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N 
The project design presented herein was carried out for the Westinghouse Hanford 
Company(WHC), a subsidiary of the Westinghouse Electric Corporation. WHC is the 
Operations and Engineering Contractor for the Hanford Site and is leading the cleanup and 
environmental restoration of the Site under the Tri-Party agreement between the 
Environmental Protection Agency, State of Washington and Department of Energy(D0E). 

Statement o f the Prob lem: 
A Hanford Radioactive Mixed Waste Disposal Facility was constructed in the 200 West 
Area of the Hanford Site. Prior to obtaining an operators permit from the State of 
Washington, a Closure Plan for the facility must be prepared and approved by the 
Washington State Department of Ecology. The Environmentally Compliant Closure Plan 
must include a description of the proposed final closure cover for the disposal facility 
which will meet or exceed all applicable State and Federal Laws and Regulations. The 
objective of this project was to prepare an engineering design of the final closure cover. 

B !  
Established in 1943, Hanford is a 560 square mile installation of the U.S. government, 
managed by the Department of Energy-Richland Operations Office. The site is located 
near Richland in southeastern Washington State as shown in Figure 1. Currently, Hanford 
employs a work force of approximately 13,000 scientists, engineers. managers and 
support specialists. The Hanford Site is the Department of Energy's second oldest 
nuclear facility. Figures from 1990 indicate that Hanford Facilities have a value of $8.5 
billion, with an annual budget of approximately $975 million. 

Originally, nine water-cooled, graphite-moderated plutonium production reactors were 
constructed along the Columbia River by the U.S. government between the years 1943 
and 1963. These facilities were reactor and chemical separation facilities for production 
and purification of plutonium for possible use in nuclear weapons. All of these reactors 
are now retired from service with only one remaining on standby for the production of 
plutonium and for the production of steam to generate electricity. 

The Hanford Site is large, approximately one half the size of Rhode Island. This 
background information deals primarily with the 200 West Area, which includes Trench W- 
025, for which the closure cover design is prepared. Figure 2 shows existing and future 
locations of burial sites located at the 200 East and 200 West Areas within the Hanford 
Site. The 200 areas are located near the center of the Site, about 6.8 miles from the 
Columbia River, on a large bar of sand and gravel. known as the "200 Area Plateau". 
Facilities and sites existed in the 200 Areas for nuclear fuel processing, plutonium 
separation, plutonium fabrication, high-level and transuranic radioactive waste handling 
and storage, low-level radioactive waste handling and disposal, and hazardous mixed 

Y 
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FIGURE 3 -TOPOGRAPHY OF WASTE MANAGEMENT AREAS 3 AND 4, TRENCH 
W-025 IS ALSO SHOWN 
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The RCRA regulations do not specify a particular design for covers of low level hazardous 
waste, rather they specify the performance criteria to be met. The final cover of the waste 
disposal cell must provide long-term minimization of liquid migration, function with 
minimum maintenance, promote drainage and minimize erosion or abrasion to the cover, 
accommodate settling and subsidence which assures cover integrity, and must have a 
permeability less than or equal to the permeability of any bottom layer system. 

The Closure Cover was considered in three phases: 1) Design, 2) Construction, and 3) 
Maintenance. Final Closure Cover design considerations included: types of waste to be 
stored, minimum 30 year life span, construction costs, maintenance(i.e. stability of 
materials/erosion), percolation, weather patterns(i.e. runoff, freezing, annual precipitation, 
wind), and settlement or subsidence. Contaminated wastes or low-level 
radioactivelhazardous waste, to be placed in the disposal cell were primarily inorganic 
materials that include raffinate, contaminated soils and sediment, and debris. The wastes 
were placed to minimize differential settlement, reduce Radon exhalation, and control the 
upward migration of contaminants by capillary action. 

Functions of the top cover and side slopes were to minimize moisture infiltration into the 
contaminated materials in the cell and to reduce exhalation of radon gas from 
contaminated materials. Cover Soil stratification resembled that of a highway pavement 
system. The layered system included a vegetative chock rock layer at least 6 inches 
thick; a rip-rap layer 1 foot thick; a filter layer; and the continuation of the top cover radon 
barrier. 

Due to the main intent of this project report, a more detailed background can be obtained 
from the Project Proposal delivered to Hanford in December of 1993. 

Pumose of Proiect; 
The purpose of this project was to design an Environmentally Compliant Final Closure 
Cover for a Hanford Low-Level Radioactive Mixed Waste Facility at the W-025 trench site. 
Specifically, this closure plan must be approved by the State of Washington and the 
Federal Environmental Regulations prior to obtaining an operator's permit allowing 
Radioactive Waste burial in the W-025 trench, which is located in the 200 West Area of 
the Hanford Site. 
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Using the criteria set forth in the Plan of Implementation, five cover designs were 
considered (Proposal of Final Cover Design to Westinghouse by Design Team 94.6, 
Seattle University, 1993). All were reviewed and none, as drawn, would totally satisfy the 
criteria requirements. Cover or liner systems recommended by federal and state 
regulations required a system with two impermeable layers. 

Research indicated the top soil layer required sufficient depth to accommodate protection 
from burrowing animals; deep rooted plants indigenous to arid regions: a 25 year, 24 hour 
storm event: and withstand erosion by wind and water. None of the proposed alternatives 
provided an adequate solution to the entire problem. To protect the surface area from 
wind and water erosion, planting indigenous grasses and small, low growing brush, such 
as, sagebrush, rabbit-brush, cheatgrass and Sandberg bluegrass is strongly 
recommended. Obtaining local manure and mixing it with local soils would add nutrients 
and encourage plant growth. 

Soil depth was increased to 2.5 feet from the initial depth of 2.0 feet to increase the soil 
volume in order to accommodate the calculated worse case scenario of 1.56 inches per 
hour (Ref Design Report, Golder Associates, 1991). The primary function of the top soil 
layer was to absorb water and release it back to the atmosphere through evaporation. 

Borrowing the concept of a 1.0 foot rip-rap layer and incorporating a tough, synthetic 
woven material above the rock layer, this acted as a secondary protection barrier to 
infiltration by animal and plants. Additionally, the vent system incorporated a stainless 
steel screen to keep animals from entering the vent(See Figure 4 and Figure 5). 
Secondly, the rock layer acts as a low resistance pathway that channels infiltrated water to 
the two synthetic layers below; the geonet and highdensity polyethylene (HDPE) (See 
Figure 5). To ensure integrity of the cover's surface, side slopes are not to exceed a 
3H:lV, (3 horizontal and 1 vertical), incline. Also it is suggested that a slope of 3 to 5 
percent will be sufficient to promote run-off without risk of excessive erosion. 

The drainage layer consists of a geonet, a synthetic material designed to filter and 
channelize water flow in conjunction with the impermeable HDPE liner. Decision to 
incorporate the use of the geonet instead of a sand layer was based on two factors. One, 
no subsidence occurs with the geonet, thus reducing the probability of cover subsidence 
and second, overall construction cost reduction(Shipping and placement costs for sand 
installation are the determining factors). An HDPE liner of 40 mil is the minimum 
requirement by DOE and RCRA regulations. To ensure side slope stability and integrity of 
the entire cover, selection of a textured, 60 mil was recommended. The combination of the 
fabric sided geonet and textured HDPE acts similar to Velcro and was extremely stable. 
Precipitation run-off is channeled to an open trench system and infiltrating moisture is 
collected by a 6 inch perforated pipe. As mentioned above, to comply with federal and 
state regulations, a double liner system was required. The HDPE satisfied one liner 
requirement and the suggested compacted admix layer satisfies the second liner 
nequirement. 

l es t  data collected by Golder Associates regarding shear tests of the compacted layers 
with different percentages of added bentonite was analyzed. Results indicate that a 12% 
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mixture of bentonite and soils from either the W-025 site or the two borrow sites yields the 
most favorable results (ref. Design Report, Golder Associates, 1993). Recent site testing 
performed by Hanford of the trench liner system indicates a hydraulic conductivity of 
cm per second. These hydraulic conductivity results suggest that the native soil and 12 
percent bentonite mixture will accommodate the precipitation generated by a 25 year, 24 
hour storm event. Lastly, the admix layer acts as a smooth and stable foundation for the 
HDPE liner. 

As mentioned at the beginning of the methods and design approach section, a Primary 
and Secondary Cover Design was submitted. The difference between the two designs is 
the compacted admix layer which was substituted in the Secondary Cover Design with a 
geosynthetic clay liner(GCL). To provide a smooth and stable foundation for the 
membrane, a one foot layer of soils obtained from the McGee Ranch is recommended 
compacted to a 95% Proctor. This surface, regardless of cover selection, is to be free of 
debris, roots and angular or sharp rocks. The cost of the Admix preparation and shipping 
of the bentonite clay will be offset by the installation of this GCL. 

In summary, the cover configuration was primarily determined by federal and state 
regulation. Integrity and ultimate life-span of the cover was greatly influenced by the 
limitations of the manufacture's warranties, the environment and the subsidence that may 
occur in the waste cells. Of the above three, subsidence is the least concern provided a 
high rate of compaction is maintained during the backfilling procedure of the waste cells. 
Golder Associates estimated a total subsidence of less than 6 inches within their liner 
system (Design Report, Golder Associates, 1993). Subsidence within the waste cell will be 
determined by the deterioration waste rate, consolidation and compaction rate. Some 
subsidence is expected over the life-span of the final cover and scheduled maintenance is 
recommended depending on frequency of subsidence. Exterior configuration and open 
trench design will accommodate light weighted, rubber tire machinery, such as, a backhoe 
or tractor with a front loading bucket for use on the cover's surface for maintenance 
purposes. Y 

Consideration of escaping radon gas will be addressed by a venting system as shown in 
Figure 4, but is expected to be a minor concern. The venting system will include two 
vertical vents for the cover. Most radon gas will remain in leachate controlled by the 
bottom liner system. 

'To minimize the infiltration and percolation of water through the cover, special attention to 
soil selection, blending of soils, and compaction and layering must be considered during 
design and construction. Fine-grained soils with inherently low permeability(%") values 
were the preferred materials being considered. However, if well-graded fine soil are not 
available but coarse and fine grained soils are, blending will be considered as an 
alternative means to impede the passage of water into the solid waste cells. 

Layering and compacting different soils into horizontal stratification, as shown in Figure 5, 
will be recommended to comply with RCRA and DOE regulations. The importance of soil 
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compaction can not be over-emphasized as a cost effective means in reducing infiltration 
and percolation. This results in decreasing the porosity of the soil and thus sharply 
reducing the k values. Proper compaction also decreased discontinuities in the cover thus 
limiting depression or subsidence which cause ponding of water. 

An impermeable membrane and gas barriers were also specified by federal and state 
regulations at hazardous waste sites to be incorporated in the layering system to thereby 
stop percolation of water into the cell. Because of the high cost of these cover systems, 
several manufacturers and their products were scrutinized to determine which system best 
rneets the criteria of the Hanford Site's Final Cover Plan. 

Materials to be used in the cover configuration were investigated to determine the cost 
and availability of preferred materials that meet the required RCRA regulations. 

Gases produced in waste cells may move through cover layers and surrounding soil to the 
atmosphere or adjacent substrata. Flow can take place either by diffusion or in response 
tlo a gradient of total pressure. The total pressure gradient mechanism is usually 
subordinate in solid waste except in those cases where it is feasible to pump gases into or 
from waste cells. Flow of gases is dependent on several physical parameters, particularly 
porosity, degree of saturation and free space gas diffusivity. 

To minimize gas movement, an attempt was made to use the finest grained soil available 
in adequate quantity for best results in the final cover. A sand or gravel is the preferred 
soil for facilitating gas flow. If sand or gravel prove to be cost prohibitive or unavailable, 
decreasing porosity of the soil by appropriate compactive efforts was a desirable means to 
reduce gas migration. To meet the required federal and state regulations, a combination 
of compacted fine grained soil and an impermeable membrane are to be implemented into 
the final cover. 

Gas production has been predicted by Westinghouse to be neglible, however, to ensure 
the integrity of the cover by eliminating the possibility of a "ballooning effect" of the HDPE 
liner, it is recommended that the enclosed passive gas venting system be incorporated 
into the Final Cover Design. See Figure 4 which displays a simple design for venting 
gases. 

Suggested exterior design configurations of the final cover were divided into two 
categories of top surface and side surface. Maintaining the cover's shape and integrity 
will depend upon two factors; water and wind erosion control. Of the two, water erosion 
was the primary concern. Climate data of the Hanford site indicates rainfall averages 6.3 
inches of precipitation per year; most of which is in the form of snow. Winds primarily are 
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I 
ingroup Ranking - I Design Overall Estimated cost BenefiUcost 

alternate Description . . benefit (dollardsq ft) ratiu 

1 One Barrier Layer 

A CCL 36 0.70 51 3 
B GM 64 0:70 91 1 
C GCL 46 0.70 66 . 2 

Two Barrier Layers 
D CWCCL 58 1.40 41 2 
E GM/GCL 66 1.40 47 

Three Barrier Layers 
F GM/CCUCM 71 2.10 34 2 c CMICCUCM 71  2.10 37 1 

i 
1 1  

FIGURE 8 - INDEPENDENT STUDY FOR LANDFILL BARRIER OPTIONS, SEE 
TWO BARRIER LAYERS (CIVIL ENGINEERING, "BElTER COVER 
UPS", PG 55, MAYl992) 

The Secondary Design used an HDPUGCL combination which is easier to install the GCL 
than the Admix layer but was less traditional: and the two liners are directly interfaced 
creating less chance of surveying a catastrophic failure caused by puncture through both 
by an extreme occunence. The use of GCCs is relatively new and that's another reason it 
is was used as a secondary design layer. 

After determining the preferred synthetic man-made material, specific details on physical 
characteristics of the materials were again directly analyzed against one another. The 
final choices are discussed in the Results Section under Materials Descriptions. 

General Liner Information is described below: 
For the primary design, the manmade liners analyzed included the High Density 
Polyethylene (HDPE) liners, woven ' and nonwoven fabrics, and nonwoven fabric 
separated by a polyethylene grid or net called Gundnet XL-14. The secondary design 
included all the synthetic man-made materials from above but replaced the natural Admix 
layer with a Geosynthetic Clay Liner(GCL). 

For the primary design, the geosynthetic liners and natural materials included using the 
on-site sand/silt/alluvial soil for the top soil layer. This top layer was used for used for 
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UI TS: 

The following section describes general and technical specifications concerning the cover 
design and the individuals liner materials in each. Refer to Appendix C for these 
specifications. The detailed construction methods can be obtained from each liner 
manufacturer. S;ed!ic construction methods will be in the Recommendation Section to 
ensure the integrity of the cover design. Without adherence to proper installation 
procedures, the lifespan and functionality of the cover design will be compromised. Proper 
maintenance will also provided proper long term cover functionality. 

ER DESIGN. GFNFRAI SYSTFM ITFMS; 
This section provides a general description of the Project W-025 Radioactive Mixed Waste 
(RMW) Landfill final cover system. This system has been designated to prevent migration 
of precipitation Leachate into the landfill. The Project W-025 Landfill is located in The 
218-W-5 burial ground as shown in plan view on Figure 3. Figure 6 and Figure 7 also 
show the cover's configuration. 

The final cover system was designed to meet all Federal and State regulator)' 
requirements, specifically EPA 40 CFR to 265 and Washington Department of Ecology 
WAC: 173-303. The Functional Design Criteria (FDC) specified the minimum design 
criteria for the following items: 

o Comply with Federal (RCRA) and Washington State Department Of Ecology 

o Capacity of Approximately 40,000 cubic feet of waste. 
o Prevent migration of precipitation leachate into the landfill. 
o A permeability greater than or equal to that achieved by Golder Associate Inc.'s 

o Range of Operating Conditions- Year round operation, withstand construction and 

o Dearee of reliability - function safely and effectively throughout operating and pos? 

o intended Life - operational pnase plus 30 year post closure monitoring phase. 

regulations. 

liner design. 

long-term stresses, accommodate 24 hour, 25-year rainstorm. 

closure period with minimum maintenance. 

COVFR SYSTEM DFsCRlPTloNr 
The landfill final cover system (Reference Figure 1) included the following components 
from top to LuGiiGii iaspeciftilly. 

o Top soil layer: 2.5 feet-thick native soil layer, also referred to as the operational 

o Woven Material: Synthetic layer to prevent silt infiltration into the primary drainage 

o Primary Drainage System: 1 .O foot-thick layer of cobbles. 
o Geonet: Synthetic layer which will divert migrated precipitation and protect the 

o iiigh Density Polyethylene Liner (HDPE): Liner of a 60 mil textured synthetic which 

layer. 

system. 

HDPE liner. 

acts as the primary impermeable layer in the cover. 
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puncture analysis are presented in Appendix C.27 Design Report (Golder Associate Inc ... 
1992). 

Tension induced by liner component load transfer is not anticipated to occur since the liner 
interface coefficients of friction are higher than the side slope angles. The liner 
component interface strengths, laboratory direct shear tests, which were performed by 
Golder 
Associates Inc.. are summarized in the Design Report(Go1der Associates Inc.., 1992) and 
the OCA Report (Golder Associates Inc ... 1994). Both static and dynamic stability 
analyses were performed on the side slope liner components. 

Stresses Result1 na From ODe ratina Egu bment: 
Loads on the liner system due to operating equipment are expected to be less severe 
than those generated by construction equipment for two reasons: First, landfill operations 
equipment will probably be of lighter weight than construction equipment, and secondly, 
the presence of the 2.5 foot-thick operations layer will tend to dissipate stresses produced 
by the operating equipment. For information regarding the stress analysis from equipment 
refer to Appendix C.25 of the Design Report (Golder Associates Inc ... 1992). 

Stresses Resu ltina From Sett lement. Subs idence. or UD l i fk  
Total settlement of the liner system will be a combination of the subgrade elastic and the 
admix consolidation settlements. It is anticipated that a total settlement to be about four 
inches, and the maximum differential settlement is estimated to be approximately in inch; 
settlement of the subgrade and consolidation settlement of the admix have been 
calculated to be equal. The synthetic liner components are highly elastic, and the 
resulting strain produced by the differential Settlement of one inch is very small, 
approximately 0.02 percent. Settlement analysis for the liner system is available for revue 
in Appendices C.16, C.12, and C.18 of the Design Report (Golder Associates Inc.., 1992). 

Settlement within the cover design system will be negligible because materials used in the 
cover design are similar as the liner system designed by Golder Associates Inc.. 

The greatest possibility of settlement is within the waste cells. Strict loading procedures 
are suggested to ensure the integrity of the Final Cover System. To minimize {cell 
consolidation, compaction equal or to exceed the compaction rates of the Admix Layer is 
advised. The compacted admix liner is suggested to be placed and compacted to a 
minimum of 85 percent saturation. The potential for subsidence-induced stress is 
believed to be negligible based on the following information. 

o The soils underlying the landfill site tend to be coarse-grained sands and gravels 
which are not subject to piping which can cause transport of soil and resulting 
subsidence. 

o The ground water level is deep, approximately 235 feet below the base of the 
landfill, and as a result will not affect bearing soils. 

o No mining or tunneling has been noted, and no large quantities of ground water will 
be withdrawn from the underlying aquifer. Even if the ground water level was 
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lowered substantially and consolidation occurred in the aquifer, local site-specific 
subsidence would be negligible due to the depth of the ground water. 

o The native soils are well graded and density is relatively high. 

The potential for stresses resulting from uplift on the liner system is also expected to be 
negligible. The seasonal ground water level is very deep, and higher-elevation perched 
water tables are unlikely due to the absence of aquitards in the coarse-grained Hanford 
formation, which underlies the landfill. The coarse-grained nature of the Hanford 
formation also promotes rapid, primarily vertical, infiltration, which means it is unlikely that 
infiltration from outside the landfill boundary will be transported laterally underneath the 
landfill liner system. The uplift nature 'of any gasses formed within the landfill over a 
period of time will be negligible due to the gas venting system. The potential for uplift is 
also discussed in Appendix C.20 of the Design Report (Golder Associates Inc.., 1992). 

M e r  SvStem Side S IoDeStabi ' l i  . 
Both static and dynamic stability analyses were performed for each side slope liner 
component interface using laboratory direct shear test residual strength parameters for 
both friction angle and adhesion. The dynamic analyses were conducted using a 
horizontal acceleration of 0.12 g as required in the relevant standards (DOE, 1989). See 
Figure 6 and Figure 7. 

The interface between the geotextile and top soil layer proved to be the critical interface, 
with static and dynamic factors of safety of 1.8 and 1.3 respectfully. Details of this 
analysis are presented in Appendix C.9 of the Design Report (Golder Associates Inc.., 
1992). 

Due to the sensitivity of the Hanford Site, our design team wa denied access to soil 
samples, so soil analysis was not possible. All assumptions for the soil types and soil 
strengths are based on test information gained by analysis by the soil laboratory at Golder 
Associates Inc. In addition, Golder performed a field study which was carried out in 
November, 1989 which included an evaluation of borrow soils in Area 1, about 1.5 miles 
west of the W-025 landfill site, and the McGee Ranch, located about one-half mile north of 
the Yakima Barricade(Go1der Associates Inc., 1992). The following sections summarize 
the different methods of subsurface exploration conducted and results of each included. 

As previously mentioned, all geotechnical investigation and testing was performed in 
November, 1989, by Golder Associates Inc. Grain site analyses were performed on soil 
samples from each potential borrow area, including a composite sample from seven test 
pits at the Project W-025 landfill site. The grain size curves, presented in the Site 
Investigation Report (Golder Associates lnc., 1989), indicated that the upper soils at the 
Project W-025 landfill site and Area 1 are silty, fine to medium sands and are classified as 
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SM based on the Unified Soil Classification System. The borrow soil at the McGee Ranch 
site is classified as a sandy silt (ML). 

AHerbetgj imits; 
Alterberg limit tests were conducted on samples collected from the Proiect W-025 landfill 
site andboth alternative borrow areas. All of.the samples exhibited non plastic behavior. 

m r a l  Mois- n .  
Soil samples for moisture content analys'es were collected at the Project W-025 landfill site 
and at the alternative borrow sites. The samples were sealed at the time of collection to 
prevent moisture ioss, refrigerated overnight, and tested the following mining in 
acoordance with ASTM D 2216. The results from the Project W-025 landfill and Area 1 
sites indicated moisture contents ranging from two to four percent. The moisture content 
analyses from the McGee Ranch site ranged from two to eight percent. 

ndfill Cover SloDes; 
In granular, cohesionless, and drained soils such as the ones that exist at the Project W- 
025 Landfill, the stability of the slope is related to the maximum slope angle. Therefore, 
an infinite slope analysis method was used by Golder to determine both static and 
dynamic side slope stability. The dynamic analysis assumed a horizontal acceleration of 
0.12 g as require in at the relevant standards (DOE, 1989). 

The results for the 3H:lV cut slopes in the subgrade indicated factors of safety for static 
and dynamic stability of 2.4 and 1.7 respectfully. These values are significantly higher 
than the required design values of 1.5 and 1 .l. Since the same or very similar soil types 
are being recommended for the side slopes of the cover design, the stability analysis done 
for the subgrade by Golder Associate Inc.. is used for the same results. 

Gas Press= 
Gas pressure exerted externally on the liner system is expected to be negligible, since no 
gas generating material (Le., organic material) will be placed in the landfill. If any gas was 
generated within the landfill, a venting system at the peak of the cover will collect and 
expel the internal gasses. Internal gas pressure buildup, is not anticipated, because 
leachate collection system and vertical riser pipe are vented to the atmosphere and will 
dissipate any gas. 

Potential hazards from seismic events include faulting, slope failure, and liquefaction. 
Disruption of the landfill by faulting is not considered a significant risk because no major 
faults have been'identified in the LLBG (DOE, 1988c), only one central fault at Gable 
Mountain on the Hanford Site shows evidence of movement within the last 13,000 years 
(DOE, 1988~). The potential for slope failure is low, as discussed previously. Liquefaction 
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RESULTS SECTION 
PRIMARY AND SECONDARY DESIGNS LINER MATERIAL COSTS 

I.. . - 
1YtrrnY DESIGN MATERIA1 COSTS; 

The following materials are those that can not be directly obtained from the surrounding 
vicinity of the job site. Man-made layers as well as bentonite for the bottom Admix layer 
are shown below. Man-made layers for the Primary Design were based on 244,000 sq. R 
of coverage including 15% which was added for installation wastage. This 15% wastage 
value provides conservative estimates when applying a liner product. Any excess material 
not used in the laying of the High Density Polyethylene Liners may possibly be negotiated 
for return to the on-site installation crew. Most liner installation allows 10-15% for wastage 
so these figures are accurate estimates. The general names of the liner material along 
with the specific product name is below and shown in the order of the design from atop- 
down approach. The costs include installation, shipping, and other transportation costs. 
Details or specifications of specific liners are shown in decision matrixes and discussed in 
more detail in the Appendix C. 

. .  it Film For Sepacatina TOO Soil I aver and Rock Drain- 
Product: "200ST" Stabilization Slit Film 
Company: Synthetic Industries supplied by Northwest Linings & 

cost- $10,000 

Geotextile Products, Inc., Kent, WA 

for S w  Rock 0 ra i n w e r  and HDPF Liner 
Product: "Fabric-Net(GundneVGeotexti1e) Composite", (2 sides Cost- $109,800 

Geotextile Woven Polyethylene Composite surrounding 
Fabric-Net XL-14) 

Company: Gundle Lining Systems Inc. 

I iner Sewat  ina andnet  Geotext ile ard Adm: IX  1 
Product: "Friction Seal 60 mil HD 2 Sides" Cost- $103,000 

Company: National Seal Company 

0 

Cost- $154,215 
EQrlrnnite for of b- 
Product: "Black Hill's Gel" 
Company: Black Hill's Bentonite Company 

Cost is dependent on transportation. 

Primary Design Total Cost I s77.0Qp 
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SECONDARY DESIGN MATERIAL COSTS: 

The following materials or man-made layers for the Secondary Design are the same as for 
the Primary Design. The exception in the Secondary Design is replacing the 12% 
bentlonite included in the Admix layer with a man-made Geosynthetic Clay Liner ( GCL). 
This GCL is still laid upon a standard depth(approx. 12 inches compacted) of soil allowing 
for a flat and stable installation of the GCL. .The GCL consists of bentonite sandwiched 
between two layers of geotextiles. As in the Primary Design, the man-made GCL for the 
Secondary Design is also based on 244,000 sq. ft of coverage which includes 15% added 
for wastage. This provides a conservativ'e estimate when applying a GCL liner. The GCL 
will be easier to install and provide other advantages over the Admix layer. The costs 
include installation, shipping, and other transportation costs. Details or specifications of 
the specific GCL liner are in decision matrixes and discussed in more detail in Appendix 
C. 

I avers (Same._aslrimarv Desian) Cost- $222,800 

D i r e m  Below HDPF I i n a  
Product: "Claymax 500SP GCL" cost- $99,000 
Company: James Clem Corporation 

Plus adding .25 Ib/sq. ft of bentonite added at overlapped seams. Cost- $ ** 
6 inch overlap equals .251b actual per 2 feet of liner interface so the 
estimated bentonite required is to cover 17,200 linear feet plus two 
vents or roughly 2500 pounds of bentonite which is a nonconservative 
figure. 
Note: Minus cost of Admix Layer Preparation and installation. 

*' Cost must be determined by Hanford Corp.. Can negotiate by 
rnntafiing ell_& Hill's Rontnnitn in Wyming Or C.ETC.0 cnrr;, 

Secondary Design Total Cost $321 .8OQ 
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RESULTS SECTION - MATERIAL DESCRIPTIONS 
RY DFSIGN MATFR IAL DESCRIPT IONS; 

Reference Decision Matrices in Appendix C. 
The following materials are those contained within the Primary Design. The liners are 
based on 244,000 sq. ft of coverage including 15% wastage. Products or materials are 
discussed from the top downward to the bottom layer in the Design Configuration. 

. 
Product. . " ~ 0 s ~  Woven Stab 

v: Sv the In strl s In 
%:e b m 4 n .  Spet%cakdShee:in A$eAdix C. Supplied by Northwest Linings & 
Geotextile Products, Inc.; Attention Rick W. Newton; 20017 89the Avenue South; Kent, 
WA 98031 ; Phone(206) 872-0244; Fax (206)872-0244 

The "200ST" Woven Stabilization Slit Film separates the top soil layers and the Rock 
Drainage Layer and functions as stabilization, soil separators, and reinforcement. The 
200ST Woven polypropylene SIi! Film will prevent the easy migration of soil, plant roots, 
and burrowing animals from penetrating downward into the Rock Drainage Layer. 
Breaking through this material may prevent the efficient drainage of water entering the 
rock drainage layer as well as compromising the slope angle of the top soil layer. Proper 
top soil maintenance must then be done to prevent further damage to the slit film. The 
water contained within the top soil layer must also be held in as long as possible to allow 
for slow infiltration and transpiration and evaporation back out to the environment. This is 
dono in the Hanford environment by the slow seasonal changes of moisture being held 
and transpired from the sandkilt soil in the top layer. The permeability of the slit film is 
adequate (.13 cm/sec TYP) to allow water reaching it to drain into the drainage layer. This 
prevents water buildup below the top soil layer which may cause erosion and land slide 
effects between the top soil and the slit film material. The job site's glacial alluvial soil 
contained weathered rock lacking sharp edges and should be compacted prior to laying 
the slit film on top of it. This will prevent post large differential settling movements. This 
also fills large void spaces in the rock layer making it even more inaccessible to 
burrowing animals, however, this is very unlikely anyway. Compacted and leveling the 
rock layer will prevent tensile forces causing unwanted slit film elongation. The grab 
elongation properties of the slit film (200ST) are %yo in both machine and cross machine 
directions. The 200ST has an advantage of providing stabilization but with adequate 
penneability features due to the .425mm to .600 mrn openings(ASTM D-4751 Tea 
Method). The reduction in permeability was not dramatically reduced by selecting the 
200ST used for stabilization instead of a slit fence such as product 91OSC. The 
penneability of the two products is .13 cm/sec and .23 cmlsec TYP with flow rates of 17 
gpnllsq. ft. and 26 gpm/sq. ft., respectively. We recommend a roll width of 180 inches(l5 
feel) and a roll length of 360 feet. This will allow proper overlapping of the cover's steeper 
sloped sides up to the top or crown of the cover. The seams shall be overlapped and laid 
from the bottom or steeper sides slopes of the cover upward to the cover's crown. This 
working backward will allow that longer segments of the slit film are at the critical steeper 
slope areas and shorter pieces will be near the crown area. The 360 feet, however, 
should allow for stagger pieces to almost cover the crown areas. Overlaps will be like that 
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of shingles a house at a top-down approach both for the cover's crown and also in the 
direction of the primary water flow due to rain, snow, etc. 

Synthetic Industries is the second largest manufacturer of polypropylene textile fibers and 
fabrics in the world. It has over 10 years experience and over 100 million square yards of 
woven and nonwoven geotextiles have been produced. Stabilization and reinforcement of 
the woven slit film geotextiles is obtained by their high strength at low elongation(high 
tensile modulus) which distribute loads and prevent rutting. They also provide and 
maintain separation of subgrade soils as in our top soil and the aggregate rock layer used 
for drainage. Their reinforcement is the containment of the rocks in direct contact with 
their fibers at the interface of the slit film 5nd the rock drainage layer on the steeper slopes 
of the design. The 200ST product is used in highway designs, and meets or exceeds the 
AASHTO M288-90 medium survivability levels. The fibers contain overland flow so they 
will reduce sediment run-off or rutting in the top soil. 
Northwest Linings can answer most questions but the Synthetic Industries Construction 
products Division can be reached at 1-800-621-0444 or fax #(615) 8999-7619. 

1. ST" Woven S m i o n  Slit F h  
Material Costs: 244,OO sq ft x $.041/sq ft = $10,000 
Shipping Costs: Included in Material Costs 
Installation Costs: Considered $0 because the installation can be conducted by Kaiser 

Engineering at Hanford(0verhead Costs) 

11 mDOSltQ 

Reference specifications sheet in Tables in Appendix C. 
(2 sides 6 02. Woven Geotextile Composite surrounding Gundnet XL-14) 
Gundle Address: 191 03 Gundle Road: Houston, Texas 77073: Phone 800(435)-2008; 
F ~ x  # (71 3)875-6010. 

The "Fabri-Net" is a Gundnet XL-14 sandwiched between two 6 ounce sides of woven 
Gecl textile Composites. The Gundnet XL-14 is a polyethylene mesh that is very strong 
but pliable. The Gundnet XL-14 has very small openings in its mesh structure and will 
prevent the individual rocks from the rock drainage layer to protrude or puncture into High 
Density Polyethylene (HDPE) Liner. 
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The Woven Geotextiles on both sides of the Gundnet XL-14 are 6 oz/sq yds and also 
provide protection from rocks with sharp edges from penetrating into the HDPE liner. One 
of the most outstanding features of the woven geotextile fabric is its strong frictional 
cohesiveness interface between itself and the Frictional Surface of the HDPE layer below; 
which acts like Velcro". The stability of the interface between the two will allow the 
structural integrity along the steeper side sections of the cover. The friction coefficient 
angle increases when using the polyethylene geotextiles rather than the polyester 
geolextiles on the specific Friction SurfacQ HDPE we are using. The strength of the 
polyester is suppose to be stronger but the price is usually higher. The non-woven 
geotextile fits the frictional purposes used in the designs structural stability and the cost 
was legitimate. Outstanding structural integrity features are obtained by preventing slope 
failure by holding the HDPE and Fabri-Net layers together even when differential 
settlement causes increased tension on liner materials. 

The Gundnet XL-14 achieves unsurpassed efficiencies for fluid flow as a drainage layer in 
following installation. Its performance qualities include high resistance to chemicals, 
rodents, and microoroanisms. In addition, the overlapping of two polyethylene strands 
has excellent tensile strength and resistance to strand layover thus providing protection 
from rocks protruding into the HDPE liner. The Fabri-Net consists of the two geotexliles 
heat bonded to the Gundnet on both sides. The geotextiles used can be specified but the 
standard geotextile used is excellent for friction adhesion to the textured HDPE in the 
design. The only variance to the top geotextile would be to heat bond on a non-woven 
polyethylene layer to further protect the incidence of any rocks with sharp edges 
attempting to protrude into the HDPE. The current design is using the standard sample of 
Fabri-Net. The interface gripping of the Fabri-Net and the textured HDPE works like 
Velcro. An exceptionally high coefficient of friction is achieved and maintained, enhancing 
slope stability. We recommend the 14 foot wide by 200 foot long rolls to be used in the 
cover design. This allows for proper overlap and to efficiently cover the required square 
footage of the cover. Fabri-Net is simply unrolled to form a blanket on top of the frictional 
or textured HDPE. No heavy equipment is needed to lay it down and Kaiser Engineering 
working within Hanford can do the installation. Immediately after seaming the HDPE liner, 
the Fabri-Net can immediately be installed. This is usually not the case for sand or gravel 
layers which must be entirely in place before grading of !he sand is allowed. The Fabri- 
Net installation will take only a few days where the sand or gravel may take over a week. 
Heavy equipment is not needed and the ability and thickness of the Fabri-Net to replace 
sand or gravel reduces the thickness required and increases the capacity of the landfill. A 
norr-woven polyethylene geotextile can replace the top woven polyester geotextile to 
possibly provide more protection to the HDPE but this may not be necessary. 

Product. . "fabri-NetlGundnet/Geot~~ile~ Co mDosi& 
Material Costs: 244,OO sq ft x $0.45/sq ft = $109,800 
Shlpping Costs: Included in Material Costs 
Installation Costs: Considered $0 because the installation can be conducted by Kaiser 

. I. 

Engineering at Hanford(0verhead Costs) 
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In the NSC's Constructions Quality Control (CQC) Laboratory, the CQC lab team 
develops new welding equipment, investigates improved methods of seaming and 
provides welding training. 

For example, a two-year intensive research and development effort has culminated in the 
Smart Mouse, a computer process control fusion welder, which is recognized as the most 
technologically advanced welder in the industry. The heart of the new welder is its 
process control computer, which measures and records critical parameters that can affect 
welding quality. The Smart Mouse allows NSC to gather and use real-time data regarding 
welder performance and the process of joining two liners in the field. A double extrusion 
weld is one in which overlapped liners sgams will have a welded separation of around six 
inches. 

Using the latest equipment, the lab also provides technical assistance to the field 
installation teams. In fact, on all National Seal installations, a specific technician is 
devoted to construction quality control. 

Product: "Friction Seal 60 mil HD 2 Sides" 
Material Costs: 244,OO sq ft x $0.41/sq ft = $100,400 
Shipping Costs: 244,OO sq ft x $0.01 or $0.01 25/sq ft = $2440 to $3050 

May negotiate on shipping costs since the distributor is in Kent, WA. 
Installation Costs: Must be conducted by National Seal Company or qualified company 

Company: National Seal Company 

directed by National Seal Company. Installation costs are included in Material 
costs. 
Intallation around two boots is assumed to be included so negotiation with the 
installer must be carried through by Westinghouse. 

Total HDPE Costs Average is equal to $103,000. 

Another product which was analyzed but not selected was the SLT "Friction Flex Textured 
60 mil HD". This product is manufactured and distributed by the SLT company and is 
double sided textured 60 mil HDPE. This product would make an excellent alternative for 
similar applications. Information regarding the SLT product is shown in the Decision 
Matrix in Appendix C. 
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The Primary Cover Design required 2000 cubic yards plus an additional 15% due to 
compaction, wastage, and to conservatively satisfy the projefls requirements. The total 
needed was, therefore, 2300 cubic yards or 62,100 cubic feet. Average weight for "Black 
Hill's Gel" is 60-64 Ibdcubic foot. A 15% increase was a conservative approach to ensure 
an average weight of 62 Ibdcubic foot was used to avoid further excess. This output, a 
total of 3,726,000 Ibs or 1925 tons was required. 

The "Black Hills Gel" was selected and fit the high specifications called for the bottom 
liner's bentonite used in the Admix Layer. Golder Associates of Redmond, WA wrote the 
specifications in Document WHC-S-045 Rev 2, Part2, sec 2-2. These specifications are 
very high and are subject to the type of festing carried out on the product. Black Hills Gel 
was selected since it satisfied these specifications but was for a less expensive alternate, 
Black Hills Bond, would be adequate because it was already used in 1990 in four of 
Hanford's Water Containment Ponds. However, due to the size of the project, the price 
for both products was quoted the same, therefore Black Hills Gel was selected and has a 
free swell of 25ml per 2 grams. Bottom liner specifications from the Golder Associates of 
Redmond, WA are: 

Material meeting American Petroleum Institute(AP1). Specification 13A, Section 4, 
with minimum yield of 91 barrels. Free swell of 25 m1/2 grams or greater. Products 
approved by COTR. 

The minimum of 91 barrels is comparable to minimum viscosity(i.e. 30 weight oil) yielded 
per ton bentonite. 22.25 lbs142 gallon barrel equals 91 ; 16 lbs/42 gallon barrel equals 
125. The selected product for our design is Black Hills Gel. 

Hills Gel DescriDtion: 
Polymer Extended Wyoming Sodium Bentonite. Recommended for oil well drilling, slurry 
trenching, pond sealing, and most engineering applications. Yield 91 barrels(minimum) of 
API fluid to one ton material. Should satisfy swell of 22-25m112 grams. Conforms to API 
specification 13A. 

An alternate for this project or others is the Black Hills Bond. 
Description: Unaltered Wyoming Sodium Bentonite. For use in sealing of fresh water 
ponds, lagoons, and landfills. Yield 75-80 barrels(minimum) of API fluid to one ton 
material. Should satisfy swell of 22m1/2 grams but testing is subject to a margin of error as 
in Golder Specification Requirements. Conforms to API specification 13A. 

Black Hills Bentonite deals with material costs only and no longer quotes a delivered price 
to job sites as they did in a 1991 contract for the four Hanford Water Containment 
Lagoons. They did, however, provide the information and quotes to provide bulk 
bentonite to lceing Lead Team Track, Pasco, Wa via Burlington Northern rail and 
transloading and trucking from Pasco to the job site. The minimum of 190,000 Ibdrail car 
is what the railroad is using which is roughly 20 railcars. The trucking from P a x 0  to the 
job site can be done by Gresham Transfer of Portland; dispatcher Rick Ulmer ( 503)255- 
7900 Ext. 130 or by transferring the railcars up through Hanford Sites closest rail line 
where they can be transloaded by Kaiser Engineering. The transloading done by 
Gresham Trucking can be auger or conveyor belt. The bentonite can be stored in silos for 
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added for wastage. This provides a conservative estimate when applying a GCL liner. 
The GCL will be easier to install and provide other advantages over the Admix layer. 

E.P.A. regulations for waste containment specify that IagoonAandfill liners be composed of 
heavy plastic membrane layer (HDPE) on top of a thick layer of Compacted clay (3 feet 
minimum). Because a single sheet of Claymax liner exceeds this requirement, it has been 
specified and installed as "the clay liner" in several landfills in the United States and 
Europe. . 
If the GCL is too be lined directly below the HDPE and in combination with the HDPE for a 
high coefficient of friction, then the Jam& Clem Corporation's Needle-Punched Clayrnax 
500SP may be the best suited and can have a frictional ability. The geotextile surface of 
the Claymax 500SP will adhere in one direction with the frictional surface of the HDPE and 
thus provide slope stability. The Claymax can provide a strong continuous base layer but 
conform to limited differential settling of the cover, as is expected for our design. This is 
one great advantage a needle-punched GCL has over a compacted clay line; it allows for 
more minor subsidence without failure. The high permeability rates of the Clayrnax 
500SP, its ability to contain high water contents, and the company's confirmation on the 
price made Claymax 500SP the number one choice for the GCL line. The comparison of 
the two top GCLs are in Appendix E. The second choice is also shown below. 

If air pockets occur where the layers do not meet, then there is a high possibility of drying 
over a long period of time. This would cause dessication failure in a compacted clay line, 
however, the GCL products would be less likely to fail if the complete HDPE system is 
also intact over the long period of time. 

o Claymax liner is the state-of-the-art geocomposite liner that ingeniously combines the 
durability of woven GCLs fabric with the impermeability of a pound-per-GCLs-foot of an 
inert mineral, sodium bentonite (montmohonite). 

o The Claymax liner has an overall self-healing ability if ripped or punctured. In its 
hydrated (swollen) state, the clay will swell up providing tremendous impermeability and 
a great resistance to all chemicals. In a typical installation, the 1/4 inch Claymax liner 
sheet will swell 1/2-to-1 inch resulting in the equivalent permeability of 30 feet of 
compacted clay. 

o Installation of Claymax is extremely easy. (See video) Minimal equipment and labor is 
required and the existing Hanford construction firms can easily install the material 
themselves. 

o The Claymax 500SP is linearly stitch-bonded with GCLs yarn along the length of the 
GCL. The rows of stitching are spaced every 4 in. across the width of the GCL. The 
manufactured claims that stitch-bonding increases the internal shear strength of the 
GCL. 

A 40z/sq yard upper, woven geotextile and a 4 oz /sq yard lower, woven, reinforced 
geotextile were used for the Claymax 500SP GCL. 
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o The Claymax 500SP can be installed on slope angles greater than 3H:iV. It is GCLs to 
provide high shear strength and durability. The advantages of GCLs are: 

1)lncreased internal shear strength for use on steeper slopes. 
2) Holds Bentonite in place during installation. 
3) Prevents delamination of geotextiles when Bentonite hydrates 
4) Provides inherent confining stress, which decreases permeability 
5)Provides enhanced filed ruggedness and durability 

o A Claymax 500SP GCL is equivalent to 3 feet of clay or at K=1 xl07 cm/sec (Darcy's 
Law). GCLs, 500SP holds in greater Blopes but .25/lb Linear ft Bentonite is required at 
seams. 500SP may hold in more Bentonite over periods of drying and hydrating due to 
stitching. Reseals itself over periods of hydration and drying. Claymax is impermeable 
to gas following hydration. 

o The manufacturer places approximaieiy i ibiGCLs of an amended bentonite into each 
GCL. The clay is placed in a uniform layer of approximately 0.2 in. using the 
proprietary adhesive discussed before. The in-place clay typically has a water content 
of around 20%. This high water content supposedly reduces the amount of free 
bentonite dust that can interfere with the seaming process of an overlying 
geomembrane. The manufacturer claims that up to 2lb/sq.ft of bentonite can be placed 
into the GCL for specialty projects but 1 Ib/sq ft is adequate for this project. 

o The Claymax 500 SP GCL typically comes in rolls that are 13.H wide by 82 ft. long but 
custom size rolls can be ordered. Individual rolls can be unrolled, and overlapped at 
the site in order to form a continuous barrier. An overlap of 6 to 9 in. is recommended 
by the manufacturer. Guidelines are printed along the edge of each roll to help install 
each GCL with the correct amount of overlap. When hydrated, the rolls are said to self 
seal at the overlap due to bentonite oozing from one roll to the other. 

Directlv Relow HnPF LLneL * .  

s Clem CorDoration 
Plus adding .25 Ib/sq. ft of bentonite added at overlapped seams. Cost is to be 
determined. There is approximately 17.200 linear feet along with two vents with the 
to be covered bentonite which is 2500 pounds. This is a nonconsenrative figure. 
Black Hills Bentonite can ship this amount in a large durable sack via truck or 
raivtruck to the Site. The Claymax Corp. may also supply the bentonite but the 
best source for quality and quantity is Black Hills Bentonite. 

minus cost savings of creating Admix layer. 
Cost is $.32 to $.37+ $.06/sq ft shipping 

Material Costs: 244,OO sq ft x $0.38 to .43q ft = $92,720 to $1 04,920 

Total Average Cost = S 99,000 
Shipping Costs: 
Installation Costs: Considered $0 because the installation can be conducted by Kaiser 

Included into the Material Costs but quoted as $O.OS-O.OS/sq ft 

Engineering at Hanford(0verhead Costs) 
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o All liner materials recommended by our design team should have Installation 
Procedures, Material Specifications, and bid costs obtained from the products' 
company or a recommended distributor. These step by step installation procedures will 
allow the operations section at the Hanford Corporation to do the installation on all liner 
material except the HDPE liner. When all installation procedures are obtained, a 
project engineer can properly schedule the job. 

o All installation of overlapped seams should attempt to have all long pieces left for the 

o The Woven Slit Film, Geonet "Fabri-Net", and GCL for the secondary design has 
relatively easy procedures for installation as long as proper interfaces occur between 
the layers and the seaming process is according to spec. The natural layers shall be 
done according to the type of layers lying below. One example would be the 
compaction of the rip-rap drainage area on top of the "Fabri-Net" must be done without 
penetration into the Fabri-Net causing harm to the HDPE and level at its top to allow the 
woven slit film to be consistent and without shear stresses imposed on it. 

steeper slopes on the sides. 

o The NSC Friction Seal 60 Mil HD (HDPE) liner shall be installed by a specialized 
installation team from NSC or a distributor. One distributor is Northwest Liners and 
Geotextiles Inc. in Kent, Washington. The company winning the installation contract 
must be responsible for installation and overseen by Hanford to assure proper 
installation around the vents, and/ or top of the GCL if the Secondary Design is used. 

Produd; 
0 Some general recommendations are mentioned below, with specific recornmendations 

concerning the "Fabri-Net" which is very similar to the installation of the woven slit film. 

o The Geonet "Fabri-Net" product is adequate for normal loading on the cover but 
increased loading may prompt further analysis. Further analysis to either use the 
Geonet "Fabric-Net" product as it is sold with two 6 oz sides of woven geotextile with a 
replacement top layer of a non-woven polyethylene. This non-woven polyethylene 
geotextile could be the Synthetic Industries 701 product or a thicker product which 
would assure more puncture strength than that of the Fabri-Net geotextile. 

These recommendations describe a high density polyethylene (HDPE) drainage net- 
geotextile geocomposite. The "Fabri-Net" drainage net shall contain stabilizers to 
prevent ultraviolet light degradation. The geocomposite shall be manufactured by heat 
bonding the geotextile to the Gundnet XL-14 on both sides. No burn though geotextiles 
shall be permitted. The manufacturer shall submit samples of the "Fabri-Net" 
geotextile to the engineer with a complete set of specifications for approval. 

Care shall be taken to keep the geocomposite clean and free from debris prior to 
installation. If geocomposite is not free of soil and debris before installation, it shall be 
cleaned by the contractor just prior to installation. On slopes, adjacent rolls shall be 
overlapped approximately 2-4 inches and secured by plastic ties approximately every 
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five (5) feet along the roll length. Plastic ties shall be white or another bright color for 
easy inspection. Metallic ties shall not be allowed. The qeotextile will then be either 
overlapped, sewn, or heat tacked per the manufacturers recommendation. The 
geocomposite shall not be welded to geomembranes. In the corners of the side slopes, 
where overlaps between rolls of geocomposite are staggered, an extra layer of 
GGxomposite shall be installed from the top to the bottom of the slope. 

The geocomposite shall be placed on all side slopes as shown on the contract 
drawings. The geocomposite shall be secured in the anchor trench and then rolled 
down the slope over the "textured" HDPE in such a manner as to continually keep the 
geocomposite in tension. If necessafi, the geocomposite shall be positioned by hand 
after being unrolled to minimize wrinkles. The geocomposite can not be placed in the 
horizontal direction (Le., across the slope). 

In the presence of wind, all geocomposite rolls in place shall be weighted with 
sandbags or the equivalent. Such sandbags shall be installed during placement and 
shall remain until replaced with cover material. Contractors shall place all cover 
materials in such a manner as to ensure the geocomposite and underlying materials 
are not damaged. 

o The Admix layer was previously covered in the results section. The use of a Claymax 
500SP GCL is mentioned in greater detail even though its primary installation 
information can be obtained from a company video and requested installation 
procedures. 

o Both total and differential settlement can be minimized within a municipal solid waste 
landfill in several ways. As the solid waste is placed in the landfill, it can be dynamically 
compacted by repeatability dropping a large, flat weight onto the waste. Not only will 
this reduce future settlement, but it will also increase the amount of space in the landfill 
available for waste. 

o It has been observed that differential settlements tend to be the highest along the side 
slopes of a landfill. The solid waste along the side slopes is initially less dense than the 
surrounding waste as compaction becomes more difficult at the edges. This less dense 
waste will then likely undergo larger post closure settlement. In addition, the thickness 
of the waste along the side slopes is lower, resulting in a lower net stiffness. They 
recommend putting on a generous daily soil cover along the side slopes to increase the 
amount of operational settlement, and to increase the overall stiffness of the waste. 
(Moms and Woods, 1990) 

o Wastes of variable stiffness should not be placed next to each other (Le. a cell full of 
barrels next to a cell full of yard wastes). As the softer wastes settle, the stiffer wastes 
will remain rigid, leading to differential settlement. 
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used f o r m  
o In bulk shipments, prior to stockpiling of bentonite material, storage sites shall be 

cleared and leveled. All bentonite material stockpiled shall be adequately protected to 
pi6veiii aimion and water damage to bulk or bag product that may alter the quality of 
the material. If more than one grade of material is being utilized, then each material 
must be stockpiled separately and materials from different sources shall be segregated. 
For unusual storage conditions, consult the material supplier. 

o Liner installation shall not begin until a proper subbase has been prepared to accept the 
bentonite liner. Unless otherwise required by the contract specifications and drawings, 
the prepared surface shall be free froh loose earth, fully exposed rocks larger than 1/2 
inch in diameter, rubble and other foreign matter. The subgrade shall be uniformly 
compacted to a minimum of 90% modified proctor density (ASTM D1557), to ensure 
against settlement and rutting under wheel loads and shall be smoothed with a smooth 
drum or vibratory roller. Field Density tests shall be made using either ASTM D2922 or 
D1556 at a frequency of one per acre to verify the compaction of the subgrade. 

Many recommendations concerning the installation of the Secondary Cover Design 
includes a Geosynthetic Clay Liner, called Claymax 500SP. Since it is the Secondary 
Design and the recommendations are lengthy, Claymax recommendations are contained 
in the first section of Appendix E. 
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3) Golder Associates, Inc. 11-2-91 ,; Docum'ent # SD-W025-FDC-001, Revl (Specification 
of Life Span). 

4) "Design Considerations for Covers", chapter Material Based on: "Design and 
Construction of Covers for Solid Waste Landfills", (Aug. 1979); prepared by R.J. 
Lutton, G.L. Regan and L.W. Jones of the US. Army Engineer Waterways Experiment 
Station for the U.S. Environmental Protection Agency(EPA-600/2-79-165). 
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Issued By Westinghouse Hanford Company 

6) Functional Design Criteria - Interim RMW Disposal Facility, Project W-025 Nov.. 1987, 
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7) United States Environmental Protection Agency, Memorandum., Aug 18, Directive 
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8) Letter from Barbara Broomfield(Westinghouse Hanford Company) to Dr. Rolf Skrinde, 
(Seattle University Engr. Design Center), Feb. 24, 1992, Examples of Resource 
conservation and Recovery Act(RCRA) Landfill Cover Designs 

9) "Run-Off Control at Low Level Waste Burial Grounds", Proposal to Westinghouse 
Hanford Company by Seattle University Design Team CEE 93.5 Dec. 4, 1993. 

10) Richard D. Woods, Geotechnical Practice for Waste Disposal 1987, Geotechnical 
Special Publication No. 13, American Society of Civil Engineers, New York, NY, 1987, 

111 University of Texas at Austin College of Engineering, "Clayliner and Covers for Waste 
Disposal Facilities", Short Course Reference Material, In cooperation with USIA 
Extension in Las Angeles, California, May 29-31, 1991. 

12) R.S. Lutton, Design, Construction, and Maintenance of Cover Systems for Hazardous 
Waste: An Engineering Guidance Document, US. Army Engineer Waterways 
Experiment Station, Vicksburg, Mississippi, 391 80-0631, EPA/600/2-87/039, May 
1987. 

13) Northwest Linings and Geotextile Products, Inc, 20017 89th Avenue South, Kent WA 
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14) Gundle Lining systems Inc, "Fabri-Net', 19103 Gundle Road, Houston, Texas 77073, 
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APPENDIX A: 

SCOPE OF WORK 
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RESUME 
Steven Nicholas 

14814 89th St. Ct. KPN 
Gig Harbor, Washington 98329 

(206) 884-9317 

EXPERIENCE SUMMARY: Production liaison engineer, construction 
supervisor with commercial, residential and modular construction 
experience, journeyman carpenter, office manager 

MAJOR CAREER CHANGE: 

1989 to 
present 

Civil engineering graduate 
Seattle University. Seattle, Washington 

Co-designer of environmentally compliant final 
cover for low level radioactive waste as graduation 
project . 

EMPLOYMENT HISTORY: 

1976 to 
1989 

1972 to 
1976 

Superintendent, foreman, journeyman carpenter and 
production engineer 
Carpenter's Local 410 Tacoma, Washington 

Responsible and accountable for project 
construction and timely completion of projects. 
Managing the dynamics of residential and commercial 
constructionon site. Responsibilities included but 
were not limited to construction compliance to 
blueprint specification. liaison work between 
engineers and craft personnel, craft personal 
supervision and assisting in development of 
production isometric drawings of W A C ,  electrical, 
piping, and structural disciplines. 

Office manager, dispatcher, and warehouseman 
Peter's Office Supply Portland, Oregon 

Responsible for manpower schedules, productivity, 
warehouse inventory, and dispatching of delivery 
trucks. 
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MARK A. STOCKTON 
15503 S.E. 241st Place 

Kent, WA 98042 
Phone: (206) 432-8916 Home 

9657093 work 

CAREER 
OBJECTIVE 

EDUCATION 

To secure an Environmental Engineering position utilizing my skills while pursuing a 
respectable expertise level in the field. 

B.S. Civil Engineering with SpecMiation in Environmental Engineering 
June 1994, Seattle University, Seattle, Washington GPA-3.76l4.0 

B.S. Industrial Operations danagernent(Eq. Industrial Engineering) 
Aug. 1984. University of Wyoming, Laramie, Wyoming. 
Expired Secret Classification (CNWDI) being Corrpany. 

. .  EXPERIENCE 
4/86 to Present CAD/CAM Systems Analyst - 

-Seattle, WA. 
Responsible for CATIA (3D CAD/CAM) Numerical Control(NC) Software testinghser 
consultation CATIA NC processing of CAD/CAM generated digital data with subsequent 
part machining(mil1. lathe). Consulted 1500 NC users on functionality. new applications. 
provided training/demonstrations. designed test plans/models. developed automatic 
regression testing, identified software problems while identifying user impact. satisfaction 
of user and system requirements and/or feasible work arounds. One of three consultants 
pretesting and implementing this software company-wide. Documented Requirements. 
User Guides, Test Plans, Reports. Dealt with interface applications along with NC 
simulation using Robotics package. 

. . .  

9/93 to 6/94 

4/86 to 5/86 

2/85 to 4m6 

979 to 2/85 

. . . .  Civil/€nvlmnmenfal Staff Engr. - 
1: Seattle, WA. 
Senbr Design Projed in group of three to submit proposal(Dec. '93) and final Report by 
June 1994. Design of an Environmentally Compliant Final Closure Cover for a Hanford 
Radioactive Mixed Waste Disposal Facility. Alternative analysis to a level of detail from 
which construction drawings. bid packages, and specs can be devebped. 

CAD Systems Analyst - 
Transferred to Computing Development Organization. Worked on CATlA (3D CAD/CAM) 
to create Optical drawings for Laser Alignment Leveling System Project for Tooling 
Structures while analyzing technical design changes and installs. Created Tooling Details 
for a CATIA library. Worked with computerized mechanism movements and p u b l i  
Kinematics Traini i  Work Book. 

systems Engineer- , Seattle, WA. 
Worked within Systems Requirements Analysis group(specifcally Physical Securily 
Systems Engineering) of the Hard Mobile Basing(HMB) program. Conducted trade 
studies on operational concepts, active and passive delay technology. threat and 
vulnerability analysis, prepared Security Response Force and Vehicle study by research 
and modeling. Prepared and documented requirements and proposal for Air Force. Used 
ClMLlNC CAD system for lunctional flows, trade studies. 

Other Experience Includes: 
Jieaw F- chip sealing Wyoming and Colorado roadways, 5 ms. 

- -for a Bentonite Mining company while supervising a subordinate. 3 Inns 
er Hod -in SE Wyoming, Forklift. Scaffolding, 3 mns 

, Seattle, WA. . .  
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LINER DECISION MATRlXllNFORMATlON LOG: 

TABLE A1 - DECISION MATRIX: WOVEN AND NONWOVEN GEOTEXTlLES 
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LINER DECISION MATRlXllNFORMATlON LOG: 

GEOSYNTHETIC CLAY LINERS COMPACT CLAY LINER 
FSI COMP CETCO CORP BLACK HILLS BENTONITE 

~ 

Name of Company C L A W  C L A W  BENTOFIX BENTOMAT ~ZKCCU*DMX IZ%~CUIDMX 

*GOOd=3 Fair2  P o o r 1  
HCXHanford Company 

TABLE A3 - DECISION MATRIX: GEOSYNTHETIC CLAY LINERS(GCLs) AND 
BENTONITE 
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This Page i s  intentionally blank. 

(Release o f  Gundle copyrighted material was not received) 
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FRICTION SEAL" HD GEOMEMBRANE 
SPECIFICATIONS 

60 mil (1.5 mm) 
(Update provided by 
National Seal Co. f o r  
current information 
contact National Seal Co.) 

FRICTION SEAL HD. National Seal Company's textured high density polyethylene (HDPE) geomembrane. is 
manufadured by attaching a frldion surface to NSC's high quallty DURA SEAL* HD. FRICTION SEAL HD is 
made from high molecular weight polyethylene resin compounded specifically for use in NSC geornembranes. 
The resin has been formulated lo be reslstant to chemicals, ultraviolet degradation, as well as leaching additives. 
NSC produces FRICTION SEAL HD with a textured surlace on one or both sides of the base sheet. 

Refer to NSC's Manufacturlna Qualltv Control Manual lo d8lermfne !he !est methods and frequencies used as a 
patl of NSCs quality control &gram: 

RESIN PROPERTIES 

Melt Flow Index2 
Oxidative InductJon Time 

SHEET PROPERTIES 

Mass per ynlt Area 
Thickness 

Density) 
Carbon Black Content' 
Carbon Black Dispprsion3 
Tensile Properties 

Stress at Weld 

Stress at Break 

Strain at Yield 
Straln at Break 

Dimensional Stabiliiy2.' 
Tear ReslStance 

Puncture Resistance 

Average 
Individual 

Constant Load ESCR? 

METHOD 

ASTM D 1238 
ASTM D 3895, 

AI pan, 2OO0C, 1 aim O2 

METHOD 

ASTM D 5261 
ASTM D 5199 

ASTM D 1505 
ASTM D 4218 
ASTM 0 5596 
ASTM D 638 

1.3" gage length (NSF) 
2.0" gage or extensometer 

2.5" gage length (NSF) 
ASTM D 1204, NSF mod. 

ASTM D 1004 

ASTM D 4833 

ASTM D 5397 

UNITS 

dl0 min 
mlnutes 

UNITS 

IWf? 

mlls 
mils 

percent 
rating 

o/cm3 

Pi 
PPi 
Psi 
PPI 

percent 
percent 
percent 
percent 

PPi 
IbS 
PPi 
IbS 

hours 

MINIMUM' 

0.50 
100 

MINIMUM' 

0.31 

60.0 
57.0 

0.940 
2.0 

A1 ~ A2. Bl  

2200 
132 

2300 
136 
13.0 
200 
160 
1.5 

750 
45 

1800 
108 
200 

TYPICAL 

0.25 
120 

TYPICAL 

0.32 

61.5 
59.7 

0.948 
2.49 
A i  

2661 
164 

3645 
242 
16.2 
678 
542 
0.4 
947 
58 

2358 
145 

>400 
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C L A V M  'A 
GEOSYNTHETIC CLAY L I N E R  

! 

CLAYMAX@ 5 0 0 S P  SHEAR-PRO 
I I -  

wru 

CLAY-. PRODUCT SPICICICATION 

SOdimIMnii 1 0  lbh PI-n (oa 
Cnhnt 

T h i k  %inch 

m- lD7.0-k 

-1-1 

. -  

James Clom Corporation 
444 No& Michigan, Suit. 1610, Chicago, I1 60611 

Phone: 312.321-6255 Fax: 312.321-6258 
USA 

TABLE A6 - PRODUCT: "CLAYMAX 5ooSP", GEOSYNTHETIC CLAY LINER(GCL) - 
(Cont) 
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LABORATORY TEST DATA ON CLAYMAXO 

PERMEABlLrrY TESTS ON CLAYMAX 

Pmca&rm: Slx huh08 d 8 t h  sand anrorhp CLAYMAX lner in a niiuirl cell mdu thnu.lhre feet 

ELpvn 
Add 

IpnflhBu' 
STS 
os 
STS 
STS 
STS 
STS 
STS 

sls 
STS 
STS 

MECHANICAL PROPERTlES TESTING 

420 am 
1440 M1 

os 

d water pressun. 

PEtp 
11- 
11t16187 
1MMIBl 

10116187 
MyB3 
a1 2188 
7m7mo 
7m7m9 

m7m3 

7m7m9 
m7m9 
7n7m 

'G!3.G.osmm . k . A U n d b  c*: STS -STS COnwImnb uk Daw IL: lL- T.r Lab. I n c  

TABLE A8 - PRODUCT: "CLAYMAX 5OOSP", GEOSYNTHETIC CLAY UNER(GCL) - 
(Cont.) 
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(Th is  update was provided 
by CETCO, contact  CETCO 
f o r  c u r r e n t  da ta )  

COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY 

CLAYMAX 200R CERTIFIED PROPERTIES 

paiodic Y ) l b ~ i n C h @ p i )  
pr ASTMDSa80 1P=- ... 

W* sxlQ.au/sec , 

CLAYMAX 500SP CERTIFIED PROPERTIES 

. .  



0 '  h J~ 'L~E-S3-WM-QS-3Hfl I 



WHC-SD-ES-357, Rev.0 

COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY 

TR 404c 
5-19-95 

BENTOMAT ST CERTIFIED PROPERTlES 

NOTES: 
1. 

2. 

3. 
4. 

5. 

b. 

7. 
a. 
9. 

10. 

11. 

12. 
13. 

1360 W. Shure Drive - Arlington Heighrs, Illinois 6ooopl*bo (708) 392-5800 FAX (708) 506-6150 
A whollv own& aubsidsy of Ameriun Colloid Company 

?he informarion ana a m  conu1n.d hemin are bc1irv.d to be d c ~ l n t .  and mhbk. UTCO m w k  110 w.mmy of any kind and wupm no 
responsibiliw far the results obrained Ihrougn appllurlon of this information. 

8 1 8 . 8  
. . . . . . . . . . . . . . ., -. ,ll.,i,-. . & .  
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APPENDIX D 

"HISTORY AND ENVIRONMENTAL 
PLANS AND AGREEMENTS 

"GENERAL DESCRIPTION AND ENVIRONMENTAL 
CHARACTERISTICS OF THE HANFORD SITE, 

200 WEST AREA" 
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General Description and Environmental Characteristics of the Hanford Site, 
200 West Area 

The DOES Hanford Site is located in the semiarid Pasco Basin, a structural and 
topographical depression within the Columbia Plateau in southeastern Washington State. 
The Site occupies an area of about 560 square miles and is about 31 miles north to south, 
and 25 miles east to west. The Site is located bn lands ceded to the U.S. government by the 
Yakima and Umatilla Indians. This land is restricted to public access, providing a buffer for 
the smaller areas currently used for operations, waste storage, and waste disposal. 
Adjoining lands to the west, north, and east of the Site are principally range and agricultural 
land(i.e.irrigated and dry farming) The Tri-Cities(Kennewick, Pasco, Richland) compose the 
nearest population center and are located southeast of the Site. There were 340,000 people 
who lived in a 50 mile radius of the center of the Site in the 1980 census. About 13,000 
persons are employed on DOE-related projects at Hanford. 

The normal elevation of the river is 381 feet above mean sea level and the elevation of the 
Columbia River reactors ground-floor levels range from 413 to 494 feet. The terrain of the 
central and eastern parts of the Site are relatively flat. The nothern and western parts of the 
Site have moderate to steep topographical ridges composed of basalt and sediments. The 
200-Area Plateau has undergone minimal erosion over time. The Site is bounded by the 
southwest, west, and north by large ridges that trend eastwardly and southeastwardly from 
the Cascade Range which die out within the Site's confines. The elevation of the alluvial 
plain, covering much of the site, ranges from 345 feet above mean seal level in the SE 
corner to 804 feet in the NW corner. 

The 200 Area's topography is nearly flat with only local and low relief and ranges in elevation 
from 623 to 805 feet above sea level. This is shown in Figure Al ,  titled, "Topography of 
Waste Management Areas, 200-West Area". Also see Figure A2 showing the Geomorphic 
Features surrounding the 200 Area. Wastes have been buried in the 200 Areas from the 
start of chemical processing operations. Specifically, these wastes consist of "dry 
waste"(solid clothing, laboratory supplies, tool, etc, packed in cardboard, wood or metal 
containers) and industrial waste(primari1y items of failed process equipment packaged in 
heavy metal or concrete boxes). Included in this waste is charcoal, lead. lead brick, lead 
shielding, oil, and slaked lime. Transuranic-bearing waste has been packaged in sealed 
metal containers and sealed in burial trenches since May 1, 1970. The contaminated solid 
and liquid waste from the entire Hanford Site are buried in both inactive and active low-level 
waste burial grounds(LLBG) in the 200 areas. The radioactive waste from decommissioning 
the 100-Area reactors would be buried in the 200-West Area if one of the removal or 
dismantlement alternatives is chosen for decommissioning. 

Page 90 



WHC-SD-WM-ES-357, Rev.0 



WHC-SD-WM-ES-357, Rev.0 

FIGURE A2 - GEOMORPHIC FEATURES SURROUNDING M E  200 AREAS 
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Fnvir- of the . .  
The State of Washington Department of Ecology classifie3the Columbia River as Class A or 
excellent between Grand Coulee Dam and the mouth of the River. The DOE holds a 
National Pollutant Discharge Elimination System (NPDES) permit issued by the EPA for eight 
point source discharges into the Columbia River. 

Radiological monitoring of the atmosphere, ground water, Columbia River water, foodstuffs, 
plants, animals, and soil is conducted routinev by the Pacific Northwest Laboratory(PNL). 
Groundwater monitoring wells are used for this purpose are shown in Figure A4, but 
additional wells have been installed since 1987 according to Westinghouse Hanford. 
Additional information about location, specific wll construction and water table elevation as 
well as surface waters are shown in Figure A5 through A8. 

Measurements made in 1987 show that radionuclides have entered ground water in the 200 
areas and migrated easterly to the Columbia River. Samples collected from the Columbia 
River upstream and downstream from the Hanford Site indicate that tritium, iodine-129, gross 
alpha, and uranium concentrations were measurable at higher concentrations downstream 
from Hanford than upstream, but that all off-site concentrations are well within EPA drinking 
standards. The major sources of radionuclides entering the river are from the N reactor 
liquid-disposal facilities and from 200-Area ground water moving below the Hanford Site and 
into the river. Foodstuffs from the area, including those irrigated with Columbia River water, 
were sampled and the concentrations of radionuclides were shown to be similar to the low 
concentrations of food stuffs grown in adjacent areas. Some waterfowl, fish, and rabbits 
showed low levels of cesium-137 attributable to Hanford operations. Dose rates from 
external penetrating radiation measured in the vicinity if  local residential areas were similar to 
those obtained in previous years, and no contribution from Hanford activities could be 
identified. Some levels of nitrate, chromium, fluoride, and carbon tetrachloride were found in 
ground-water samples. Columbia River waters were within State of Washington water 
quality standards, with the exception of pH and fecal coliform bacteria. These latter 
contaminants are not attributable to Hanford Site activities. 

Measured and calculated does to the population living within 50 miles of the Site , estimated 
for 1987 was 4 person-rem, compared with 9 person-rem estimated for 1986. These doses 
can be compared with the 300 millirem and 100,000 person-rem received annually by an 
average individual and by the surrounding population, respectively, as a result of naturally 
occurring radiation. 
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Hanford Site 
1 7 Boundary .I--- - --- 
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FIGURE A9 - HANFORD SITE WIND ROSES, 1979 THROUGH 1982(STONE et 
all983). STATION 6 ARE MOST REPRESENTATIVE CONDITIONS 
IN THE 200 AREAS 
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Ecoloav: 
The ecology of the Hanford Site is that of a cool desert or shrub steppe. Because of the and 
climate, the productivity of both plants and animals is relatively low compared with that of 
other natural communities with higher rainfall. 

The dominant paints on the Hanford Site are large sagebrush, rabbit-brush, cheatgrass, and 
Sandberg bluegrass. Cottonwoods, willows, cattails, and bulrushes grow along ponds and 
ditches. Cheatgrass and Russian thistle invade areas where the ground surface has been 
disturbed. More than 300 species of inseas, 11 species of reptiles and amphibians, more 
than 125 species of birds, and 27 species of mammals are found on the Site. The Columbia 
River suppons the most important aquatic ecosystem on the Site. Forty-five species of fish 
have been identified in the Hanford Reach. 

to D- . . .  
The proposed action is to decommission the eight surplus reactors. The purpose of 
decommissioning is to isolate securely any remaining radioactive or hazardous waste in a 
manner that will reduce environmental impacts to an acceptable level, especially potential 
health and safety impacts to the public. 

Another adverse impact is dedication of land to the disposal of radioactive waste. The land 
required for radioactive -waste disposal in the 200-Areas is about 6 hectares, which is offset 
by the 5 hectares that would become available for other DOE use in the 100 areas following 
removal or dismantlement of all eight reactors. For in situ decommissioning, however, about 
20 hectares of land would be occupied in the 100 areas by the eight reactor mounds, 
although no land would be required in the 200 Areas for the radioactive-waste disposal. 

Adverse environmental impacts that can be mitigated includedacupational radiation doses, 
disruption to land areas, and migration of chemicals and radionuclides caused by water 
infiltration through waste-disposal sites. Sites used for acquisition of dirt and gravel will be 
surveyed for archaeological resources and endangered species, and will be rehabilitated 
when no more material need be acquired from the site. 

Water migration through the waste-disposal sites (both the 200-West Area and the 100-Area 
sites) will be mitigated by the installation of a multi-layer, engineered barrier consisting of a 
capillary layer of fine-textured soil underlain buy an impervious layer of soillbentonite clay. 
Calculations in the DEE are based on a water infiltration rate through the barrier of 0.03937 
inches per year. 

Environmental regulations and standards of potential relevance to decommissionin are those 
promulgated by the EPA under the Atomic Energy Act(AEA), the Clean Air Act (CAA), Clean 
Water Act(CWA), Safe Drinking Water ACT(SDWA), Resource Conservation and Recovery 
Act(RCRA), and the Comprehensive Environmental Response, Compensation, and Liability 
Act(CERCLA). State environmental regulations have also been promulgated under the 
authority of some of these federal statues. Regulations of the US. Nuclear Regulatory 
Commission do not apply to the decommissioning of the surplus production reactors. 
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Sol i d  Radioactive-Mixed Waste Received 
Between 1968 and December 31, 1987 

Ace ton i t r i l e  Lead pies 
Acid ’ L i th ium f l u o r i d e  
A1 iquat  336 Mercury 
Aluminum n i t r a t e  .Methanol 
Amalgamated mercury 
Anase Napthyalene 
Anti freeze N i t r a t e  
Asbestos N i t r i c  ac id  
Bari um Normal p a r a f f i n  hydro 
Bat ter ies O i l  
Beryl 1 i um Organic 
Beryl l ium zinc Polychlor inated biphenyls 
Beryl l ium zirconium Polychlor inated biphenyl, o i l  
Butyl acetate Paint  t h inne r  
Cadmium Perch1 oroethyl  ene 
Carbon te t rachlor ide Phosphoric ac id  
Carcinogens Polyurethane 
Caustic Potassium ch lo r i de  
Charcoal Potassium n i t r a t e  
Chromium Psuedocumene 
Copper S i l v e r  
Copper su l fa te  S i l v e r  n i t r a t e  
Corros i ve Slaked l ime  
Cor t i  sporin Sodium 
Creosote Sodium ch lo r i de  
Cyclohexane Sodium d iuranate 
Cyclohexanone Sodium f l u o r i d e  
DDCP Sodi um hydroxide 
Dibutyl  phosphate Sodium n i t r a t e  
Dioxane Solvents 
Ethanol S u l f u r i c  ac id  
Ethanol amine Tar 
Ethylene glycol  To1 uene 
Freon 12 T r i b u t y l  phosphate 
Freon I1  T r i c h l  orethane 
Glycerine T r i c l o r e t h y l  ene 
Hexane T r i o c t y l  phosphine 0 
Hexanol Tetrahydrofuran 
Isopropanol Uranium hexaf luor ide 
Isopropyl alcohol Vinyl ch lo r i de  
Kerosene Xylene 
Lead Xyl ene/psuedocumene 
Lead b r i c k  - Xylene/toluene 
Lead cadmium Z i  r con i  um 
Lead shielding . 

Napthl ami ne t r i t i u m  

FIGURE A l l  -SOLID RADIOACTIVE-MIXED WASTE RECEIVED BETWEEN 1968 
AND DEC. 31,1987 

Page 106 







WHC-SD-WM-ES-357, Rev.0 

RECOMMENDATIONS FOR INSTALLING CLAYMAX 500SP GCL 

o The Secondary Cover Design includes a Geosynthethic Clay Liner. The selected GCL was Claymax 500SP. 
Liner installation shall not begin until a proper subbase has been prepared to accept the bentonite liner. 
Unless otherwise required by the contract specifications and drawings, the prepared surface shall be free 
from kose earth. fully exposed rocks larger than 112 inch in diameter, rubble and other foreign matter. The 
subgrade shall be uniformly compacted to a minimum of 90% modified proctor density (ASTM D1557), to 
ensure against settlement and rutting under wheel bads and shall be smoothed with a smooth drum or 
vibratory roller. Field Density tests shall be made usirzg either ASTM D2922 or D1556 at a frequency of one 
per acre to verify the compaction of the subgrade. 

o During of installation of Claymax SOOSP, installers must prevent Claymax from getting wet. Also, months of 
rain or wet periods must be avoided. The base layer must have all rocks 3 4  inch diameter or greater 
removed. The adjacent soils in contact with Claymax should be compacted and prepared to create a 
smooth surface free of large voids and protrusions. Sand or rounded gravel with a large fines content is 
ideal so the Hanford site's surrounding materials will be adequate. Tears made in the Claymax, can be 
repaired by a Claymax patch at least 6 inches on each side of the tear with aggregate bentonite added at the 
seams. Bentonite paste will be used around insertion of venting pipes. Only as much Claymax that can be 
cwered in a day should be laid. Once wet, driving equipment over the layer is not recommended. Claymax 
should not be installed in standing water or rain. Do not install on a porous subgrade. When installing 
Claymax liner, all seams on slopes must be perpendicular to the excavation bottom. This method prevents 
seam displacement during the backfill procedure. It is also important that the first Claymax liner roll and all 
succeeding rolls be pulled tight to smooth out creases. 

o The Claymax liner must be installed with the stenciled polypropylene side up (facing the operator). The 
polypropylene protects and supports the system on installation. The liner can either be pulled from a roll 
suspended at the top of a slope. or the free end may first be secured in a locking trench and the suspended 
roll can be backed down the slope and across the excavation by the supporting vehicle. 

o The enclosure should be determined to allow for a final addkion of a minimum 6-8 inches of soil or aggregate 
cwer material. The excavation should be will contoured with slopes that are at a maximum of three-toae. 
Protrusions and rodu larger than 2 inches in diameter should be removed and the entire excavation should 
be compaded sufficiently to prevent tuts from installations vehicles. Compaction can be accomplished using 
either conventional rolling equipment or wheeled vehicles. Use of sheepsfoot rolling equipment is not 
recommended. A liner W i n g  trench (min. 18 inches deep) mst be provided at the top of all slopes. 

o At no time shall the Claymax rolls be dragged Over the surface, except for slight shifting necessary for the 
adjustment of the overlap, or allowed to roll down the slope. 

o In areas where wind is prevalent, Claymax liner installation should be started at the upwind side of the project 
and proceed downwind. The leading edge of the liner shall be secured at all times with sandbags or other 
means sufficient to hold it down during high winds. 

o Once the first run has been laid (stenciled 'Claymax" side down). adjoining runs shall be laid (stenciled 
Tlaymax' side down) with a six to twelve inch minimum overlap on project specifications. Six inch and 
twelve inch overlap lines have been marked on the liner to assist in obtaining the proper overlap. All dirt. 
gravel or other debris shall be removed from the overlap area of the mat If required by project specifications. 
a bead of non-toxic. water soluble adhesive, can be applied W e e n  the overlapped panels to ensure that 
the pints will nol be displaced during the cover operation. 

o On slopes, all runs shall be continuous from crest to toe with the Claymax machine direction running 
perpendicular to the base. 

o In hot. arid conditions, when temperatures are higher than 85 degrees F and humidky is bw. shrinkage may 
occur soon after placement when no confining stress or soil cover is placed. In order to account for the 
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o Repair all flaws or damaged areas by placing a patch of the same material extending at least 1 foot beyond 

o For needlepunched Claymax 500SPs. add granular to the overlapped edges of the patch at rate of 114 Ib per 
the flaw or damaged area. 

linear foot. 

. 
INTRODUCTION TO CLAYMAmOSP and BFNTOMAT SS; 
This Appendix includes the evaluation of the Clapax 5OOSP and Bentomat SS Geosynthetic Clay Liners 
(GCL's). Much of the information was derived from a thesis called "The Potential Use of Geosynthetic Clay 
Liners as Final Covers in Arid Regions', written by Brain Thomas Boardman, University of Texas, May 1993. 
The research from this thesis and other readings were used in the evaluation of these two GCL's with our 
selection being Claymax SOOSP, manufactured by the James Clem Corporation. The Handford Environment is 
relatively arid at 6.3 inches of precipitation per year. 

The conclusions of the evaluation and followed by the detailed experimental results are the two primary sections 
of this appendix. A material description of Bentomat SS follows. 

CONCLUSIONS FOR EVALUATING CLAYMAX 5oOSP AND BENTOMAT GCLs: 
Product research was conducted by Brian Boardman in a thesis (May 1993) at the University of Texas at 
Austin. His research was to determine the effect of differential senlement and desiccation on the short and long 
term hydraulic conductivity of large scale (32 square fl) GCL samples. An overlap of 9 inches was used. Four 
commercially available materials were studied: Bentomat SS, Claymax 200R, Claymax 5OOSP and Gundseal. 
All are discussed here except Gundseal. 

Tests were carried MR under controlled laboratory conditions. Because testing conditions directly affect the 
hydraulic conductivity of a GCL, the testing conditions used in this study should be carefully reviewed before 
applying the results of this study to an actual site. Tests were conducted in large, rectangular. steel tanks on 
GCL samples measuring 8 feel bng and 4 feet wide. Once installed in the tank, each GCL was covered with 
two feet of gravel to simulate the expected normal stress in a typical final cover system. Samples wre 
permeated with water under a hydraulic gradient of 25 and an effective stress of 1.1 psi. 

The Bentomat SS and Claymax 500SP GCL's demonstrated the ability to attain a steady b w  value of hydraulic 
conductivity when the GCL's were subjected to a large distortion equal to (JL-0.33) prior to being hydrated. 
Both the Bentomat SS and Claymax 5OOSP GCL's are internally reinforced. This internal reinforcement may 
have prevented the movement of bentonite within each GCL as the bentonite initially hydrated, which would 
help the deformed GCL lo maintain a low value of hydraulic conductivity. The hydraulic conductiVity of an 
overlapping sample of Bentomat SS appeared to be dependent on the degree of hydration of the loose 
bentonite seam abng the overlap. 

The Claymax 200R. Claymax 5OOSP and the Bentomat SS produd were all researched but the properties of the 
Claymax 200R are assumed to be contained within the Claymax 500SP product. However, the Claymax 5OOSP 
has needle punched fibers and a stronger lower geotextile alkwing il to pedorm better on steeper s m  abng 
with additional strengths. 

The needle punched Claymax 5OOSP has stronger more dense fibers in its lower geotextile than the Claymax 
200R product which allows it to withstand large distortion and still provide good performance as a GCL. Prior to 
rehydration of the Cbymax GCLs, the top geotextile for both C h y m  products will bridge over depressions. 
The Claymax 200R may have a weaker lower geotextile which auOm some 'flow through' but the Claymax 
SOOSP will remedy this problem. The Claymax SOOSP has a stronger bwer geotextile which will conform to the 
d*tortion but confines the bentonite on its lower side so the GCL can hydrate and expand without high rates of 
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heated air blowers and vacuum pumps. When in-situ water content readings indicated that the GCL was dry, 
the sample was again slowly monitored to determine the ability of the desiccated GCL to rehydrate and self 
seal. 

The hydraulic conductivity of the overlapped sample prior to being dried out was assumed to be equal to 1x10-9 
cmls based on values found by LaGatta (1992). There was flow through the GCL immediately after the sample 
was first hydrated. The sample was permeated for three weeks, but steady state condaions were not reached. 
The h e  bentonite seam placed along the overlap waa hydrated (water content of 163%), and intact. Water 
contents taken across the centerline of the sample averaged 203%. 

The sample was permeated for three weeks, but no outflow occurred. Wa:ei contents taken across the 
centerline of the sample averaged 206%. 

Both the intact and overlapping samples demonstrated the ability to maintain a relatively low value of hydraulic 
conductivity (1x109 cmls prior to desiccation) after being subjected to a single desiccation cycle. It is possible 
that the internal reinforcement of the Bentomat SS GCL restricted the bentonite within each sample from 
shrinking and cracking as it dried out. As the width of the overlap was'still 9 in. after the completion of the test, 
a single desiccation cycle dd not cause any irreversible shrinkage to w u r  along the overlap when the GCL 
was dried out under a normal stress of 200 psf. 

Desiccation tests were not performed on the Claymax 5OOSP GCL. One could speculate that the behavior of 
the Claymax 5OOSP would be similar to the behavior of the Claymax 200R GCL. while the effect of needle- 
stitchi- on the abiliy of a desiccated GCL to rehydrate and self seal is assumed to be equivalent or better than 
the Bentomat. This is due to the Claymax 200R product having both the intact and overlapped samples 
demonstrating the ability to reswell and self seal after one desiccation cycle. The hydraulic conductivity of the 
GCL's was initially very high ( 7 ~ 1 0 ~  cmls prior to being dried w t )  as the desiccated samples were rehydrated. 
The level of flow through the samples slowly decreased as the cracked bentonite within the desiccated GCL's 
began to absorb water and reswell. There was a slight increase in the kmg term, steady state hydraulic 
conductivity of the intact sample; however, the hydraulic conductivity of the overlapped sample remained 
essentially the same. The 200R achieved higher water contents (334%) and swelled to 0.6 inches. 

anera l  GCI Product Inforrna?lon: 
Bentomat SS- Information: 
Bentomat is manufactured by the Colloid Environmental Technology Company (CETCO). a subsidiary of the 
American Colbd Company. The Bentomat GCL is produced by needle-punching loose. granular sodium 
bentonite between two polypropylene geotextiles. 

The h e r  geotextile is typically non-wven. while the upper gedextile can be woven or non-woven. The 
geatextiles usually weigh between 3 to 6 &square yard. Both the weights and the types (woven versus non- 
woven) of geotextiles can be varied by the manufacturer depending on the needs of the project. 
Bentomat is needlapunched with thin. polypropylene fibers !!I?! hold the ! M S ~  be?.!nni!e ir! :!eco rln!?!?g 
installation. After hydration. the bentonite swells around the impermeable fibers to form a uniform hydraulic 
barrier. Needlepunching also increases the internal shear strength of the GCL (Shan, 1991). However, the 
long term transmission of. shear loads on the needlepunched fibers remains questionable and has not been 
studied to date (Daniel and Boardman, 1992). 

The manufacturers place approximately 1 lblsquare foot of a proprietary. loose, granular bentonite known as 
Volclay into the GCL. The dry clay typically has a water content between 10 to 12%, and can be treated it 
necessary. Various materials can be added to the Volclay to imprwe the GCL's swelling properties or to 
increase the abiliiy of the GCL to resist chemical alterations. 

of C l a v m  
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