previous day. The material did not appear to absorb any of the 
water. The resulting wet material had no cohesion. Once the operator realized the material was not 
absorbing the water, he excavated a sump along the base of the west side slope that had a bottom depth 
of approximately 8.5 feet. The sump easily contained all of the water, and the operator then continued 
the remainder of the excavation. 
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During the course of work on October 18, the track loader operator drove the track bader up onto the 
stockpile of gray and reddish gray material in order to increase the height of the stockpile. The stockpile 
supported the track loader with little to no rutting. The first time the track loader drove up the stockpile, 
the tracks sank into the pile slightly. By the third or fourth time, the tracks did net rut the pile. The 
slopes on the stockpile remained approximately 35 degrees after the track loader operated on the pile. 

At the end of work on October 18, the ramp and pad excavations were complete. The perimeter side 
slopes of the pad excavation varied between 1 .SH/lV and 2H/1V. The side slopes along the ramp varied 
from lH/ lV to 1.5H/lV. The water level in the bottom of the excavation did not appear to increase over 
the course of the day. 

Before the operators left the area, the track loader drove down the ramp onto the pad area. The moist 
gray material at the bottom of the excavation compacted under the tracks of the track loader and did not 
appear to pump. At the western most edge of the pad area where the water was ponded, the material was 
rutted by the track loader but did not hinder or slow the movement of the track loader. 

The finished pad had a diameter of approximately 30 feet at the toe of the perimeter slopes. The diameter 
of the pad area at the top of the perimeter slopes was approximately 60 feet. The length of the ramp was 
between 45 and 50 feet long. The depth of the pad area sloped from approximately 9 feet on the west 
side (excluding the excavated sump) to approximately 7.5 feet on the east side at the base of the ramp. 

Upon returning to the excavation on October 19, all of the perimeter side slopes of the pad and ramp 
excavation remained intact and stable. The stockpiles’ angles of repose remained constant overnight. 
In addition, the pad portion of the excavation was completely under water except for an approximately 
10-foot wide section on the east side of the pad at the base of the ramp. The depth of the water was 
approximately 1.5 to 2 feet deep on the west side of the pad. There was a slight trickle of water 
originating from the southwest perimeter slope, but was not enough flow to cause the water that was 
visible in the bottom of the excavation. In addition, the bubbling was no longer visible along the toe of 
the west perimeter slope. 

a 

FERMCO decided to continue excavation to determine at what depth water would be-encountered. The 
track hoe operator excavated a deeper sump along the toe of the west perimeter slope to collect the water 
lying on the pad area. Once the water was transferred to the sump, the track hoe operator started a 
continued excavation in the eastern half of the pad area. The continued excavation had a width of 
approximately 10 feet and a length of approximately 17 feet. The depth of the continued excavation was 
approximately 6 feet below the existing pad elevation (approximately 13 to 14 feet below the existing 
ground surface). 

In the continued excavation at a depth of approximately 9 feet below the ground surface, a moist, 
cohesionless, black granular material was encountered. At 10 feet below the ground surface, a moist, 
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a low cohesion, light gray to white, si?ty to sandy material was encountered. At a depth of approximately 
1 1  feet below the ground surface, a moist to wet, cohesionless, medium to dark gray granular material 
was encountered. The medium to dark gray material continued to the bottom of the continued excavation. 

At a depth of approximately 13 feet below the ground surface, water was encountered. The water was 
flowing heavily from the east face of the continued excdvation. The seepage force of the infiltrating 
water on the east face caused sloughing of the east face of the continued excavation. In addition, small 
quantities of water were infiltrating into the continued excavation at the interface of the pale gray and 
dark gray materials, which caused minor sloughing of the other vertical faces of the continued excavation. 

After approximately 10 minutes the bottom one foot of the continued excavation was under water 
(corresponding to a flow rate of about 110 to 150 gpm). In the following ten minutes the water level rose 
another foot to a depth of approximately 12 feet below the ground surface. Over the next twenty 
minutes, the water level in the continued excavation did not change noticeably. Once the water level quit 
rising in the continued excavation, the excavation activities were stopped for the day. The excavation 
was left open for the weekend to see how much water would accumulate in the excavation and see if any 
slope failures would occur. 

Upon returning to the excavation on October 23, there was approximately 2.5 feet of water in the bottom 
of the excavation. The top surface of the water covered the bottom 1 or 2 feet of the ramp. The water 
was due to a combination of groundwater flow and rainwater.. A shadow could be seen were the 
continued excavation was located under the water, but the condition of the side faces of the excavation 
could not be determined. 

@ 

The perimeter slopes of pad and ramp excavation were intact, and no apparent failures had occurred. 
The slopes of the stockpile also appeared intact, the angles of repose did not change on either the lean 
clay or gray material stockpiles. The ramp and pad excavation was then reclaimed using the excavated 
material for backfill. The reclamation was completed by the end of work on October 24. 

Waste Pit 3 

At the beginning of work on October 25, the entire ramp and pad excavation location within Waste Pit 
3 was moved 54 feet to the southeast. The relocation was performed in order to avoid disturbing a 35 
ft  deep monitoring well (Well #1770). After relocation the center of the pad excavation was located about 
60 feet south by southeast of Well #1770 and 177 feet south by southeast of Well #2028. The ramp and 
pad excavation was oriented so that the northwest comer of the ramp was located almost due east of the 
eastern most dewatering well in the dewatering test array remaining from the previous dewatering study. 
The lengthwise axis of the ramp ran from the northwest at the ground surface to the southeast at the 
proposed finished elevation of the pad excavation. 
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The ground surface of the excavation area was mostly not covered with vegetation (bare soil), with the 
exception of the eastern edge of the excavation area that was covered with vegetation (grass). The bare 
ground surface was moist and gently sloped downward toward the southwest. Running southwest through 
the approximate center of the pad excavation area was an erosional channel, resulting from surface water 
runoff. The channel varied between 2 and 4 feet wide and between 2 and 6 inches deep. 

e 

Excavation of the ramp and pad area began the afternoon of October 25. The first type of material 
encountered during the excavation was a dark yellowish-brown to yellowish-brown, moist, lean clay fill. 
The depth of the lean clay fill varied from approximately 1 ft  at the southern extent of the excavation to 
approximately 3 Et at the northern extent of the excavation. Occasionally there were small pieces of wire 
mixed with the lean clay fill on the north side of the excavation. Underlying the lean clay fill was a 
black, moist, cohesionless, silty sand (similar to the fly ash or bottom ash material in the active and 
inactive flyash piles of OU2). Occasional wire, metal banding, brick, clay tile, and paint lids were mixed 
with the black material. 

At the end of work on October 25, all the clay fill material along with small amounts of black material 
had be& removed from the excavation area. The resulting stockpile of lean clay fill mixed with some 
black material had an angle of repose of 35 degrees to 40 degrees. 

On October 26 excavation began in the black silty sand material. in the southeast pad area, small patches 
of reddish-orange, moist, semicohesive, fine grained material clumps mixed with the black material at 
approximately 2.5 feet below the ground surface. Along the south and southwest edges of the pad 
excavation area, olive brown, moist, cohesional, fine grained material clumps mixed with the black 
material at approximately 4 to 4.5 feet below the ground surface. Also occasionally mixed with the black 
material is wire, cable, brick, wood and metal banding. The black material became wet along the west 
and northwest edges of the pad excavation area at a depth of approximately 3 feet below the ground 
surface. 

. 

At approximately 4 feet below the ground surface in the southeast area of the pad area, the reddish-orange 
material became continuous. The reddish-orange material was moist to wet, soft to very soft, cohesional 
and fine grained. The top surface of the reddish-orange material dipped downward as the excavation was 
continued to the west and northwest. The top surface of the reddish-orange material was approximately 
8 to 9 feet below the ground surface on the west and northwest edges of the excavation. The color of 
the reddish-orange material became a brilliant orange on the west side of the pad excavation area. As 
the reddish-orange material was excavated deeper, it became softer. 

. 

The track hoe operator excavated the southeast, south, southwest, west and northwest portions of the pad 
area first. As a result, the track hoe was resting on a peninsula of black silty sand material located in 
the approximate center of pad excavation. The side slopes of the peninsula were approximately lH/ lV.  e 
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The black material was stockpiled in a separate stockpile from the lean clay fill. The stc.skpile of black 
material had an angle of repose of approximately 30 degrees. The perimeter slopes of the pad excavation 
were graded to approximately l.SH/lV. When the operator stopped for lunch, the slopes on the 
northwest side of the pad excavation area in the black material were left near vertical. In addition, the 
top surface of the orange material was completely uncovered, and some of the orange material was 
excavated from the southeast and south edges of the excavation. 

0 

After returning to the excavation in the afternoon, the vertical faces on the northwest perimeter of the 
pad excavation were noticeably wet and had sloughed slightly. All of the 1 .SH/lV slopes remained intact 
and did not fail over the lunch break. 

During'lunch, the operator of the back hoe was instructed to make a stockpile of the orange material so 
a group of visiting engineers could see the material from the roadway. As a result, the operator 
immediately started to excavate the reddish-orange to orange material while sitting on the peninsula in 
the center of the pad area. When the operator would remove a bucket full of the material, the resulting 
trench would only remain open momentarily. After a few seconds, the vertical side walls of the trench 
would slough or collapse. 

.. 

On the west side of the pad excavation area, the track hoe began to remove the orange material from the 
toe of the perimeter side slope. After removing approximately 3 buckets of material, the orange material 
began to flow into the void made by the removal of the material. At approximately the same time a 
vertical tension crack developed in the peninsula the track hoe was resting on, approximately under the 
center of the tracks. The track hoe operator immediately backed the track hoe off of the peninsula, at 
which time the peninsula sloughed into the excavation. The track hoe operator managed to move the 
track hoe to stable ground before the failure occurred. 

The failure appeared to be initiated by the sliding of flowing of the orange material in the bottom of the 
excavation. Apparently the displacement of the orange material undermined the peninsula of black 
material on which the track hoe was sitting. Once undermined, there was no support for the overlying 
black material. The unsupported black material then sloughed into the pad excavation. 

One of the laborers said he stepped on a piece of the orange material while setting up silt fences around 
the stockpiles. He said the material did not stick to his boot or was it displaced by his boot. Instead, 
he said the piece that first appeared solid turned into a puddle of thick liquid. 

After the failure occurred in the peninsula, the track hoe operator began to remove some of the sloughed 
black material from the excavation while sitting on what was remaining of the former peninsula. Before 
leaving the excavation at the end of work, the track hoe operator dressed the slopes on the south and 
southwest sides of the pad excavation from l.SH/lV to 2H/1V. The angle of repose of the orange 
material stockpile was approximately-25 degrees. The depth of the excavation varied from approximately 
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9 feet on the southeast and south sides of the excavation to approximately 10.5 feet on the west and 
northwest sides of the excavation. In-the center of the excavation was a large pile of loose black silty 
sand material left from the failure. The bottom of the excavation contained no standing water. 

Once the operators and the crew had left the contaminated area, the possibility of operating equipment 
on the soft orange material was discussed between the engineers and the operators. It was determined 
that the material was too soft to support excavation equipment. As a result, the track loader would not 
enter the excavation once the pad and ramp excavation was completed. 

Upon returning to the FEMP on October 30, FERMCO had decided to discontinue the ramp and pad 
excavation in Waste Pit 3. The desired information from the Pit excavation had been obtained and no 
further excavation was necessary. 

After inspecting the excavation, there was water between 1 and 3 feet deep in the bottom of the 
excavation (the water was deeper on the west side of the excavation than on the east side). The water 
was greenish-black in color and had a film on the surface near the edges of the excavation. The film 
appeared to be similar to oil or some other type of petroleum product. The water in the bottom of the 
excavation formed a moat around the island of sloughed black material in the center of the excavation. 
The ponded water was from a combination of seeping groundwater and rainwater. 

All of the slopes that were graded to 1.5H/lV or flatter remained intact over the weekend with no 
apparent failures. Any slopes generally steeper than 1.5H/lV sloughed. The vertical slopes on the 
northwest side of the excavation were wet and had sloughed badly. The resulting slopes along the 
northwest edge were between vertical and lH/ lV.  In the vertical faces, there were concave depressions 
eroded into the faces from the seeping groundwater. In addition to the sloughing, it appeared some block 
type failures had also occurred. The blocks did not fall into the excavation, but instead remained intact 
along the edge of the excavation. 

0 

The material that was brilliant orange on October 26 turned orange-brown (color of clay drainage tile). 
This color change may have been due to the material being exposed to air or water. 

The final excavation was approximately circular in shape. The diameter at the top of the perimeter slopes 
was approximately 70 feet. The diameter at the toe of the perimeter slopes was approximately 37 feet 
but could not be determined exactly due to the water in the bottom of the excavation. The slopes along 
the east, south and west sides of the excavation varied between 1.5H/lV and 2H/lV.  The slopes along 
the north side of the excavation varied between vertical and lH/ lV.  The east-west dimension of the pile 
of loose black material in the bottom of the excavation was approximately 28 feet and the north-south 
dimension was approximately 32 feet. The plan view shape of the pile was trapezoidal. The base of the 
trapezoid intersected the north and southeast bottom portions of the excavation at the toe of the side 
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a slopes. The top of the trapezoid was approximately parallel to the base and near the center of the 
excavation. 

The track hoe operator attempted to drive the track hoe onto the stockpile of orange material. The track 
hoe drove through the pile instead onto the pile. The material provided little resistance and did not slow 
the track hoe. In addition, the track hoe remained level while attempting to drive on the pile, indicating 
the material was too weak to even partially support the track hoe. 

The excavation was reclaimed starting the afternoon of October 30. The reclamation process involved 
filling the excavation with the previously excavated materials from Waste Pit 3. 
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GEOTECHNICAL DATA 
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Geotechnical Data Table ExDlanation 

The presented table of available geotechnical data is divided into five subtables, which are labelled Tables 
1 through 5. Each subtable is further divided by OU1 Waste Pit number or designation; as a result, there 
are eight pages for each table number (one for each OU1 Waste Pit). Each page of the subtables includes 
sample identification data (Pit number or designation, boring number, sample number, sample type, 
sample top depth, sample bottom depth, and the data source number which corresponds to the data 
sources on the cover page) so that the geotechnical data can be associated with the respective sample. 

The cover page of the geotechnical data table contains the sources of data and any applicable notes. 
Table 1, titled Boring and Sample Index, reports the location of the boring from which the sample was 
taken, the ground surface elevation of the boring, the general stratum from which the sample was taken, 
and the consistency of the sample, if reported. Table 2, titled Boring Log Visual Description, reports the 
visual description from the field log or laboratory log when available and a corresponding SPT N-value 
when applicable. Table 3, titled Index Properties Dura, includes the results of index property tests 
performed on the samples, USCS group symbol, and USCS group name. Table 4, titled In Situ Physical 
Properties, includes results of physical property tests (unit weight data, shear strength data, permeability 
data, and consolidation data) performed on undisturbed samples from the Waste Pits. Table 5, titled 
RemoMed Physical Properties, includes results from physical property tests (compaction data, unit weight 
of samples, unconfined compressive strength (UCS), direct shear, permeability data, and consolidation 
data) performed on remolded samples from the Waste Pits. 
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XSTABL File: 25T01A 2-06-96 17:44 

+ + + + + + + + + + + + + + + * + + * + + + + + * + + * + + + * + + * + * + + * * *  

+ + 
X S T A B L  + 

+ Slope Stability Analysis + 

Method of Slices 

+ 
+ 

+ + 
+ + 

using the + 

Copyright (C) 1992 - 95 
+ Interactive Software Designs, Inc. + 

Moscow, ID 83843, U.S.A. + 
+ + 
+ + 
+ 

+ 

All Rights Reserved 

+ Ver. 5.101a 95-1316 
++*++++++**++++** * * *+++++*+*+++*+++** *+*++  

Problem Description : PO 145 - 2.5 to 1 Undrain Condition 

6 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
.No. (ft) (ft) (ft) (ft) Below Segment 

1 .O 548.0 . 500.0 548.0 1 
2 500.0 548.0 533.3 561.5 2 
3 533.3 561.5 566.6 561.5 2 
4 566.6 561.5 600.0 575.0 2 
5 600.0 575.0 629.6 587.0 3 
6 629.6 587.0 860.5 587.0 3 

16 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) ( f t l  (ft) (ft) Below Segment 

1 
2 
3 
4 
5 
6 
7 

‘ 8  

.O 548.0 
500.0 548.0 
533.3 561.5 
566.6 561.5 
600.0. 575.0 
773.6 575.0 
775.8 575.0 
.O 548.0 

500.0 548.0 
533.3 561.5 
566.6 561.5 
600.0 575.0 
773.6 575.0 
775.8 575.0 
860.5 575.0 

500.0 548.0 

1 
2 
2 
2 
2 
1 
4 

1 



9 
10 
11 
12 
13 
14 
15 
16 

500.0 548.3 
719.6 548;O 
773.6 575.0 
775.8 575.0 

.O 547.0 
719.8 547.0 
775.8 575.0 

.O 547.0 

719.6 548.0 
773.6 575.0 
775.8 575.0 
860.5 575.0 

775.8 575.0 
860.5 575.0 

719.8 547.0 

860.5 547.0 

1 
1 
1 
4 

5 
4 

- 4  
5 

5 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist. Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf) No. 

1 133.1 145.0 .o 22.00 .ooo .o 0 
2 81.2 85.2 50.0 13.00 .OOO .o 0 
3 100.0 112.3 .O 26.00 .OOO .o 0 
4 120.0 130.0 300.0 19.00 .OOO .o 0 
5 140.0 149.8 .O 33.00 .OOO .o 1 

1 Water surface(s1 have been specified 

Unit weight of water = 62.40 (pcf) 

Water Surface No. 1 specified by 2 coordinate points 

Point x-water y-water 
No. (ft) (ft) 

1 .OO 522.00 
2 860.50 522.00 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

120 trial surfaces will be generated and analyzed. 



m- 
b . 

236 

3 Surfaces initiate from each of 40 points equally spaced ' .. .. 
.. . *  . , c  

along the ground surface between x = 450.0 ft 
-. - and x = 575.0ft 

z- 

Each surface terminates between x = 575.0 ft 
and x = 825.0ft 

Unless further limitations were imposed, the minimum elevation 
a t  which a surface extends is .y = .o ft 

5.0 ft line segments define each trial failure surface. 

ANGULAR RESTRICTIONS : 

The first segment of each failure surface will be inclined 
within the angular range defined by : 

Lower angular limit : = 
Upper angular limit : = (slope angle - 5.01 degrees 

-45.0 degrees 

Factors of safety have been calculated by the : 

SIMPLIFIED BISHOP METHOD + + + + + + + +  

The most critical circular failure surface 
is specified by 15 coordinate points 

Point 
No. 

1 
' 2  
3 
4 
5 
6 
7 

9 
10 
1 1  
12 
13 

a 

x-surf 
(ftl 

571.80 
576.72 
581.70 
586.70 
591.68 
596.61 
601.44 
606.1 5 
61 0.70 
61 5.04 
619.16 
623.oi 
626.58 

y-surf 
(ft) 

563.60 
562.72 
562.26 
562.24 
562.65 
563.50 
564.76 
566.45 

571 .OO 

577.02 
580.53 

568.53 

573.84 



+ 

14 629.82 584.33 
15 631.72 587.00 

' Simplified BISHOP FOS = . 24 

The following is a summary of the TEN most critical surfaces 

Problem Description : PO 145 - 2.5 to 1 Undrain Condition 

FOS Circle Center Radius Initial Terminal Resisting 
(BISHOP) x-coord y-coord x-coord x-coord Moment 

(ft) (ft) (ft) (ft) (ft) (ft-lb) 

1. .924 
2. 1.143 
3. 1.166 
4. 1.205 
5. 1.347 
6. 1.391 
7. 1.453 

9. 1.509 
10. 1.515 

a. 1.455 

584.44 61 9.75 
567.26 628.77 
566.84 622.30 

574.79 578.80 
61 2.79 606.86 
559.55 620.78 

570.71 582.1 1 

570.86 621.02 
573.43 579.44 

426.69 131 1.23 

57.56 571 .ao 631.72 7.361 E +os 
75.34 533.33 629.89 1.743E + 06 
61.80 555.77 61 1.58 4.01 6~ + 05 
57.42 571 .ao 609.98 2.209~+05 
21.17 562.18 593.19 I . O ~ I E + O ~  
23.44 558.97 597.70 1 . 9 5 7 ~  +05 
56.47 575.00 665.67 2 .785~ +06 

765.38 504.49 674.28 2 .757~ + 07 
69.94 526.92 617.90 1.553E+06 

27.46 552.56 596.77 2.471 E + 05 

END OF FILE + + + + +  
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+ + + + + + & + + + + + + + C + + + + + + + + + + + + + + + + + + + + + & + + + + +  

+ + 
+ & 

X S.T A B L 

+ Slope Stability Analysis + 

Method of Slices 
+ 
+ + 
+ + 
+ 

using the + 

Copyright (C) 1992 - 95 
Interactive Software Designs, Inc. 

Moscow, ID 83843, U.S.A. 

+ 

+ 

+ + 

+ 

All Rights Reserved + 

Ver. 5.101a 95-1316 + 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Problem Description : PO 145 - 3 to 1 Undrain Condition 

6 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 .O 548.0 469.1 548.0 1 
2 469.1 548.0 -509.6 561.5 2 
3 509.6 561.5 553.1 561.5 2 
4 553.1 561.5 593.6 575.0 2 
5 593.6 575.0 629.6 587.0 3 
6 629.6 587.0 860.5 587.0 3 

16 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

.O 548.0 
469.1 548.0 
509.6 561.5 
553.1 561.5 
593.6 575.0 
773.6 575.0 
775.8 575.0 

.O 548.0 

469.1 548.0 
509.6 561.5 
553.1 561.5 
593.6 575.0 
773.6 575.0 

860.5 575.0 
775.8 575.0 

469:l 548.0 

1 
2 
2 
2 
2 
1 
4 

1 



9 
10 
11 
12 
13 
14 
15 
16 

469.1 548.0 
719.6 548.0 
773.6 575.0 
775.8 575.0 

.O 547.0 
719.8 547.0 
775.8 575.0 

.O 547.0 

719.6 548.0 
773.6 575.0 
775.8 575.0 
860.5 575.0 

775.8 575.0 
860.5. 575.0 

719.8 547.0 

860.5 547.0 

1 
1 
1 
4 

5 
4 

. 4  
5 

------------------- 
ISOTROPIC Soil Parameters ----------------- 
5 Soil unit(s1 specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (degl RU (psf) No. 

1 133.1 145.0 .o 22.00 .ooo .o 0 
2 81.2 85.2 50.0 13.00 .OOO .o 0 

4 120.0 130.0 300.0 19.00 .OOO .o 0 
5 140.0 149.8 .O 33.00 .OOO -0 1 

3 100.0 112.3 .O 26.00 .OOO .o 0 

1 Water surface(s) have been specified 

Unit weight of water = 62.40. (pcf) 

Water Surface No. - 1 specified by 2 coordinate points 

******+**********************e**** 

PHREATIC SURFACE, 
*********************e************ 

Point , x-water y-water 
No. (ft l  (ftl 

1 .OO 522.00 
2 860.50 522.00 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

120 trial surfaces will be generated and analyzed. 



3 Surfaces initiate from each of 40 points equally spaced 

and x = 575.0ft 
along the ground surface between x = 450.0 ft 

. Each surface terminates between x = 575.0 ft 
and x = 825.0ft 

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = .o ft 

5.0 ft line segments define each trial failure surface. 

ANGULAR RESTRICTIONS : 

The first segment of each failure surface will be inclined 
within the angular range defined by : 

Lower angular limit : = . -45.0 degrees 
Upper angular limit : = (slope angle - 5.0) degrees 

+ + + + * * * * + + + + + + + + + + + + + * + + + + + + + * + + * * + + + + + + + + + * * + * + + + + + * ~ * * * * * * + * + * + * * * * * * *  

-- WARNING -- WARNING -- WARNING -- WARNING -- (#  48) 
* + * + + + * * * * + + + + + * * + + + + * * + * + * * + + + * + + + + + + + + + + + + + + + + + + + + + + * + * * * * * * + + + + * * * * * *  

Negative effective stresses were calculated at  the base of a slice. 
This warning is usually reported for cases where slices have low self 
weight and a relatively high "c" shear strength parameter. In such 
cases, this effect can only be eliminated by reducing the "c" value. 
* * * * * * * * * * * * * * * * * * * *++*++*** * * *~++*++*** *++++**+*+++*++***+++++++++++*+*  

Factors of safety have been calculated by the : 

SIMPLIFIED BISHOP METHOD + + + + * * + +  

The most critical circular failure surface 
is specified by 15 coordinate points 

Point x-surf y-surf - 
No. (ft) (ft) 



1 
2 
3 
4 
5 
6 
7 '  
8 
9 
10 
11 
12 
13 
14 
15 

568.59 
573.48 
578.44 
583.43 
588.43 
593.38 
598.26 
603.01 
607.62 
61 2.04 
61 6.24 
620.1 8 
623.84 
627.1 9 
627.82 

566.66 
565.61 
564.98 
564.79 
566.04 
565.72 
566.84 
568.37 
570.32 
572.66 
575.37 
578.45 
581.85 
585.57 
586.41 

Simplified BISHOP FOS = 1.1 12 * * * *  **e* 

The following is a summary of the TEN most critical surfaces 

Problem Description : PO 145 - 3 to 1 Undrain Condition 

FOS Circle Center Radius Initial Terminal Resisting 
(BISHOP) x-coord y-coord x-coord x-coord Moment 

(ft) (ft) (ft) (ft) (ft) (ft-lb) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

1.112 
1.192 
1.205 
1.231 
1.361 
1.385 
1.407 
1.431 
1.440 
1.445 

583.1 1 621 -99 
563.29 627.13 
562.72 61 8.12 
569.68 665.30 
573.81 586.26 
569.63 591.14 
559.64 61 3.04 
555.80 81 9.68 
573.87 624.30 
571.09 582.63 

57.20 568.59 627.82 6.601 E +05 
73.53 530.13 623.49 1.719E+06 

1 16.27 51 7.31 655.56 5.992E +06 
29.92 555.77 602.46 3.533E +05 
29.66 558.97 594.68 1.563E +05 
62.82 523.72 61 4.14 1.591 E + 06 
260.58 520.51 673.10 9.920E + 06 
56.61 571.80 609.42 2.069E + 05 
28.10 552.56 598.41 3.466E+05 

57.53 552.56 604.47 4.238~ + 05 

END OF FILE * * e  
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Problem Description : PO 145 - 4 to 1 Undrain Condition 

6 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 .O .548.0 419.6 548.0 1 
2 419.6 548.0 473.6 561.5 2 
3 473.6 561.5 527.6 561.5 2 
4 527.6 561.5 581.6 575.0 2 
5 581.6 575.0 629.6 587.0 3 
6 629.6 587.0 860.5 587.0 3 

16 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ftl  (ft) Below Segment 

1 
2 
3 
4 .  
5 
6 
7 
8 

.o 
41 9.6 
473.6 
527.6 
581.6 
773.6 
775.8 

.o 

548.0 
548.0 
561.5 
561.5 
575.0 
575.0 

'575.0 
548.0 

41 9.6 
473.6 
527.6 
581.6 
773.6 
775.8 
860.5 

41 9.6 

548.0 
561.5 
561.5 
575.0 
575.0 
575.0 
575.0 

548.0 . 

1 
2 
2 
2 
2 
1. 
4 

1 



9 
10 
11 
12 
13 
14 
15 
16 

419.6 548.0 
719.6 548.0 
773.6 575.0 
775.8 575.0 

.O 547.0 
719.8 547.0 
775.8 575.0 

.O 547.0 

71 9.6 
773.6 
775.8 
860.5 

775.8 
860.5 

71 9.8 

860.5 

548.0 
575.0 
575.0 
575.0 

575.0 
575.0 

547.0 

547.0 

1 
1 
1 
4 

4 
4 

5 

5 

5 Soil unit(s) specified 

Soil 
Unit 
No. 

1 
2 
3 
4 
5 

Unit Weight Cohesion Friction Pore Pressure Water 
Moist Sat. Intercept Angle Parameter Constant Surface 
(pcf) (pcf) (psf) (deg) Ru (psf) No. 

133.1 145.0 .o 22.00 .ooo .o 0 
81.2 85.2 50.0 13.00 .OOO .o 0 
100.0 112.3 .O 26.00 .OOO .o 0 
120.0 130.0 300.0 19.00 . .OOO .o 0 
140.0 149.8 .O 33.00 .OOO .o 1 

1 Water surface(s1 have been specified 

Unit weight of water = 62.40 (pcf) 

Water Surface No. 1 specified by 2 coordinate points 

Point x-water y-water 
No. (ft) (ft) 

1 .OO 522.00 
2 860.50 522.00 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

120 trial surfaces will be generated and analyzed. 



L 
P .  

3 Surfaces initiate from each of 40 points equally spaced 

and x = . 575.0 ft 
along the ground surface betwesn x = 450.0 ft 

Each surface terminates between x = 575.0 ft 
and x = 825.0ft 

Unless further limitations were imposed, the minimum elevation 
a t  which a surface extends is y = .o ft  

5.0 ft line segments define each trial failure surface. 

ANGULAR RESTRICTIONS : 

The first segment of each failure surface will be inclined 
within the angular range defined by : 

Lower angular limit : = 
Upper angular limit : = (slope angle - 5.01 degrees 

-45.0 degrees 

+ + + + + * + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + * + + + + * * + * * + * * + * * * * * * * * * * * * * *  

-- WARNING -- WARNING -- WARNING -- WARNING -- (#48)  
+ * + + + * + * * * + + + + + + + + + * + + + + + + + + + + + + + + + + + + + + + * + + + + + + + + * + + + + * * + * + + + * * + + + * + * - * +  

Negative effective stresses were calculated a t  the base of a slice. 
This warning is usually reported for cases where slices have low self 
weight and a relatively high "c" shear strength parameter. In' such 
cases, this effect can only be eliminated by reducing the "c" value. 
++**.+*.* .****+**+*+++++++*++++++++++++++++*++*+*++++++++++++*+++++++++* 

________________________________________------------------ 
USER SELECTED option to maintain strength greater than zero 

Factors of safety have been calculated by the : 

+ + + + + SIMPLIFIED BISHOP METHOD + 

The most critical circular failure surface 
is specified by 19 coordinate points 

Point x-surf y-surf 
No. (ft) (ft1 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

533.33 
538.09 
542.95 
547.87 
552.83 
557.83 
562.83 
567.81 
572.75 
577.63 
582.43 
587.13 
591.70 
596.12 
600.39 
604.47 
608.35 
61 2.01 
61 4.70 

562.93 
561.40 
560.19 
559.31 
558.75 
558.52 
558.62 
559.05 
559.81 
560.90 
562.30 
564.02 
566.05 
568.37 
570.99 
573.88 
577.03 
580.43 
583.27 

Simplified BISHOP FOS = 1.350 ****  **e. 

The following is a summary of the TEN most critical surfaces 

Problem Description.: PO 145 - 4 to 1 Undrain Condition 

FOS Circle Center Radius Initial Terminal Resisting 
. (BISHOP) x-coord y-coord . x-coord x-coord Moment 

(ft) (ft) (ft) (ft) (ft) (ft-lb) 

1. 1.350 
2. 1.419 
3. 1.463 
4. 1.464 
5.. 1.477 
6. 1.486 
7. 1.539 
8. 1.666 
9. 1.673 
10. 1.716 

558.81 
543.75 
582.92 
583.54 
558.71 
545.84 
588.53 
538.36 
556.27 
543.55 

634.10 
747.35 
661 .OO 
61 7.55 
606.56 
796.60 
626.60 
696.25 
596.50 
593.24 

75.59 533.33 61 4.70 1.41 4E +06 
190.64 501.28 646.86 6.974E+06 
107.76 536.54 661.21 5.585E +06 
66.13 542.95 642.20 2.944E + 06 
55.1 4 526.92 607.87 1.474E + 06 

236.46 520.51 655.32 7.836E + 06 
56.58 571.80 628.66 6.150E + 05 
148.63 475.64 639.1 4 8.81 4E + 06 
35.99 539.74 585.76 2.934E+05 
39.22 520.51 577.66 5.055E+05 

END OF FILE * * a  
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Problem Description : PO 145 - 2.5 to 1 Drained Condition 

6 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 .O 548.0 500.0 548.0 1 
2 500.0 548.0 533.3 561.5 2 
3 533.3 561.5 566.6 561.5 2 
4 566.6 561.5 600.0 575.0 2 
5 600.0 575.0 629.6 587.0 3 
6 629.6 587.0 860.5 587.0 3 

16 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

.O 548.0 
500.0 548.0 
533:3 561.5 
566.6 561.5 
600.0 575.0 
773.6 575.0 
775.8 575.0 
.O 548.0 

500.0 548.0 
533.3 561.5 
566.6 561.5 
600.0 575.0 
773.6 575.0 
775.8 575.0 
860.5 575.0 

500.0 548.0 

1 
2 
2 
2 
2 
1 
4 

1 



9 
10 
11 
12 
13 
14 
15 
16 

500.0 548.0 
719.6 548.0 
773.6 575.0 
775.8 575.0 

.O 547.0 
719.8 547.0 
775.8 575.0 

.O 547.0 

719.6 548.0 
773.6 575.0 
775.1 575.0 
860.5 575.0 

775.8 575.0 
860.5 575.0 

719.8 547.0 

860.5 547.0 

1 
1 
1 
4 

5 
4 

- 4  
5 

5 Soil unit(s1 specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf) No. 

1 133.1 145.0 .o 22.00 .ooo .o 2 
2 81.2 85.2 .O 28.00 .OOO .o 2 
3 100.0 112.3 .O 26.00 ,000 .o 0 
4 120.0 130.0 300.0 19.00 .OOO .o 0 
5 140.0 149.8 .O 33.00 .OOO .o 1 

2 Water surface(s) have been specified 

Unit weight of water = 62.40 (pcfl 

Water Surface No. 1 specified by 2 coordinate points 

*******e************************** 

PHREATIC SURFACE, 
***e****************************** 

Point x-water y-water 
No. (ft) (ft) 

1 .OO 522.00 
2 860.50 522.00 

Water Surface No. 2 specified by 4 coordinate points 

*.e******************************* 

PHREATIC SURFACE, 
******e*************************** 

Point x-water y-water ’- 

No. (ft) (ft) 



e '. . 236 

1 .OO 548.00 
2 500.00 548.00 
3 533.30 561.50 
4 746.60 561.50 c: 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

1 20 trial surfaces will be generated and analyzed. 

3 Surfaces initiate from each of 40 points equally spaced 
along the ground surface between x = 450.0 ft 

and x = 575.0ft 

Each surface terminates between x = 575.0 ft 
and x = 825.0ft 

Unless further limitations were imposed, the minimum elevation 
a t  which a surface extends is y = .o f t  

5.0 ft line segments define each trial failure surface. 

ANGULAR RESTRICTIONS : 

The first segment of each failure surface will be inclined 
within the angular range defined by : 

Lower angular limit : = 
Upper angular limit : = (slope angle - 5.0) degrees 

-45.0 degrees 

Factors of safety have been calculated by the : 

SIMPLIFIED BISHOP METHOD * + + . *  

The most critical circular failure surface 
is specified by 23 coordinate points 

Point x-surf y-surf- 
No. (ft) (ft) 



1 
2 
3 
4 
5’ 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

533.33 
537.87 
542.54 
547.31 
552.1 7 
557.10 
562.08 
567.07 
572.07 
577.05 

586.85 
591.63 
596.3 1 
600.85 
605.25 
609.48 
61 3.52 
61 7.36 
620.98 
624.36 
627.49 
629.89 

581.98 

561.50 
559.40 
557.60 
556.12 
554.96 
554.12 
553.61 
553.43 
553.59 
554.07 
554.89 
556.03 
557.49 
559.27 
561.35 
563.73 
566.39 
569.33 
572.54 
575.99 
579.67 
583.57 
587.00 

Simplified BISHOP FOS = 1.31 1 * * * *  * 0 0 0  

The following is a summary of the TEN most critical surfaces 

Problem Description : PO 145 - 2.5 to 1 Drained Condition 

FOS Circle Center Radius Initial Terminal Resisting 
(BISHOP) x-coord y-coord x-coord x-coord Moment 

(ft) (ft) (ft) (ft) (ft) (ft-lb) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

1.31 1 
1.371 
1.376 
1.381 
1.399 
1.420 
1.443 
1.443 
1.464 
1.469 

567.26 628.77 
570.86 621.02 
566.84 622.30 
567.02 577.00 
559.55 620.78 
570.71 582.1 1 
573.43 579.44 
575.22 574.31 
584.44 61 9.75 
574.79 578.80 

75.34 533.33 629.89 1.999E + 06 
57.42 571.80 609.98 2.51 3E + 05 
61.80 555.77 61 1.58 4.739E + 05 
17.47 558.97 581.60 2.489E +04 
69.94 526.92 61 7.90 1.496E +06 
27.46 552.56 596.77 2.31 6E +05 
21.17 562.18 593.19 1.105E+05 
9.42 575.00 581.92 1.005E + 03 

57.56 571.80 631.72 1.166E+06 
23.44 558.97 597.70 2.067E +05 

... END OF FILE 
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Problem Description : PO 145 - 3 to 1 Drained Condition 

6 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 .O 548.0 469.1 548.0 1 
2 469.1 ~ 548.0 509.6 561.5 2 
3 509.6 561.5 553.1 561.5 2 
4 553.1 561.5 593.6 575.0 2 
5 593.6 575.0 629.6 587.0 3 
6 629.6 587.0 860.5 587.0 3 

16 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

.O 548.0 
469.1 548.0 
509.6 561.5 
553.1 561.5 
593.6 575.0 
773.6 575.0 
775.8 575.0 

.O 548.0 

469.1 548.0 
509.6 561.5 
553.1 561.5 
593.6 575.0 
773.6 575.0 
775.8 575.0 
860.5 575.0 

469.1 548.0 

1 
2 
2 
2 
2 
1 
4 

1 



9 
10 
11 
12 
13 
14 
15 
16 

469.1 548.0 
719.6 548.0 
773.6 575.0 
775.8 575.0 
.O 547.0 

719.8 547.0 
775.8 575.0 
.O 547.0 

719.6 548.0 
773.6 575.0 
775.8 575.0 
860.5 575.0 

775.8 575.0 
860.5 575.0 

719.8 547.0 

860.5 547.0 

1 
1 
1 
4 

4 
5 

, 4  
5 

-------------------- 
ISOTROPIC Soil Parameters ---------- 
5 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. 'Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (de@ Ru (psf) No. 

133.1 145.0 
81.2 85.2 
100.0 112.3 
120.0 130.0 
140.0 149.8 

.o 22.00 .ooo .o 2 

.O 26.00 .OOO .o 0 
300.0 19.00 .OOO .o 0 
.O 33.00 .OOO .o 1 

.O 28.00 .OOO .o 2 

2 LJater surface(s1 ..ave been specified 

Unit weight of water = 62.40 (pcf) 

Water Surface No. 1 specified by 2 coordinate points 

Point x-water y-water 
No. (ft) . (ft) 

1 .OO 522.00 
2 860.50 522.00 

Water Surface No. 2 specified by 4 coordinate points 

Point x-water ' y-water ' -  

No. (ft) (ft) 



1 .OO 548.00 
2 469.10 548.00 
3 509.60 561.50 
4 746.60 561.50 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

120 trial surfaces will be generated and analyzed. 

3 Surfaces initiate from each of 40 points equally spaced 

and x = 575.0 ft 
along the ground surface between x = 450.0 ft 

Each surface terminates between x = 575.0 ft 
and x = 825.0ft 

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = .o ft 

5.0 ft line segments define.each trial failure surface. 

ANGULAR RESTRICTIONS : 

The first segment of each failure surface will be inclined 
within the angular range defined by : 

Lower angular limit : = 
Upper angular limit : = (slope angle - 5.0) degrees 

-45.0 degrees 

Factors of safety have been calculated by the : 

SIMPLIFIED BISHOP METHOD * e * , . *  

The most critical circular failure surface 
is specified by 22 coordinate points 

Point x-surf y-surf- 
No. (ft) (ft) 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

530.13 
534.66 
539.33 
544.1 1 
548.98 
553.92 
558.90 
563.89 
568.89 
573.86 
578.78 
583.63 
588.38 
593.02 
597.52 
601.86 
606.03 
609.99 
61 3.74 
61 7.26 
620.52 
623.49 

561.50 
559.40 
557.61 
556.14 
555.00 
554.20 
553.73 
553.60 
553.81 
554.36 
555.25 
556.47 
558.02 
559.89 
562.07 
564.54 
567.31 
570.36 
573.67 
577.22 
581.01 
584.96 

Simplified BISHOP FOS = 1.469 ****  e*** 

The following is a summary of the TEN most critical surfaces 

Problem Description : PO 145 - 3 to 1 Drained Condition 

FOS Circle Center Radius Initial Terminal Resisting 
(BISHOP) x-coord y-coord x-coord x-coord Moment 

( f t l  (ft) (ft) (ft) (ft) (ft-lb) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

1.469 
1.504 
1.540 
1.543 
1.576 
1.579 
1.61 5 
1.624 
1.627 
1.630 

563.29 627.13 
559.64 61 3.04 
556.60 592.55 
557.29 579.54 
478.37 976.54 
557.40 592.36 
573.87 624.30 
550.57 630.81 
562.79 579.63 
569.68 665.30 

73.53 530.13 623.49 2.1 20E + 06 
62.82 523.72 61 4.1 4 1.701 E + 06 
36.97 536.54 587.98 3.041 E + 05 
21.20 546.1 5 575.55 6.758E+04 

428.59 469.23 657.1 4 2.061 E + 07 
32.84 546.1 5 582.59 1.332E + 05 
56.61 571.80 609.42 2.320E + 05 
67.87 558.97 584.06 6.342E +04 
24.61 546.15 586.34 2.137E + 05 
116.27 517.31 655.56 7.934E+06 

END OF FILE 
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Problem Description : PO 145 - 4 to 1 Drained Condition 

SEGMENT BOUNDARY COORDINATES 

6 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 -  .O 548.0 419.6 548.0 1 
2 419.6 548.0 473.6 561.5 2 
3 473.6 561.5 527.6 561.5 2 
4 527.6 561.5 581.6 575.0 2 
5 581.6 575.0 629.6 587.0 3 
6 629.6 587.0 860.5 587.0 3 

16 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

.O 548.0 
419.6 548.0 
473.6 561.5 
527.6 . 561.5 
581.6 575.0 
773.6 575.0 
775.8 575.0 

.O 548.0 

419.6 548.0 
473.6 561.5 
527.6 561.5 
581.6 575.0 
773.6 575.0 
775.8 575.0 
860.5 575.0 

419.6 548.0 

1 
2 
2 
2 
2 
1 
4 

1 



9 
10 
1 1  
12 
13 
14 
15 
16 

419.6 548.0 

773.6 575.0 
775.8 575.0 

.O 547.0 
719.8 547.0 
775.8 575.0 

.O 547.0 

719.6 548.0 
71 9.6 

, 773.6 
775.8 
860.5 

775.8 
860.5 

71 9.8 

860.5 

548.0 
575.0 
575.0 
575.0 

575.0 
575.0 

547.0 

547.0 

1 
1 
1 
4 

5 
4 

. 4  
5 

ISOTROPIC Soil Parameters 

5 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. .Intercept Angle Parameter Constant Surface 
No. (pcf) (pcfl (psfl (deg) Ru (psf) No. 

1 133.1 145.0 .o 22.00 .ooo .o 2 
2 81.2 85.2 .O 28.00 .OOO .o 2 
3 100.0 112.3 .O 26.00 .OOO .o 0 
4 120.0 130.0 300.0 19.00 .OOO .o 0 
5 140.0 1'49.8 .O 33.00 .OOO .o 1 

2 Water surface(s1 have been specified 

Unit weight of water = 62.40 (pcf) 

Water Surface No. 1 specified by 2 coordinate points 

. PHREATIC SURFACE, 
**e *******e*********************** 

Point x-water y-water 
No. (ftt) (ft) 

1 .OO 522.00 
2 860.50 522.00 

Water Surface No. 2 specified by 4 coordinate points 

PH R EAT1 C SURFACE, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Point x-water y-water 
No. (ftl . (ft) 



1 .OO 548.00 
2 41 9.60 548.00 
3 473.60 561.50 
4 746.60 561.50 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

120 trial surfaces will be generated and analyzed. 

3 Surfaces initiate from each of 40 points equally spaced 
along the ground surface between x = 450.0 ft 

and x = 575.0 ft 

Each surface terminates between x = 575.0 ft 
and x = 825.0ft 

Unless further limitations were imposed, the minimum elevation 
at  which a surface extends is y = .O ft 

5.0 ft line segments define each trial failure surface. 

ANGULAR RESTRICTIONS : 

The first segment of each failure surface will be inclined 
within the angular range defined by : 

Lower angular limit : = 
Upper angular limit : = (slope angle - 5.0) degrees 

-45.0 degrees 

Factors of safety have been calculated by the : 

SIMPLIFIED BISHOP METHOD * * + + e  

The most critical circular failure surface 
is specified by 37 coordinate points 

Point x-surf y-surf- 
No. (ft) (ft) 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
i s  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

29 
30 
31 
32 
33 
34 
35 
36 
37 

28- 

475.64 
480.21 
484.84 
489.54 
494.29 
499.09 
503.93 
508.81 
513.73 
51 8.67 
523.64 
528.62 
533.62 
538.62 
543.61 
548.61 
553.59 
558.55 
563.50 
568.41 
573.29 
578.13 
582.92 
587.67 
592.35 
596.98 
601.54 
606.03 
61 0.45 
61 4.78 
61 9.02 
623.1 8 
627.23 
631.1 9 
635.04 ' 
638.79 
639.14 

561.50 
559.47 
557.59 
555.87 
554.30 
552.90 
551.66 
550.58 
549.67 
548.93 
548.35 
547 * 94 
547.69 
547.62 
547.71 
547.97 
548.40 
548.99 
549.76 
550.68 
551.78 
,553.03 
554.45 
556.03 
557.77 
559.66 
561.71 
563.91 
566.26 
568.76 
571.40 

577.10 
580.16 
583.35 
586.66 
587.00 

574. i 8 

***a Simplified BISHOP FOS = 1.768 * * * *  

The following is a summary of the TEN most critical surfaces 

Problem Description : PO 145 - 4 to 1 Drained Condition 

FOS Circle Center Radius Initial Terminal Resisting 
(BISHOP) x-coord y-coord . x-coord x-coord Moment 

(ft) (ft) (ft) (ft) (ft) (ft-lb) ' 

1. 1.768 538.3.6 696.25 148.63 475.64 639.14 9.351E+06 



2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

1.827 
1.843 
1.855 
1.880 
1.890 
1.894 
1.978 
1.987 
2.032 

, 

a. 

540.54 604.89 
538.37 602.03 
540.27 590.20 
543.55 593.24 
530.59 666.04 
534.60 604.80 
558.71 606.56 
526.82 645.1 5 
548.50 586.25 

56.42 504.49 589.51 1.438E +06 
52.83 504.49 584.05 1.140E + 06 
38.84 514.10 575.17 5.924€+05 
39.22 520.51 577.66 5.539E +05 
1 12.71 488.46 604.08 2.91 2E + 06 
56.65 498.08 582.93 1.258E +06 
55.14 526.92 607.87 1.974€+06 
89.54 494.87 ' 582.77 1.166E +06 
35.02 523.72 581.63 6.71 5E +05 

END OF FILE 
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Problem Description : PO 145,- 2.0 to 1 Drained Condition 

............................. 
SEGMENT BOUNDARY COORDINATES a ............................. 

6 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 .O 548.0 500.0 548.0 1 
2 500.0 548.0 526.0 561.5 2 
3 526.0 561.5 556.0 561.5 2 
4 556.0 561.5 583.0 575.0 2 
5 583.0 575.0 607.0 587.0 3 
6 607.0 587.0 860.5 587.0 3 

16 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 .O 548.0 500.0 548.0 1 
2 500.0 548.0 526.0 561.5 2 
3 526.0 561.5 . 556.0 561.5 2 
4 556.0 561.5 583.0 575.0 2 



5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

583.0 575.0 773.6 575.0 
773.6 575.0 775.8 575.0 
775.8 575.0 860.5 575.0 
.O 548.0 500.0 548.0 

500.0 548.0 719.6 548.0 
719.6 548.0 773.6 575.0 
773.6 575.0 775.8 575.0' 
775.8 575.0 860.5 575.0 
.O 547.0 719.8 547.0 

719.8 547.0 775.8 575.0 
775.8 575.0 860.5 575.0 

.O 547.0 860.5 547.0 

2 
1 
4 

1 
1 
1 
4 

4 
4 

1 

5 

5 

a 

ISOTROPIC Soil Parameters ......................... 
5 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcf) (pcf) (psf) (deg) Ru (psf) No. 

1 133.1 145.0 .o 22.00 .ooo .o 2 
2 81.2 85.2 .O 28.00 .OOO .o 2 
3 100.0 112.3 . .O 26.00 .OOO .o 0 
4 120.0 130.0 300.0 19.00 .OOO .o 0 
5 140.0 149.8 .O 33.00 .OOO .o 1 

2 Water surface(s1 have been specified 

Unit weight of water = 62.40 (pcf) 

Water Surface No. 1 specified by 2 coordinate points 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PHREATIC SURFACE, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Point x-water y-water 
No. (ft) ' (ft) 

1 .OO 522.00 
2 860.50 522.00 



-- . -___ 

Water Surface No. 2 specifieG -y 4 coordinate points 
e 

Point x-water y-water 
No. (ft) (ft) 

1 .OO 548.00 
2 500.00 548.00 
3 526.00 561.50 
4 746.60 561.50 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

120 trial surfaces will be generated and analyzed. 

3 Surfaces initiate from each of 40 points equally spaced 
along the ground surface between x = 450.0 ft 

and x = 570.0 f t  

Each surface terminates between x = 570.0 ft 
and x = 820.0 f t  

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = .o f t  

5.0 f t  line segments define each trial failure surface. 

ANGULAR RESTRICTIONS : 

The first segment of each failure surface will be inclined 
within the angular range defined by : 

Lower angular limit : = -45.0 degrees 
Upper angular limit : = (slope angle - 5.0) degrees 



.. , . 

Factors of safety have been calculated by the : 

SIMPLIFIED BISHOP METHOD 

The most. critical circular failure surface 
is specified by 10 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

563.85 
568.81 
573.70 
578.48 
583.1 2 
587.58 
59 1.83 
595.83 
599.56 
602.5 1 

565.42 
566.03 
567.07 
568.52 
570.39 
572.65 
575.29 
578.29 
581.62 
584.75 

Simplified BISHOP FOS = 1.085 * * * * a  

The following is a summary of the TEN most critical surfaces 

Problem Description : PO 145 - 2.0 to 1 Drained Condition 

FOS Circle Center Radius Initial Terminal Resisting 
(BISHOP) x-coord y-coord x-coord x-coord Moment 

(ft) (ft) (ft) (ft) (ft) (ft-lb) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

1.085 
1.097 
1.145 
1.146 
1.147 
1.1 79 
1.1 88 
1.202 
1.21 1 
1.222 

559.32 
548.86 
562.37 
572.92 
558.27 
552.95 
555.23 
558.87 
553.1 5 
571.22 

622.89 
601.47 
577.79 
606.84 
61 5.52 
6 1 2.00 
586.26 
624.49 
590.90 
594.99 

57.64 563.85 602.51 2.938E+05 
40.1 1 557.69 574.70 2.182E+04 
12.45 563.85 571.37 1.480E+03 
38.45 570.00 605.23 2.443E +05 
54.90 548.46 604.32 6.493E +05 
62.19 520.77 609.86 1.834E+06 
25.67 548.46 576.18 5.149E+04 
70.63 526.92 61 8.74 2.322E+06 
31.33 542.31 578.68 8.898E+04 
28.36 566.92 596.21 1.393E+05 

-a  



END OFFILE 
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Figure H-1 : Pre-cxcavation ToDoeraDhical Surface 

The 1992 FlyoveI data was used to develop a topographical grid for the Waste Pit preexcavation surface. 
Geographic reference points include the primary and secondary roads, Waste Pit boundaries, and surface 
water areas. The purpose of this Figure is to depict the present surface and is to be used as a reference 
for the following excavation figures. 

Figure H-2: Pit 1 - Phase I Excavation 

Excavation of Pit 1 will be accomplished by the removal of material from the edges of the Pit, using 
backhoes and other necessary equipment. The depth of excavation and volume of excavation material 
removed during Phase I will be constrained by the equipment's capabilities. This Figure is an MGE 
Terrain Model (MSM) grid surface depiction. 

Fimre H-3: Pit 1 - Phase 11 Excavation 

After Phase I, the center of Pit 1 will be excavated to an approximate surface elevation of 554 feet. An 
access ramp, central to the excavation, will be developed for the subsequent breaching and excavation 
of the berm between Pits 1 and 3. This figure is a MSM grid surface depiction. 

Figure H-4: Pit 3 - Phase 111 Excavation 

Excavation of Pit 3 will be accomplished by first excavating the clay and ash materials to a maximum 
depth (to be determined) from the ground surface. MSM grid surface depiction. 

Figure H-5: Pit 3 - Phase IV Excavation 

Pit 3 will be excavated to a surface elevation of approximately 554 feet and the common berm between 
Pits 1 and 3 will be broken. Waste material will be removed from Pit 3 to an elevation equivalent to that 
of Pit 1 .  MSM grid surface depiction. 

Figure H-6: Pit 5 - Final Excavation 

Depicts Pit 5 after excavation is complete. 
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Introduction 

To design the waste processing system for the waste pits, it has been determined by PARSONS and 
FERMCO that a single unit weight and moisture content, for the purpose of data handling simplification, 
should be used for each individual waste pit. Due to the variability of the waste materials within each 
Pit, the ideal method, for the purpose of accuracy, would be to use the actual density and moisture data 
for each different type of waste. On the other hand, the heterogeneous nature of the waste materials 
makes using different values for different waste material types impractical. 

In addition, the process designers need the bulk densities of the waste stream from the Waste Pits at three 
stages: 

1) 
2) 
3) 

After excavation of the waste from the Pits 
Before the waste is placed in the dryer unit 
After the waste is removed from the dryer unit 

This Appendix provides waste wet density and moisture content values for each waste pit and describes 
the methodology used. to derive those values. In addition, this Appendix provides estimates for the 
average bulk density of the waste stream at the above mentioned stages of the proposed waste processing 
operation. 

Waste Wet Densitv and Moisture Content bv Pit 

An attempt was made to use the average wet density data and moisture content data for each waste pit 
as the value of wet density and moisture content for each pit. Upon back calculating the specific gravity 
from the measured moisture content and wet density data, it was discovered that most of the calculated 
specific gravities did not match the measured specific gravities (See Table 1-1). Possible reasons for the 
disagreement may have been sample disturbance or the long times between sampling and testing of several 
samples. As a result of the discrepancy, it was determined that using the average moisture content data 
and average specific gravity data to back calculate the wet density for each Pit would provide a more 
realistic value of wet density. 

The average moisture content and average specific gravity data are found in Table 1-1. The back 
calculated values of wet density for each Pit are reported in Table 1-2. 

Free-Draining Water within the Waste Materials 

The amount of freedraining water present in the waste streams of each pit is unavailable. As a result, 
the effective porosities of the waste materials were assumed using published values of effective porosity 
according to USCS classification symbol. Using waste pit volumes and water levels in the waste pits 

ERAFSlWOLl :RSAPPS\RSDATA\ 
OU- 1 \w- 145UAN lW6U)EEPRPT I- 1 3/6/96, ll:58am, Rev. No.: 0 
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published in the Waste Pif Content Srudy Report (PARSONS 1993) and the assumed water levels in Pits 
5 and 6, the freedraining water was estimated in the waste material by pit. Additionally, it was assumed 
that 90% of the drainable water would drain from the waste upon excavation. Finally, it was assumed 
that the remaining 10% of the free water not trapped in the pore space would drain from the waste while 
the waste is stockpiled before entering the dryer. Table 1-3 reports the volume and weight of free- 
draining water calculated for each waste pit. 

Bulk Densities 

Using the average moisture content, back calculated wet density, fiedraining water, available 
compaction data, and assumed bulking factors, the bulk densities were estimated at each of the previously 
mentioned stages of the waste processing operation. Table I4 reports the data used to estimate the bulk 
densities and the estimated values of bulk density. 

Conclusion 

Table 1-5 is a summary of the estimated waste parameters for use in the waste.processing design. The 
estimates presented in Table 1-5, with the exception of wet density and moisture content, were derived 
using numerous assumptions. Therefore. caution should be Dracticed when usinv these estimates. 

Further testing is necessary in order to determine the freedraining water and bulking factors for the waste 
materials. Basic bench scale testing of waste pit materials would eliminate the uncertainty of the bulk 
density and free water estimates. Determining freedraining water and bulking factors would provide 
better volume estimates and weight of waste to be shipped off-site, the number of rail cars needed and 
other engineering and operations concerns relating to the volume, mass, and moisture content of the waste 
form after handling outside the pits. Therefore, this testing should be performed. 

a 

. .. . 
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I I I I I  I 
1 1  1 - 4  cow I 0.01 12.01 4 

I I I I 1  I 
I 

1 11568 ST 10.5 13.0 6 MH Sand~tlast k SIR 67.0 100.1 59.91 2.701 2.77 
I 51.6 105.1 69.31 2.601 

60.9 101.6 63.11 2.641 

17.3 83.6 Mlnimum 2 62 
132 0 145.6 Maximum 3 15 
46.0 ll93Average 2.98 
35 0 22 6 Standard Deviation 0.15 

Table 1-1 - Average Density, Moisture Content, Specific Gravity, and Back Calculated Specific Gravity 
of the Waste Pit Materials 



2 

24.1 75.6 Minlmum 2.20 
316.6 1312Maximum 3.02 
156.9 90.7 Average 2.71 
98.8 17.7 Standard Devlatlon 0.20 

11588 ST 7.5 10.0 6 MH Elasti c sin 161.9 64.9 32.4 3.27 2.98 
1392 83.7 35.0 2.56 
166.0 82.7 31.1 2.88 

Table 1-1 - Average Density, Moisture Content, Specific Gravity, and Back Calculated Specific Gravity 
of the Waste Pit Materials (Continued) q, ,? ; :.;;- 9 L., 



17.9 . 71.4Minimum 1.99 
365.5 129.7 Maxirqum 2.96 
183.5 812Average 2.66 
73.7 10.4 Standard Deviation 0.23 

Table 1-1 - Average Density, Moisture Content, Specific Gravity, and Back Calculated Specific Gravity 
of the Waste Pit Materials (Continued) 



C\pOls\sTATs.WK3 

15.9 110.7 Minimum 2.62 
61.5 148.4Madmum 3.63 
29.1 126.9Average 3.12 
21.7 192 Standard Deviation 0.36 

Table 1-1 - Average Density, Moisture Content, Specific Gravity, and Back Calculated Specific Gravity . 

of the Waste Pit Materials (Continued) 



.... 
c- 

m 

I I I I I 
I I I I I 

9 74 

I I I I I I L.. I 
Pm I I I I I 

2.70 

73.4 64.7 Minimum 2.43 
1141.2 100.1 Maximum 2.90 
393.4 73.2 Average 2.80 
228.9 6.9 Standard Deviation 0.13 

Table 1-1 - Average Density, Moisture Content, Specific Gravity, and Back Calculated Specific Gravity 
of the Waste Pit Materials (Continued) 



11 2 123.8 Mlnlmum 2.85 
36.1 1702Maximum 3.42 
18.4 1522Average 3.18 
8.3 15.1 Standard Oevlatlon 0.21 

Table 1-1 - Average Density, Moisture Content, Specific Gravity, and Back Calculated Specific Gravity 
0, n .q 7, -.,< 
e 4. 

of the Waste Pit Materials (Continued) 
'c , '- ;' .3 



35.4 Min (Waste Materials) 2.69 

14.4 Std Dw (waste Matls) 0.06 

73.9 Max (Waste Materials) 2.78 
58.8 Avg (Waste Materials) 2.74 

14.4 121.3Minlmum (Ben Materials) 
28.4 137.4 Maximum (Berm Materials) 
20.4 130.9 Average (Ben Materials) 
5.6 6.6 Standard Deviation (Berm Materials) 

Table 1-1 - Average Density, Moisture Content, Specific Gravity, and Back Calculated Specific Gravity 
of the Waste Pit Materials (Continued) 



295 101.4 Mlnlmum . 2.35 
439 101.4MaxJmum 3.74 
30.6 101.4Average 2.76 
6.0 standard Oeviatlon 0.66 

a Table 1-1 - Average Density, Moisture Content, Specific Gravity, and Back Calculated Specific Gravity 
of the Waste Pit Materials (Continued) 
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. -  

. .  

Percent 
Total 

Volume 

10.21% 
5.58% 

45.90% 
10.87% 
14.61% 
1.43% 
4.52% 
0.64% 
6.24% 
100% 

Pit 
Waste 
Wet 

Density 
Initial (pcf 

114.5 
82.7 
80.0 
131.7 
71.8 
148.3 
122.0 
104.0 
136.0 

4 
5 
6 

Dry Total 
Weight 
Waste 
(tons) 

7.24E+04 
1.63E+04 
1.17E+05 
1.00E+05 
1.92E+04 
1.62E+04 
3.82E+04 
3.80E+03 ;-In; I 41800 I 1128600 

670000 1809oooO 

Water Pit Waste 
Weight' Volume 
(tons) (fI3) 

6374 1846800 ' 
3950 1009800 ' 
38887 8302500 
7210 1965600 ' 
14845 ' 21675M3 
1456 259200 ' 
4036 8181OO' 
561 11610O2 

Portion of 
Total Bulk 

>ensity(pd) 
9.6 
3.6 
28.9 
11.8 
10.8 
I .8 
4.2 
0.5 
6.5 

77.7 

Initial 
Moisture 
Content 

46.0 
156.9 
183.5 
29.1 

393.4 
18.4 
30.6 
58.8 
16.0 

(%)' 

Moisture 
Content 

37.2 
132.6 
150.3 
21.9 
316.2 
9.4 
20.0 
44.0 
11.3 

( %)' 

Wet Total 
Weight 
Waste 
(tons) 

1.06E+05 
4.18E+04 
3.32E+05 
1.29E+05 
9.49E+04 
1.92E+04 
4.99E+04 
6.04E+03 
7.67€+04 
7.79E+05 

lo 

Y 

Maximum 
Dry Density 

11 7.5 
86.3 
60.4 
116.6 
64.5 
142.9 
81.2 
102.3 122.9 
123.0 l o  138.5 

(pd) 

6.62E+041 3078 I 1128600 ' 
3.84E+051 77318 116485606 

Density 
@d)' 
92.9 
64.4 
62.1 
107.4 
74.2 
121.3 
92.5 
83.3 
104.0 

ETER LOSING 9 

Total Bulk 
Densityfpcfl 

9.5 
3.6 

28.5 
11.7 
10.8 
1.7 
4.2 
0.5 
6.5 
77.0 

6 FREE 
Bulk We1 
Density 

93.6 
65.1 
63.1 
108.1 
73.9 
122.4 
93.4 
84.2 
104.4 

0' 

Water 
Weight 
(tons) 
7082 
4389 
43207 
801 1 
16494 ' 
1617 
4484 
623 
3420 

85909 

AFTER LOSING 100% FR 
'it Waste Wet Bulking 
Volume Density Factors 

1846800 ' 
1009800 ' 
8302500 
1965600 ' 
21 14640 
259200 ' 
818100 ' 
116100' 

1128600 ' 
6432740 

(113) , 

74.2 

Notes: 1. Mdsture contents reported based on dry weight basis 
2. Based on constant volume, waste Is a d i d ,  water, and air matrix 
3. Based on duny volume change once free water Is lost using water density = 62.4 Ib/ft3, waste is a duny 
4. Weight based on 20% (Assumed) effective porosity 
5. Based on subsutface free water weights from Table 1-3 (Free Water Table) 
6. Bulking Factors Assumed 
7. Based on Assumed Bulking Factors 
8. Not Applicable because of duny nature of waste 
9. Assumed to be molsture content of waste upon leaving dryer 
1O.Source: PARSONS, 1995. Pnject Order 140, Geotechnical Investigation On-Site Disposal Facility. 

I AFTER PROCESSING BY THE DRYE 

9.50% 

Density 

135.8 
101.4 

132.2 
100.6 
156.5 

Table 1-4 - Bulk Density Estimates of the Waste Pit Materials at Three Stages 

in the Waste Processing Operation 

Bulking 
Factor 

15% 
15% 
15% 
15% 
15% 
12% 
12% 
15% 
25% 

("/)E 

JSER\FRC 

Bulk Wet 
Density 
A?& 

118..l 
88.2 
85.5 
1 15.0 
87.5 
139.7 
79.4 
106.8 
110.8 

)O\P019\E 

Portion of 
Density Total Bulk (pd) 

12.1 
4.9 

39.2 
12.5 
12.8 
2.0 
3.6 
0.7 
6.9 
94.7 

CDENS.XLE 



Waste Waste Initial Initial WetTotal Dry Total Waste Waste Waste ~ 

Pit pit Wet Dry Moisture Moisture Weight Weight Wet Bulk Wet Bulk Wet Bulk 
Volume Density Density2 Content Content Waste Waste Density Density Density 

Initial Initial After Before After 
Excavation Drver Drver 

_iSUM.XLS 
Notes: 1. Moisture contents reported on dry weight basis 

2. Dry Density calculated from wet density and moisture content, 

3. Moisture contents reported on wet weight basis 
assuming constant volume and complete saturation 

Table 1-5 - Summary of Wet Density, Moisture Content, and Estimated Bulk Density of the 
Waste Pit Materials 

c p  F.? TV.0 



. h. 

-a 



Transportation And Disposal Plan I 

March 1996 
Revision F 

Prepared for: 

The United States Department of Energy 
Fernald Field Office 

Fernald, Ohio 

Prepared by: 

Fernald Environmental Restoration Management Corporation 
P.O. Box 538704 

Cincinnati, Ohio 45253-8704 



SECTION 

EXECUTIVE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e5-1 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-1 
1.1 Purpose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-1 
1.2 WRAP Waste Characterization . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-2 
1.3 Operable Unit 1 Remedial Plan . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-2 
1.4 Selection Of Transportation Mode . . . . . . . . . . . . . . . . . . . . . . . . . .  1-3 
1.5 Community Involvement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-3 
1.6 Organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-4 

DESCIUPTION OF TRANSPORTATION MODE . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-1 
2.1 Railroad Companies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.1 . 
2.2 Anticipated FEMP Rail Traffic . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-3 
2.3 Rail Transportation Configuration . . . . . . . . . . . . . . . . . . . . . . . . .  2-4 
2.4 Options Planning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-6 

RAILROAD CAR HANDLING AT THE FEMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-1 
3.1 Rail Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-1 
3.2 Waste Handling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-3 
3.3 InspectioxdMaintenance Area . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-6 
3.4 Rail Shipment Documentation . . . . . . . . . . . . . . . . . . . . . .  3-6 
3.5 Unit Train Transfer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-7 

LOGISTICS OF RAIL, TRANSPORT TO THE REPRESENTATIVE PERMITIED COMMERCIAL 
DISPOSAL FACILITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-1 ........... 
4.1 Route . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-1 
4.2 Unit Train Schedule . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-9 
4.3 Location And Status Tracking . . . . . . . . . .  : . . . . . . . . . . . . . . .  4-10 

PERMITTED COMMERCIAL DISPOSAL FACILITY . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 
5.1 Facility Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 

5.3 Noncomplying Waste . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-9 
5.2 Logistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-6 



. . . . . . . . . . . . . . . . . . . .  a TRANSPORT AND DISPOSAL AT THE NEVADA TEST SlTE 6-1 
6.1 Facility Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-1 
6.2 NTS Waste Acceptance Criteria . . . . . . . . . . . . . . . . . . . . . . . . . .  6-1 
6.3 Truck Transport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-1 

EMERGENCY RESPONSE PLANNING AND TRAINING . . . . . . . . . . . . . . . . . . . . . . . .  7-1 
7.1 Process For Plan Development . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-1 
7.2 Overview Of Involved Organizations . . . . . . . . . . . . . . . . . . . . . . .  7-2 
7.3 Train Crew . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-2 
7.4 Railroad Emergency Response Personnel . . . . . . . . . . . . . . . . . . . . .  7-6 
7.5 Local Authorities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-6 
7.6 State Agencies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-8 
7.7 DOE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-9 
7.8 FEMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-11 
7.9 Incident Scenario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-13 

PRE-SHIPMENT NOTIFICATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-1 
8.1 Requirements . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-1 
8.2 FEMP Initiatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-1 
8.3 State . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8-2 

REFERENCES 

APPENDICES 

A DOT Requirements & Transportation Drivers For Shipment OF WPRAP Waste viu Rail 

B State Radiation Control Programs 



LIST OF ILLUSTRATIONS 

Figures 

Figure 2-1 . Gondola Car with Hard Cover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-7 
Figure 3-1 . FEMP Site Showing Existing Trackage . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-2 
Figure 3-2 . Proposed FEMP Railroad Facilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-4 
Figure 4-1 . Fernald-Cottage Grove, Indiana Branch Line . . . . . . . . . . . . . . . . . . . . . . . . .  4-2 
Figure 4-2 . CSXT Route from Cincinnati to East St . Louis . . . . . . . . . . . . . . . . . . . . . . . . .  4-5 
Figure 4-3 . Location of Cone Yard and Valley Junction Switch Yard . . . . . . . . . . . . . . . . .  4-7 
Figure 4-4 . Rail Route from St . Louis to the PCDF . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-8 
Figure 5-1 . Acceptance and Shipment Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-3 
Figure 5-2 . Gondola Car Roll-Over Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-8 
Figure 7-1 . Organizations Responding to a Transportation Incident . . . . . . . . . . . . . . . . . . .  7-3 
Figure 7-2 . Rail Transportation Incident Responsibility Matrix/Coverage . . . . . . . . . . . . . . .  7-4 
Figure 7-3 . Emergency Notification of FEMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7-7 
Figure 7-4 . Regional Coordinating Offices for Radiolog'ical Assistance . . . . . . . . . . . . . . . .  7-10 
Figure 7-5 . Emergency Notification (Pathway Within the FEMP) . . . . . . . . . . . . . . . . . . .  7-15 
Figure 7-6 . Initial Emergency Response Actions For LSA Material . . . . . . . . . . . . . . . . . .  7-17 

Tables 

Table 5-1 . Excerpts from RPCDF's Radioactive Material License . . . . . . . . . . . . . . . . . . . .  5-4 
Table 6-1 . Excerpts for NTS Waste Acceptance Criteria . . . . . . . . . . . . . . . . . . . . . . . . .  6-2 



LIST OF ACRONYMS AND ABBREVIATIONS 

CERCLA 
CFR 
CSXT 
DOE 
DOE-HQ 
DOE-FN 
DOE-NV 
DOT 
EOC 
EM . .  

FEMP 
FERMCO 
FR . 

FRA 
FRMAC 
HAZMAT 
IAFF 
LLRW 
LSA 
NRC 
NTS 
PCB 
PCDF 
RPCDF 

PPm 
RCRA 
SNh4 
TLD 
UPRR 
WAC 
W P W  

Comprehensive Environmental Response, Compensation, and Liability Act 
Code of Federal Regulations 
CSX Transportation, Inc. 
U.S. Department of Energy 
U.S. Department of Energy-Headquarters 
U.S. Department of Energy-Fernald Area office 
U .S . Department of Energy-Nevada 
U.S. Department of Transportation 
FEMP Emergency Operations Center 
Environmental Management 
Fernald Environmental Management Project . 
Fernald Environmental Restoration Corporation 
Federal Register 
Federal Railroad Administration 
Federal Radiological Monitoring and Assessment Center 
(DOT) Hazardous Material 
International Association of Firefighters 
Low Level Radioactive Waste 
Low Specific Activity 
Nuclear Regulatory Commission 
Nevada Test Site 
Polychlorinated biphenyl 
Permitted Commercial Disposal Facility 
Representative Commercial Disposal Facility 
parts per million 
Resource Conservation and Recovery Act 
Special Nuclear Material 
Thermoluminescent Dosimeter 
Union Pacific Railroad Company 
Waste Acceptance Criteria 
Waste Project Removal Action Plan 

-iv- 



a - =  

EXECUTIVE SUMMARY 

Purpose 

The United States Department of Energy (DOE) has developed this Transportation and Disposal Plan to 
facilitate the remediation of the waste pits comprising Operable Unit 1 (WPRAP), from the DOE'S 
Fernald Environmental Management Project (FEMP), located near Fernald, Ohio. This document is the 
third element (of three elements) of Package 11 of the Remedial Design Project Documentation and 
Deliverables. The other two elements in Package 11 are the Excavation Plan. The five elements of the 
Package I are the Plant Facilities Design Criteria Package, Plant Facilities Engineering, Equipment 
Specifications, Description of On-Site Rail Improvements, and Construction Plan. 

The primary objective is to refine the remedial alternative as presented in the Final Feasibility Study for 
Operable Unit I (DOE 1994b) and in the Final Proposed Plan for Operable Unit I (DOE 1994c), and 
as selected in the Record of Decision For Remedial Actions at Operable Unit I (DOE 1995a), by 
describing the logistics of rail transportation, and providing objectives and criteria to be implemented in 
the detailed design phase. This plan highlights operational aspects of waste transportation sufficiently to 
demonstrate that wastes can be transported safely in accordance with all applicable regulations. The 
document serves as a transition between conceptualization (i.e., the feasibility study) and implementation 
(i.e., remedial action). 

At this time, services for disposal have not been procured, the Tender with the railroads has not been 
negotiated, and the designs of the on-site WPRAP waste treatment and waste loading facilities have not 
been finalized. In addition, many aspects of this Transportation and Disposal Plan interface with design 
features described in the other elements of the Remedial Design Project Documentation and Deliverables. 
Therefore, some aspects of this plan are preliminary or conceptual in nature, and the details remain to 
be developed. Actions or activities to be completed are identified in this plan. 

This document also supports the Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA) community involvement process by identifying and evaluating anticipated transportation 
issues and providing recommended resolutions for presentation in public meetings and incorporation in 
the detailed design effort. 

WPRAP Waste Characterization 

Operable Unit 1 consists of eight WPRAP subunits, Waste Pits 1 through 6, the Clearwell, and the Bum 
Pit. The waste materials contained in these units were generated by chemical and metallurgical processes 
associated with the uranium purification mission of the former Feed Materials Production Center. The 
wastes consist of a variety of heterogeneous process waste residues including slags, sludges, precipitates, 
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and filter cakes. Some pits were.gwered with soil after being taken out of active service. In addition, 
building debris was disposed in the waste pits. (DOE 1994a) 

Analytical data indicate that WPRAP waste will meet the criteria for Low Specific Activity (LSA) 
material under criteria in 49 CFR 173 (See Appendix A, Attachment 1 of this report). LSA material is 
the lowest hazard transportation category of radioactive material. Transport requirements for LSA 
material are defined in 49 CFR 173.425, and described in Appendix B of the main report. 

Operable Unit 1 Remedial Plan 

As described in the operable Unit I Record of Decision (DOE 1995a), the selected remedy consists of 
the following items: 

1) 

2) 
3) Treatment by thermal drying 
4) 

Excavation of wastes from WPRAP's six waste pits, Clearwell, Burn Pit, and soils with in the 
WPM boundary, liners, etc. 
Pretreatment (e.g., sorting, crushing, shredding) 

off-site disposal at a permitted commercial disposal facility (PCDF) 

The untreated waste pit material has a high moisture content and is heterogeneous in nature, physically 
and radiologically. The excavated WPRAP material will be treated to meet the PCDF's waste acceptance 
criteria (WAC) for a relatively homogeneous waste product with low activity. These processing 
operations will generate approximately 724,000 tons (670,000 cubic yards) of soil-like materials and 
debris, which will be loaded into railcars and transported to disposal facilities over a seven-year period, 
projected to start in 1998. 

For design purposes, it is estimated that 100 per cent of the treated wastes will be disposed at a 
representative PCDF (RPCDF). For planning purposes, a facility located near Clive, Utah, is used as 
the RPCDF. As a contingency, waste that does not meet the acceptance criteria of the RPCDF can be 
shipped to the Nevada Test Site WS). 

Community Involvement 

To facilitate community involvement, the FEMP organized four transportation meetings. Based on these 
four meetings, the public's primary concerns included the following items: 

1) 

2) 
3) 

The condition of the CSX Transportation (CSXT) Branch Line from the FEMP to Cottage Grove, 
Indiana 
Staging of loaded cars at the Shandon Yard switchyard near the FEMP 
Time that trains would be delayed at Cottage Grove waiting for clearance onto the main line.. 
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This Transportation and Disposal Plan addresses these concerns in the following manner: 

1) 

2) 

3) 

4 
The track and other infrastructure on the branch line will be inspected and repaired .(as needed) 
before initiation of rail traffk associated with this project. 
As a result of the WPRAP Record of Decision and a recentlycompleted study, the DOE will not 
use the Shandon Yard switchyard to store loaded and unloaded cars, 
CSXT has committed to exert all efforts to keep delays at Cottage Grove to less than one hour. 

The DOE will continue to offer opportunities for public involvement beyond those required by the 
CERCLA regulations and U.S. Environmental Protection Agency (EPA) guidance, during the Remedial 
Design (RD) and Remedial Action (RA) phases of the remediation. As details of the transportation plans 
are finalized, interested stakeholders will be informed. Further information regarding FEMP initiatives 
is presented in Section 8. . 

Selection Of Transportation Mode 

For planning purposes, the principal disposal site is assumed to be the RPCDF which is located in Clive, 
Utah. h i s  facility has direct rail access and "roll-over" equipment for unloading gondola railcars. A 
NEPA Impact Analysis was performed as part of the Feasibility Study Report for Qerable  Unit 1 .  A 
cost-benefit study of various shipment options indicated that direct rail transport to the RPCDF is the 
most economical mode and is also most acceptable to the public (FERMCO 1995d). Cost factors, 
evaluated in the study, included: (1) railcar and container pricing and maintenance, (2) cover and liner, 
(3) transportation, (4) odoff-site rail upgrades, (5) on-site structures, and (5) acquisition and operation 
cost of site locomotive. 

The optimal rail configuration is a unit train, consisting of gondola cars where the load is contained by 
a disposable liner and a hard cover. 

The most direct rail route between the FEMP and the RPCDF involves only two railroads, CSX 
Transportation (CSXT) and Union Pacific Railroad (UPRR). A brief profile of these two railroads is 
provided in Section 2.1 of the m&n report. Both CSXT and UPRR are among the three largest railroads 
in the United States and have ample capacity to handle the anticipated WPRAP traffic. 

A unit train is a train that makes a direct run between the point of origin and the destination point. The 
unit train receives priority right-of-way and expedited switching, and stays intact along the whole route, 
(i.e., it does not receive additional freight, nor drop any freight). The gondola railcar was selected as 
the most cost-effective means of transporting bulk quantities of material. The DOE has committed that 
railcars with WPRAP material will be lined with a disposable synthetic material liner and covered with 
a secured hard cover (See Figure 2-1). For further information on the train configuration, see Section 
2 of this report. 
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Railcar Logistics at the FEMP 

To support rail transportation operations, a major upgrade of facilities at the FEMP will be required. 
Site improvements include construction of the waste loading facility, and installation of fencing around 
all tracks. The proposed upgrade program of the FEMP railroad infrastructure is shown in Figure 3-2. 
For details on the facilities, see Section 3 of the main report. 

Two refurbished switchyard locomotives, and the FEMP Trackmobile@, will move the cars around the 
FEMP. The Trackmobile@ will be used in the loading building. After loading in the waste loading 
facility, cars will be decontaminated (if necessary) and radiologically surveyed before being placed in a 
holding area. Cars will be held in storage until analytical results indicate it is acceptable to release the 
cars. Details of the waste loading process are provided in the Description of &-Site Rail Improvements. 

Prior to releasing the unit train from the FEMP, the train will be radiologically surveyed, and inspected 
for mechanical safety (e.g., brakes). In addition, shipping papers will be prepared for the railroad and 
the disposal facility. The disposal facility will require certification that the waste has been analyzed and 
meets the disposal facility4 WAC. 

Logistics of Rail Transport to the RPCDF 

CSXT will move the loaded unit trains from the FEMP through Cincinnati, Ohio, to East St. Louis. 
UPRR will move the unit train from East St. Louis to the RPCDF. 

On the basis of the design load and rating, CSXT indicates that the following three trestles are not 
satisfactory for the rail traffic associated with this project. These three trestles are located on the Branch 
Line from the FEMP to Cottage Grove: 

1) Camp Run 
2) South Wynn Road 
3) Bucks Run and Road (Okeana Trestle) 

CSXT believes these trestles need to be rebuilt prior to commencement of rail traffic associated with this 
project. These efforts can be effected with nominal disruption of the current rail traffk. The DOE is 
committed to upgrading these structures before waste shipment. 

The away-from-site round-trip cycle for a unit train is 16 calendar days which includes: one day for en- 
route delays, and five days at the disposal facility. With the addition of two days (one at the start and 
one at the conclusion of the trip) for assembling and breakingdown the unit train at the FEMP, the total 
cycle time used for planning purposes is 18 calendar days. After production operations with one waste 
dryer have stabilized in FY 1999, on the average a unit train will depart every 14 days with 42 loaded 

W S l  WOLl :RSAPPSWSDATA\ 
OU- 1 W1145W1996\TRANPLAN.REv ES-4 

Q p ?y .; ;.: ,g 
Rev. No.: F 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

9 
22 

23 

24 

25 

26 

n 
28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 



P 256 

cars. Two unit trains will be used. In FY 2001, when two treatment systems are operable, a unit train 
could depart every 8 days with 53 loaded cars. This effort would require three unit trains. for further 
details on the train schedule, see Section 4.2 of this report. 

Tracking the location of railcars is standard practice with all major railroad companies. Tracking data are 
received from railroad transponders located at main switches along the tracks. With this system, the 
location of each car can be determined based on the last transmission. At any time, WPRAP’s traffic 
management organization can access the system to determine the locations of the trains/cars. If cars are 
stopped due to a transportation incident, the FEMP would be immediately notified by railroads’ control 
centers. 

Permitted Commercial Disposal Facility 

m -  

* The RPCDF is licensed to accept for disposal: (a) specific low concentrations of radionuclides within 
the low-level radioactive waste (LLRW) classification (b) Naturally Occurring Radioactive Material 
(NORM), (c) mixed waste, and (d) 1 le.(2) by-product materials (uranium and thorium mill tailings). The 
disposal facility of approximately 540 acres is next to a DOE mill tailings disposal site (100 acres). The 
facility is located near Clive, Utah, about 75 miles’ west (65 miles by air) (NRC 1993) of Salt Lake City, 
Utah. The disposal facility has been successful in working with their regulators to obtain additional 
licenses and processing amendments to its existing licenses and has ample disposal capacity to accept 
WPRAP material. 

The disposal site is located one mile south of the main line of UPRR and is c o ~ e ~ t e d  by a rail spur. It 
has facilities to accommodate 300 railcars at one time. Gondola cars are unloaded with the roll-over 
device shown on Figure 5-2. 

The F E W  will make every effort to ensure that all waste material shipped to the disposal facility meets 
its WAC. The FEMP will perform confirmatory analysis prior to its shipment to the RPCDF. In the 
unlikely event that any waste arriving at the disposal facility does not conform to the accepted waste 
profile, based on the facility’s sampling and analysis of the waste shipment, then the waste material will 
not be unloaded. The FEMP would be notified immediately, and the material would be resampled and 
analyzed. 

The disposal facility is able to process some non-conforming waste, such as waste with free liquids, into 
an acceptable form, and then accept the waste for disposal. However, if the waste exceeds the 
chemical/radiological acceptance criteria, the waste will be returned to the FEMP. Due to the waste 
acceptance procedure of the NTS, transshipment from the RPCDF is not currently believed to be feasible. 
After the railcar returns to the FEMP, material will be removed. If the FEMP’s evaluation confirms that 
the rejected material, after reprocessing, could not be accepted by the RPCDF, then the waste would be 
re-packaged for transportation and disposal at the NTS unless analysis indicates that the waste exceeds 
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the Land Disposal Restrictions. ,The latter event is not believed likely. For further information on the 
disposal operations at the RPCDF, see Section 5 of the main report. 

Transport and Disposal at the NTS 

The NTS is located in Nye County, Nevada, about 65 miles northwest.of Las Vegas. The NTS 
encompasses about 1350 square miles and has been the primary location for testing the nation's nuclear 
weapons since January 1951. Since 1978, the NTS has also served as a major LLRW disposal facility 
for several DOE sites. 

Material that cannot be treated to meet the RPCDF's WAC will be disposed of at the NTS. Before any 
waste material leaves the FEMP, the waste will be analyzed to ensure compliance with the NTS WAC 
(DOE et al. 1992). Prior to shipment of WPRAP material to the NTS, the FEMP will submit the 
appropriate application for DOE approval. 

Current FEMP procedures for shipment of LLRW to the NTS specify the use of disposable metal 
containers transported by truck. For disposal of limited quantities of material, use of disposable 
containers is practical. However, for bulk quantities of material, the metal containers would be emptied 
at the disposal cell and returned for repeated use. Transport to the NTS is by truck, along existing 
routes, in accordance with existing procedures. The FEMP has been shipping LLRW to the NTS since 
1986. For further information on the NTS, see Section 6 of the main report. 

Emergency Response Planning And Training 

Federal regulations and DOE orders require the FEMP (as shipper), the DOE, and the carriers to have 
emergency plans and procedures in place to respond to transportation accidents. Currently, the FEMP 
has a 112.ansportation Emergency Plan (FERMCO 1995a) and associated emergency preparedness 
procedures that cover only truck transport incidents. Before initiation of WPRAP shipments, the existing 
plan and procedures will be revised to include rail transport accidents. In addition, the DOE will offer 
emergency training to first responders in the nearby communities and will 'participate, as requested, in 
periodic training programs sponsored by the railroad and other organizations responsible for emergency 
planning (DOE 1995a). As part of emergency response preparations, the DOE is committed to contact 
and work with representatives from Ohio, Utah, and transited states prior to the first waste shipment to 
brief them on shipment plans. 

On July 18, 1995, the FEMP and the DOE took a significant step toward honoring their commitments 
with respects to,emergency planning, training, and assistance to local communities. The FEMP awarded 
a $1 million contract to the International Association of Fire Fighters to develop a custom-tailored 
emergency response training program for first responders. The program will specifically include all 
waste shipments from the FEMP, including W P W  material. 
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, 
In the event of an emergency, there are at least six different generic organizations involved in responding, 
as shown on Figure 7-1. The functions of the six organizatiohs are identified below. 

3) 

4) 

5) 

Train crews are trained to make an initial notification and assessment of the emergency. 

Railroad comDanies have contingency plans, tkhnical and communications personnel, and 
remediation contractors in place to respond to transportation incidents. 

Local authorities at the scene of the accident serve as the on-scene incident commander. All 
other parties support the on-scene commander. 

States have emergency response organizations and personnel for monitoring and administrative 
functions. These may include state police and national guard, state departments of transportation, 
health (State Radiation Control Programs), and environmental protection. 

The DOE has a network of regional Radiological Assistance Teams that can respond to support 
local response agencies. 

The FEMP's existing emergency response program will be revised to support the management 
of off-site rail emergencies, and to support the railroad and on-scene commander with both 
technical and communication personnel. 

Further details regarding emergency preparedness are provided in Section 7 of the main report. 

Training and emergency response initiatives will be developed as appropriate in response to all applicable 
future rules and regulations, such as those in Docket No. HM-169A (60 FR 50292; September 28, 1995). 

Pre-Shipment Notification 

Under Department of Transportation (DOT) regulations, LLRW, such as the WPRAP remediation wastes, 
are regulated and shipped as hazardous materials. For rail shipments to the RPCDF, the states of Ohio, 
Utah, and transited states do not require prior formal notification of LLRW and there are no known 
corresponding local requirements. The DOT and the Nuclear Regulatory Commission, through their rule 
making process and related studies, have determined that prior notification is not required for LLRW. 
State and local provisions requiring pre-notification, which are inconsistent with federal regulations, have 
been determined to be incompatible with the national need for uniform transport regulations; 
consequently, these state and local regulations are preempted. 
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Currently, the FEMP does not provide advance notification of specific truck shipments wstakeholders. 
However, reports that address aggregate projected and completed shipments are prepared.and distributed 
to stakeholders. Recognizing the interest of Fernald stakeholders in rail transportation issues, the FEMP 
will periodically present plans prior to shipment for waste shipment by rail to interested members of the 
public or interested stakeholders during routine public briefings. These plans will include the following 
information: 

1) 
2) 
3) 

Time frames over which waste shipment will occur 
The number of shipments anticipated 
Quantities and types of waste planned 

The FEMP intends to continue to work with interested stakeholders. Public information sessions will be 
held to address concerns regarding shipment and staging of these wastes prior to transport. Feedback will 
be incorporated in the development of detailed transportation plans. Any public notification given for 
rail shipments leaving the FEMP would be coordinated with the rail carrier. 

The FEMP will contact representatives from Ohio, Utah, Nevada, and transited states, prior to the first 
waste shipment,'to brief them on overall shipment plans. This information will allow states to prepare, 
as necessary, for any potential emergency response activities involving FEMP wastes and ensure that 
potential first responders are aware of the transport of these wastes. 

Ongoing Compliance Initiative 

It may be expected that regulatory, and other, requirements/conditions will change during implementation 
of WPRAP's remedial alternative. Thus, revisions to planning and execution documents/procedures will 
be periodically necessary. 

For example, this document was prepared during a transition time involving the September 28, 1995 
promulgation of amended DOT regulations (60 FR 50292). An initial review of the regulations, which 
will become effective on April 1,  1996, indicates that WPRAP's planned transportation activities will not 
be substantially impacted. The Transportation and Disposal Plan does not address complete compliance 
with &ese regulations as they are not yet finalized. 
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SECTION 1 1 

2 

INTRODUCTION 3 

1.1 Purpose 

The United States Department of Energy (DOE) has developed this Transportation and Disposal Plan to 
facilitate the remediation of the waste pits comprising Operable Unit 1 (WPRAP), from the DOE’S 
Fernald Environmental Management Project (FEW), located near Fernald, Ohio. This document is the 
third element (of three elements) of Package II of the Remedial Design Project Documentation and 
Deliverables. The other two elements in Package I1 are the Excavation Plan and the Site Restoration Plan. 
The five elements of the Package I are the Plant Facilities Design Criteria Package, Plant Facilities 
Engineering, Equipment Specifications, Site Improvement Plan, and Construction Plan. 

The primary objective is to refine the remedial alternative as presented in the Final Feasibility Study for 
Operable Unit 1 (DOE 1994b) and in the Final Proposed Plan for Operable Unit 1 (DOE 1994c), and 
as selected in the Record of Decision For Remedial Actions at Operable Unit 1 (DOE 1995a), by 
describing the logistics of rail transportation, and providing objectives and criteria to be implemented in 
the detailed design phase. This plan highlights operational aspects of waste transportation sufficiently to 
demonstrate that wastes can be transported safely in accordance with all applicable regulations. The 
document serves as a transition between conceptualization (i.e., the feasibility study) and implementation 
(i.e., remedial action). 

* 
At this time, services for disposal have not been procured, the contract with the railroads has not been 
negotiated, and the designs of the on-site W R A P  waste treatment and waste loading facilities have not 
been finalized. In addition, many aspects of this Transportation and Disposal Plan interface with design 
features described in the other elements of the Remedial Design _-- - Project Documentation and Deliverables. 
Therefore, some aspects of this plan are preliminary or conceptual in nature and the details remain to be 
developed. Actions or activities to be completed are identified in this plan. 

This document also supports the Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA) community involvement process by identifying and evaluating anticipated transportation 
issues and providing recommended resolutions for presentation in public meetings and incorporation in 
the detailed design effort. 
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. 1.2 WPRAP Was6e Characterization 

In general, eight W R A P  subunits, Waste Pits 1 through 6, the Clearwell, and the Bum Pit, were 
excavated into clay lens(es). In certain instances, additional clay and/or synthetic materials were then 
installed to form liners and the wastes were subsequently emplaced. The waste materials contained in 
these units were generated by chemical and metallurgical processes associated with the uranium 
purification mission of the former Feed Materials Production Center. The wastes consist of a variety of 
heterogeneous process waste residues including slags, sludges, precipitates, and filter cakes. Some pits 
were covered with soil after being taken out of active service. In addition, building debris was disposed 
in the waste pits. (DOE 1994a) 

Materials excavated from the pits will be pretreated (e.g., sorted, crushed) and dried (as required to meet 
the waste acceptance criteria (WAC) of the disposal facility), before transportation to a waste disposal 
site. Waste samples will be analyzed to ensure that wastes meet physical, chemical, and radiological 
acceptance criteria for disposal. Data from the Final Remedial Investigm*on for Werable Unit I 
(DOE 1994a) indicate the waste pits are contaminated with uranium, thorium, and other heavy metals, 
as well as with organic compounds. However, very little, if any, W R A P  waste will be hazardous under 
federal and state regulations. The regulatory analysis (Table J.6-3) in the WPRAP Feasibility Study 
(DOE 1994b) determined that “WPRAP does not contain any listed RCRA Resource Conservation and 
Recovery Act] wastes. Post-treated wastes are not expected to exhibit any hazardous characteristics.” 
Additional testing will be performed on the processed materials for routine quality assurance and quality 
control purposes. 

Analytical data indicate that WPRAP waste will meet the criteria for Low Specific Activity (LSA) 
material under criteria in 49 CFR 173 (See Appendix A). Transport requirements for LSA material are 
defined in 49 CFR 173.427, and described in Appendix A, Attachment 3. 

1.3 Operable Unit 

As described in the Werable Unit 
the following items: 

1) Excavation of wastes from 

1 Remedial Plan 

I Record of Decision (DOE 1995a), the selected remedy consists of 

WRAP’S six waste pits, Clearwell, Bum Pit, and soils with in the 
W R A P  boundary, liners, etc. 
Pretreatment (e.g., sorting, crushing, shredding) 

Off-site disposal at a permitted commercial disposal facility (RPCDF) 

2) 
3) Treatment by thermal drying 

4)- 

The untreated waste pit material has’ a high moisture content and is he&rogeneous in nature, physically 
and radiologically. The excavated WPRAP material will be treated to meet the RPCDF’s WAC for .a 
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relatively homogeneous waste product with low a,%ivity. These processing operations will generate 
approximately 724,000 tons (670,000 cubic yards) ‘nf soil-like materials and debris, which will be loaded 
into railcars and transported to disposal facilities over a seven?year period, projected to start in 1998. 

For design purposes, it is estimated that 100 per cent of the treated wastes will be disposed at a RPCDF. 
For planning purposes, a facility located near Clive, Uthh, is used as the RPCDF. As a contingency, 
waste that does not meet the acceptance criteria of the RPCDF can be shipped to the Nevada Test Site 
WS). 

1.4 Selection Of Transportation Mode 

A cost-benefit study of several transportation modes (FERMCO 1995d) determined that bulk rail transport 
directly to the RPCDF is the most economical and safest mode. The optimal configuration is a unit train, 
consisting of gondola cars, where the load is contained by a disposable liner and a hard railcar cover (See 
Section 4). Since the NTS does not have rail access, waste must be shipped in containers to the NTS and 
delivered by truck. 

Rail shipment was selected as the transportation mode to the RPCDF for the following primary reasons: 

1) Safety: Rail transportation is safer than transportation by truck and provides less overall potential 
for exposure to the public. 

2) Regulatory Compliance: Rail shipment can be implemented in full conformance with all federal 
and state requirements for transportation and waste management. (See Appendix A for a 
description of the transportation regulatory drivers.) 

3) Availability: The RPCDF has direct rail access and bulk railcar unloading facilities. 

4) Cost: Rail transportation is generally less expensive than shipment by truck. 

1.5 Community Involvement 

To facilitate community involvement in the W R A P  remedy selection process, three transportation 
meetings were held: Transportation Workshop (August 9, 1994), CSX Transportation Availability 
Session (August 16, 1994), and the W R A P  Public Meeting (August 23, 1994). Additionally, a 
combined Operable Unit 1 and Operable Unit 4 transportation meeting was held as part of the remedial 
design process on June 29, 1995. Based on these four meetings, the public’s primary concerns included 
the following items: 
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1) 

2) 
3) 

The condition of the CSX Transportation (CSXT) Branch Line from the FEMP to Cottage Grove, 
Indiana 
Staging of loaded cars at the Shandon Yard switchyard near the FEMP 
Time that trains would be delayed at Cottage Grove waiting for clearance onto the main line. 

This document addresses these concerns in the following manner: 

1) 

2) 

3) 

The track and other infrastructure on the branch line will be inspected and repaired (as needed) 
before initiation of rail traffic associated with this project. 
As a result of the W R A P  Record of Decision and a recentlycompleted study, the DOE will' not 
use the Shandon Yard switchyard to store loaded and unloaded cars. 
All efforts will be made to keep delays at Cottage Grove to less than one hour. 

The DOE will continue to offer opportunities for public involvement beyond those required by the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) regulations and 
U.S. Environmental Protection Agency @PA) guidance, during the Remedial Design (RD) and Remedial 
Action (R4) phases of the remediation. As details of the transportation plans are finalized, interested 
stakeholders will be informed. Further information regarding FEMP initiatives is presented in 
Section 8.2. 

1.6 Organization 

The report is divided into eight sections, as shown below: 

Introduction and background information 
Transportation Modes From the F E W  to the waste disposal facilities 
Railcar handling and waste loading at the FEMP 
Logistics of Rail Transportation from the FEMP to the RPCDF 
RPCDF operation and logistics 
NTS disposal operation and logistics 
Emergency Response Planning and Training 
Pre-shipment Notification 

References and appendices are presented at the end of the report. 
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_ .  
SECTION 2 

DESCRIPTION OF TRANSPORTATION MODE 

This section describes the principal transportation mode to move W R A P  waste off site to the disposal 
site. For the purposes of transportation planning, the principal disposal site is assumed to be a RPCDF, 
which has railcar unloading facilities, and is located in Clive, Utah. A cost-benefit study of various 
transportation mode options indicated that direct rail transport to the disposal site is the most economical 
and the safest mode (FERMCO 1995d). The optimal rail configuration is a unit train, consisting of 
gondola cars where the load is contained by a disposable liner and a hard cover. As a contingency, any 
waste unable to meet the WAC of the RPCDF will be disposed at the NTS. The assumed mode of 
transportation for NTS waste is truck, the current mode of operation. 

The DOE is committed to specify in its contract with the railroads that they comply with all applicable 
regulations regarding the integrity and safety of the railroad line. The DOE will require the railroads to 
document their compliance with the regulations and laws before shipment, and will require that the 
railroad document their continuing compliance. In this manner, the DOE will be assured that the tracks 
and associated rail structures, such as culverts and crossings, are in a safe condition before shipment. 
In addition, the DOE will require the railroads comply with applicable Ohio transportation regulations, 
as well as with regulations of states through which the waste may be routed. (DOE 1995a) 

2.1 Railroad Companies 

The only rail carrier serving the F E W  is CSXT. The main rail carrier serving the RPCDF is Union 
Pacific Railroad Company (UPRR). The most direct rail route between the F E W  and the RPCDF 
involves only these two railroads, CSXT and UPRR. A brief profile of these two railroads is provided 

. below. A switching railroad may be used as a subcontractor for the transfer of the trains from CSXT 
to UPRR (westbound) and from UPRR to CSXT (eastbound). 

Both CSXT and UPRR are considered Class I railroads, the highest classification of railroads. The 
Interstate Commerce Commission classifies railroads based on their annual operating revenue. There are 
only twelve railroads in the United States that have the Class I designation. Based on 1992 data, UPRR 
is the number one railroad in terms of operating revenue, while CSXT is number three. 

Rail transport of W R A P  waste material from the FEMP originates on the CSXT line. As the originating 
railroad, CSXT is the point of contact between the FEMP and both railroads. The rail routes are 
described in Section 4.1. 
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2.1.1 CSX Tranwortation Inc. 

CSXT, with headquarters in Jacksonville Florida, is part of the CSX Corporation. This corporation is 
composed of several international transportation companies, offering rail, intermodal shipping (e.g., 

rail/truck, using containers or trailers), barging, trucking and related services. CSXTS rail transportation 
and distribution services accounted for 49 percent of CSXS 1993 total operating revenue of $8.9 billion 
and 74 percent of CSXS total operating income of $913 million (CSX 1994). 

Rail traffic is controlled from a single dispatching and switching center in a weather-proof facility in 
Jacksonville. This facility displays a schematic diagram of the entire rail system (including the FEMP- 
Cottage Grove Branch Line), showing the real-time position of each train. Its dispatchers are in 
instantaneous voice and data link with each locomotive. See Section 4.3 for further details on this 
tracking system. 

Based on 1993 data, CSXT has the following statistical profile: 

StaWProvinces served 
Miles of track owned 
Traffic 

Average trains per day 
Average carloads per day 
Total 1993 carloads 

Locomotives 
Freight cars 

Average employment 

Equipment 

21 plus the District of Columbia 
18,779 

1,300 
15,000 
4,203,000 

2,810 
105,136 
29,000 

(CSX 199%) 

CSXT has extensive experience transporting radioactive materials, as a result of its status as the exclusive 
rail carrier for the DOES Savannah River Site. Most recently, CSXT transported foreign spent nuclear 
reactor fuel to the Savannah River Site. 

2.1.2 Union Pacific Railroad ComDany 

UPRR, with headquarters in Omaha, Nebraska, is part of the Union Pacific Corporation. This 
corporation is involved in rail and truck transportation services, and hydrocarbon and minerals operations. 
UPRRS rail transportation and distribution services accounted for 66 percent of UPRRS 1993 total 
operating revenue of $7.6 billion (UP 1994). (On August 3, 1995, Union Pacific and Southern Pacific 
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representatives agreed to a merger of the two companies; the propos& me!ger is under review by the 
U.S. Department of Justice.) 

Similar to CSXT, UPRRS rail traffk is controlled from a single dispatching and switching center in a 
weather-proof facility in Omaha. See Section 4.3 for further details on the UPRR tracking system. 

. *  
d ,  

Based on 1993 data, UPRR has the following statistical profile: 

States/Provinces served 
Miles of track owned 
Traffic 

Average trains per day 
Average carloads per day 
Total 1993 carloads 

Locomotives 
Freight cars 

Average employment 

Equipment 

19 
17,835 

750 
12,603 
4 , ~ , 0 0 0  

3,121 . 

66,813 
29,000 

UPRR.has extensive experience transporting radioactive materials because of its status as the exclusive 
rail carrier for the DOES Idaho National Engineering Laboratory at Idaho Falls, Idaho. This experience 
includes shipments of spent nuclear fuel from U.S. Navy ships, nuclear fuel debris from the Three Mile 
Island accident, transuranic waste from several DOE facilities, uranium mill tailings from Salt Lake City, 
contaminated soils originating from many states (e.g., Colorado, Illinois, and New Jersey) and radium 
export shipments. 

2.2 Anticipated FEMP Rail Traffic 

The anticipated rail traffic, resulting from the off-site shipment of WPRAP waste, is insignificant in 
comparison to the existing rail traffic of CSXT and UPRR. This section illustrates this finding with a 
statistical comparison. 

After production. with a single waste treatment unit has stabilized in FY 1999, two unit trains, composed 
of about 50 to 60 loaded gondola cars are planned. In this scenario, each train departs the FEMP at an 
average interval of 16 calendar days. An average of 8 cars are loaded per calendar day. Depending on 
the frequency of shipments, between 130 and 190 gondola cars are dedicated for WPRAP waste 
shipments. 
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In contrast, based on the statistical profiles presented in Section 2.1, CSXT and UPRR average about 
1000 trains per day and trimport over 12,000 railcars. per day. The anticipated average FEMP rail traffic 
is approximately 0.1 trains per day, or about three to seven railcars per day. 

From a national perspective, approximately 1,400 million tons of freight are transported by rail annually 
(1992). In contrast, WPRAP is expected to ship less t h b  0.1 million tons of waste per year for about 
seven years. 

CSXT transpoits about 209 billion ton-miles of freight each year (1992), and UPRR transports about 
147 billion ton-miles per year (1992). WPRAP waste is equivalent about 0.4 billion ton-miles per year. 

The UPRR main line west of Salt Lake City, Utah, current traffic averages 20 trains per day 
(NRC 1993). At peak operation, the WPRAP unit train is an incremental addition of one train every 
eight days. 

There are more than 1.1 &ion freight cars in service nationally, including more than 140,OOO gondola 
cars. The number of new gondola cars, to be procured by the FEMP from manufacturers or leasing 
entities, for transporting W R A P  waste represents an increase of about 0.1 percent of the national fleet 
of gondola cars. 

In summary, comparison of the anticipated magnitude of WPRAP rail traffk to the current magnitude 
of rail traffic for the designated rail carriers, shows that the designated carriers have sufficient transport 
capacity to satisfy the project requirements. Similarly, the number of gondola cars required for this 
project is insignificant in comparison to the number of railcars in service in the national fleet. In 
conclusion, CSXT and UPRR can easily accommodate this additional WPRAP traffic. 

2.3 Rail Transportation Configuration 

The optimal rail transportationconfiguration for transporting WPRAP waste to a RPCDF, with direct rail 
access and a rotary railcar unloader, was determined by a detailed cost-benefit study (FERMCO 1995d). 
This configurationis a unit train consisting of DOE-controlled (Le., owned or leased) gondola cars where 
the load is contained by a disposable liner and a hard railcar cover. A detailed description is provided 
below. 

2.3.1 Unit Train 

A unit train is a train that makes a direct run between the point of origin and the destination point. The 
unit train receives priority right-of-way and expedited switching, and stays intact along the whole route, 
(Le., it does not receive additional freight, nor drop any freight). Thus, the use of unit train service 
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affords compliance with Department of Transportation (DOT) regulations (49 CFR 174.14) which require 
expeditious handling of railcars moving radioactive materials. 

The unit train concept offers several key advantages over regular freight service: 

. .  

5 

1) Lower transportation cost (volume discount) ’ 

2) 
3) 

4) 
5) 

6) Reduced maintenance costs 

Shorter transit time, which increases the utilization of the railcar fleet 
Improved train safety by minimizing idle time on rail sidings and eliminating individual railcar 
switchinghandling 
Improved railcar security and tracking 
Immediate return of all empty railcars, which cannot be easily accomplished under regular freight 
service 

Unit train status is achieved when there are at least forty freight cars in a train. With less than forty cars, 
the transportation cost is raised significantly for the same degree of service. Consequently, there is a 
strong economic incentive to use the unit train concept. 

DOT regulations (49 CFR 174.85 (b)) specify that a car placarded “RADIOACTIVE” cannot be placed 
next to a locomotive or an occupied caboose’. Therefore, a unit train of radioactive material must have 
a “buffer” railcar inserted between the locomotive(s) and the RADIOACTIVE-placarded gondola cars. 
This car can be either supplied by the railroad or the FEMP. However, to ensure its stability, the car 
must be loaded with any non-radioactive material (as defined by DOT). 

Radiation exposure of the rail crew is limited under DOT regulation (49 CFR 174.700&)(3)), which sets 
the maximum allowable radiation level to.2 millirem per hour for any normally occupied position in the 
train or adjacent railcar. 

2.3.2 Gondola Railcar 

Although there are several types, most gondola railcars are long, low cars, loaded and unloaded from the 
top. The design specifications of the 
representative gondola car, for purposes of this plan, are shown below (Gmbr 1994): 

They can be unloaded by means of a car roll-over unit. 

Inside length 52’ 6” 
Inside width 9’ 7.5” 
Inside height 5’ 6” (one foot higher than ‘standard”) 
Cargo capacity 107 tons/ 103 cubic yards 

... e 
Cabooses are no longer commonly ueed by the railro9ds. 
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Empty weight 36 tons 
Outside length 57' 1.5" (coupler-tocoupler) 
Turning radius 209 feet (when coupled) 

A gondola car is expected to contain about 90 tons of WPRAP material, when loaded to about one foot 
below the top of the car (i.e., one foot "freeboard"). The treated waste material is assumed to have an 
estimated density of 80 pounds per cubic foot or 1.08 tons per cubic yard. 

The gondola railcar was selected as the most cost-effective means of transporting bulk material. This car 
offers the minimum logistical and space requirements. The implementability of this rail mode is enhanced 
since the RPCDF has a roll-over unloading facility and is experienced in its use. Another alternative, 
top-loading and bottom-unloading hopper car, is prohibited by federal regulations (49 CFR 174.700(e)). 

2.3.3 Liners and Hard Cover 

To address public concerns documented in the Responsiveness Summary to the Record of Decision 
(DOE 1995a), the DOE has committed that railcars with WPRAP material will be lined with a synthetic 
material liner and covered with a secured hard cover (See Figure 2-1). Liners cannot be used with high 
wall gondola cars, due to interference with the internal cross bracing. 

The purposesof the disposal liner are to prevent external contamination of the railcar during loading 
(when the flaps are folded over the outside of the car), prevent release of material during transport, 
prevent infiltration of water into the dried material during shipment, minimize contamination of the inside 
surface of the railcar, and facilitate the release of frozen cargo from the car. The hard cover is designed 
to prevent human intrusion, infiltration of precipitation, and inadvertent release of the WPRAP material. 

The design requirements for the liner and hard cover will satisfy DOT regulations (49 CFR 173.427 and 
174.700(g)(l)), which specify that LSA material be transported in a "strong tight package" in a closed 
transportation vehicle, under exclusive use conditions. A strong, tight package is a package that will 
prevent the release of any radioactive material under normal transport conditions. For shipments of 
hazardous waste, the liner must be compatible with the waste. 

2.4 . Options Planning 

A number of options to the baseline rail transportation scenario for shipment to the RPCDF are described 
below. Contingency planning for wastes rejected by the RPCDF is addressed by Section 5. 
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igure 2-1 - Gondola Car with Hard Cover 
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2.4.1 Small Volume ShiDments to the NTS 

The objective of the WPRAP waste treatment unit is to process all pit waste, such that the waste will 
satisfy the WAC at the RPCDF. As a contingency, small volumes of material that do not meet the WAC 
of the RPCDF will be shipped to the NTS by truck. For the purpose of this document, it is assumed 
such material will satisfy the WAC of the NTS. The FEMP has extensive experience in shipping low 
level radioactive waste (LLRW) to the NTS by truck, and has procedures in place that ensure compliance 
with all transportation requirements. 

Current NTS procedures for shipment of waste (to the NTS) specify the use of disposable metal 
containers transported by truck. The standard metal containers at NTS are steel drums (7.5 cubic feet) 
and "white metal boxes" (100 cubic feet). Use of loaded containers weighing over 9000 lb require 
explicit prior notification of and approval by the NTS. (See Section 8 for further details.) 

2.4.2 Flexibilitv in Loadout Confiauration 

The baseline loadout configuration is shipment of WRAP material in a lined gondola car with a hard 
cover. 

Alternatively, the WPRAP waste material can be loaded in returnable bulk metal containers. The 
maximum weight for truck transport (without obtaining an overweight permit) is 20 tons. Several (three 
to four) of these standard 20-ton containers could also be placed on a flatbed railcar for transport to the 
RPCDF. The "Intermodal" concept of using standard 20-ton containers for both truck and rail transport 
to the disposal facility is discussed below. 

2.4.3 Intermodal ShiDment 

In the event that the baseline rail transportation scenario cannot be implemented, intermodal shipment 
provides a contingent means to transport the WPRAP material off site. The key feature of intermodal 
transport is its inherent flexibility to utilize both road and rail transport. 

The intermodal transport scenario consists of the following segments: 

1) Load the WPRAP material into lined 20-ton intermodal containers 

2) Employ short-haul trucking to transport the containers to a rail terminal 

3) Long distance rail transport to either the disposal site, or a transfer terminal near the disposal 
site, for the final short-haul truck transport to the disposal site 

.. 
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P” 236 

4) Return of the empty containers to the F E W  

Alternatively, the containers from the FEMP could be transported directly by rail to the disposal site or 
a nearby transfer terminal for short-haul transport. 

DOT regulations (49 CFR 173.427(a)(6) and (c)(l)) governing exclusive-use shipment of LSA material 
in strong and tight containers) require that the loading and the unloading of containers be performed under 
the supervision of the shipper (Fernald Environmental Management Corporation (FERMCO)) or the 
consignee (disposal facility). Thus, only trained radiological personnel are permitted to handle or move 
LSA containers. Otherwise, transport must be performed with certified, Type A containers instead of 
LSA containers. 

A description of container handling at the disposal facility is presented in Section 5.2.2. 
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SECTION 3 1 

RAILROAD CAR HANDLING AT THE FEMP 

This section addresses management of railcars and prockssed waste materials at the site, including the 
preparation of unit trains, before departure from the site. The section discusses waste handling, rail 
facilities, the inspectiodmaintenance facility, and transportation documentation. The design of the FEMP 
loading process is in the preliminary design phase; refer to the Description of &-Site Rail Improvements 
for details. 

The FEMP will use the "staggered" unit train concept to ship waste off site. This scheduling concept, 
allows time between the departure of one loaded train and the arrival of the inbound train of empty cars. 

3.1 Rail Facilities 

3.1 .l Current Facilities 

The existing railroad track system at the FEMP is shown on Figure 3-1. The rail system was most 
recently used to move coal to the site and to remove selected wastes from the site. 

From the CSXT Branch Line, the FEMP spur, a single line of DOE-owned track, extends east, crosses 
Paddy's Run Road, runs north of the WPRAP area. The FEMP spur extends east into the former process 
area, and divides into two parallel tracks (Tracks 1 and 2), with crossovers. This trackage supports five 
"trailing point" curving yard spurs that allow cars to be pushed south into the former processing area. 
The crossovers function as "doubleended" sidings to allow an engine to be cut off and move to the other 
end of a string of cars to push them onto the single "facing-point" siding (Track 12), which curves around 
the west side of the site. 

The FEW spur and Track 12 were constructed with heavy rail (131 pounds per linear yard), which has 
sufficient structural capacity for the projected rail traffic. Certain FEMP trackage (e.g., Track 12) was 
constructed with used rail. However, Tracks 1 and 2 are constructed with 80-pound rail and will be used 
only to store empty cars. 

3.1.2 ProDosed Facilities 

To support rail transportation operations, a major phased upgrade of facilities at the FEMP will be 
required. ' Site improvements include installing new tracks, installing of fencing around all tracks, and 
constructing the waste loading facility. Phase I of the proposed upgrade is shown in Figure 3-2, and is 
composed of the following trackage elements: 
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0 "Upfront cost" (to be credited) for rebuilding CSXT Shandon Yard switches. 
Inspection of the Main FEMP Spur and the FEMP trestle (upgrading, if necessary). 

0 Inspection, upgrading, and east extension of Tracks 1 and 2 for staging empty railcars. 4 

0 Construction of: 5 

0 3 

0 

0 Tracks 100-105 
New curve to connect the Main FEMP Spur with Track 12. 

Phase 11 involves the construction of Tracks 106-108. 

3.2 Waste Handling 

The proposed location for the waste loading facility is adjacent to Track 13, as shown in Figure 3-2. 

Two site locomotives will be used to move railcars to and from the loading facility, and to assemble unit 
trains. 
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Processed waste will be stored only in sealed and covered railcars, or in the process facility. If empty 
railcars are not available and no option exists for off-site shipment due to an unforeseen scheduling 
difficulty, the FEMP will adjust the waste treatment rate to prevent an accumulation of processed waste. 

3.2.1 Loadina Process 

The FEMP Trackmobile@, not the two site locomotives, will move cars through the waste loading facility. 
In general, the hard fiberglass cover is removed and the liner will be installed. The liner, made of a 
disposable reinforced synthetic material, is draped over the sides to avoid contamination of the car. The 
liner is inspected to ensure containment integrity. Then, the waste material is loaded into the gondola 
railcars; cars are considered full when loaded to a 1-foot freeboard, or the weight capacity of the car 
(including the liner and the lid) is reached. Final samples for waste acceptance testing and certification 
are collected at this time. After loading is complete, the lap-over top of the liner is sealed (either tape 
or heat seal) over the load. Finally, the hard cover is placed on the loaded car. The hard cover is 
secured by four heavy metal clamps; one clamp per car is secured with a tamper proof seal. 

After remediation starts, operations will support loading at a rate ranging from 4 to 8 cars per day. 
Details of the waste loading process are provided in the Description of &-Site Rail Improvements. 
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3.2.2 . FEMP Waste SamDlina and Qualitv Control 

Most excavated WPRAP material must be treated to meet the RPCDF’s WAC. The DOE is committed 
to ensuring that the waste will meet the WAC for the receiving facility before the loaded railcars or 
containers depart the FEMP. (DOE 1995a) Before shipment, all loads are sampled and analyzed to 
enable the shipper (i.e., FERMCO) to certify that the waste satisfies the WAC of the disposal facility. 
Specific sampling and analysis activities will be addressed in the Sampling and Anaiysis Plan, which will 
be developed and submitted in accordance with the WPM Remedial Action Work Plan. The Sampling 
and Anulysis Plan will include applicable requirements of the disposal facility. All analyses will be 
conducted in accordance the Sitew.de CERCLA Quality Assurance Project Plan (WEMCO 1992). 

Confirmatory samples collected for RPCDF waste acceptance testing taken directly from the railcars, will 
require a 24-hour analytical turnaround period. If a railcar fails the WAC, a scheduling delay may occur, 
particularly if the last cars making up a unit train do not produce acceptable results. Accordingly, a 
reserve of loaded cars will be maintained. 

If the analytical results indicate the loaded railcar contains hazardous waste, FEMP personnel will confirm 
that the RPCDF can accept the material for treatment and disposal. If so, the railcar is placarded and 
manifested for shipment as hazardous waste. 

3.2.3 Exterior Decontamination of Loaded RailcarslContainers 

Following waste loading, each railcar will enter an enclosed area for decontamination (if needed). The 
hard cover and the decontamination process will be designed to avoid introducing water into the sealed 
cargo. The gondola cars are then transferred to a heavy rail, accesscontrolled storage spur, and held 
until results of the various analyses are determined. 

3.2.4 Radiological Monitorina Reauirements and Qualitv Control For Railcar 

Before release of the loaded railcars from the site, each railcar will be externally surveyed for external 
contamination and acceptable radiation levels, in accordance with the Sitew.de CERCLA Quality 
Assurance Project Plan and existing FEMP survey procedures. Specific criteria for the transportation 
of radioactive material are listed in 49 CFR 173. 

Two types of radiation surveys will be conducted on each railcar. Both surveys are expected to be 
performed in less than one hour. The first survey measures direct radiation per 49 CFR 173.441; results 
are available immediately. The second survey measures removable external contamination per 
173.443@), using a wipe test or using a roller with an adhesive surface; results are available overnight. 0 
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In addition to the radiation surveys, as appropriate, thermoluminescent dosimeters (TLDs) may be 
attached. b the exteriors of several gondola cars or attached 'to the shipping papers, pursuant to 
agreements to be negotiated with the railroads. TLDs are monitored as necessary to track the external 
radiation fields. 

In general, the radioactivity limits for loaded railroad cais are based upon the isotopic and radioactivity 
concentrations of the involved materials. Assuming that concentrations measured in the WPRAP 
Remedial Investigation (DOE 1994a) are representative of the wastes to be transported to the RPCDF, 
the following maximum limits are applicable: 

1) 
2) 
3) 

200 millirem per hour reading on any external surface 
10 millirem per hour at any point 2 meters from the outer surface 
2 millirem per hour in any normally occupied space, such as cab of the train 

The WPRAP material is expected to exhibit much lower radiation levels, so that compliance with this 
requirement is not expected to be a problem. 

Pursuant to 49 CFR 174.715@), if the interior surface of the unloaded railcar, yields a radiation dose that 
exceeds 10 millirem per hour or 2 millirem at 1 meter (3 feet), the car must be conspicuously stenciled 
with the words: "FOR RADIOACTIVE MATERIALS USE ONLY" in lettering at least 8 cm (3 inches) 
high on both sides of car. The car must be kept closed to prevent inadvertent access, except for loading 
and unloading operations. It is recommended that the cars be factory-painted with the stencil which could 
be covered if it is determined that the above-noted criteria can be achieved. 

3.3 Inspection/Maintenance Area 

A maintenance area will be constructed at the FEMP to perform routine maintenance on the locomotives. 
Major service and repairs will be performed off site. The location of the FEMP facility is at the southern 
end of Track 12. See the Description of &-Site Rail Improvements for details of the facility. 

In addition, the area would allow certified outside contract personnel to provide routine/preventive 
maintenance of FEMP-owned/leased cars. This maintenance area eliminates the need to decontaminate 
railcars and lose their availability for extended time periods. However, major service and repairs of the 
rolling stock will be performed off site by commercial railroad-approved maintenance shop@). Railroads 
have repair facilities to correct maintenance problems developed en route, but this is disruptive of unit 
train service and must be avoided. The lease/purchase of new cars will minimize this problem. The 
mechanisms for performing routine and en route repairs will be documented in contracts with the 
railroads and the railcar manufacturer or leasing firm. 
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To minimize the need for unscheduled off-site maintenance, the railcar owner (Le., the FEMP or the 
leasing company) will develop a rigorous railcar inspection and preventive maintenkce program. 

3.4 Rail Shipment Documentation 

c + 

e 

Disposal facilities require load-specific documentation, including a 72-hour shipment notification and a 
Radioactive Waste Shipment & Disposal Record to ship waste. Loads, if any, of hazardous waste will 
be transported under a hazardous waste manifest. 

To support preparation of waste-specific shipment documentation, the following systems are planned: 

a 

Automated shipping document generation: The generation of the documentation necessary to ship 
waste from the FEMP takes several (Le., two to six) days after car loading due to the laboratory 
turn-around time. A lengthy delay to generate the documentation a u l d  cause an accumulation 
of loaded railcars. To minimize this possibility, all documents necessary for each carkontainer 
are computer-generated from an integrated database. This system integrates the data from the 
loading equipment, car register, and analytical data base. The necessary documents for each 
carhntainer are generated for each loaded car as it is released from the storage area. 

During this process, the hazardous materials shipping documentation for each car is verified to 
ensure that the description of the contents of the loaded car reflects the analytical results from the 
waste characterization. Also, these analytical results are reviewed to ensure that all required 
transportation placarding is posted. These reviews are performed by an individual who has.DOT 
HM-126F training. 

The computer system will compare the analytical results for the material to be shipped, obtained 
by testing pursuant to the Sampling and Analysis Plan which will be developed, with the 
RPCDF's WAC to ensure the criteria are satisfied. This would prevent shipping papers from 
being prepared for waste which had not cleared the FEMP's Quality Assurance process. In the 
event that the PCDF were to reject a carload, this data would be the first point of reference in 
addressing the problem. 

Automatic scale at loading station: The scale weighs the car as it is loaded and assists in the 
loading process. The scale provides important information for shipping documentation, since the 
railroads are typically paid by weight shipped. Railroads will accept a customer's weight 
representation, but periodically spot-check cars. 

This documentation is the basis for preparation of a Consist Report. A typical CSXT Consist Report 
shows the following information for. each railcar: 
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1) Identification number 
2) Position within the train 
3) Status (empty/full) 
4) Weight 
5) Contents and related emergency instructions 

The Consist contains critical information in the event of an emergency (See, Section 9). 

At East St. Louis, Illinois, CSXT crew provides the UPRR crew with this documentation which travels 
with the train until arrival at its ultimate destination. 

The above-noted hardcopy "paper trail" for the shipment in progress is supplemented by the railroads' 
real-time car-tracing data bases as described in Section 4.3. 

Placarding of railcars by FEMP personnel is required. The specific placard will be determined by the 
specific nature of the waste. Based on the WPRAP Remedial Investigation (DOE 1994a), a 
"RADIOACTIVE" placard is required for planned waste shipments (See Section 2.3.1). 

In addition, to have a record of the radiation field in the occupied portion of the locomotive, a TLD may 
be attached to the official shipping papers carried by the train crew. Upon arrival at the RPCDF, this 
TLD is removed and mailed to the FEMP or a measurement laboratory by the disposal facility personnel. 
Details of this procedure have not been finalized. 

CSXT connects to the loaded unit train at the FEMP gate; consequently, the CSXT locomotive is not 
surveyed. If the CSXT train crew enters the FEMP to inspect the train, crew members will be monitored 
(with TLDs). Current plans assume that CSXT will perform their inspection outside the FEMP 
boundary. A work procedure will be developed to detail the activities involved with the train inspection 
and turnover to CSXT. 

3.5 Unit Train Transfer 

The unit train is assembled one to two days before its scheduled departure. At this time, a final radiation 
survey is contemplated as the cars may collect dust due to being stored on tracks near areas where 
remediation activities will be in progress. The need for such testing will be evaluated further. After the 
unit train has been assembled, an initial stationary brake test and final radiation survey (for site release) 
is conducted on site by FEMP personnel. When the CSXT locomotive arrives, the train is pulled out to 
the Branch Line. The entire train is inspected again by CSXT prior to acceptance and movement from 
the FEMP to confirm that the cars are mechanically fit and all safety equipment is present and operable. 
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SECTION 4 1 

2 

LOGISTICS OF RAIL TRANSPORT TO THE REPRESENTATIVE 3 

PERMITTED COMMERCIAL DISPOSAL FACILITY 4 

This section details the plans and logistics associated with the rail transport from the FEMP to the 
RPCDF, including the route, schedule, and tracking of unit trains. Only the primary routes proposed 
by the railroads are identified below. 

4.1 Route 

For planning purposes, a RPCDF is used as the basis for this analysis. Although the entire route to 
Clive, Utah is reviewed in this section, attention is focused on the portion of the route where the kaffic 
associated with this project would cause a major rail traffic increase (i.e., the Branch Line between the 
Shandon Yard and its junction with CSXT’s main line at the Cottage Grove, Indiana yard). 

4.1.1 CSX TransDortation (Fernald to East St. Louis. lllinoisl 

11 
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18 

CSXT will transport the WPRAP waste from the FEMP to East St. Louis, Illinois, CSXT’s western 19 

terminal yard. 20 

4.1.1.1 Fernald to Cottage Grove 22 

21 

2) 

Unit trains will transit the 24-mile long branch line between the F E W  and the Cottage Grove yard on 
a regular basis. Trains move at a maximum speed of 25 miles per hour along the route, shown in Figure 
4-1. CSXT’s current traffic on this line is three local freight trains per week; once FEMP begins rail 

24 

25 

26 

shipments, this rate will increase. 27 

28 

4.1.1.1.1 ‘Shandon Yard 29 

This switch yard parallels CSXT’s line at the junction of the F E W  spur and consists of three parallel 
30 

31 

tracks. Shandon Yard will not be used as a staging area for unit trains. 32 

33 

34 A switch will be constructed to connect the FEMP spur directly to the CSXT Branch Line. 

... 
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igure 4-1 - Fernald-Cottage Grove, Indiana Branch Line 
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4.1:1.1.2 Cottage Grove Yard 

Located in the town of Cottage Grove; Indiana, this yard has ample capacity for unit trains, but the trains 
might have to wait a maximum time of approximately one hour for clearance onto the main line. The 
FEMP will make arrangements with CSXT to minimize the holding time at Cottage Grove by obtaining 
clearance prior to departure from the FEMP. 

4.1.1.1.3 Track Condition 

The Branch Line between the Shandon and Cottage Grove yards is a Class 2 track, as defined by 
49 CFR 213.9, which establishes a 25 mph speed limit. Other tracks for the balance of the trip to Clive, 
Utah are equal or higher in class. All track is inspected as required by 49 CFR 213, Federal Railroad 
Administration (FRA) Regulations, to determine the condition of the following: 

Before 

Rails 
Rail joints 
Crossties 
S w itches/crossovers 
Crossings (track and grade) 
Ballast 
Tieplates 
Rail Fastenings 

initiation of rail shipments, the FEMP will request that CSXT perform a track inspection of the 
Branch Line between the FEMP and Cottage Grove, and certify that all required project-specific 
maintenance and upgrades needed to support the WPRAP rail shipments have been performed. This FRA 
certification will document that this work was completed. 

Public comments on the condition on rail track and associated property from the FEMP to Cottage Grove 
should be directed to CSXT Louisville District Office at (812) 288-1844. 

4.1.1.1.4 Bridge and Trestle UDmades 

Based on information provided by CSXT, trains, en route from the FEMP to Cottage Grove, cross 
several bridges/trestles of wood or wood and steel construction and of various ages. These structures 
have received substantial maintenance since the time of construction and, reportedly, are adequate for 
current rail traffic. 
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The trestles are routinely inspected for the following items: 

1) Track Condition 
2) Superstructure 
3) Substructure 
4) Waterway obstructions (if applicable) 

On the basis of the design load and rating, CSXT indicates that three of the bridges or trestles are not 
satisfactory for the unit train rail traffic associated with this project. These three trestles span: 

1) Camp Run 
2) South Wynn Road 
3) Bucks Run (Okeana Trestle) 

CSXT believes these trestles need to be replaced or rebuilt prior to commencement of rail traffic 
associated with this project. Specifically, CSXT has advised the FEMP that the use of the branch line 
to support the proposed additional train traffic requires that the trestles identified above be strengthened. 
These efforts can be effected with nominal disruption of the current rail traffic. The structure of primary 
concern is the 846 foot long and 65 foot high "Okeana Trestle" at Bucks Run Road, of which 646 linear 
feet is timber construction. The DOE is committed to upgrading these structures before waste shipment. 
(DOE 1995a) The W-Sife  Rail Upgrades, another design deliverable submitted with the WPRAP 
Remedial Design package, contains the details, engineering work, and schedule of three planned trestle 
upgrades. 

4.1.1.1.5 Grade Crossings 

FEMP personnel have identified 24 "at grade" road crossings (Le., without a bridge 
located on the route shown by Figure 4-1. All crossings have the "crossbuck" signs 

or a overpass) 
as required by 

federal regulations. None has crossing gates; most do not have flashing lights. Installation of gates 
and/or flashing lights at these crossings is the responsibility of the Ohio and Indiana Departments of 
Transportation on the basis of analysis of vehicular and rail traffic. At present, the DOE has no plans 
to install such equipment as part of this project. 

4.1.1.2 Cottage Grove to East St. Louis 

Trains join main line traffic between Cincinnati, and Indianapolis, at Cottage Grove, Indiana. 

As shown on Figure 4-1, rail traffic frdm the FEMP travels north to Cottage Grove, then east and south 
to the Cincinnati terminal. From Cincinnati, trains head west through Mitchell, Indiana, and Vincennes, 
Indiana (See Figure 4-2). CSXT service terminates in East St. Louis, Illinois. 
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Figure 4-2 - CSXT Route from Cincinnati to East St. Louis 
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This portion of the route is over main line track that receives enstant surveillance and maintenance c 
attention. No non-routine infrastructure upgrades are required. 3 

4.1.2 
4 

Union Pacific (East St. Louis. Illinois to Clive. Utah1 5 

6 

In East St. Louis, an inter-terminal switch occurs between CSXT's Cone Yard and UPRR's Valley 
Junction Yard, and the CSXT crew is replaced by UPRR personnel (See Figure 4-3). A switching 
railroad company may be used to transfer the unit train from CSXT to UPRR; if so, it will be considered 
a subcontractor to CSXT or UPRR and will be subject to the terms of the transportation agreement to be 
negotiated among FERMCO, the DOE, CSXT, and UPRR. Depending upon the arrangements between 
the railroads, the locomotives may be changed from CSXT equipment to UPRR equipment. 

As shown in Figure 4-4, unit trains, under UPRR control, move westward to the Clive, Utah yard 
through the following major metropolitan areas: 

1) St. Louis, Missouri 
2) Kansas City, Missouri 
3) Topeka, Kansas 
4) Cheyenne, Wyoming 
5) Ogden, Utah 
6) Salt Lake City, Utah 

The route traverses Missouri, the northeast comer of Kansas, most of Nebraska, a small part of northeast 
Colorado, the length of Wyoming, and across northern Utah. The final leg is from Salt Lake City west 
to Clive, Utah. The need for UPRR's Wendover Utah/Nevada yard to turn-around the unit train is being 
determined. All trackage is main line, and no non-routine upgrades are necessary for this project. 

. .  . .  

Car inspections are performed by the receiving company at the transfer between: 

1) the FEMP and CSXT 
2) CSXTandUPRR 
3) the RPCDF and UPRR 

7 
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Additional inspections are performed by train crews, while en route to the RPCDF. In accordance with 
standard railroad procedures, train inspections are typically performed with each change in crew, with 

35 

36 

each train refueling, every 1000 miles, and at major rail terminals. 31 

38 
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Figure 4-3 - Location of Cone Yard and Valley Junction Switch Yard 
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Figure 4-4 - Rail Route from St. Louis to the PCDF 
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4.2 Unit Train Schedule : :  1 

Raikoad F m  To Days 

FEMP In-Transit 

NIA FEMP train makeup 1 

CSXT FEMP East st. 1 

Louis, IL 

UPRR Eaet St. Clive, UT 4 

h i s ,  IL 

NIA RPCDF 5 11 
Louis, IL 

East St. 

Louis, IL 

NIA FEMP train dieassembly 1 

Delays * NIA NIA I 

TOTAL 2 16 

As shown in Table 4-1, the total round trip cycle time for a unit train is 15 calendar days, assuming one 
day for delays. A 16day trip cycle is used for planning purposes, including 1 day for train disassembly. 
This estimate includes a 5 day turnaround time at the disposal facility. 

Table 4-1 - Unit Train Schedule for Unit Train 

e 

I sufficient to meet transportation needs. The 14day cycle is based on the expected waste processing rate; 
assuming 24-hour operation and 75% availability, the FEMP can process (and consequently load) 3.2 
railcars per day. At this rate, the site can prepare one unit train (40 loaded cars) every 12 days. Later, 
if and when two treatment systems are placed into operation, three unit trains, with an 8day loading 
cycle, are required to meet all transportation needs. In addition, several spare cars are required to meet 
various operational contingencies (e.g., replacement cars, empty cars to use as buffers, loaded cars 
waiting for analytical results, cars in the loading facility). 

Unit trains are normally scheduled with a seven day notice. For the first year of shipments, CSXT has 
agreed to allow some scheduling flexibility (with 48 hour verification) to accommodate startup problems. 

2 
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The schedule of the returning empty unit train does not interfere wirh the assembly of the outbound unit 
train, which will require one to two days. 

3 

4.3 Location And Status Tracking 4 

5 

Tracking the location of railcars is standard practice with all major railroad companies. CSXT offers this 
service as an optional computer-accessible package called MERCURY@. UPRR’s system is TELE- 
TRANS@. Tracking data are received from railroad car interrogators/transponders located at main 
switches along the tracks. With this system, the location of each car can be determined based on the last 
transponder. These units are separated by various distances, typically ranging from a few miles to about 
20 miles. At any time, the FEMP can access the system to determine the locations of the trains/cars. 

If cars are stopped due to a transportation incident, the FEMP would be immediately notified by 
railroads’ control centers. The system provides automatic notification if one of the cars is delayed for 
non-routine safety-related reasons or mechanical repairs. In addition, the train locomotive is capable of 
voice communication with the railroad’s control center. (See Section 7 for a discussion of emergency 
response.) 
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SECTION 5 

PERMITTED COMMERCIAL DISPOSAL FACILITY 

For planning purposes, a RPCDF located in western Utah, is under consideration as a potential bidder 
for disposal of LSA radioactive waste generated from the remediation of WRAP and has been and will 
be used as the disposal facility for planning purposes, until the final disposal site is selected. This 
RPCDF was used as the RPCDF in the WPRAP Feasibility Study/Proposed Plan (DOE 1994b). 

To comply with Off-site Rule for CERCLA waste (40 CFR 300.4443, the DOE will audit the RPCDF 
before shipping WPRAP material to confirm the facility8 status and compliance history. The review will 
be conducted annually throughout the term of the remediation project. In the event the compliance status 
of the RPCDF changes, the DOE will suspend waste shipments until the actions/requirements for 
regaining acceptability status are implemented and the facility becomes acceptable. 

5.1 Facility Overview 

The RPCDF is licensed to accept for disposal: (a) specific low concentrations of radionuclides within the 
classification LLRW (b) Naturally Occurring Radioactive Material (NORM), (c) mixed waste, and (d) 
1 le.(2) by-product materials (uranium and thorium mill tailings). The RPCDF of approximately 540 
acres is next to a DOE mill tailings disposal site (100 acres). The facility is located in the Great Salt 
Lake Desert, near Clive Utah, about 75 miles west .(65 miles by air) (NRC 1993) of Salt Lake City, 
Utah. The site is located within the ten square mile industrial area designated by Tooele County 
exclusively for commercial hazardous waste treatment, storage, and disposal facilities. (This zoning 
designation will prevent future residential development near the RPCDF.) The RPCDF has been 
successful in working with their regulators in obtaining additional licenses and processing amendments 
to its existing licenses. 

5.1.1 

The facility has a total disposal capacity of 14 million cubic yards of waste. The currentlydeveloped 
portion of the site with constructed disposal cells has the following disposal capacities: 

1) 
2) 
3) 
4) 

WPRAP waste is designated for disposal in the LLRW cell, which has ample capacity at this time. 

1.5 million cubic yards for LLRW 
1.0 million cubic yards for NORM 
1.0 million cubic yards for mixed waste 
3 million cubic yards for mill tailings 
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5.1.2 RPCDF Waste Analvsis and- Accemance 

The RPCDFB Waste Characterization Plan describes the procedures that the waste generator and the 
RPCDF must follow to characterize the waste and to verify acceptability of the waste at the facility (See 
Figure 5-1). A partial list of the conditions in the facility4 Radioactive Material License, which may 
affect acceptance of WPRAP material, is presented on TBble 5-1. (Note: Table 5-1 is not all inclusive. 
Refer to the actual license for a complete list of conditions.) The RPCDF is in the process of amending 
its disposal limits for specific radioisotopes. 

As part of the RPCDF’s pre-shipment waste acceptance process, the RPCDF requires submittal of a waste 
profile, (including laboratory analyses and completed forms) with five 2-pound or 1-liter analytic samples 
The (intended to represent the range of expected concentrations of radionuclides) and one large (50 lb) 
physical sample to establish acceptance parameters for future shipments. The physical sample is used to 
determine compaction ratios (Standard Proctor Test). The five analytic samples will be analyzed at the 
RPCDF’s on-site laboratory. Ideally, the collection should include two high concentration samples, two 
low concentration samples, and one intermediate concentration. Analytical results will be compared to 
the submitted waste profile for consistency. 

Subsequently, waste shipments will be sampled upon receipt and fingerprint analyses will be performed 
to confirm that the received waste is within the range established by the preshipment sampling and 
analysis. As-received peak radiological test values are permitted to be ten times the bulk average values. 
If the RPCDF’s analytical results for a shipment exceed the pre-shipment tolerance range, the shipment 
may be returned. Additional characterization may be required before the waste can be accepted. 
However, acceptance of waste shipments may be delayed if additional samples, analytical results and/or 
written confirmation are needed to correct discrepancies between the FEMP’s Quality Assurance tests and 
the RPCDF’s post-shipment waste acceptance analyses. 
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About six months are expected to be required to gain initial acceptance for a waste stream, Le., to 28 

perform the analytical tests and to verify consistency with the facility4 license conditions. 29 

30 

As the FEMP proceeds through the cleanup process, it is possible that sampling activities will detect 
material(s) differing from, or exceeding the tolerances of, the pre-shipment samples. If this occurs, it 
is necessary for the F E W  to contact the RPCDF concerning the need for additional samples of the 
material (as above-noted) to establish new acceptance parameters. This will help avoid rejected shipments 

31 
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of @e new/different material. 35 
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gure 5-1 - Acceptance and Shipment Process 
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Table 5-1 - Excerpts from the RPCDFB Radioactive Material License 

I 

9. AUTHORIZED USE. . . The licensee shall not accept low-level radioactive waste generated outkde the 
region ... unless the provisions of Articles IV and V of the Cornpact are met. Before receipt of any such *men@ 
the licensee shall submit to the Utah Division of Radiation Control documentation evidencing compliance . . . 

13. The maximum quantity of special nuclear material [enriched or W e  material] which the licensee may possess, 
undisposed of, at any one time shall not exceed: 350 grams of U-235,ZOO gnuns of U-233, and 200 gram of Pu, or 
any combination of them . . . 

14. Licensematerial.. . shallnot~pplacediaadisposalceuunlessit~bedeternnned . that the concentrations of 
radionuclides is approximately homogeneous within the physical form of the waste . . . 

18. Radioactive waste c o n e g  h e  liquid shall not be accepted for disposal . . . 

38. For the purpose of this license, debris is defined as any radioactive waste for disposal other than soils. 
Compactible debris is defined as: (A) having a gradation that will pass through a four inch (4") grizzly and; (B) as 
having a density greater (sic) than seventy pounds per cubic foot . . . Contaminated materials, other than soil, not 
meeting either of these criteria are defined as noncompactible debris. 

40. In-place bulk radioactive waste shall be compacted at a moisture content up to Mree percent (3 %) above optimum 
as determined by the Standard Roctor Method ASTM D-698. . 

41. The licensee shall compact each lift to not less than ninety percent (90%) of optimum densi ty... 

42. All debris shall be less than ten inches (10") in at least one (1) dimension, and no longer than eight feet (8) in 
any dimension. 

43. A lift or any portion of a lift shall be limited to less than ten percent (10%) by volume of debris and the debris 
shall be uniformly distributed throughout the lift. However, noncompactible debris in the form of concrete, stone or 
metal may be placed in the lift up to twenty-five percent (25%) by volume, of the total lift, uniformly distributed 
throughout. . . 

52B. Waste containing more than 0.1 5% chelating agents by weight must be i d e d e d  . . . 

- 
. 

53. The licensee shall not accept radioactive waste for storage and disposal unless the licensee has received a complete 
'Radioactive Waste Shipment and Disposal Record," (Form #E-100) from the shipper. 
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5.1.3 Debris Content and Limitation 

The RPCDFf Radioactive Material License with the State of Utah defines the term, "debris'! as anything 
other than soil (see Table 5-1, conditions 38, 42, and 43). In addition, on a case-by-case basis, debris 
shall not exceed ten percent of the volume of the waste material, and no single piece shall be larger than 
eight feet by eight feet by ten inches. 

In accordance with its license, debris that does not meet the above specification is not acceptable for 
disposal at the RPCDF. If any such debris is received by the RPCDF, it can either return the debris to 
the shipper or process the debris to meet its license conditions at an additional cost. 

5.1.4 Moisture Content and Limitation 

The RPCDF imposes a: 

1) 
2) 

Minimum moisture content to minimize dust generation problems at the RPCDF. 
Upper-bound constraint of no free liquids. 

The maximum acceptable moisture content, at the point of landfilling (Table 5-1, condition a), is three 
percent above optimum, as determined by the Standard Proctor test. 

To reduce the possibility of the WPRAP material becoming frozen in-place in the railcar during the 
winter, the WRAP waste treatment unit may need to produce a drier product during in the winter 
season. This change means a reduced waste processing rate during a time (between December 1 and 
March 1) when the RPCDF also experiences reduced productivity because of the climate. 

' 

5.1.5 Other Limitations 

There are no known or anticipated regulatory limitations by the State of Utah that may impact the 
acceptance.of WPM material, i.e., there are no volumetric nor physical nor chemical limitations. 
Radiological analyses performed to date show that homogenized, processed W R A P  material will meet 
the maximum permitted average concentration for all radionuclides. 

. - - - - __ - ._ - - 

The RPCDF also prohibits the disposal of LLRW containing pathogens, infectious wastes, or other 
etiologic agents. The Feasibility Study (DOE 1994b) regulatory analysis (Appendix J, Table 5.6-3) 
previously determined that this requirement does not apply to WPRAP wastes because the wastes do not 
contain pathogens or infectious wastes. 

Under the RPCDFf mixed waste license, waste regulated as asbestos may not be accepted by the facility. 
However, this requirement does not prohibit the *facility from accepting radioactive waste with some 
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asbestos contamination. Such waste may be accepted on a case by case basis. The Feasibility Study 
regulatory analysis (Appendix J, Table J.6-4) previously determined that, "None of the waste in WPRAP 
is regulated as asbestos waste. Although R small portion of W P M  waste may contain asbestos, the total 
is less than 1 %, which is the regulatory threshold." 

In addition, under the RPCDFS mixed waste license, polychlorinated biphenyl (PCB)contaminated waste 
will not be accepted unless the PCB concentrations meet municipal solid waste disposal levels. The 
Feasibility Study regulatory analysis (Appendix J, Table J.6-4) previously determined that this 
requirement does "not apply to WPRAP wastes because the RI [Remedial Investigation] has documented 
that PCBs in the waste pits does not exceed . . . 50 ppm [parts per million] (regulatory threshold)." 

5.2 Logistics 

The RPCDF has excellent transportation access. The disposal site is located 1-mile south of the main 
line of the UPRR and is c o ~ e c t e d  by a rail spur. The site is also connected to 1-80 by a 2.7-mile four- 
lane divided highway. This highway facilitates a high volume of truck traffic. to the disposal site. 

5.2.1 Railroad Traffic 

The RPCDF has two 1-mile and one 1.75-mile spurs on its property. Railroad cars are delivered from 
UPRR's main line, and then "spotted" for staging or unloading by the facilityi two locomotives. The 
facility operator notes that unit trains arrive at the site on a more dependable schedule than blocks of 
regularly-scheduled freight cars. Representatives of the RPCDF indicate the facility can accommodate 
the anticipated WPRAP traffic. 

The RPCDF has represented that it can easily accommodate the anticipated type of gondola car and traffic 
thereof. The current three parallel facility spurs limit the number of railcars that can be on site at once 
to a maximum of 300 cars. The facility's infrastructure has the following capabilities: 

1) 
2) 
3) 

Handling 120-ton (gross weight) 57-foot gondola cars 
Turning around a unit train within a four calendar day period under normal weather conditions 
Providing security for storage of loaded cars in an off-site yard or siding 

In current operations, most bulk materials arrive in open top gondola cars, which are pushed, one at a 
time, through the facility's permitted railcar roll-over device (See Figure 5-2). This unit straddles the 
spur and effects a controlled "drop" of the waste material into an adjacent concrete pit. The unloading 
operation can be sprayed with water to reduce the amount of airborne dust. The material is then loaded 
into dump trucks, transported to the disposal cell, placed in one-foot "lifts" (or levels), compacted, and 
covered. The empty railcars continue along the spur. When the capacity of the spur behind the roll-over 
device is reached (about ten cars), the empty cars are removed for decontamination and interim storage. 
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igure 5-2 - Gondola Car Roll-Over Facility 
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Daily railroad car unloading capacity of the facility's roll-over device varies from 10 in winter, when 
frozen loads in railcars have to be hydraulically "jackhammered" to facilitate unloading, to 150 in a 
24-hour period campaign during favorable weather. The RPCDF adds a ten percent surcharge for 
deliveries between December 1 and March 1. The FEMP is considering measures that would avoid the 
need to "jackhammer" the railcar to unload it (e.g., drier waste material). . 

I. 

During times of inclement weather, such as precipitation or high winds, disposal operations are not 
performed. 

The facility operator recommends bulk transport in membrane-lined gondola cars with hard covers. 
However, the operator has reported experiencing operational difficulties in handling certain types of liners 
and metal covers. Thus, during the selection process for the liner and hard cover for the gondola cars, 
operational experience of the RPCDF operator will be considered. A fiberglass cover manufactured and 
maintained by EcoFab is recommended by the RPCDF operator. 

5.2.2 Container Traffic 

The RPCDF is capable of receiving waste viu intermodal containers on flatbed railcars. About one 
percent of the facility's waste is currently received in intermodal containers. If intermodal containers 
were the selected mode of transport (see Section 2.4.3) for WPRAP material, a new handling facility 
could be readily constructed to handle high-volume WPRAP waste shipments. The container handling 
activities at the RPCDF could follow either of the following two scenarios. 

Scenario 1 - Containers Moved Directlv to Disposal Cell 

An unloading/loading pad would be constructed next to the existing rail spur to permit a "piggypacker" 
(large container forklift) to access two flatcars at a time. The pad would serve as an interim container 
storagehnpling location, if necessary. The containers would be successively placed directly onto trucks 
which would proceed to the disposal cell and unloaded using the containers' end gates. After 
decontamination, the closed containers will be returned to the unloading pad, removed from the trucks 
and placed back on the flatbed railcars. 

Scenario 2 - Containers Staged Before DisDosal 

Using the above-noted pad, a less schedule-intensive method of handling containers would be for the 
piggypacker to unload full containers and immediately replace them with empty containers. Although 
this "decouples" waste disposal and train loading/unloading activities, an extra set of containers is 
required. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

n 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

ERAFSl\VOLI :RSAPPS\RSDATA\ 
OU-1WO-145uIAR1996\TRANPLA.N.REV 5-8 Rev. No.: F 



5.2.3 Decontaminatior+; 

The exterior of all gondola cars is cuzrently decontaminated with high pressure brackish water spray hoses 
by facility personnel. This method is effective in their current operations. 

Federal regulations (49 CFR 174.715(b)) specify that the interior of a gondola car need not be 
decontaminated after each use as long as the car is used exclusively for radioactive materials and is kept 
closed at all times (except for loading and unloading) and if a survey shows that the radiation dose does 
not exceed 10 millirem per hour at the interior surface or 2 millirem per hour at 3 feet from any interior 
surface. If internal contamination exceeds these levels, then the interior of the car must be 
decontaminated to be considered an empty unplacarded railcar. 

5.2.4 Radioloaical Monitorina Reauirements and Qualitv Assurance 

Radiological monitoring and quality assurance verification are performed to ensure that the exterior of 
each railcar and/or container used for transporting radioactive waste is not externally contaminated prior 
to its release from the RPCDF. The facility’s License Condition #28 mandates that each transport vehicle 
be radiological surveyed prior to leaving the facility and that appropriate records of this survey be kept. 
The license specifies the limits for average and maximum radiation levels to be 0.2 and 1 .O millirad/hour, 
respectively. Further, the maximum allowable removable surface contamination may not exceed the 
limits set in Table 10 of 49 CFR 173.443(a). If any of these limits are exceeded, the vehicle must be 
decontaminated until it passes these release limits for external contamination. 

5.3 Noncomplying Waste 

The FEMP will make every effort to ensure that all waste material shipped to the RPCDF meets its 
WAC. The FEMP will perform confirmatory analysis prior to its shipment to the RPCDF (see Sampling 
and Analysis Plan). In the unlikely event that any waste arriving at the RPCDF does not conform to the 
accepted waste profile based on the facility’s sampling of the waste shipment, then the waste material will 
not be unloaded. The FEMP is notified, and the following Contingency Plan for Non-Conforming Results 
is implemented. 

The RPCDF is able to process some Non-Conforming waste, such as waste with free liquids, into an 
acceptable form, and then accept the waste for disposal. However, if the waste exceeds the 
chemical/radiological acceptance criteria, the waste may be treated by the RPCDF or returned to the 
FEMP. Returned material will be removed in the loading building. If the FEMP’s evaluation confirms 
that the rejected material after re-processing could not be accepted by the RPCDF, then the waste would 
be re-packaged for transportation and disposal at the NTS, if within the limits of its WAC. 
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Normal procedure at the RPCDF is to wait for the confirmatory analysis before disposal. However, if 
after the waste is disposed and the results from a state-approved laboratory or from the deferred chemical 
screening parameters analysis show that the waste is beyond the limits of the license, the facility operator 
must follow the procedure below: 

1) Within 24 hours of discovering that nonconforining material had been disposed, the RPCDF 
must notify the Utah Division of Radiation Control of the situation. Nonconforming waste is 
material that: 
(1) 
(2) 

The waste exceeds the limits of the radioactive material disposal license. 
The waste exhibits hazardous waste characteristics that exceed land disposal restrictions 
and has not been granted a case-bycase variance from the Utah Division of Water 
Quality. 

2) Within seven calendar days of the notice, the RPCDF must provide the Utah Division of 
Radiation Control with a written description of the situation. The following information must be 
included in the written description: 
(1) Name of Generator 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) Compliance Schedule 

Name of Non-Conforming Waste Stream 
Amount of Non-Conforming Disposed Waste 
Location of Non-Conforming Waste in the Disposal Cell 
Date Non-Conforming Waste was Accepted 
Date Non-Conforming Waste was Placed in Disposal Cell 
Description of Waste Placed on and Around Non-Conforming Waste 
Plan of Action for Resolving Non-Conformance 

The finding of noncomplying waste by the RPCDF resulting from a radiological analysis has a number 
of possible causes: (a) waste shipment as a whole was complying, but the random sample taken by the 
RPCDF was not representative (e.g., statistical "hot spot" due to waste not being sufficiently 
homogenized/processed by the FEMP), (b) waste shipment was complying, but the RPCDF analysis was 
faulty (Le., not the FEW3 fault), and (c) waste shipment was noncomplying, but passed through FEMP 
screening and sampling program (Le., inadequate waste: homogenization [a statistical "cold spot" was 
sampled], screening and analysis at the FEMP). 

To avoid the shipment of non-acceptable waste material, the FEMP will-address this problem in the 
sampling program and in the waste treatment process. First, the FEMP has made it a high priority to 
develop and institute a systematic and representative statistical sampling and screening program for the 
processed waste material (see Sampling and AnuZysis Plun). Second, to assure that the analytical results 
at FEMP and the disposal site are reasonably representative and consistent, the waste material will be 
blended. The WPRAP waste treatment system is being design with this key objective in mind. A 
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number of quality control features will be incorporated into the design to assure the production of a I-. 

reasonably homogeneous product. (See Plant Facilities Engineering.) i’ 

3 

Before any off-site waste shipment, the waste material will have been screened, sampled and analyzed, 4 

and compared to the submitted waste profile. If the analytical results are not consistent with the s 

submitted waste profile, the waste profile may be revis4 by notifying the disposal site, as long as the 6 

revised profile does not exceed the license conditions or WAC. The contract with the RPCDF will 7 

include: . 8 

9 

1) A dispute resolution procedure to resolve analytical discrepancies. 10 

2) Charges and procedures for handling noncomplying wastes, ranging from treatment options to 
the return of loaded cars. 

11 

12 

13 

Waste exceeding the RPCDF’s WAC will be either recycled for further processing or sent directly to the 
NTS, depending’on the extent and nature of the deviation. At this time, it is expected that the RPCDF 

14 

IS 

and the Nevada Test Site can accept waste generated by WPRAP’s waste pit remedial action project. 16 

17 

.._ 
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SECTION 6 

TRANSPORT AND DISPOSAL ATrTHE NEVADA TEST SITE 

6.1 Facility Overview 

The NTS is located in Nye County, Nevada, about 65 miles northwest of Las Vegas. The NTS 
encompasses about 1350 square miles and is surrounded on three sides by public access exclusion areas. 
NTS has been the primary location for testing the natiod nuclear weapons since January 1951. Since 
1978, NTS has also served as a major LLRW disposal facility for several DOE sites. Off-site waste from 
other DOE sites must be packaged to meet NTS criteria (DOE et d. 1992). 

6.2 NTS Waste Acceptance Criteria 

Material that cannot be treated to meet the RPCDFS WAC will be disposed of at the NTS. Before any 
waste material leaves the FEMP, the waste will be analyzed to ensure compliance with the NTS WAC 
(NVO-325)@OE et d. 1992). A partial list of NTS WAC is presented in Table 6-1. (Note: The criteria 
presented in Table 6-1 are not all inclusive. Refer to NVO-325 for the complete list of criteria.) Prior 
to shipment of WRAP material to the NTS, the FEMP will submit the appropriate application for DOE 
approval. 

The NTS process for application approval, waste characterization, waste certification, exemption requests, 
and waste transfer, is thoroughly explained in its document, NTS Defense Waste Acceptance Criteria, 
Certification and Transfer, NVO-325 (Rev. 1). This document states that bulk waste containers must be 
approved by the Department of Energy-Nevada (DOE-NV). Further, bulk waste containers being 
returned to the shipper must be decontaminated sufficiently to meet NTS’ off-site release limits. 

To comply with the off-site Rule for CERCLA waste (40 CFR 300.440), the DOE will conduct an audit 
of the disposal facility prior to shipping waste to confirm the facility’s status and compliance history. 
The review will be conducted annually throughout the tern-of the remediation project. In the event the 
compliance status of the disposal facility changes, the DOE will suspend waste shipments until the 
actions/requirements for regaining acceptability status under the policy are implemented and the facility 
is designated as acceptable. 

6.3 Truck Transport 

Current FEMP procedures for shipment of LLRW to the NTS specify the use of disposable metal 
containers transported by truck. For disposal of small limited quantities of material, use of disposable 
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Table 6-1 - Excerpts for NTS Waste Acceptance Criteria 

Packaging for radioactive waste must m c b  DOT (49 CFR 173) and NRC (10 CFR 71) r ~ q u k c n u  for ISA. Type 
A. nnd T y p  E packages. 

Only low activity LLRW will be accepted in bulk. Bulk wute will be contained such Lhu personnel can unload WLI~C 

without contaminating personnel and quipment. Bulk waste m h t  mcQ the r c q u h c n u  of 49 CFR 173.425. Bulk 
waste conuinen may be ruumed u) the waste gcncrator. 

The q w r i t y  of.radioactive marcrial in a package-shil be iimired LO the txtcnt that the effects of nuclcrr decay h a t  
will not advcnely a i f a  the physical inregrity of a package or (ks contents) , . . (49 CFR 173.442) 

. 
l”le package closure shall not be brached under n o d  handling conditions and shall not be the wakest structural 
element in the package. 

Packages shall be capable of supponing a uniform distributed load of 4.000 psf on any of the surhcu.  (Sdland  
conrainen. steel drums and bulk wasu arc c x m p )  

All wsu packages shall be provided with pcmmnauly aorched . . . auxiliary liAing devicu to allow handling by 
mum of forklik. cranes. or similar quipmat .  . . . lifting devices on the package must not inhibit sucking of the 
packages. Lifting devices must have a 5:l saitly f a r .  . . 

DOE-NV ncommcnds hat 4 A by 4 A by 7 R or 4 A by 1 A 7 A (width. height. length) boxes or 55-gallon s t d  drums 
be used. 

- 

Other size conrainem arc accqxnblc wih approval of DOE-NV. 

N’IS hposu h i u  o i  9,OOO lbs. pcr box and 1.2W Ibs. per drum. Packages exceeding h a c  limiU . . . ( n d  
appr0v.l) and must be shipped in . . .(-in types 00 tnilcn. 

Waste packages shau ut- package volume in such a fashion . . . (to maximke packing) cfficicncy. 

use of Type A packaging not evaluated under the DOE Trpt A Package C&f&on R o p m  wiU not be @d. 

packaga shall be marked wilh a unique package identifier. Bar coding denoting shipment. package. and waste 
s t r u m  identification is q u a .  Bulk waste shipments must be accompanied by appmpriatc waste idcntiGcation 
documentation. 

Fie PafCiCUlate wasie shall be k n m o b w  30 the package contains no more lhan I per cent (by weight) of IUS 

than lo-micin diamacr particla or 15 p c m  (by weight) of less than 200nricron diameter p a r k l a .  When 

immobilization is impnaical. the package sh.U include a said liner and be over-packed. 
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Table 6-1 - Excerpts for N T S  Waste Acceptance Criteria (Continued) .. .u 

Radioactivwontammafsd asbestos capable of giving off -le asbator dust mvut be & with w r  and surfs-t 
and stored in double plastic bags having a combined wall thickness of at lcatt 6 mil . . . m w  be overpackcd in Id- 
resistant m d  or wood containers. Sdland conrainas conrakng radioactive asbestos will be considcrrd on a CLIC 
by case basis. Any regulated asbestos waste must be segregated into a r e p a m  s t l r a m .  

Each wtt p h g e  shall be prepared for shipment so PI to minimize dvnage during tnnrh Reshipmeat nonge r h U  

be conmllcd to avoid adverse cff- of weather. . . The accumulation of moircllrr on or in the p h g a  . . . s h U  

be avoided. Each waste container shall be pmvidcd with tamper i n d d o n  devices once dl c a r i f d o n  acdonr have 
b a a  am.  

Minor liquid residue . . . (is) acceptable. In no case shall frce liquid content e x 4  0 5  percent (by volume). May 
use Mahod 9095 (Paint Filter Test) to danonstratc compliance. 

LLRW containing pathogens. infectious wastes. or other aio1ogic.agcnt.s (49 CFR 173.386) will not be acccptd. 

LLRW containing chelating or complexing agenu at concentrations gxeater than I percent by weight) will not be 
acccpd .  
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containers is practical. However, for bulk quantities of material, the metal containers would be emptied 
at the disposal cell and returned for repeated use. Transport to the NTS is by truck, along existing 
routes, in accordance with existing procedures. The maximum net cargo weight for truck load is about 
20 tons. Therefore, for terms of economy, large 20-ton contamers are assumed. . 

Currently, NTS does not accept bulk waste from off-site generators. However, NTS does dispose of bulk 
waste generated internally. In recent discussions, NTS has indicated a willingness to accept bulk waste 
from the FEMP for disposal at NTS Area 3 following approval of an application from the shipper. 
Before selection of the specific bulk container, NTS personnel will be consulted regarding their logistical 
requirements and handling capabilities. 

The logistics of loading large bulk containers at the FEMP are under development. It is assumed no road 
upgrades are necessary along the FEMP access roads to support a single loaded truck. However, if there 
is a substantial amount of truck traffic, road upgrades would be necessary. At this time, no road 
improvements are considered necessary to support the anticipated level of truck traffic, an occasional 
truck. 

The FEMP process for shipments to the NTS is wellestablished and documented in the FEMP 
procedures. The FEMP has been shipping LLRW to the NTS since 1986. The FEMPA long and 
excellent record of full compliance with NTS shipping procedures has been cited by the NTS as a model 
for others to follow. Truck routes are planned in accordance with normal FEMP procedures. 

An inteimodal option is being evaluated. This would involve originating rail shipments of containers on 
flat cars at the FEMP, and transhipping the containers to trucks at an intermodal facility to be located. 
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Table 6-1 - Excerpts from the NTS Waste Acceptance Criteria 

Packaging for radioactive waste must meet DOT (49 CFR 173) and NRC (10 CFR 71) requirements for LSA, Type 
A, and Type B packages. 

Only low activity LLRW will be accepted in bulk. Bulk waste will be contained such that personnel can unload waste 
without contaminhg personnel and equipment. Bulk waste must meet the requirements of 49 CFR 173.425. Bulk 
waste containers may be returned to the waste generator. 

The quantity of radioactive material in a package shall be limited to the extent that the effects of nuclear decay heat 
will not adversely affect the physical integrity of a package or (its contents) . . . (49 CFR 173.442) 

The package closure shall not be breached under n o d  handling conditions and shall not be the weakest struchrral 
element in the package. 

Packages shall be capable of supporting a uniform distributed load of 4,000 psf on any of the surfaces. ( S d a n d  
containers, steel drums and bulk waste are exempt.) 

All waste packages shall be provided with permanently m h e d  ._. . auxiliary lifting devices to allow handling by 
means of forklifts, cranes, or similar equipment. . . . lifting devices on the package must not inhibit stacking of the 
packages. Lifting devices must have a 5:l safety factor . . . 

DOE-NV recommends that 4 ft by 4 ft by 7 ft or 4 ft by 2 ft 7 ft (width, height, length) boxes or 55-gallon steel drums 
be used. Other Size containers are acceptable with approval of DOE-NV. 

NTS imposes limits of 9,000 Ibs. per box and 1,200 Ibs. per drum. 
approval) and must be shipped in . . .(certain types 04 trailers. 

Packages exceeding these Limits . . . (need 

Waste packages shall utilize package volume in such a fashion . . . (to maximize packing) efficiency. 

Use of Type A packaging not evaluated under the DOE Type A Package Certification Program will not be permitted. 

Radioactive gases shall be . . . so that pressure does not exceed 1.5 atmosphere at 20 degrees C. Compressed gases 
(49 CFR 173.300) will not be accepted. 

The external radiation levels for packages shall not exaeed 200 rmemlhour on contact (49 CFR 173.441). DOT 
regulatory exceptions will be acceptable on a case by case basis. Type B containers that require remote handling will 

be addressed on a case by case basis. 

All packages shall be marked with a unique package identifier. Bar coding denoting shipment, package, and waste 
stream identification is required. Bulk waste shipments must be accompanied by appropriate waste identification 
documentation. 

Fine particulate waste shall be immobilized so that the package contains no more than 1 per cent (by weight) of less 
than 10-micron diameter particles or 15 percent (by weight) of less than 200-micron diameter particles. When 
immobilization is impractical, the package shall include a sealed liner and be over-packed. 
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Table 6-1 - Excerpts from the NTS Waste Acceptance Criteria (Continued) 

Radioactive-contambkd asbestos capable of giving off friable asbestos dust must be wetted with water and surfactant 
and stored in double plastic bags having a combined wall thickness of at least 6 mil . . . must be overpacked in leak- 

resistant metal or wood containers. Seafland containers containing radioactive asbestos will be considered on a case 
by case basis. Any regulated asbestos waste must be segregated into a separate stream. 

Each waste package shall be prepared for shipment so as to minimize damage during transit. Reshipment storage shall 
be controlled to avoid adverse effects of weather . . . The accumulation of moisture on or in the packages. . . shall 
be avoided. Each waste container shall be provided with tamper indication devices once all certification actions have 
been taken. 

Minor liquid residue . . . (is) acceptable. In no case shall free liquid content exceed 0.5 percent (by volume). May 
use Method 9095 (Paint Filter Test) to demonstrate compliance. 

LLRW containing pathogens, infectious wastes, or other etiologic agents (49 CFR 173.386) will not be accepted. 

LLRW containing chelating or complexing agents at concentrations greater than 1 percent (by weight) will not be 
accepted. 
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1 -  SECTION 7 1 

2 

EMERGENCY RESPONSE PLANNING AND TRAINING 3 

This section describes the existing emergency response infrastructure @ provide assistance to any rail 
transportation incident, except for the F E W  plans, which are under development. 

7.1 Process For Plan Development 

Federal regulations and DOE orders require the FEMP (as shipper), the DOE, and the carriers to have 
emergency plans and procedures in place to respond to transportation accidents. Existing emergency 
plans and procedures must be reviewed and revised, as necessary, or new plans and procedures must be 
created to provide a quick response to any emergency or non-routine condition that could arise from these 
rail shipments. Abnormal rail incidents, that could occur either on-site or off-site, could include the 
following: 

1) 

2) 
3) 
4) 
5) - Release of material into a public water supply 

Removal of a single railcar for unplanned maintenance to correct a safety or mechanical problem 
from the unit train 
Derailment of one or more intact and upright railcars 
Finding external contamination on a railLar while on a siding 
One or more overturned cars, with a partial or complete loss of contents on land 

Currently, the FEMP has a Transportation Emergency Plan (FERMCO 1995a) and associated emergency 
preparedness procedures that cover only truck transport incidents. Before initiation of WPRAP 
shipments, the existing plan and procedures will be revised to include rail transport accidents. In 
addition, the DOE will offer emergency training to first responders in the nearby communities and will 
participate, as requested, in periodic training programs sponsored by the railroad and other organizations 
responsible for emergency planning (DOE 1995a). As part of emergency response preparations, the DOE 
is c o d t t e d  to contact and work with representatives from Ohio, Utah, and transited states prior to the 
first waste shipment to brief them on shipment plans. 
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7.2 Overview Of Involved Organizations 

In the event of emergency, there are at least six different generic organizations involved in responding, 
as shown on Figure 7-1. All the organizations are prepared and trained to provide support and assistance 
to the On-Scene Commander, as requested. Briefly, the functions of the six organizations are identified 
below and are further elaborated upon in the following sections: 

Train crews are trained to make an initial notification and assessment of the emergency. 

Railroad comDanies have contingency plans, technical and communications personnel, and 
remediation contractors in place to respond to transportation incidents. The carriers will develop 
and maintain a radiation protection program as prescribed in 49 CFR 172, Subpart I, and 
174.705. 

Local authorities at the scene of the accident serve as the on-scene incident commander. All 
other parties support the on-scene commander. - 

States have emergency response organizations and personnel for monitoring and administrative 
functions. These may include state police and national guard, state departments of transportation, 
health (State Radiation Control Programs), and environmental protection. 

The DOE has a network of regional Radiological Assistance Teams that can respond to support 
local response agencies. 

The FEMP's existing emergency response program will be revised to support the management 
of off-site rail emergencies, and to support the railroad and on-scene commander with both 
technical and communication personnel. 

- .  _. . 

Depending on the actual location of the radiological accident, specific organizations will respond. The 
responsibility matrix presented on Figure 7-2, illuspates the various organizations that will respond as 
a function of the location of the emergency, depending on the particular state and the railroad involved. 
Additionally, two other resources, independent of location of the emergency, are available: the FEMP 
and the DOE-Headquarters (DOE-HQ . 

7.3 Train Crew 

DOT regulations (49 CFR 172) require classroom training for transportation personnel, who are 
subsequently tested on their knowledge of regulations and emergency procedures. Thus, considerable 
operational training is imparted to triin crews, which typically consist of an engineer, who operates the 
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Figure 7-1 - Organizations Responding to a Transportation Incident 
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train, and a conductor, who is in charge. For each train, the following information is supplied to the 
conductor: 

1) Special Instructions 
2) Train Switchlist and Consist 
3) Emergency Handling Precautions 
4) 
5) Waybills 

Notice of Cars Containing Explosives A and/or poison gas (not applicable) 

The Special Instructions printout lists the complete DOT shipping descriptions for each hazardous material 
(such as radioactive material) on the train, and the relative position of the car from the engine. The 
Consist identifies each car on the train by position, cargo and provides basic emergency response 
information. It includes the train schedule and telephone numbers for incident notification. The hard copy 
is carried on the train and the fde is remotely available on the railroads’ computer systems. 

The train crew is provided with emergency handling precautions for each hazardous material on the train. 
In addition, the crew has Waybills that include the following information for each car in the train: 

1) Car initial and number 

2) Shipper’s name and address 

3) Consignee’s name and address 

4) Commodity shipping description, which for a hazardous material includes the proper DOT 
shipping name, hazard class, fourdigit UN or NA identification number, placard notation, and 
the total weight of the commodity 

_ _  
5) Placard endorsement in the upper left hand comer (for most, but not all, hazardous materials) 

6) Emergency Response Telephone Numb& 

Furthermore, the railcar’s hazardous material contents can be identified by DOT required placards 
displayed on each side and each end of the railroad cars or containers. Placement of these 
“RADIOACTIVE” and other placards and labels, as appropriate, on each railcar is the responsibility of 
the shipper (the FEMP), not the carrier (49 CFR 172.508);(49 CFR 173.415(b) and (c)), although 
packages of LSA material are exempt from labeling requirements (49 CFR 173.427. 

Railroad crews use the DOT I993 Emergency Response Guidebook (DOT 1993) for first responders, 
which details the safe handling of released hazardous materials and the proper response to an incident. 
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The crew& primary responsibility is to notify their railroad of the accident, and to make an initial 
assessment of the extent of the accident and to report on their findings. It should be noted that the train 
crews do not require detailed radiological training as they function & as observers and reporters at the 
initial stage of the incident. 

7.4 Railroad Emergency Response ‘Personnel 

CSXT and UPRR have an established emergency response infrastructure to respond rapidly to hazardous 
materials incidents. After receiving an accident notification, the rail carrier will make other required 
notifications (to the FEMP, the DOE, state agencies) and initiate immediate response. On call around 
the clock, professional railroad staff members are strategically located throughout the rail system to 
provide prompt and effective response to incidents involving hazardous materials or environmentally 
sensitive chemicals. Those on call would have the authority to authorize the mobilization and response 
of clean-up firms (see Figure 7-3), which are experts in spill response and cleanup. The railroad’s 
HAZMAT personnel would report to the scene of the accident to support cleanup efforts as required. 
CSXT, for example, has an emergency response person assigned to Cincinnati. After an emergency is 
considered contained by the on-scene commander in accordance with guidance in the Emergency 
Response Guidebook, the rail carrier is responsible for subsequent cleanup activities. 

The CSXT emergency response hotline is (800) 593-6188. 

The UPRR emergency response hotline is (800) 726-1099. 

Railroads frequently present hazardous materials training programs to emergency response groups along 
their rail systems and to state/federal agencies and private industry groups. The railroads’ professional 
staff has training in hazardous materials and draws upon strong backgrounds in chemistry, environmental 
engineering, biology, geology and industrial hygiene. In the event of a hazardous materials incident 
(regardless of severity), the hazardous materials group will notify all state and federal agencies as 
required/planned . 

The railroad and its remediation contractors have primary responsibility for cleaning up the accident scene 
and restoring the rail line to a safe and functioning condition. The accident site would be independently 
inspected and verified by state officials when remediated. 

7.5 Local Authorities 

Initially, the local fire or police authority will assume the role of on-scene incident commander. Every 
state has an organization and procedures in place to respond to transportation emergencies. All other 
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organizations support the efforts of local emergency officials to mitigate the immediate consequences of 
an emergency and monitor cleanup efforts conducted by railroad contractors. . 

The local authorities should coordinate its local emergency plan to be compatible with the state4 plan. 
The local emergency plan should specify the respective roles and responsibilities of federal, state, local 
and private organizations. The local authorities, probably’its law enforcement or fire fighting department, 
will most likely be the first responder. Its primary responsibilities are as follows: 

1) 
2) 

3) 
4) 

Administer emergency measures to save lives and attend to the injured. 
Determine if radioactive or other hazardous materials are present and obtain information 
regarding its potential hazards. 
Notify appropriate authorities to obtain radiological expertise (state, federal, shipper). 
Determine the action required to prevent further damage to life or property. 

(FEMA 1992) 

Before initiation of WRAP rail shipments, the FEMP will offer first responders in nearby communities 
to opportunity participate in emergency preparedness training, specifically involving the transport of 
F E W  materials. This topic is discussed further in Section 7.8. 

7.6 State Agencies 

State or county emergency management agencies and local emergency planning committees have the 
primary responsibility to protect the public health and welfare in the event of a transportation accident. 
The state emergency plan should coordinate the activities of all state, county or local agencies for 
emergency response within each community, assisted by FERMCO, the DOE, or the railroad carrier as 
necessary. The state has the primary responsibility of protecting its citizens from any unwarranted 
radiation exposure and thus for managing the containment and control of the potential hazards resulting 
from an accident. In particular, the state emergency plan should complete the fallowing actions: 

1) 

2) 
3) 
4) 

5) 

6) 
(FEMA 1992) 

Take responsibility for developing a radiological response plan, assigning responsibilities to 
various agencies, and identifying resources 
Officially designate an emergency radiological response team 
Coordinate a communications system of federal, state, and local involved agencies 
Negotiate agreements with contiguous states addressing responses to incidents in close proximity 
to a common border and a mutual assistance pact 
Prepare and assist other agencies in the development, distribution and implementation of 
procedures for the supporting agencies to use to carry out their assigned responsibilities 
Sponsor periodic drills and exercises to test and ”fine-tune” the emergency response system 
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Each state has a radiological health agency responsible for the assessment of radiological events within 
the state and for taking the appropriate actions to protect the public healih and safety upon notification 
of an incident. Appendix C presents a list of State Radiation Control contacts. In most situations, state 
radiation control programs can provide the most prompt radiological assistance at the scene of an 
accident, and they are prepared to assess all types of radioactivity. In most states, the radiation control 
program is responsible for, at a minimum, the initial radiological assessment. of transportation accident. 

7.7 DOE 

The DOE is the lead federal agency for responding to a transportation radiological accident, if it is 
requested to so by state or local authorities. The DOE& mechanism for providing assistance is through 
the network of regional radiological assistance teams, which offers technical guidance, communications 
assistance, and radiological assessment to the on-scene commander. 

7.7.1 Reaional 

To assist in mitigating radiological incidents, The DOE provides assistance to state and local agencies 
through a nationwide network of regional Radiological Assistance Teams, as shown on Figure 7-4 with 
their telephone numbers. Regional DOE Radiological Assistance Teams provide radiological monitoring, 
communications, and information coordination during an emergency. An additional mission is to 
coordinate all efforts for the restoration of public services and expedite recovery following an incident. 
These teams are made up of DOE and contractor personnel with expertise in health physics, public 
information and communications. A DOE employee serves as the response coordinator and ensures 
communications back to the regional office. 

When deployed, these teams support field responders and are not intended to direct actions at the incident 
scene. As with other responders, the DOE response coordinator reports to the local incident commander. 
(Note: Only in an incident involving a nuclear weapon or Special Nuclear Material does the DOE have 
authority to take direct command and control.) 

7.7.2 DOE Headauarters 

At DOE-HQ, the Director of the Oflice of Environmental Management (EM) is responsible for DOE-HQ 
emergency response for EM facilities, operations, or activities, including related transportation operations. 
The Fernald Area Office (FN) reports directly to EM. The DOE-Ohio Field Office receives notification 
of the event. The DOE-HQ is still the primary contact point for emergency events and still coordinates 
federal response efforts. 
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EM’S Operational Emergeriy Management Teams can be activated to perform the following functions: 1 . 

1) 
2) 
3) 
4) 
5) 

6) 

Monitor and suppcrt the FEMP response to an emergency 
Provide overall management and direction of the DOE emergency response 
Inform and keep DOE-HQ senior management updated on emergency status 
Notify and coordinate with other DOE elements ‘and federal agencies 
Coordinate and authorize deployment of DOE emergency response assets outside the area of 
responsibility of the FEMP 
Coordinate response on a federal level 

In the event of an accident involving WPRAP material, the DOE will ensure that any material released 
while in transit fiom the FEMP to the disposal site is cleaned up to background levels. To ensure 
achieving such a cleanup standard, the DOE is committed to preparing a contingency plan for additional 
remedial activities at the accident site. (DOE 1995a) This contingency plan will be developed in 
accordance with the Remedial Action Work Plan. 

In the unlikely event of a major disaster requiring the full resources of the federal government (Le., 
exceeding the capability of the DOE Radiological Assistance Teams), the state Radiation Control Program 
Director has the authority to call the Federal Radiological Monitoring and Assessment Center (FRMAC) 
for assistance. The FRMAC is a federal interagency group formed specifically to manage and coordinate 
the vast resources of many federal agencies in case of a major radiological event. (FRMAC was organized 
as a direct result of the lessons learned from the Three Mile Island experience.) 

The U.S. Nuclear Regulatory Commission (NRC) will provide technical advice, assistance with 
communications, and a radiological assessment team if requested by the principal state or local responder. 
While, the NRC has the principal federal responsibility for regulating commercial nuclear power and for 
those radioactive materials licensed by the NRC, the NRC is not a primary responder nor primary 
resource for radiological assessment of transportation accidents. In case of a major accident where the 
services of NRC personnel were required, it would be managed and coordinated through the FRMAC. 

7.8 FEMP 

As shipper of the material leaving the FEMP, FERMCO is required by DOT regulations 
(49 CFR 172.604) to provide a 24-hour emergency response telephone number on all shipping papers, 
to have information available regarding the nature of material being transported, and to have back-up 
personnel available to support the railroad at the accident scene. In addition, DOE Order 5500.3A 
requires the FEMP to perform, prior to shipment, a hazard assessment analyzing the full spectrum of 
transportation accident scenarios. The FEMP4 emergency plan will be revised to .meet these 
requirements before initiation of rail shipments. Its emergency phone number (513 648-4444) is 
answered by the Fernald Communications Center, which is staffed 24 hours per day, in the event of a 
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transportation incident. The FEMP’s Emergency Operations Center (EOC) is activated, if determined 
to be appropriate, to provide information and technical/communications personnel to the scene of the 
accident as required. The shipment-specific technical information may include source terms, hazard and 
consequence assessment, health and safety impacts, and recommended protective actions. The FEMP 
personnel and the DOE would participate in an advisory function in the mitigation of accident conditions 
and any subsequent cleanup required. The DOE-FN has the authority to activate the DOE regional 
Radiological Response Team to provide requested assist at the accident scene. The FEMP, as shipper 
shares responsibility with the railroad for coordinating, arranging, and ensuring cleanup and site 
restoration of the accident site involving FEMP waste. (FERMCO 1995a) In revising the existing FEMP 
Transportation Emergency Plan to include rail accidents, the FEMP will coordinate revisions with the 
railroads. 

FEMP emergency preparedness procedures require a transportation hazard assessment before off-site 
shipments. The assessment will examine various accident scenarios and analyze the resulting potential 
health impacts to workers and members of the public. A result of the analysis is to recommend measures 
to mitigate the consequences of the accident and/or reduce the probability of accidents. Another benefit 
of this hazard assessment is that documentation of the hazards involved is on file and readily available 
to the FEMP emergency personnel to relay timely and critical information to the accident scene. Hazard 
assessments, performed in accordance with DOE Orders 5481. lB, 5630.11 and 5500.3A, provide the 
technical basis for emergency management programs. 

The FEMP Transportation Emergency Plan specifies that Butler and Hamilton Counties, the State of 
Ohio, the DOE-HQ EOC, and the DOE-FN Duty Officer must be notified within 15 minutes of declaring 
an on-site or near-site emergency. When the EOC is operational, responsibility for assuring proper 
notifications are made is transferred to the Deputy Emergency Director and the response management 
group in the EOC. The response management group is lead by the Deputy Emergency Director, who 
may assign specific notification responsibilities to the members of the support group. Whenever a 
categorization/classification level is escalated or de-escalated, all parties originally notified must be 
re-notified. The local communities would mobilize their emergency response personnel based on these 
notifications. In the event of a distant transportation accident, the primary responsibility of the F E W  
is to provide specific technical information regarding the contents of the shipment and the associated 
worker and public hazards pertaining to its clean-up. 

. 

On July 18, 1995, the FEMP took a significant step toward honoring the DOE commitment with respect 
to emergency planning, training, and assistance the local communities. The-FEMP awarded a $1 million 
contract to the International Association Fire Fighters (IAFF) for its assistance as experts in the field of 
“Hazardous Material Emergency Response Training.” The scope of work entails development of a 
custom-tailored hazardous material (including radioactive materials) emergency response training 
program, specifically based on the hazardous materials from the FEMP (including WPRAP waste), 
Mound, and West Valley. The program is directed toward first responders located near these DOE 
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facilities and along the transportation routes to be 
contract involves development of a fully accredited 

traveled by their waste shipments. This two-year 
Hazardous Material Emergency Response Training 

Program, including development of site-specific lesson plans, student work books, reference manuals, 
audio-visual teaching aids, tests and answer keys. This training program will include consideration of 
WPRAP's shipping campaign. The IAFF will conduct "Train the Trainer" training sessions, where the 
trainees learn to become the trainers for future courses. '(FERMCO 199%) 

7.9 Incident Scenario 

The scenario of how the emergency preparedness organizations would respond to a major transportation 
incident (e.g., railcar derailment) is outlined below. Note that, due to the nature of WPRAP's waste 
material (it is neither explosive nor flammable) and the isolation from other hazardous substances afforded 
by the unit train concept, a railcar derailment (and loss of contents) would not initiate an immediate 
"acute" threat (i.e., fire or explosion) resulting from the WPRAP material, itself. The WPRAP material 
is classified as Low Specific Activity material, which is the least hazardous classification for radioactive 
materials, i.e., a minimal hazard. Thus, containment and cleanup operations could begin immediately 
aS personnel and equipment arrive on the scene. 

7.9.1 Evaluation and Notification 

._ 

The crew's first indication of a major non-collision incident would be activation of the automatic air 
brakes. The crew& first step is immediate radio notification of the railroad dispatcher, so that oncoming 
trains are re-routed or stopped. Then, the crew's responsibilities are to walk the length of the train, 
conduct an inspection (cognizant of their own safety), and notify their dispatcher. This second 
notification would note what cars are involved using the train Consist. At the end of this process, the 
railroad's Operations Center and its Hazardous Materials Department will be provided the following 
information: 

,~ 

1) Exact location of incident 

2) Time incident occurred - 

3) Car numbers and types 

4) Commodities involved 

5)  Status of cars (loaded/empty) 
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Disposition of cars, induding damage to car, evidence of leakage (e.g., spill on car or ground), 
location of leakage (e.&, bottom, dome), and estimate rate of leakage (e.g. one pound per 
minute, car only leaks when moved, etc.) 

Environmental concerns, such as threatened waterways, culverts, drainage ditches 

Prevailing weather conditions (rain, hail, wind direct or speed, etc.) 

Public exposure potential (nearest habitation) 

Nature and extent of any injuries 

Action taken (leaking car isolated, etc.) 

Name, title, and call back number of the person making the report 

When the first response personnel arrive at the scene, the train crew provides the first responders the 
Consist and shipping papers that identify suggested responses and precautions for the surrounding 
community. In addition, the responders will be in contact with the railroads’ headquarters emergency 
response personnel and the shipper (FEMP). 

The emergency notification sequence from the train crew to the FEMP is illustrated on Figure 7-3. The 
current emergency notification sequence through the FEMP emergency preparedness organization to the 
local stakeholders and public is shown on Figure 7-5. The typical sequence of notification within the 
railroad is: Dispatcher, Division Chief Dispatcher, railroad Operations Center, local railroad office 
(trainmaster and roadmaster), railroad emergency response, local and county, and state officials and other 
federal emergency organizations such as the National Response Center, the National Transportation Safety 
Board and the Federal Railroad Administration. The determination of the appropriate local/county 
authority to notify would be based on the location of the nearest track milepost to the accident scene. 
The Division Chief Dispatcher’s Office maintains a comprehensive list of agencies and 24-hour telephone 
numbers for each community within’the Division’s geographical area of responsibility. A parallel 
notification would be provided to the Fernald Communications Center, which, in turn, would notify 
designated DOE-FN, DOE-HQ, and FEMP personnel. 

The railroads would expect the availability of a representative of FEMP management (FERMCO and/or 
the DOE) and a FEMP emergency response professional as on-scene advisor to the railroads’ cleanup 
contractor(s) in performing the remediation. The FEMP is preparing plans to provide FERMCO and 
DOE representatives at off-site incidents. 
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7.9.2 Overview 

The DOT 1993 Emergency Response Guidebook, Guide 62, provides the appropriate actions by 
firefighters, police, and other emergency services personnel who may be the first responders to a 
transportation accident involving LSA material (See Figure 7-6). The primary concern of the first 
responder arriving at the site of a railroad accident is sdety of those persons involved. The following 
immediate actions at an accident would be undertaken if necessary and safe: 

1) Rescue the injured 
2) Provide initial medical attention 
3) Evacuate threatened personnel 
4) 
5)  
6)  Extinguish fires 
7)  
8) Promptly provide additional reports to other agencies involved . 

Secure the perimeter to prevent unauthorized access 
Set up an incident command post 

Take steps to limit the spread of contamination without waiting for a radiological survey 

The on-scene commander will direct and coordinate the activities of involved local, state and federal 
agencies to evaluate, monitor, control and administratively stabilize the situation. The radiological 
assessment group(s) would survey ihe accident scene and would delineate the extent of the contamination. 
The On-Scene Commander will determine the need to take protective action by the public, but it is not 
expected due to the inherently low hazardous nature of the WPRAP material. Then, the railroad’s cleanup 
contractor and railroad emergency response personnel, with advice from the DOE and FEMP personnel. 
will commence to contain and remove the waste material and complete cleanup of the accident site and 
the affected environment. The need for subsequent monitoring and remediation will be determined by 
the appropriate agencies. 
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FIRST AID ’ 
Use first aid treatment accoraing to the nature of rho niuw. 
I f  oersons nave contacted reteasea matemi, use mnaard h a m a t  orotaaures for care of cmaminatcd 

oeooie aownwtnd, or if advtrad bv Aadution Autnom. 

cteanuo unni mnnrcuons are recrived from Raauoon AutnOflw. 

clotning wid omviae aaeauata omtecaon. 

avstiablQ or no answer, CALL CHUATREC AT 1-800424-3700. 

aersons. for transoon of the InlUred. ar 3 for noafianans to aumonncs. 

I 
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SECTION 8 1 

PRE-SHIPMENT NOTIFICATION 
2 

3 

This section addresses the federal, F E W ,  and state pre-shipment notification requirements. 

8.1 Requirements 

Under DOT regulations, LLRW, such as the WRAP remediation wastes, are regulated and shipped as 
hazardous materials. Packaging and shipment of radioactive wastes is also regulated by the NRC. These 
federal agencies do not require prior notification of intent to ship LLRW. For shipments to the RPCDF, 
the states of Ohio, Utah, and transited states do not require prior notification and there are no known 
corresponding local requirements. 

The DOT and the NRC, through their rule making process and related studies, have determined what 
prenotification (including information, documentation and certification) requirements are necessary for 
the safe transportation of radioactive materials. These agencies have determined prenotification to 
affected states is only required for the transport of radioactive materials shipped in highway route 
controlled quantities, such as spent nuclear fuel and high level radioactive waste (10 CFR 71.97; 49 CFR 
173.22). Prior notification is not required for LLRW. State and local provisions requiring 
prenotification, which are inconsistent with federal regulations, have been determined to be incompatible 
with the national need for uniform transport regulations; consequently, these state and local regulations 
are preempted (50 FR 20872; 52 FR 13000; 55 FR 36736). 

* 
DOE Order 1540. lA, "Materials Transportation and Traffic Management," requires that a shipment plan 
be submitted to the DOE-HQ (EM-561) for all shipping campaigns 45 days in advance of such shipment. 

. . . . .. . . . .. . . .. .. .. . . . . . . . . 

8.2 FEMP Initiatives . 

Currently, the FEMP does not provide advance notification of specific truck shipments to stakeholders. 
However, reports that address aggregate projected and completed shipments are prepared and distributed 
to stakeholders. Recognizing the interest of Fernald stakeholders in rail transportation issues, the FEMP 
will present plans prior to shipment for waste shipment by rail to interested members of the public or 
interested stakeholders. These plans will include the following information: 

1) 
2) 
3) 

Time frames over which waste shipment will occur 
The number of shipments anticipated 
Quantities and types of waste planned m 

ERAFSI\VOLl :RSAPB\RSDATA\ 
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: 

The FEMP intends to continue to work with interested stakeholders. Public information sessions will be 
held to address concerns regarding shipment and staging of these wastes prior to transport. Feedback will 
be incorporated in the development of detailed transportation plans. Any public notification given for 
rail shipments leaving the FEMP would be coordinated with the rail carrier. 

The FEMP will contact representatives from Ohio, Utah; Nevada, and transited states, prior to the first 
waste shipment, to brief them on overall shipment plans. This information will allow states to prepare, 
as necessary, for any potential emergency response activities involving FEMP wastes and ensure that 
potential first responders are aware of the transport of these wastes. 

8.3 States 

W P M  wastes, en route from Ohio to disposal sites in Nevada or Utah, will transit a number of states 
that have authority to regulate the following: 

1) Certain safety aspects of transportation (e.g., vehicle weight on certain.state roadways). 

’: 3 

4 

5 

6 

1 

8 

9 

10 

11 

12 

13 

‘ 14 

15 

16 

17 

2) Transportation of radioactive materials within their borders as an additional level of regulation 
without preempting federal regulations or interfere with interstate commerce. Most state 
requirements apply to truck shipments of high level and route-restricted quantities of radioactive 
materials. However, certain states address low-level radioactive materials. 

18 

19 

@ 
22 

23 

24 

The following is the current status of pre-notification requirements for truck and rail shipments. 

8.3.1 Colorado 25 

26 

Notification is not required nor requested by Colorado for rail shipment of LLRW. A hazardous n 
materials permit is required for placarded loads transported by truck. 

8.3.2 Illinois 30 

28 

29 

31 

32 

33 

Notification is not required nor requested by Illinois. 

8.3.3 Indiana 34 

35 

36 Notification is not required nor requested by Indiana. 
31 
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L. 

8.3.4 Kansas 

Notification is not required nor requested by Kansas. 

8.3.5 Missouri 

Notification is not required nor requested by Missouri. 

8.3.6 Nebraska 

The state of Nebraska requests a courtesy notification to the Hazardous Materials Coordinator, Nebraska 
State Patrol, before truck shipments enter the state. 

8.3.7 Nevada 

-. . -- ._ 
Nevada reauires a Hazardous Material Permit from the Nevada Highway Patrol for truck shipments. 
Nevada also requires that vehicles transporting radioactive materials be inspected. A minimum of 4 hours 
and a maximum of 72 hours advance notification is required before entering the State with radioactive 
materials. DOE'S subcontractor at the NTS must also be notified of incoming shipments prior to arrival. 

E - L a _  

E -1 

a . _  
However, Nevada's rules governing radioactive waste transportation are under revision; this issue must 
be reviewed before shipment of LLRW to the NTS. -< .  . .  

Notification is not required nor requested for shipments of LLRW by rail. 

8.3.8 

The State of Ohio reauires highway transporters of radioactive waste to register with the Ohio Public 
Utilities Commission prior to transport. 

8.3.9 Utah 

Notification is not required nor requested by Utah. 

8.3.10 Wvoming 

Wyoming requires a permit to be obtained from the Wyoming Department of Transportation as well as 
the payment of an emergency response fee for shipment of radioactive materials by truck. There is no 
equivalent permit for rail. 
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APPENDIX A 
DOT REQUIREMENTS AND TRANSPORTATION 

DRIVERS FOR SHIPMENT OF 
WPRAP WASTE via RAIL 



ATTACHMENT 1 

49 CFR 173.403 

Low Specific Activity (LSA) material means Class 7 (radioactive) material with limited 
specific activity which satisfies the descriptions and limits set forth below. Shielding 
materials surrounding the LSA material may not be considered in determining the estimated 
average specific activity of the package contents. LSA material must be in one of three 
groups: 

(1 1 LSA-I. 
(1) 

(ii) 

(iii) 

(iv) 

(2) LSA-II. 
(I1 
(ii) 

(ii) 

(iii) 

Ores containing only naturally occurring radionuclides (e.g., uranium, 
thorium) and uranium or thorium concentrates of such ores; or 
Solid unirradiated natural uranium or depleted uranium or natural thorium or 
their solid or liquid compounds or mixtures: or 
Class 7 (radioactive) material, other than fissile material, for which the A2 
value is unlimited: or 
Mill tailings, contaminated earth, concrete, rubble, other debris, and 
activated material in which the Class 7 (radioactive) material is essentially 
uniformly distributed and the average specific activity does not exceed 1 O 6  
A2Ig. 

Water with tritium concentration up to  0.8 TBq/liter (20.0 Cilliterl; or 
Material in which the Class 7 (radioactive) material is essentially uniformly 
distributed and the average specific activity does not exceed lo-* A219 for 
solids and gases, and 10 '  A219 for liquids. 

Solids (e.g., consolidated wastes, activated materials) that meet the 
requirements of Sec. 173.468 and which: 
The Class 7 (radioactive] material is essentially uniformly distributed 
throughout a solid or a collection of solid objects, or is essentially uniformly 
distributed in a solid compact binding agent (such as concrete, bitumen, 
ceramic, etc.1; and 
The Class 7 (radioactive) material is relatively insoluble, or it is intrinsically 
contained in a relatively insoluble material, so that, even under loss of 
packaging, the loss of Class 7 (radioactive) material per package by leaching 
when placed in water for seven days would not exceed 0.1 A2; and 
The average specific activity of the solid does not exceed 2 x lo3 A2fg. 
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ATTACHMENT 2 

49 CFR 173.41 1 Industrial packagings. 

(a) General. Each industrial packaging .must comply with the requirements of this section 
which specifies packaging tests, and record retention applicable to Industrial Packaging 
Type 1 (IP-11, Industrial Packaging Type 2 (IP-21, and Industrial Packaging Type 3 (IP-31 

Industrial packaging certification and tests. 
(1) Each IP-1 must.meet the general design requirements prescribed in Sec. 

173.41 0. 

(b) 

49 CFR 173.41 0 

In addition to  the requirements of subparts A and B of this part, each package used for the 
shipment of Class 7 (radioactive) materials must be designed so that-- 
tal 

(bl 

General design requirements. 

The package can be easily handled and properly secured in or on a conveyance during 
transport. 
Each lifting attachment that is a structural part of the package must be designed with a 
minimum safety factor of three against yielding when used to lift the package in the 
intended manner, and it must be designed so that failure of any lifting attachment 
under excessive load would not impair the ability of the package t o  meet other 
requirements of this subpart. Any other structural part of the package which could be 
used to  lift the package must be capable of being rendered inoperable for lifting the 
package during transpon or must be designed with strength equivalent to that required 
for lifting attachments. 
The external surface. as far as practicable, will be free from protruding features and will 
be easily decontaminated. 
The outer layer of packaging will avoid, as far as practicable, pockets or crevices where 
water might collect. 
Each feature that is added to  the package will not  reduce the safety of the package. 
The package will be capable of withstanding the effects of any acceleration, vibration or 
vibration resonance (see Sec. 178.608 of this subchapter) that may arise under normal 
conditions of transport without any deterioration in the effectiveness of the closing 
devices on  the various receptacles or in the integrity of the package as a whole and 
without loosening or unintentionally releasing the nuts, bolts, or other securing devices 
even after repeated use (see Secs. 173.24 and 173.24al. 
The materials of construction of the packaging and any components or structure will be 
physically and chemically compatible with each other and with the package Contents. 
The behavior of the packaging and the package contents under irradiation will be taken 
into account. 
All valves through which the package contents could escape will be protected against 
unauthorized operation; 

(1) The temperature of the accessible surfaces of the package will not exceed 50  
deg.C (1 22 deg.F) at an ambient temperature of 38 deg.C (100 deg.F) with no 
account taken for insulation; 
The integrity of containment will not be impaired if the package is exposed t o  
ambient temperatures ranging from -40 deg.C (-40 deg.fl to + 55 deg.C (1 31 
deg.F); and 
Packages containing liquid contents will be capable of withstanding, without 
leakage, an internal pressure that produces a pressure differential of not less . than 95 kPa (13.8 Ih:in/2/1. 

(c) 

(dl 

(e) 
( f l  

. (g) 

(hl 

(I) For transpon by air- 

(21 

(3) 



Attachment 3 

Sec. 173.427 Transport requirements for low specific activity (LSA) Class 7 
(radioactive) materials and surface contaminated objects (SCO). 

(a) In addition to other applicable requirements specified in this subchapter, low 
specific activity (LSA) materials and surface contaminated objects (SCO), unless 
excepted by paragraph (d) of this section, must be packaged in accordance with 
paragraph (b) or (e) of this section and must be transported in accordance with the .  
following conditions: 

The external dose rate must not exceed an external radiation level of 10 
mSv/h (1 rem/h) at  3 meters from the unshielded material; 
The quantity of LSA and SCO material in any single conveyance must not 
exceed the limits specified in Table 9; 
LSA material and SCO that are or contain fissile material must meet the  
applicable requirements of Sec. 173.45 1 ; 
Packages must meet the contamination control limits specified in Sec. 
173.443; 
External radiation levels must comply with Sec. 173.441; and 
For LSA material and SCO required by this section t o  be consigned as  
exclusive use: 

Shipments must be  loaded by t h e  consignor and unloaded by the 
consignee from the conveyance or freight container in which originally 
loaded; 
There must be no loose Class 7 (radioactive) material in the 
conveyance, however, when the conveyance is the packaging there 
must be no leakage of Class 7 (radioactive) material from the 
conveyance; 
Packages must be braced so as  to prevent shifting of lading under 
conditions normally incident to transportation; 
Specific instructions for maintenance of exclusive use shipment 
controls must be provided by the offeror to the carrier. Such 
instructions must be included with the shipping paper information; 
Except for shipments of unconcentrated uranium or thorium ores, the 
transport vehicle must be placarded in accordance with subpart F of 
Part 172 of this subchapter; 
For domestic transportation only, packages are excepted from the 
marking and labeling requirements of this subchapter. However, the  
Exterior of each nonbulk package must be stenciled or otherwise 
marked "Radioactive-LSA" or " Radioactive--SCO", as appropriate, 
and nonbulk packages that contain a hazardous substance must also 
be stenciled or ot:ierwise marked with the letters "RQ" in association 
with the above d*.scription; and 
Except when trarsponed in an industrial package in accordance with 
Table 8, transpo tation by aircraft is prohibited. 



- 
b 

(b)  Except as provided in paragraph (c) of this section, LSA material and SCO must be 
packaged as  follows: 

11) 

(2) 

In an industrial package (IP-1, IP-2 or IP-3; Sec. 173.41 11, subject to  the . 

limitations of Table 8; 
For domestic transportation only, in a DOT Specification 7A (Sec. 178.350 
of this subchapter) Type A package. The requirements of Sec. 173.41 2 (a), 
(b), (c) and (k) do not apply; or 
For domestic transportation only, in a strong, tight package that prevents 
leakage of the radioactive content under normal conditions of transport. In 
addition to  the requirements of paragraph (a) of this section, the following 
requirements must be met: 
( i )  
(iil 

(3) 

The shipment must be exclusive use; 
The quantity of Class 7 (radioactive) material in each packaging may 
not exceed an A2 quantity.. 

(c) LSA-I and SCO-I (see Sec. 173.403), unless packaged in accordance with 
paragraph (b) of this section, must be packaged in bulk packagings in accordance 
with this paragraph. The shipment must be, in addition to complying with the 
applicable requirements of paragraph (a) of this section, exclusive use: 

286 

(1 1 Solids. Packages must be strong tight packagings, meeting the requirements 
of subpart B of this Pan, transponed in a closed transport vehicle. The 
requirements of Sec. 173.41 0 do not apply. 
Liquids. Liquids must be transported in the following packagings: 
( I )  

(2) 
Specification 103CW, 1 1 1 A60W7 (Secs. 179.200, 179.201, 
179.202 of this subchapter) tank cars. Bottom openings in tanks are 
prohibited; or 
Specification MC 310, MC 31 1, MC 312, M C  331 or DOT 412 (Sec. 
178.348 or Sec. 178.337 of this subchapter) cargo tank motor 
vehicles. Bottom outlets are not authorized. Trailer-on-f tat-car service 
is not authorized. 

(ii)  

(dl Except for transportation by aircraft, LSA material and SCO that conform to  the 
provisions specified in 10 CFR 20.2005 are excepted from all requirements of this 
subchapter pertaining to  Class 7 (radioactive) materials when offered for 
transportation for disposal or recovery. A material which meets the definition of 
another hazard class is subject to  the  provisions of this subchapter relating to  that 
hazard class. 
LSA and SCO that exceed the packaging limits in this section must be packaged in 
accordance with 10 CFR part 71. 
Tables 8 and 9 are a s  follows: 

(e) 

( f l  



Table 8. --Industrial -Pat kag e Integrity 
Requirements for LSA Material and SCO 

Industrial Packaging Type 

Exclusive 
use Nonexclusive 

Contents shipment use shipment 

LSA-I: 
Solid IP- 1 IP- 1 
Liquid IP-1 IP-2 

Solid IP-2 IP-2 
Liquid 

and gas IP-2 

LSA-II: 

LSA-Ill IP-2 IP-3 
sco-I IP- 1 IP-1 
sco-II IP-2 IP-2 

IP-3 

- 
TABLE 9-Conveyance Activity Limits for LSA Material and SCO 

Nature of material Activity Limit for Conveyances 

LSA-I No limit. 
LSA-II and LSA-Ill; noncombustible solids 
LSA-II and LSA-Ill; Combustible solids and all liquids and gases 100 A 2  
sco 100 A2 

No limit. 



ATTACHMENT 4 ' 

Transport vehicle means a cargo-carrying vehicle such a s  an automobile, van, tractor, 
truck. semitrailer, tank car or rail care used for the tranpsortation of cargo by any mode. 
Each cargo-carving body (trailer, rail car, etc.) Is a separate transport vehicle. 

Bulk packaging means  a packaging, other than a vessel or a barge, including a transport 
vehicle or freight container, in which hazarous materials are loaded with no intermediate 
form of containment and which has: (1) A maximum capacity greater than 450 L (1 19 
gallons) as a receptacle for a liquid; (2)  A maximum net mass  greater than 400 kg (882 
pounds) and a maximum capacity greater than 450 L (1 19 gallons) as a receptacle for a 
solid; or (3) A water capacity greater than 454 kg (1 000 pounds) as a receptacle for a 
gas  as defined in 49 CFR 173,115. 

49 CFR 173.403 

A 2  means t h e  maximum activity of Class 7 (radioactive) material, other than special 
form, LSA or SCO. permitted in a Type A package. These values are either listed in Sec. 
173.435 or derived in accordance with the procedure prescribed in Sec. 173.433. 

Closed transport vehicle means a transport vehicle or conveyance equipped with a 
securely attached exterior enclosure that during normal transportation restricts t he  
access of unauthorized persons to the cargo space containing the  Class 7 (radioactive) 
materials. The enclosure may be either temporary or permanent, and in the  case  of 
packaged materials may be of t h e  "see-through" type, and must limit access from top, 
sides, and bottom. 

Conveyance means ( 1  1 For transport by public highway or rail; any transport vehicle or 
large freight container; (2 )  For transport by water; any vessel, or any hold, 
compartment, or defined deck area of a vessel including any transport vehicle on  board 
the vessel; and (3)  For transport by aircraft; any aircraft. 

Exclusive use (also referred to in other regulations as "sole use" or "full load") means 
sole use by a single consignor of a conveyance for which all initial, intermediate, and 
final loading and unloading are carried out in accordance with the  direction of the  
consignor or consignee. The consignor 
and the  carrier must  ensure that any loading or unloading is performed by 
personnel having radiological training and resources appropriate for safe- 
handling of the consignment. The consignor must issue specific instructions 
in writing, for maintenance of exclusive use shipment controls, and include 
them with the shipping paper information provided to the carrier by the consignor. 

Packaging means for Class 7 (radioactive) materials, the  assembly of components 
necessary to  ensure compliance with the packaging requirements-of this subpart (49 
CFR 1711. It may consist of one  or more receptacles, absorbent materials, spacing 
structures, thermal insulation, radiation shielding, service equipment for filling, emptying, 
venting, and pressure relief, and devices for cooling or absorbing mechanical shocks. 
The conveyance, tie-down system, and auxilliary equipment may sometimes be 
designated a s  part of t h e  packaging. 

Surface Contaminated Object'( SCO) means a solid object which is not itself radioactive 
but which has Class 7 (radioactive) material distributed on any of its surfaces. SCO must 
be in one  of t w o  groups with surface activity not exceeding the following limits: 
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APPENDIX B 
STATE RADIATION CONTROL PROGRAMS 
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