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5.4.2 Leachate Collection and Removal System

Leachate collection and removal will be an integral part of the overall containment system to prevent

contaminant migration. The system design will be of sufficient capacity and drainage capabilities to

effectively and efficiently manage leachate generated by the landfill

The leachate collection and removal system (LCRS) will be designed so the maximum head pressure

on the liner unm ediately beneath the system will be 12 inches A 12-inch layer of clean sand with a

200-foot maximum drainage length and 2 percent slope was assumed for liner evaluation with EPA!s

HELP Model as described in Section 5 5 1-1

A leak detection system (secondary leachate collection and removal system), similar to the LCRS will

be constructed between the primary and secondary composite liner systems. It will be designed to

intercept, collect, and remove any leachate that passes through the primary liner system Therefore,

it will serve both as a monitoring system for performance of the primary liner system and a

mechnni m for removal of leachate The volume of leachate removed from this system can be

measured and recorded to evaluate whether leakage through the primary liner exceeds the Action

Leakage Rate (ALR)

5.4.3 Gas Management System

The generation of gases from the land±Ming of RMA waste is expected to be Tninunal Thewastes

will be primarily soils and structural debris with little or no putrescable or decomposable waste

material It possible that volatile organic compounds (VOC) could be released by the contaminated

S031S

Gases generated may be managed using a passive venting system consisting of a granular soil layer

and a gnd array of collection pipes that will vent gases through the final cover system Gas vents can

be monitored for gas quantity and constituents, and can be fitted with VOC control devices, if

necessary
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5.4.4 Final Cover Systems

Cover (cap) systems include multiple layers, each selected to serve a specific function Layers

include an erosion control layer, a water balancelinfiltration soil layer, a dramage layer, and a barrier

layer Materials that maybe used for these layers include geomembranes/FML, compacted clay liners

or GCL, and granular soil or geosynthetic drainage layers The cover system is designed to provide a

physical barrier for containment of waste and have a low permeabihty The cover system is intended

to minimize percolation of water into the waste, thereby reducing the amount of leachate generated

There are a variety of natural and synthetic materials that may be combined in the design of a cover

system Four conceptual cover systems were evaluated using EPA!s HELP Model, as shown below

Landfill Cover System Alternatives

Cover System Cover System Cover System Cover System
Laver No. 1 No. 2 No. 3 No 4

i Erosion Control Sandy Loam & Sandy Loam & Sandy Loam & Sandy Loam &
Gravel Gravel Gravel Gravel

2 Water Balance Loam Loam Loam Loam

3 Drainage Geonet Geonet Geonet Geonet

4 Geomembrane 60-mil 60-mil 60-mal 60-mil
HDPE BDPE HDPE HDPE

5 Barner CL GCL CL GCL

HDPE Higb-densiq polyethylene
CL 3 feet of compacted clay

Cross sections of each cover system are presented in Figure 5 2 The results of the evaluation are

presented in detail in Section 5 5 12

The erosion control layer evaluated was 8 inches thick and will include 50 percent gravel rni ed with

the sandy loam- This layer will be seeded to produce a protective vegetative cover The water
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balance layer evaluated was 52 inches thick and Will include a 6- to 12-inch thick wormal exclusion

barrier near the top of the layer. The annnal intrusion barrier will consist of rocks or aggregates large

enough to prohibit burrowing smi-als from damaging the underlying liner system A geotextile filter

fabric will be installed between the water balance and the drainage layers. The drainage layer will

be geonet or gravel The drainage layer material will be selected to provide adequate removal of

water. The barner layer will be a composite of HDPE, and, either 3 feet of compacted clay or a GCL

6.4.5 Performance and Environmental Monitoring

Monitoring systems will be used to periodically confirm facility performance This will include the

monitoring observation wells around the facility, monitoring leachate collection and leak detection

systems, monitoring the gas management system, and inspecting the physical plant features.

Performance monitoring will be incorporated into the landfill operation and maintenance plan, as

described in Section 5.9

Environmental monitoring will be performed as part of the facility performance monitoring A

groundwater sampling and analysis plan will be used to establish background groundwater quality

Subsequent groundwater monitoring will be compared statistically to background values to identify

any significant changes

5.5 Evaluation and Screening of Alternatives

This section presents an evaluation and screening of the conceptual liner and final cover alternatives

developed in Section 5 3 Two forms of evaluation are utilized First, an effectiveness evaluation is

performed using the HELP Model Second, a cost evaluation is conducted by estimating the unit cost

on a square foot basis for each liner and final cover alternative

The final evaluation performed in this section evaluates the overall performance of the selected Imer

and final cover
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6.5.1 Effectiveness Evaluation

The ob)ective of the evaluation and screening of landfill technology alternatives was to develop an

appropriate range of waste management options to protect human health and the environment and

analyze them in detail with respect to specific site conditions

EPA!s HELP Model (Version 3), was used to assess the comparative effectiveness of various cover and

liner systems and evaluate waste isolation. The model was also used to predict potential leachate

production from a landfill using the best cover and Imer design under both "most likely' and 'worst-

case" scenarios The BE2 Model is a quasi-two-dimensional water balance model that predicts the

movement of water across, into, through, and out of landfills (EPA, 1994) Version 3 of the model

accepts various weather, soil, and landfill design data and uses solation techniques that calculate a

water balance The model accounts for components such as surface storage, snowmelt, runoff,

infiltration, vegetative growth, evapotranspiration, soil moisture storage, lateral subsurface drainage,

leachate recirculation, unsaturated vertical drainage, and leakage through soil, geomembrane, or

composite liners

The following sections describe the HELP Model effectiveness evaluations for the landfill liner and

final cover

5.5.1.1 Landfill Liner Systern Effectiveness Evaluat;on

The BELP Model was used to evaluate the comparative effectiveness of six liner alternatives, which

consisted of various configurations of double, or composite, liner systems using geomembranes,

geonet, or sand drainage layers, and compacted day or geosynthetic clay barrier layers The six

alternatives are shown in Figure 5 1 To approximate conditions within a landfill, HELP Model

simulations of the liners consisted of adding additional water on top of the liners until approximately

12 inches of head was built up on the upper drainage layer (leachate collection system) This was

done to compare the effectiveness of the hners under maximum head conditions, not to predict
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actual values of leachate generated by the landfill Thus, the conditions used in this analysis are not

expected to exist during the operating, closure, or post-closure care penods of the landfill life.

To generate a consistent amount of hydraulic head in the upper layer (leachate collection system) of

each conceptual design, 100 years of synthetic precipitation data were generated by inputting a

consistent monthly average value for precipitation. Through iterative simulations, it was concluded

that a monthly average of 3 inches (an annual average of 36 inches) was needed to generate a long-

term average of approximately 11.8 inches of head in the leachate collecfaon system Evapotranspira-

tion was significantly reduced by setting the evaporative depth to 0 1 inches and the leaf area index

to 0 This was done to promote infiltration. All other weather parameters were set consistent with

the simulations of the caps

Table 5 3 presents the HELP Model input parameters for the various liner alternatives The liners

were configured such that the top layer represents the leachate collection system, which is underlain

by an upper bner consisting of 60-mil HDPF- Below these layers is a leak detection system

consisting of a sand or geonet drainage layer, which overlies the composite bottom liner system

Default BELP Model properties were used for all layers. Initial moisture contents were calculated by

the HELP Model

Two simulations were run for each alternative, a most likely case and a worst-case scenario The

assumptions used for these scenarios were the same as for the cover simulations, consisting of good

installation of geomembranes for the most likely case and poor installation for the worst-case

scenario Table 5 4 presents the results of the simulations for the various liner alternatives in terms

of the amount of leachate that may pass through the liner system, For the most likely case, all liners

performed approximately the same Even wit'a 1 foot of head in the leachate collection system

continuously for 100 years, only 2 5 x 10' in/yr of leachate is predicted to leak through the Imers

For the worst-case scenarios, leachate infiltraton is predicted to range from 0.04 to 0.5 m/yr. Under
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this scenario, the conceptual liner designs that included geosynthetc clay as the base layer (Ianer

System Nos 1 and 2) performed better than those with compacted clay or a tertiary geomembrane

liner as the base

The similarity of results for conceptual designs under the most likely case indicates that final

screening of the conceptual liner designs should consider cost and constructability, rather than

potential performance

6.5.1.2 Landfill Cover Effectiveness Evaluation

The HELP Model was used to assess the comparative effectiveness of four cover systems The four

alternatives are shown in Figure 5.2 and include various configurations of geomembrane and

compacted clay or geosynthetic clay barriers and sand or geonet drainage layers Key input

parameters in the HELP Model water balance approach include those associated with precipitation,

evapotranspiration, and runoff The performance of each system was simulated using 100 years of

weather data synthetically generated by the HELP Model using default Denver data as input A

review of the weather data generated by the HELP Model versus actual Denver data (from Stapleton

Airport) from 1905 to 1993 indicates that both the mean and. maxnnum annual precipitation are

greater for the synthetic data than the actual data, resulting in a conservative analysis with respect to

precipitation

Important parameters associated with evapotranspiration include evaporative zone depth, tempera-

ture, solar rachation, length of growing season, and leaf area index. One hundred years of synthetic

temperature and solar radiation data were generated using default values for Denver It was assumed

that "fair' grass would be maintained on all the cover systems, therefore the Denver default values of

evaporative zone depth (28 inches) and leaf area index (2.0) were used Default data for the length of

growing season for Denver were used-
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I

The Soil Conservation Service (SCS) curve number, which controls the runoff calculation, was

calculated with the = Model assuming a sandy loam surface soil with a fair stand of grass, a

surface slope of 5 percent, and a slope length of 1000 feet The final calculated value was 67 6,

which limits the overall runoff and indicates significant infiltration.

Table 5 5 presents the HELP Model input parameters for the various cover systems Model default

soil property data were used for all layers Each cover consisted of 8 inches of surface soil (sandy

loam) underlain by 52 inches of soil (loam) to provide water storage and frost protection. These

surface layers overlie either a sand or geonet drainage layer, which sits above a 60-mil HDPE

geomembrane The bottom layer of each cover is a compacted day or geosynthetic clay barrier layer

Ixutial moisture content of each layer was calculated by the B= Model

Two simulations were performed for each of the cover systems a "most likely" case and a 'worst-

case"scenano The IDELP Model allows for variations in the number of defects a geomembranehner

may contain- This is the key assumption in evaluating each of the cover systems, as they all contain

a 60-mil HDPE layer as the primary component Both simulations assumed that the geomembrane

Imer contained one pinhole per acre as a manufacturing defect- The most likely scenario assumes

that uistallation of the geomembrane portion of the cover is "good," with three construction defects

per acre and good contact between the geomembrane and the underlying soil (better contact means

less potential drainage) The worst-case scenario assumes poor construction, with ten construction

defects per acre and no contact between the geomembrane and the underlying soil

Table 5 6 presents results of the simulations for the cover systems As shown on the table, all the

systems were predicted to perform well for the most likely scenano, with virtually no water

(9 6 x 10 *' to 7.2 x 10' m/yr) inh1trating through any of the alternatives Landfill Cover System No 4

performed the best at limiting infiltration for the most likely scenano For the worst-case scenario, a

wider range of infiltration was predicted, ranging from 0 005 in/yr for Cover System No 4 to
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1119 in/yr for Cover System No I A review of the worst-case results indicates that the sand

drainage layer is predicted to perform better than the geonet drainage layer (Cover System No 3

versus No 1 and No 4 versus No 2) and the geosynthetic clay barrier performed better than the

compacted clay Cover System No 4, which contained both a sand drainage layer above the

geomembrane ancl a geosynthetc clay barrier below the geomembrane, performeci the best in the

worst-case scenario

in conclusion, the calculated inh1tration results for all the cover systems evaluated are similar and

very low The similarity of results for the alternatives under the most likely case indicates that final

screening of the cover systems should consider cost and constructability, rather than potential

performance

6.5.2 Cost Evaluation of Landfill Liner and Cover Systems

A unit cost was estimated for each liner system and cover system by estimating unit costs for each

system component, and. adding them together Tables 5 7 and 5 8 present the unit cost estimates for

each liner system and cover system, respectively

As was noted in the previous sections, the liner ancl covers systems generally performecl equally well

and should be selected on the basis of cost and constructability The constructabihty of each

component will also be reflected in the overall unit cost (i e., the more chfficult/labor intensive it is to

inst-all, the higher the unit cost).

The total unit cost estimate for the Imer systems rangecl from $3.00 to $6 40 per square foot. Liner

System No 1, which included a GCL instead of a compacted clay liner, was the most cost-effective

The total unit cost estimate for cover systems ranged from $3 60 to $4 55 per square foot Similarly,

the cover system that utilized the GCL was more cost-effective The sancl drainage layer performecl
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better than the geonet for relatively the same cost, therefore, Cover System No 4 was more cost

effective and efficient

6.6.3 Overall Landfill Performance Evaluation

The analysis of potential effectiveness of the cover and liner systems indicates that, in general, the

various alternatives should perform in similar fashion. Two subsequent HELP Model simulations

were performed using Cover System No 4 and Imer System No 1, both of which were the most

cost-effective and predicted to perform well under worst-case conditions, to est3mat the potential

long-term leachate production from the land fill The waste portion of the landfill -was assumed to be

6B5 feet thick and was simulated using default characteristics for municipal refuse (HELP Model

default number 19, wInch allows for channeling and dead zones) The simulations were performed

using the same weather parameters as the cap screening simulations The most likely and worst-case

scenarios were simulated as before

Results of the simulations are presented in Table 5 9 As shown in the table, extremely small rates of

potential release are predicted for both the most likely (2 6 x 10' injýr) and worst-case

(1 6 x 10' in/yr) scenarios

An evaluation %% as performed to assess whether leachate produced at these extremely small rates

could potentiall) move through the vadose zone beneath the landfill to the water table To estimate

advectne tra%el times of un aturated flow produced by the leachate predicted from the BELP Model,

the methodology incorporated into EPA!s P= Model (EPA, 1988) was used The equation for

advective water movement in the un aturated zone is -

V. VW19

e eZ[Vd/k'jIA2b+3]

where

V, Advective water velocity
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Vd - Infiltration or recharge rate

e = Long-term soil water content at rechargerate Va on a volume basis

6, - Saturated water content of the soil on a volume basis

I-, = Saturated hydraulic conducbvity of the soil

b = Clapp and Hornberger, 1978, soil constant

General soil data collected during Task 93-03 were reviewed to estimated parameters representative

of the vadose zone beneath the landfill The foliowing parameters were used

0, = 0 40 (average value for clay/silt material)

k, - ranges from 4 25 ft/day to 42 5 ft/day

b - 7 75 (Clapp and Hornberger, 1978, silty clay loam)

Va = 0.00165 in/yr, or 3.77 x 10' ft/day (worst-case)

Using these parameters, potential travel times through the vadose zone are estimated at

8 29 x 10'4 fVyr to 9 37 x 10' R/yr, depending on saturated hydraulic conductivity At these rates, it

would take from looo to 1200 years for soil water in the vadose zone to move downward one foot.

The landfLU configurations being evaluated contain at least 10 feet of vadose zone betweenthe base

of the liner and the water table

S.6 Evaluation of FacilTity Layout and Material Quantities

This section presents an evaluation of a conceptual facility layout and material quantities based on

the three conceptual landfill volume requirements described in Section 5 1.2 and the site-specific

considerations and limitations presented in Section 5.3

6.6.1 Conceptual Facility Layout

The size of the landfill facility will depend on the remedial alternative selected and the correspond-

ing volume of waste generated for that alternative The landfill footp ants for the three proposed

conceptual models are shown in Figures 5 3, 5 4, and 5 5 The landfill footprint in this discussion is
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the maximum lateral extent of waste, which nearly coincides with the top of the landfill's interior,

below-grade slope The dimensions of each footprint are as follows

Conceptual Dimensions Total Landfill Waste Volume
Model No (feet) Acres Volume (CY) (CY)

1 900 x 900 19 1,200,000 1,000,000
2 1200 x 1300 36 2,760,000 2,300,000
3 1650 x 2300 87 7,200,000 6,000,000

The excavation depth for each landfill scenario was assumed to be an average of 30 feet below the

existing ground surface, with a maxinium liner thicImess of 5 feet, including the leachate collection

and removal system Cross sections showing the approximate limits of excavations for each scenario

are presented in Figures 5 6 through 5 9 Conceptual Models I and 2 are similar in that the base of

each is placed within the alluvium and both footprints avoid areas of sand subcrops Conceptual

Model 3 is a much larger footprint and the base of excavaton is within the weathered Denver

Formaton. As illustrated in Figures 5 6 through 5 9, Conceptual Model 3 is cut into both the A sand

and the rU sand Although avoidance of the subcropping sand units is preferable, it is only possible

with the smaller two configuratons

Excavation sideslopes; were assumed to be 3 horizontal to I vertical (3H IV) to calculate airspace

volumes below grade A sideslope of 6H IV and a 35-foot average waste height at the top of the

sideslope was used to calculate the airspace above grade A containment dike, averaging approm-

mately 5 feet above grade, will be initially constructed around the excavation perimeter A series of

similar dikes will be constructed in a stair-step fashion as the landfilling operations proceed above

grade Typical plan views of the excavation and final cover are presented on Plates 5.1 through 5 6

Plate 5 7 illustrates the depth of excavation and depth to groundwater for the three conceptual

models The survey data used in these plates are based on the 1983 horizontal datum and 1988

verticaldatum. In all three scenarios, the depth to groundwater beneath the base of excavaton is no

less than 10 feet.
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As is shown on Plates 5 2, 5 4, and 5 6, the 6H IV portion of the final cover exceeds the

recomm ended maximum top slope of 5 percent presented in EPA!s Technical Guidance Document

Final Covers on H;;7-s dous Waste Landfills and Surface Impoundments (EPA, 1989) The guidance

does allow for alternative designs provided that the alternative design. fulfills the applicable

regulatory requirement The purpose of maintaining a final covers slope below 5 percent is to

control erosion. The allowable erosion control rate listed in the guidance is less than 2 tons/

acre/year. Thus, to proceed with final design using a 6H IV sideslope, an appropriate erosion control

demonstration would be required

5.6.2 Evaluation of Slope Stability and Slippage

The slope stability evaluation described below indicates that the planned landfill can be constructed

at the site if a final geotechnical investigation is performed and the recommendations contained

therein are addressed in the final landfill design. The final investigation should refine and expand

upon the testing and analyses presented in this report, and consider m its analyses any changes from

these conceptual models

Since slope failure within the Denver Formation is not considered likely, the critical area for analysis

are with the thickest alluvium deposits Boring SAB12894 was selected for the subsurface profile

analysis This boring consists of 45-foot-tiuck interbedded strata of sandy lean clays and clayey

sands Standard Penetration Test (SFI') blow counts ranged from 6 per foot to 20 per foot for these

soils, which are underlain by sandstone with blow counts greater thaa 50 per foot

Published information about relationships between SPT blow counts and soil strength parameters

(cohesion and aligle of internal friction) were used to obtain theoretical values and compare them

with the limited laboratory strength test data and select input parameters for stability analyses

Because of the generally dry conchtLon of the alluvial soils, the field blow count values may indicate

bigher soil strengths than can be expected under wet or saturated conditions; therefore, the soil
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strength parameters were conservatively interpreted The following soil parameters were selectedm

the slope stability analyses performed using the subsurface prohle from Boring SAB12894:

Depth Interval Cohwaon Fnction Angle
(feet) (PSI) (Degrees)

0 to 8 500 10
8 to 26 1,500 15
26 to 45 11000 15
Below 45 4,000 35

The conceptual design cross section consists of 3.1 cutslopes (horizontal to vertical), with the

maxunum landfill bottom approximately 60 to 70 feet below existing grade However, the typical

average excavation depth is anticipated to be approximately 30 feet. A 5-foot-high (average) soil

berm will be constructed at the top of the cutslopes Upon closure, the top of the landfill sideslope

will average about 35 feet above existing grade

The cutslope cross section with the 5-foot berm in place was analyzed for stability This is a short-

term condition and will occur before any waste is placed in the landfill In addition, a maxinium

flood elevation (to the top of the 5-foot berm) was assirmed for this condition to represent flood stage

The long-term condition (Le , with the waste and cap in place) is expected to have safety factors

comparable to or higher than those computed for the short-term conditions

The following factors of safety were obtained for the three conditions analyzed. Because of the small

difference in computed values, they are shown in two decimal places Typically, the computed

factors of safety are shown in one decimal place

Conchbon Factor of Safety

Short-term without flood 286
Short-term with flood 283
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These safety factors are greater than 15, which is commonly considered as the lowest acceptable

safety factor for static conditions The landfill cross section analyzed therefore has adequate factors

of safety for anticipated conditions

The cover and liner systems can be designed to avoid potential slippage along component interfaces

Material such as textured geomembranes and geonet with geotextile bonded to both sides can be

specified for use, if required These materials can provide friction factors in excess of 14 degrees

(25 percent or 4H 1V) at all interfaces Slopes that are too steep to provide an adequate factor of

safety against slippage can be constructed with proper design (i.e , use of an anchor trench)

5.7 Material Quantities and Availability of Onp4)st Materfaft

Material quantities were estimated for soils and landfill liner and cover system components The soil

quantities include volume estimates for low permeability soils and 5tructural fill soils Surface areas

were calculated for the liner and cover systems Estunated quantities of soils required for landfill

construction were then compared to estimated volumes of onpost. ir aterials;

5.7.1 Material Quantities

Soil requirements will depend on the selected liner and cover systems developed during the design

phase of the project To provide a conservative estimate of soil requirements, it is assumed that

A 30-inch compacted clay liner will be incorporated in the Einal cover

12 inches of structural fill will be placed to achieve a suitable subgrade under the final cover

A 12-inch protective soil layer vall be placed over the LCRS

The primary and secondary barrier layers in the liner Will use 36 inches of clay

The liner system wiJl be underlain by a 12-inch structural fill (prepared subgrade)

Table 5 10 presents the estimated soil material requirements for each conceptual landfill model based

on the above assumptions
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The surface area to be Imed was calculated for each conceptual landfill model assuming an

excavation depth of 30 feet with sideslopes of 3H.1V The surface area that will require final cover

was calculated assummg a waste height of 35 feet above grade and sideslopes of 6H IV The

estimated liner and cover surface areas are presented below

Estimated Liner and Cover Surface Areas

Conceptual Liner Area Cover Area
Model No. (square feet) (square feet)

1 850,000 850,000
2 1,600,000 1,600,000
3 3,900,000 3,900,000

5.7.2 Availability of Onpost. Materials for Landfill Construction

Ninety-eight soil borings were drilled as part of the FS Soils Support Program (BLA, 1995a) to

identify potential borrow sources for low permeability and/or structural soils For the purpose of

landfill hner/cap construction, low permeability soils are those that can be compacted at a specified

density and moisture content to achieve a hydraulic conductivity of equal to or less than I x -10'

cm1s The results of the materials feasibility study, presented in Section 3.0, indicate that soil from

the two identLfied onpost borrow areas tested can be used to construct day liners or caps that

achieve hydraulic conductivity requirements of less than I X 107 CMIS

In the FS Soils Support Report (HLA, 1995a), a total of four potential low permeability onpost soil

borrow areas and two onpost structural soil borrow areas were identified The soil borrow areas and

estimated volumes are presented below

Onpost Soil Borrow Areas and Estimated Soil Volumes

Low Permeability Structaral
soil Fill

Area (cubic yards) (cubic yards) Location

Area 1 1,247,000 - Southern half of Section 24
Area 2* 768,000 - SE corner of Section 25 and NE comer of

Section 36
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Low Permeability Stmattral
soil FiR

Area (cubic yards) (cubic yards) Location

Area 3 5,454,000 - Northern half and SE quarter of Section 29
Area 4 4,999,000 - SW and NE , quarter of Section 20
Area 5 - 8,889,000 Section 34
Storage Area 180,000 NE Section 31

Area 2 is not recom- ended as a borrow area because of the limited volume of low permeability
soil available and because the site is located in the biota. exceedance area The biota. exceedance
area includes the top 2 inches of soil

Based on the above estimates, approximately 11,700,000 CY of low permeability soil have been

identified along witli 9,069,000 CY of structural fill. Additional low permeability and structural fill

soils may be available from excavaton of the landfill

The approximate amount of material available from each of the conceptual landfill model excavations

is as follows

Estiniated Esbrnated Estimated
conceptcud TOW Percent Low Percezet Structured

Model Excavation Permeability Soil Fill
Number (M - % (CY) % (CY)

1 860,000 75 (645,000) 25 (215,000)

2 1,380,000 60 (828,000) 40 (552,000)

3 2,850,000 50 (1,425,000) 50 (L,425,000)

Based on this analysis, it appears that sufficient onpost soil from borrow areas and the landfill

excavation exists to meet the construction requirements for even the largest landfill (Conceptual

Mode13) Addational low permeability soil and structural fill will be required for implementing the

landfilVcaps remedial alternative According to the estimates provided in the Proposed Final DAA

(Ebasco, 1994) and updated by RUST, E&I (1995), approximately 2,500,000 CY of low permeability

soil and 13,000,000 CY of structural fill will be required to implement the preferred remedy

(landfiWcaps) To meet the volume of structural fill required, expansion of the proposed borrow
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areas identified in the FS Soils Support Report may be required (BLA, 1995a) Further soil testing

will be requared to expand the proposed borrow areas

5.8 Cost Estimates and Construction Schedule

This section presents preliminary cost estimates for construction and annual operation and mainte-

nance for the three conceptual landfill models evaluated for this site feasibility study A conceptual

construction schedule was also prepared for the initial phase of landfill cell construct-ion.

5.8.1 Construction Cost

The preliminary construction cost estimates were prepared to be accurate within the typical

feasibility study range (plus 50 percent to a Tamils 30 percent) Table 5 11 presents a construction

cost summary for each landfill model The table presents costs associated with the various elements

of landfill construction. Estimated costs listed in this table reflect current present value costs to

construct or install the listed items Appendix H details the estimated quantities, unit rates, and

assumptions used in developing Table 5 11 Based on the total estimated costs show in Table 5 11,

the estimated construction cost per cubic yard of waste disposal capac3ty is approximately

Conceptual Model 1 $12 50 per cubic yard

Conceptual Model 2 $10 00 per cubic yard

Conceptual Model 3 $9 00 per cubic yard

Actual landfill airspace may be constructed in a phased sequence corresponding to the estimated

annual waste generation rates described in Table 5 2, in which case, landfill space would only be

constructed on an annual basis, as needed If this approach is implemented, the total cost of landfiR

construction would increase over the estimates shown in Table 5 11 The increase would occur as a

result of inflaton, multiple contractor mobihzation/demobilization charges, and possible increases in

unit cost because of reduced volumes of materials purchased or placed at one time In addition,

landfill capping cannot occur until the landfill has been filled to cap subgrade
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The following discussion presents a construction sequence that reflects how construction might

proceed

Initial Construction

Construct or install maintenance building, office building, access roads, perimeter security fence,

parking, leachate management system, groundwater monitoring we Us

Perform initial excavation (two years capacity) and construct first portions of drainage, sumps, header

pipe, pumps, prepare subgrade, place liner and protective cover, construct storm-water control

system, and commence waste placement

Operational Yeam

Construct additional portions of drainage, sumps, header pipe, pumps, excavate soil, prepare

subgrade, place liner and protective cover, construct storm-water diversion berm, and place cover on

waste as cell fills

Construct cover system over areas of the landfill that are filled to capacity

Last Year

Construct remainin portions of drainage, sumps, header pipe, pumps, prepare subgrade, place hner

and protective cover, construct storm-water diversion berm, and place cover on waste as cell fills

Construct remaining portion of cover system over closed landfill

5.8.2 Annual Operation and Maintenance Costs

Table 5 12 presents a summary of estimated operation and maintenance (OW costs for each of the

landfill conceptual models under both restricted and unrestricted funding scenarios Thedetailed

annual O&M estimate is presented in Appendix H The O&M estimates were prepared at an FS level

(plus 50 percent to minus 3 0 perceni)
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Major assumptions made in preparing the O&M estimate include

I Major heavy equipment is purchased for O&M:Functions and has a six-year replacement life
and $0 salvage value at six years

2 Leachate and contaminated storm water is generated at a rate of 100,000 gallons per acre of
open cell and is disposed at DuPont's Chambers Works in Deep Water, New Jersey

3 A 3 percent rate of inflation wffi occur for all labor, equipment purchase, and equipment
O&M

4 The daily waste volume that must be handled is equal to the landfill volume divided by the
landfill life in years, divided by 250 operating days per year. Waste inflow is uniform
throughout the life of the landfill

5 The landfill life is obtained from information in the DAA that is summarized in Table 5 2

6 Borrow soil requirements for operational cover equal 20 percent of the waste volume and wiR
be obtained from cell excavation stockpiled adjacent to the landfill

7 The CERCLA Wastewater Treatment Facility will treat water from decontamination
procedures

8 Unit costs for equipment O&M include fuel, tires, trucks, and routine maintenance.
It

9 Groundwater monitoring costs equal $10,000 per well per year

The lowest estimated O&M costs, $7 per CY, occur for Conceptual Model 3 with unrestricted

funding The highest estimated O&M costs, $18 per CY, occur for Conceptual Model I with

restricted funding

Estimated labor costs are typically the largest component of the total estimated O&M cost over the

hie of the landfill However, leachate disposal costs are signihcant and, in the case of Conceptual

Model 3, exceed labor costs

As described in the assumptions listed above, leachate is projected to be generated in portions of the

landfill, that have not received final cover at a rate of 100,000 gallons per acre per year This

assumption is based on actual leachate production rates for 1994 at the Highway 36 Han dous Waste

Disposal Facility Leachate disposal was assumed to take place at an offsite facility. Based on the
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estimated volume of leachate that will be generated and the cost of disposal, onsite treatment and

disposal may be more economical and should be evaluated further

5.8.3 Construction Schedule

Figure 5.10 presents a conceptual construction schedule for cell development of an approximate

200,000 CY module that could be applied to any of the three conc eptual landfill models. The

schedule can be refined to be more exact once the size, operating life, and pro3ected daily waste

volumes are selected

5.9 Operation and Maintenance Plans

Operation plans should be developed for the landfill facility to he [p assure that operations will

conform to regulatory requirements and be consistent with the engineering design of the facility

These plans will provide for safe operation but, in case of accidents, the plans will include contin-

gency plans and emergencyprocedures; Maintenance plans should also be developed so that the

facility can be properly maintained during its operating life and throughout the post-closure The

specific plans that must be developed and their content and approach will depend on the final

determination of applicable regulatory requirements

5.9.1 Operation Plans

A compreheasi%e site operatingplan should be prepared for the facility Ma3or components of the

plan will' Ln:ýIude the following elements

Construcuon and construction quality control (CQC) requnements

Dail,, overations

Periodic operational activities

Specific plans

The construction and CQQ section will discuss the type of future construction required throughout

the life of the landfill facility This will help guide the operator from the initial construction through

the completion of construction and eventual closure of the facality Specific discussion Will focus on
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the need to monitor waste generation and the progress of the remedial alternative Monitoring the

waste generation rate is needed to predict the final quantity of waste to be received at the landfill,

and when that final waste will be placed into the landfill G-Ludance will be provided for implement-

ing partial closure of areas of the landfill that reach final grade, and for final closure following

placement of the last quantity of waste to be received

The daily operations section of the plan will discuss accepting waste and inspection procedures,

placing waste, containing or covering waste, and any other activities that are part of the daily

operating routine Periodic activities will be discussed in the site operating plan including inspec-

i-ion,monitonng,anclmamtenancefimcbLons These win be developed to be specifically applicable

to this landfill facility

Specific plans that should be developed are discussed in the following sections These plans are

related to regulatory criteria for the operation and maintenance of a hazardous waste land disposal

facility Such plans are normally prepared prior to the startup of waste management activities, and

are sub)ect to change at anytime throughout the active hfe of the facility Changes maybe madein

these plans to reflect the availability of new construction materials or waste management techniques,

changed conditions or operating practices at the facility, or for similar reasons

6.9.2 General Waste Analysis

Before disposing of any hazardous waste in the landfill, a representative sample of the waste stream

should be obtained for chemical and physical analysis This analysis provides information necessary

to properly store or dispose of the waste and is be performed on each waste stream that is to be

accepted at the landfill The analysis is repeated when necessary to assure that the analysis is

accurate and up-to-date Periodically, a further confirmatory sample of the waste stream being

brought into the facility will be analyzed to determine its continuing conformance with the results of

previous analyses
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The waste analysis plan for the onpost landfill at RMA should account for the extensive sampling

and site characterization that has already taken place, and Taini-mi ze the amount of new sampling

and analysis required prior to waste receipt.

5.9.3 Security Plan

A security plan should be developed to prevent unknowing entry and minirnize the possibility of

unauthorized entry of persons or livestock onto the active portion of the facility This plan will

include provisions for a barrier system (e g , a security fence in good repair) and a means to control

entry, such as a lockable security gate Signs will be posted at the entrance and at periodic intervals

along the security fence to warn individuals about the potential danger associated with trespassing

and forbidding unauthorized access to the facility The security plan should take into account the

overall security system for RMA.

5.9.4 Inspection Plan

A written inspection plan should be developed to contain all the inspection requirements necessary

to periodically evaluate the condition of the facility and identify need for repairs, replacement, or

restoration. The inspection plan wiU, detail the specific inspection procedures and frequency of

inspecting all parts of the facility The plan will also provide for a recordkeeping system that

includes an inspection form to be prepared for eachinspection activity The inspection form will

provide for recording adverse conditions discovered as a result of the inspection and a method of

initiating appropriate followup, to assure the necessary action is taken.

5.9.5 Personnel Trainh-ig

A written personnel traming plan should be prepared for the facility This plan Will discuss, on a

position-by-position basis, the training requirements for all personnel engaged in the management,

operation, and maintenance of this landfill facility The plan will describe the necessary levels of

pre-employmenttimining as well as any periodic or ongoing tr-dming required for specific categories

of employees Records of the personnel t-aming program will be maintained to demonstrate

compliance with these requirements
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5.9.6 Preparedness and Prevention Plan

This plan will relate to the eonsting the RMA Contingency Plan and will focus on operations and

procedures to Tainim, e the possibility of a fire, explosion, or any unplanned sudden or non-sudden

release of hazardous waste or hazardoas waste constituents to the environment. This plan would

provide specific information regarding eqLupment such as internal communications, alarm systems,

external communic-ation , fire extinguishers, spill containment, and fire control systems The plan

would establish testing and maintenance requirements for related equipment All personnel in the

operations area of the facility will have access to corn rounications, response, and alarm systems

Arrangements will be made with local authorities to provide standby or backup support in case the

emergency is of such magnitude that outside help is required

6.9.7 Contingency Plan and Emergency Procedures

A site-specific contingency plan will be developed as an appendix to the overall RMA Contingency

Plan to Tninimi e hazards to human health or the environmentfrom. fires, explosions, or any

unplanned sudden or non-sudden release of hazardous waste or hazardous waste constituents This

plan is a supplement to the Preparedness and Prevention Plan, and provides for emergency act-ion in

the event that an emergency exists in spite of efforts to prevent it. The contingency plan will contain.

emergencN procedures to be followed in the event of any one of a number of potential emergencies

that could occur at the facility The training plan described above will include provisions for

training in both preparedness and prevention, and in emergencyresponse

5.9.8 Uanifest System, Recordkeeping, and Reporting

It is not anticipated that a manifest system for waste shipment will be required for this facility since

it will not receive any hazardous waste from offsite sources

A full set of operating records should be routinely prepared and maintained at the landfill facility

These records should be maintained at the facility until closure The records should describe the

quantty and type of waste received, the date of receipt, and the location of specific wastes stored in
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the landfill The records should also contain results of waste analyses, inspection results, the details

of any incident requiring implementing the contingency plan, all monitoring, testing, and analytical

data, and other records that are either pertinent to the facility operation or are required by federal,

state, or local regulations

Reports of landfill operation should be prepared to comply with current federal or state regulations

5.9.9 Maintenance Plan

A facility maintenance plan should be prepared that requires the repair or replacement of any aspect

of the landfill facility that becomes unserviceable during the operating life of the facility or during

post-closure If any mechanical equipment is incorporated into the operation of the facility, such as

emergencyresponse equipment or dedicated pumps in groundwater monitoring wells, the manu-

facturer's recommended maintenance procedures will be obtained and incorporated into the

maintenance plan. The plan would require that the specified maintenance be performed in

accordance with the manufacturef s iecorn-rnendations The maintenance plan shouldbe related to

the inspection plan discussed above because inspection activities may identify the need for certain

maintenance operations Maintenanc e activity that requires repair or replacement of material or

equipment will be entered into the operating record of the facility TIns record will enable the

operator of the facility to identify maintenance activities that occur at an above average frequency

This in turn could identify a need to employ different material or ec,ýupment

5.9.10 Closure and Postelosure Care Plans

A closure plan and a postclosure care plan may be required for the landfill facility These plans will

incorporate certain operation and maintenance activities These activities will become part of the

overall maintenance plan at the time of landfill closure

S.10 Site Feasibility Summary and Conclusions

This section provides a slimmary and conclusions of the Site Feasibility Study with respect to the

construction of a hazardous waste landfill at this site.
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Regulatory Criteria

Regulatory critena that apply to siting a landfill in Colorado were described in Section 4 2 and will

likely form the basis for siting a facility under the various regulatory scenarios RCR.Aasapermitted

facility, RCRA as a CAMU, or an IRA under CERCIA

Site-Speciffire Considerations and Uinitations

Site-specific considerations and limitations were reviewed to evaluate the potential impact on

construction of a hazardous waste landfill. Site-specific climate, topography, and surface hydrology

should not impact landfill construction. Based on the sand channel subcrop maps developed as part

of the Area FS, areas emst in the vicinity of the landfill siting area where Denver Formation channel

sand units are in contact with the alluvium The subcropping sand units should be avoided if

possible The hydrogeologic site considerations include maximizing the depth to groundwater and

placing the landfill away from areas where groundwater flows radially The depth to groundwater is

greatest at the center of the preferred site A groundwater mound exists between Sections 25 and 36

(Figure432) Siting the landfill within the central portion of westernSection 25 is preferred No

geologic hazard or environmentally sensitive area considerations were noted in this study, but

additional study maybe required for siting and design. Slope failure within competent bedrock of

shale, sandstone, lignite, or claystone is unlikely considering the proposed landfill geometry The

settlement resulting from a 30-foot excavation and 35-foot fill above grade may be on the order of

one-half inch and should not impact construction or O&M of the landfill This estimate should be

reevaluated during design.

Conceptual LandfUl Design Alternatives

Conceptual design alternatives were developed for liner systems, leachate collection and removal

systems, gas management systems, final cover systems, and performance of an environmental

monitoring system Six liner system alternatives were developed A leachate collection and removal

system consisting of 12 inches of sand with a 200-foot drainage length and 2 percent slope was

proposed Gas generation from landfilling of RMA waste is expected to be rnimmal Gasesgenerated.
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5.10.1 Summary

The Site FS included a review and evaluation of waste types, vokanes, and generation rates,

regulatory criteria, site considerations and limitations, conceptual landfill design alternatives,

evaluation and screening of the alternatives, facility layouts, mate3-ial quantities and onsite availa-

b1hty, construction cost estimates and schedules, and operation and maintenance requirements

Three conceptual landfill models were evaluated for this Site FS to account for the potential variation

of waste volumes to be generated based on the selected remedial action alternatwe Thesitingofthe

proposed landfill footprints was based on site-specific: considerations and limitations including

topographic, geologic, and hydrogeologic conchtions

5.10.2 Conclusions

The objective of this Site FS was to evaluate whether a RCRA Subtitle C hazardous waste landfill of

sufficient capacity could constructed at the preferred site that would meet applicable federal, state,

and local regulatory reqLurements The site-specific requirements were reviewed and evaluated in a 31

logical sequence

Waste Data

Review and evaluation of the waste data yielded the following conclusions

Contaminated materials that may be landfilled can be categorized as contaminated soil, soil
and debris treated by caustic washing, soil treated by thermal desorption, and structural
debris

The landfill waste volume depends on the selected remedwl action alternative For purposes
of this report, waste volumes of 1,000,000 CY, 2,300,000 CSý (the preferred sitewide alterna-
tive in the DAA), and 6,000,000 CY were used to account for projected minirnum and

ma)am= waste volumes

The total landfill volumes used for three conceptual models included a 20 percent volume

increase over the needed waste volume to account for operatonal cover (1,200,000 CY,

2,760,000 CY, and 7,200,000 CY, respectively)

Waste generation rates were estimated to be in the range of 98,000 CY to 1,100,000 CY of

material per year without a funding hn:ut, and 37,000 to 280,000 CY of material per year

assuming $100 million annual funding limit
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maybe managed using a passive venting system consisting of a granular soil layer and gnd array of

collection pipes that will vent gases through the final cover system Four final cover systems

alternatives were developed Environmental monitoring Will be performed as part of the facility

performance monitoring

Conceptual liner and final cover alternatives were evaluated for effectiveness using the BELP model

and evaluated for cost by estimating the unit cost on a square foot basis Using the BELP Model to

simulate the most likely constiuction quality scenano, all liners performed about equally For the

worst-case scenarios, leachate infiltration is predicted to range from 0 04 to 0.5 inches per year

(m/yr) The conceptual liner designs that included geosynthetic day as the base layer (Liner System

Nos I and 2) performed better than those with compacted clay or a tertiary geomembrane liner as

the base The final screening of the conceptual liner designs should consider cost and constructabil-

ity rather than potential performance because performance results for conceptual liner designs are so

similar

The calculated inhitration results for all the final cover systems evaluated are similar and very low

All the systems are predicted to perform well for the most likely scenario, with very limited water

mfiltratmg through the cover For the worst-case scenario, infiltration ranged from 0 005 in/ýr to

1 119 in/yr Cover System No 4 performed the best in worst-case scenario The similanty of

performance results for the cover alternatives mchcates that final screening of the cover systems

should consider cost and constructability rather than potential performance

The total unit cost estimate for the liner systems ranged from $3 00 to $6 40 per square foot- laner

System No 1, which included a GCL instead of a compacted clay liner was the most cost-effective

The total unit cost estimate for the cover systems ranged from $3 60 to $4 55 per square foot.

Similarly, the cover system that uses the GCL was more cost-effective The sand drainage layer
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performed better than the geonet for relatively the same cost, therefore, Cover System No 4 was more

cost-effective and efficient

Evaluation and Screening of Alternatives

The overall landfill performance was evaluated using the HELP Model to assess the potential

effectiveness of the cover and liner systems Cover System No 4 and laner System No 1, both of

which were the most cost-effective and predicted to perform well under worst-case conditions, were

used to estimate the long-term leachate production from the landfill. Extremely small rates of

potential release are predicted for both the most likely (2 6 x 107 irlyr) and worst-case (1.6 x

10-3 m/yr)scenanos EPA!s F= Model was used to estimate adver-tive travel times of unsaturated

flow produced by the leachate predicted from the HELP Model Potential travel times through the

vadose zone are estimated at 8 29 x 10-4 feet per year (ft/yr) to 9.37 x 10-4 ftlyr, depending on the

saturated hydraulic conductivity The landfill configurations being evaluated contarn at least 10 feet

of vadose zone between the base of the liner and the water table At the estimated rates, it would

take from 1000 to 1200 years for soLI water in the vadose zone to move downward I foot

Facility Layout

Conceptual facility layouts and material quantities were based on the three conceptual landfill

volume requirements (1,200,000 CY, 2,760,000 CY, and 7,200,000 CY) and the site-specafic consider-

ations and lim-itations The areas of each footprint are as follows IL9 acres (1,200,000 CY), 35 acres

(2,750,000 CY), and 87 acres (7,200,000 CY) The excavation depth for each landfill scenario was

assumed to be an average of 30 feet below the existing ground surface, with a maximum Imer

thickness of 5 feet Conceptual Models 1 and 2 are placed within alluvium and both footprints avoid

sand subcrops The base of Conceptual Model 3 is much larger than Models 1 and 2 and is placed

within the weathered Denver Formation. Conceptual Model 3 is cut into subcropping sand Units A

and IU Although avoidance of the subcropping sand units is preferable, it is only possible with

Conceptual Models I and 2 The excavation sideslopes were assumed to be 3H.1V to calculate

airspace volumes below grade A sideslope of 6H 1V was used to calculate the airspace above grade
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To proceed with final design using a 6H IV sideslope, an appropriate erosion control demonstration

would be required

The slope stability evaluation indicated that the planned landfill can be constructed at the site if a

final geotechnical investigation is performed and the recommendations contained therein are

addressed in the final landfill design. The final investigation should refine and expand upon the

testing and analyses presented in this report, and consider in its analyses any changes from these

conceptual models

Material Quantities and AvaHability

Material quantities were estimated for low-permeablhty soils and structural fill soils used in landfill

liner and cover system components The quantities of soils required for landfill construction were

then compared to estimated volumes of onpost materials Conceptual Models 1, 2, and 3 required

270,000 CY, 510,000 CY, and 1,235,000 CY of clay soil, respectively, and 296,000 CY, 640,000 CY,

and 1,635,000 CY of structural fill soil, respectively

The surface area to be lined was calculated for each conceptual landfill model assuming an excava-

tion depth of 30 feet with sideslopes of 3H IV The surface area for final cover was calculated

assuming a waste height of 35 feet above grade and sideslopes of 6H IV Based on these assuinp-

tons, the estimated surface area to be Imed. and the surface area to be covered are approximately the

same Both the liner and cover areas for Conceptual Model I are 850,000 square feet, for Conceptual

Model 2, both areas are 1,600,000 square feet, and for Conceptual Model 3, both the liner and cover

areas are 3,900,000 square feet

Approximately 11,700,000 CY of low-permeability soil and 9,069,000 CY of structural fill soil have

been identified at RMA during borrow area investigations Additional low-permeability soil and

structural fill soil may be avaiiable from the landfill. excavaton. Based on the estimated volumes of
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onpost soil from borrow area and the landfill excavation, it appears that sufficient onpost soil exists

to meet the construction requirements for even the largest landfill (Conceptual Model 3)

Construction Cost Estimates and Schedules

Cost estmates for construction and annual operaiaon and maintenance for the three conceptual

landfall models were prepared to be accurate within plus 50 percent to a minus 30 percent- Based on

the total estimated costs (shown in Table 5.11), the estimated constructon cost per cubic yard of

waste disposal capacity for Conceptual Models 1, 2, and 3 are $12.50 per CY, $10.00 per CY, and

$9 00 per CY, respectively The estimated total construction cost for Conceptual Models 1, 2, and 3

are $12,500,000, $22,500,00, and $52,500,000, respectively If landfill space is constructed on an

annual basis as needed, then land:6,31 constructLon costs would increase from the estunates presented

Annual O&M costs were prepared at a plus 50 percent to minus 30 percent range Estmatesof

yearly O&M costs were made for each conceptual model using botli restricted and unrestriated

funding The landfill life and average yearly O&M costs for restricted fund-ing for Conceptual

Models 1, 2, and 3 are 12 years and $1,487,000/yr, 10 years and $2,440,000/yr, and 16 years and

$3,109,000/yr, respectvely The landfill life and average yearly O&M costs for the unrestricted

funding scenano for Conceptual Models 1, 2, and 3 are 4.5 years and $2,294,000/yr, 2 5 years and

$5,820,000/yr, and 9 years and $4,460,000/yr, respectively

The lowest O&M costs, $7 per CY, occur for Conceptual Model 3 math unrestricted funding The

highest O&M costs, $18 per CY occur for Conceptual Model 1 with restricted funding

A conceptual construction schedule for cell development of an approximate 200,000 CY module that

could be applied to any of the three conceptual landfLU models was prepared (Figure 5 10). The

200,000 CY module would take approximately 34 weeks to prepaxe
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Operation and Maintenance Plans

A comprehensive site operating plan should be prepared for the facility and should include the

following elements

Construction and CQC requirements

Daily operations

Periodic operational activities

Specific plans

Additional necessary plans include waste analysis, security, inspection, personnel training, prepared-

ness and prevention, contingency and emergency procedures, manifest system, recordkeeping and

reporting, maintenance, and closure and postclosure care

Based on the results of the Site FS presented in this report, it is feasible to construct a RCRA

Subtitle C hazardous waste landfill of sufficient capacity at the preferred site that would meet the

apphcable federal, state, and local regulatory requirements
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Table 5.1 t Waste Volume Estimates Rocky Mountain Arsenal Site Feasibility Study

Remedial Action Alternative
1`611"Inted wn4I" vni"we Cousolidatlonxaps/

fly I yps mpg/( ovors 1 andniv nps Landfin I reatruent/Land fill Caps/rreatment/Land fill

Contall)[1inted Soil 200000 2,100000 3,600,000 880,000 3,100,000
Troatod So[Vl)oi)rlq ( nuslir WA4,1118 4,0(H) 9,000 7,000 5,000 7,000
Troated Soil Thormal Desorption 0 0 0 180,000 1,101),000
Structural Debris Landfillad .180,00() 180,000 180,0 180,00 180.Wo

Total Volume Landfillod 440,000 2,300,001) 3,800,000 1,200,000 4,400,000

All aniounts aro In cubic yards
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Table 5,2: Waste Generation Rate Estlinates Rocky Mountain Arsonal Site Feasibility Study

Remedial Action Alternative
Estimated Waste Volume Consolidation/Caps/

by I ype Cops/Covers Landfi]VCnps Landfill Trealment/Landfill CapsA realment/Landfill

Total Volume Landfilled (CY) 440,000 2,300,000 3,800,000 1,200,000 4,400,000

No Funding Limit Scenario
Rernedlation Time/Landfill Operations 7 years/4 5 years 6 years/2 5 years 7 years/3 5 years 9 Voare/0 Years 14 yoars.10 years
Annual Gonoration Rate (CY/yoar) 08,0(H) 020,000 1,100,000 200,ODO 490,000
Dally Generation Ra(o (CY/day) 400 3,500 4,200 800 1,000

Fuilding Limit Scenario*
Roinodlation Thno/lAndfill Operation with Restriction* 17 yoars/12 years 16 YOUS/10 years 22 yonra/16 5 years 17 yoars/13 years 20 years/10 years
Annual Generation Rate (CY/your)* 37,000 230,000 230,000 02,000 280,000
Dally Generation Rate (CY/ony)* 100 DOO goo 400 1,100

CY Cubic yards

Based on $100 million nintual funding Ilinit for overall RMA romadlation activities
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Table 5.3: Liner System Effectiveness Evaluation
HELP Model Input Parameters

HELP Model Layer Thicktinse llFl P Model Dafault Field Willing Drainage I ength Drainage Slope
I nyor Number Layer Typo (Inchaft) Material Type Porosity Cnpacity Point (feet)

Liner System I
1 2 (drainage) 12 1 (clean sand) 0417 0045 0018 200 2
2 4 (goomombrana) 000 35 (1-11)PE) 0 0 0
3 3 (harrier) 025 17 (goosynthellc clay) 075 0747 04
4 2 (drainage) 02 20 (Goonot) 005 001 0005 200 2
5 4 (goornombrano) 006 35 (HDPE) 0 0 0
0 3 (barrier) 025 17 (goosvn(hotic clay) 075 0747 04

Liner System 2
1 2 (drainage) 12 1 (clean sand) 0417 0045 0018 200 2
2 4 (goomombrano) 000 31, (FIDPL) 0 0 0
3 3 (barrier) 30 16 (compacted clay) 0427 0418 0367
4 2 (drainage) 02 20 (Goonat) 085 001 0005 200 2
5 4 (geomombrane) 006 35 (HDPE) 0 0 0

0 3 (barrier) 025 17 (gaosyntholic clay) 075 0747 04

Liner System 3
1 2 (drainage) 12 1 (clean sand) 0417 0045 0018 200 2
2 4 (gootnombrano) 006 35 (1-113PE) 0 0 0
3 3 Cbarrlor) 025 17 (Boosynthelic clay) 075 0747 04

4 2 (drainage) 02 20 (Goonot) 085 001 0 OM 200 2

5 4 (goornombrano) 006 35 (HDPE) 0 0 0
0 3 (barrier) 30 10 (compacted clay) 0427 0418 0367

Liner System 4
1 2 (drainage) 12 1 (clean sand) 0417 0045 0018 200 2

2 4 (goomembrano) 000 35 (HDPE) 0 0 D
3 3 (barrier) 025 17 (goosynthetic clay) 075 0747 04

4 2 (drainage) 02 20 (Goonat) 085 001 0005 200 2

5 4 (goomembrano) 006 35 (1113PE) 0 0 0

6 1 (vort porm ) 30 10 (compacted clay) 0427 0418 0367

7 4 (pomembrane) 004 39 (IIDPF) 0 0 0
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Table 5.3 (contlnued)

lit I P M1141111 I nyar I hirknoois 11P IP Modal Default Field Willing Drainage Length Drainage Slope
I ayer Number I ayar lypn (Im he's) Material Type Porosity Capacity Point (feet) N

Liner System 5
1 2 (drahinga) 17 1 (1 Inin Sand) 0417 0045 0018 200 2
2 4 (goomninlirmin) 0 M iý, (m)PI-) 0 0 0
3 3 (harder) in 10 (compacted clay) 0427 0418 0107
4 2 (drainfigo) 02 20 (Goottot) 085 001 0005 200 2
5 4 (goomembrana) 0 (M 35 (ImE) 0 0 0
6 a (harrier) 36 16 (compacted clay) 0427 0418 0307

Liner System 0
1 2 (drainage) 12 1 (clean send) 0417 0045 0018 200 2
2 4 (Boomembratba) 000 35 (HDPE) 0 0 0
3 3 (barrier) 30 lo (compacted clay) 0427 0418 0367
4 2 (drnivago) 02 20 (Goonot) 065 001 0005 200 2
5 4 (goomembrano) 006 n (11DPE) 0 0 0
0 3 (harrlor) 30 lo (compacted clay) 0427 0418 0307
7 4 (gGomembrane) 004 35 (HDPE) 0 0 0

HDPF High donsfiv polyethylene
HELP HydroloBic Evaluation of Landfill Performance

Vort Perm Vertical permeability
96 Percent

21907 703030(j) 2 of 2
0329,04D496 RAF



Table SA: Landfill Liner Effectiveness Evaluation
HELP Model Results

Estimatod average annual leachate passing t1trough liner wifli. approximately I foot of Ilead on top
Most Likely Worst-Case Most Likely Worst-Case Most Likely Worst-Case

Linors (Inchos/yr) (indtos/yr) (W/yr) (ft3/yr) (gallons/yr) (gallons/yr)

System

1 2 5 x 106 004 0397 5,973 297 44,678

2 2 5 x 105 004 0307 5,072 297 44,671

3 2 ri x lo' 051 0398 82,073 298 613,906

4 2 5 x 106 051 0398 82,073 208 013,000

5 2 5 x 106 051 0398 01,015 298 605,992

0 2 5 x 106 051 0398 81,012 290 605,970

Most likely case assurnes one pinhole per acre (manufacturing dofoct), three construction dofects per acre, and good goomembrano contact

Worst-case assurnes one pinlidlo per acre, ten constructions defects par acre, and worst-case geomoinbi one contact

Volume estimatos (ft/yr and gallons/yr) were calculated assuming 44 acres as the landfill area

ft" Cubic foot
yr Year

21DO7 703030(3)
0329040,6596 RAF



Table S.5s Final Landfill Cover Effectiveness Evaluation
HELP Model Input Parameters

Layer HELP Model Default Drainage Drainage
Layer HELP Model Thickness Material Type Field Wilting Length Slope

Ntimber Layei Typo (111clies) Porosity Capacity Point (feet)

Cover Systein I
I I (vert perni) 8 6 (sandy loam) 0453 019 0005
2 1 (vort porm 52 8 (loam) 0463 0232 0116
3 2 (drainage) 02 20 (Geonet) 085 001 0005 200 2
4 4 (Soomombrano) 006 35 (III)PE) 0 0 0
5 3 (bari ior) 30 16 (compacted clay) 0427 0410 0367

Cover System 2

1 1 (vort perm 8 6 (sandy loam) 0453 019 0085
2 1 (Vort peim) 52 8 (loam) 0463 0232 0116
3 2 (drainage) 02 20 (Geonet) 085 001 0005 200 2
4 4 (goomembrane) 006 35 (HDPE) 0 0 0
5 3 (barrier) 0 25 17 (goosynthetic clay) 0427 0418 0367

Cover System 3

1 1 (vert porni) 0 6 (sandy loam) 0453 019 0085
2 1 (vort porin 52 8 (loam) 0463 0232 0116
3 2 (drainage) 12 21 (gravel) 085 001 0005 200 2
4 4 (goomombiane) 006 35 (liDPE) 0 0 0
5 3 (barrier) 30 16 (compacted clay) 0427 0418 0367

21907 703030(3) 1 of 2
0329040495 RAr
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Table 5.5 (continued)

Layer HELP Model Default Drainage Drainage
Layer HELP Model Thickness Material Typo Field Willing Length Slope

Number Layer Type (inches) Porosity Capacity Point (feet) N

Covei System 4
1 1 (vort porm ) 8 6 (sandy loam) 0453 019 0005
2 1 (vort perm ) 52 8 (loam) 0463 0 232 0116
3 2 (diamago) 12 21 (giavol) 085 001 0005 200 2
4 4 (goomembrane) 006 35 (HDPE) 0 0 0
5 3 (barrior) 0 25 17 (goosyntlietic clay) 0.427 0418 0367

1 IDPE I ligh donsity polyothylono
HELP 1 lydrolo8k, Pvaluation of Landfill Porformance
Vort Vertical
Pei in Pornioability
% Porcont

21007 703030(3) 2 of 2
032900505 RAP



Table 5.6: Landfill Final Cover Effectiveness Evaluation
HELP Model Results

Estunated Average Annual Cover luffitrabon from 100 Years of Denver Weather
Most Likely Worst-Case Most Likely Worst-Case Most Likely Worst-Case

Covers (inches/yr) Onchesýr) (fe/yr) (fj3/yr) (gallonsýr) (gallons/ýr)

SyStG3n

1 7 3 x 10-6 112 1161 178,651 868 1,336,310
2 2 8 x -10-6 004 0439 5,650 328 42,262
3 4.2 x 10-6 008 0664 12,836 497 96,013
4 9 6 x 10-7 0005 0154 743 115 5,558

Most likely case assumes one pinhole per acre (manufacturing defect), three construction defects per
acre, and good geomembrane contact.

Worst-case assumes one pinhole per acre, ten constructions defects per acre, and worst-case
geomembrane contact.

Volume estimates (ft/yr and gallons/yr) were calculated assuming 44 acres as the land-fill area

ft' Cubic feet
yr Year

21907 703030 (3)
0403040595 RAF



Table 6.7: Cost Evaluation of Landfill Liner Systems

F-stiMated
unit cost Unit Cost

Liner Component $/ft2 Reference

Liner System No. 1. Double Composite Liner With GCLs
LCRS 0.50 GNRA
60-mil HDPE Pnmary Geomembrane, 0.45 Polyflex
Geosynthetic Clay laner 0.55 CETCO
Geonet 0.50 GNRA
60-mil HDPE Secondary Geomembrane, 0 45 Polyflex
Geosynthetac Clay Luaer 0.55 = 0

Net urat cost 3.00

Liner System No 2: Double Composite Liner with GCL and GCL
LCRS 0.50 GNRA
60-mil HDPE Pnmary Geomembrane 045 Polyflex
3-foot-tbick compacted clay/amended soil 1.80 GNRA
Geotextile 0.50
Geonet 0.50 GNRA
60-mil HDPE Secondary Geomembrane, 045 Polyflex
Geosynthetc Clay Ianer 0.55 CETCO

Net Umt Cost 4.75

Liner System No. 3: Double Composite Liner with GCL and GCL
LCRS 050 GNRA
60-m.il HDPE P=ary Geomembrane 045 Polyflex
Geosynffietc Clay Lmer 055 CFrCO
Geonet 0.50 GNRA
60-mil BDPE Secondary Geomembrane, 045 Polyflex
3-foot-thick compacted clay/amended soil 180 GNRA

Net Urat Cost 4.25

Liner System No 4 Double Composite Liner with GCL and GCL with Tertiary
FTAL
LCRS 050 GNRA
60-mil HDPE P=ary Geomembrane 0.45 Polyf lex
Geosynthetac Clay Luaer 055 CETCO
Geonet 050 GNRA
60-mil HDPE Secondary Geomembrane 0.45 Polyflex
3-foot-thick compacted clay/amended soil 1.80 GNRA
40-mil HDPE Tert:Lary laner 040

Net Urat Cost 465

21907 703030(3) Harding Lawson Associates I of 2
0401070695 RAF



Table 5.7 (continued)

Estimated
Unit Cost Unit Cost

Liner Component $/ffz* Reference

Liner System No. 5: Double Composite laner with CCLs
LCRS 050 GNRA
60-mil HDPE Primary Geomembrane 0.45 Polyflex
3-foot-thick compacted clay/amended soil 1.80 GNRA
Geotextile 050
Geonet 050 GNRA
60-mil BDPE Secondary Geomembrane 045 Polyflex
3-foot-thick compacted clay/amended soil 180 GNRA

Net Unit Cost 6.00

Liner System No 6: Double Composite Liner wiLth CCLS and Tertiary FMIL
LCRS 050 GNRA
60-mil HDPE Primary Geomembrane 045 Polyflex
3-foot-thick compacted clay/amended soil 1.80 GNRA
Geotextile 050
Geonet 050 GNRA
60-mil FIDPE Secondary Geomembrane 045 Polyflex
3-foot-tiuck compacted claylamended soil 180 GNRA
40-nill HDPE Tertiary Liner 040

Net Unit Cost 640

All costs are in 1995 dollars

CETCO Geosynthetic Imer manufacturer
FNM Fle)able membrane liner
GCL Geosynthetic clay liner
GNRA G N Richardson and Associates
HDPE High-density polyethylene
LCRS Leachate collection and recovery system
Polyflex Geomembrane manufacturer

* Liner price does not indude cost of I-foot-thick prepared subgrade

2 of 2 Harding Lawson Associates 21907 703030(3)
0401070695 RAF



Table 5.8: Cost Evaluation of Landfill Cover Systems

UnIt cost unit cost
Cover Component $/fft* Reference

Cover System No. 1
6-foot Erosion Control Layer 1.60 GNRA
Geotextile 050
Geonet 050 GNRA
60-mil HDPE 045 Polyflex
2 5-foot compaced claylamended soil 150 GNRA

Net unit cost 455

Cover System No. 2
6-foot Exosion Control Layer 1150 GNRA
Geotextile, 0.50
Geonet 0.50 GNRA
60-mil HDPE 045 Polyflex
Geosynthetc: Clay Liner 055 CETCO

Net Unit Cost 360

Cover System No. 3
6-foot Erosion Control Layer 160 GNRA
Geotextile 050
1-foot Sand Capillary/Dramage Layer 050 GNRA
60-mil HDPE 045 Polyflex
2 5-foot compaced clay/amended soil 150 GNRA

Net Unit Cost 455

Cover System No. 4
6-foot Erosion Control Layer 160 GNRA
Geotextile, 050
I-foot Sand Capillary/Drainage Layer 050 GNRA
60-mil HDPE 0,45 Polyflex
Geosynthetic Clay Liner 0.55 = CCI

Net Unit Cost 3.60

All costs are 1995 dollars

CL7CO Geosynthetic liner manufacturer
GNRA G N Richardson & Associates
HDPE High-density polyethylene
Polyflex Geomembrane, manufacturer

* Cap price does not include cost of structural U for grading

21907 703030(3) Harding Lawson Associates
0401070695 RAF



Table 5.9: Overall Landfill Cover and Liner Evaluation
Potential Leachate Release

Estimate Averaxe Annual Leachate Passing npqugh Lmer
Most lakoly Worst-Case Most Likely Worst-Case Most Likely Worst-Case

system (inches/yr) (uwhes/yr) ffe/yr) (ft/yr) (gallonsýr) (gallons/yr)

Cover System
No 4
Lmer System 2 6 x 10-7 16 x 10-3 006 260 0.3 2000
No 1

fe Cubic feet
yr i"ear

21907 703030

0403040595 RAF



Table 5.10: Estimated Soil Material Requirements for Conceptual Landfill Models

Estiniated Volinne Required (CY)

DoI)th Acceptable Concoptual Model Concoptual Model Conceptual Model

Sofl Use (inclies) Soil Tyl)o No I No 2 No 3

Cover
V0801 ativo layol 8 Sandy loani 21,000 40,000 100,000

Wator storago/fiost potoction 52 Loam 140,000 260,000 630,000

Bari ior 30 Glay 80,000 150,000 365,000

Siibgi ade 12 Structilral fill 32,000 60,000 145,000

Linor
Pi otoctivo laym 12 Shuctural fill 32,000 60,000 145,000

Priinni y bari loi 36 Glay 95,000 180,000 435,000

So(,oiidaiy I)ai i foi 36 Clay 95,000 180,000 435,000

Subgi ado 12 Structural fill 32,000 60,000 145,000

Operational Cover Stiucluial fill 200,000 460,000 1,200,000

Total Liner and Cover
Sandy lonin NA 21,000 40,000 100,000

Loain NA 140,000 260,000 630,000

Clay NA 270,000 510,000 1,235,000

Structulal fill NA 296,000 640,000 1,635,000

CY Cubic yard
NA Not al)plicablo

21007 703G30
0403040696 RAP



Table 5.11: Summary of Estimated Construction Cost

Conceptual Conceptual Conceptual
Item Descnphon Model I Model 2 Model 3

Support Construchon
Drainage $8,000 $13,000 $20,000
Storm-water Detention $50,000 $100,000 $150,000
Fencing $57,000 $77,000 $113,00
Maintenance Building $150,000 $150,000 $150,000
Office/DecontammatonBuildmg $30,000 $30,000 $30,000
Roads $40,000 $40,000 $40,000
Parking $2,000 $2,000 $2,000
Leachate Management System $200,000 $400,000 $800,000
Groundwater Monitoring System $120,000 $156,000 $240,000

Call Construction
Excavation $1,892,000 $3,036,000 $6,270,000
Sumps, Header Pipe, and Pumps $62,000 $68,000 $75,000
Subgrade Prep $22,000 $42,000 $101,000
Liner System $4,038,000 $7,600,000 $18,525,000
Protective Cover $228,000 $427,000 $1,039,000
Embankment $287,000 $426,000 $686,000
Cover Vent System $855,000 $1,602,000 $3,897,000
Cover System $3,868,000 $7,280,000 $17,745,000

MobffizatLon/DemobiInation $233,000 $433,000 $1,041,000

Construchon QA/QC $350,000 $650,000 $5,561,000

Total $12,500,000 $22,500,000 $52,500,000

QA/QC Quality assurance/quality control

21907 703030(3) Harding Lawson Associates
0401040795 RAF



Table S.1 2: Operation & Maintenance Cost Summary Table

Yearly O&M Costs
I R101111 I IN Total O&M Cost

Conceptual Modol III ynnfq I 1111111lig milliIIIIIIII maxiIIIIIIII Average Per Cubic Yard

1 12 Restricted $1,150,000 $2,374,000 $1,487,000 $18
1 4 5 Unrestricted $2,035,000 $2,991,000 $2,294,000 $11
2 10 Restricted $1,994,00ýO $3,442,000 $2,440,000 $11
2 25 Unrestricted $4,979,000 $7,429,000 $5,820,000 $8
3 16 Restricted $2,364,000 $4,436,000 $3,109,000 $8
3 9 Unrestricted $3,695,000 $6,159,000 $4,460,000 $7

21907 703030(3)
0329,040605 RAr



Liner System 4 
Explanation

Loachate collection system
Liner System 1 LaYW ThIcknesa

Leachate detection system . .. GranuLar drainage 12 Inal'"
Leachate colleebon system with perforated

lecton 

*6

Cornpacied 
cidy/ 

36 inrbes

Leachate detection system

amended W1

eo

PrW"ed subgrade 12 Inches

Hlgfý-d nsity polyetlr/ýne BO mil Jer prinnary/serondary geonýernbrdneLiner System 5 (HDPE) 44) mil for terliary goonnarnbrane

Geonet 200 mNLiner System 2 Leachate collection system

Leachate collection system Geosyrdholk clay liner 250 mil

Geat"O Varlabia

XýýX )Leachate detection system

detection system

I> Leachat

Liner System 3 Liner System 6

Leachate collection system
Leachate collection system

Leachate detection system 

Leachate detection system 

Prepared for
Program Manager for
Rocky Mountain Arsenal
Commeýoe City Colorado

Prepared by
Harding Lawson Associates

Figure 5 1

Liner System Alternatives



Explaturtion

Layer Ca Ion Thickness

Soiliýravol a4lrnbaro 8 inches

VVVVVVV

Covier System 1 Cover System 2 Cmw SysIxem 3 COM System 4 Vký

Water 810ragaftod 52 =has
protection

W,o Wý we 6 Odlido(jig we Wý 00C 0 ý) 0;ý W 4
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A i
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grading fig

High density polyeftlene 550 "1 for pOrnaryl4scondary goornon-brane
(HDPE) 40 rrill br [or" geornenntxana

Geonal 200 A

Geosyrtebc day liner 250 mll

Godexille Variable

Prepared for
Program Manager for
Rocky Mountain Arsenal
Commerce City Colorado

Prepared by
Harding Lawson Associates
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Explanation 038
Approximate Waste Footprint for Conceptual Model I A Monitoring well

Area = 900 ft x 900 ft
Waste to be landfilled = 1 0 million cubic yards Surface Topography

(ý-ý (I -foot contour interval)

Approximate Waste Footprint for Conceptual Model 2
Area = 1200 ft x 1300 ft - - = a Unpaved roadway
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1 z;__j
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Prepared for Figure 5 3
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Prepared bV
Harding Lawson Associates



MAM'194M5541=15ILD

220 Ak 036 24
0 V36 008 1 22 :ýl 23XI 24 ' 0

AP07 -A- A A980 Al 25 11 08, A 082 ýPA
j 083

-A 015 oooooo170 003 016 018
17 A153 019 A

AP SAB1 1394 020

164 124 5Ar05

LIQUID STO AGE AN ___ý 5167
WEBI i494

23 ASB1 1594 B1 694 b

013 048
15 5 n3l'* 062

2
027 SAB1 1794

014
029 ASI31193174 I J1'

AS81 '8 -7

ASBj2094
A 34 NORTH PLANTS

44 ASB 11294 008 32
0 009

010 03 _A1

SAB121 4 -A
6 2 059

SAB12294 A

04

73
1 074 U 0 1-055

075 AB 124?94 026 ASB 249,ý 
0

04
097 01ý

94 V.+ 9

_1A 
42

58 ASS133 4
co

159 u0Z
D55 1 094 R 1349 A,._

0 6 
A 13i94 ý1

1A, I AS 13 94 do
150 024 Bi 3 4 BR 1 1094 1 ýV

2 0 .11 '_Q /

'1/1 
B 1379Y 4 E 08193 !6,(.y

RB14/9E(3313 4 
14194 ý2

J/ 
04

Explanation A 038 Water-level monitoring well location
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6.-0 CONCLUSIONS AND RECOMMENDATIONS

This section presents conclusions and recommendations based on the Material FS, Area FS, and Site

FS results The Material FS evaluated whether onsite soils are suitable for use as landfill liners and

capping material based on field and laboratory tests The Area FS identified an area within RMA

suitable for siting a landfill based on current regulatory and institutional criteria After an area was

identified, adequate geologic and geotechnical data was collected to characterize the site and evaluate

the feasibility of constructing a landhE in the existing foundation materials The Site FS identified

an appropriate site within the area identified in the Area FS and provided information on the overall

footprint of the landfill (based on 3 different waste volumes)

6.1 Conclusions

The Material FS objectives were met The field and laboratory test results confirm that onpost soils

can be used to constiuct caps and liners that meet regulatory-required hydraulic conductivity The

construction methods employed to construct the two test fills identified the approximate lift

thickness, moisture content, density, and compactive effort necessary to achieve the required

permeability

The Area FS objectives were met Landfill siting anteria and policies were used to screen RMA and

identify an area suitable for potentially siting a haza dous waste landfill in the western half of

Section25 Three deep borings and thirty shallow borings were drilled and lithologically logged to

characterize the geology of the area identified The three deep borings were also geophysically

logged to help understand the geology across the area Three-hundred thirty-five samples were

analyzed for particle size and Atterberg limits Sixty-five percent of the samples were classified as

clay, and thirty percent as clayey sand Remolded permeability tests were performed on a clay soil

sample from each of the 30 shallow boreholes Approximately half of the permeability tests achieved

vertical permeability values less than 1 x 10' cm/s The results of the geologic and geotechnical

characterization suggest that approximately half the soil in the identified area could potentially be
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Conclusions and Recommendations

used as material for construction of caps or liner Geologic and geotechnical results indicate that the

area is conducive to construction of a hazardous waste landfill vnth primarily clay and claystone

underlying the site

The Site FS objectives were met- Appropriate landfill sites within the area identified in the Area FS

were evaluated and conceptual landfill models, design elements, construction costs, operation and

maintenance costs, and schedules information was developed and evaluated For the purposes of

this report, waste volumes of 1,000,000 CY, 2,300,000 CY (the preferred sitewide alternative in the

DAA), and 6,000,000 CY were used to account for projected Tainirnum and maximum waste volumes

The total landfill volumes used for the three conceptual models included a 20 percent volume

increase over the needed waste volume to account for operational cover (1,200,000 CY, 2,760,000 CY,

and 7,200,000 CY, respectively) Waste generation rates were estimated to be in the range of

98,000 CY to 1,100,000 CY of material per year without a funding limit, and 37,000 to 280,000 CY of

material per year assuming a $100,000,000 annual funding limit Climate, topography, and surface

hydrology should not impact landfill construction Subcropping Denver Formation sand. units in

contact with the alluvium should be avoided if possible Maximizing the depth to groundwater and

placing the landfill away from areas where groundwater flows radially is preferred Therefore, siting

the landfill within the central portion of western Section 25 is preferred No geologic hazard or

environmentally sensitive area considerations were noted in this study, but additional study may be

required for siting and design Slope stability and settlement from excavation should not impact

construction or O&M of the landfill

Conceptual design alternatives were developed for hner systems, leachate collection. and removal

systems, gas management systems, final cover systems, and performance of an environmental

monitoring system Six liner system alternatives were developed Four final cover systems were

developed Environmental monitoring will be performed as part of the facility performance monitor-

ing Conceptual liner and final cover alternatives were evaluated for effectiveness using EPA's FIELP
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Model, and evaluated for cost by estimating the unit cost on a square foot basis Using the H=

Model to simulate the most likely construction quality scenario, all liners performed about equally

Liner System Nos I and 2 (use geosynthetic day liner) performed better than the other liner systems

The final screening of the conceptual liner designs should consider cost and constructability rather

than potential performance because performance results for conceptual liner designs are so similar

The calculated infiltrationi esults for all the final cover systems evaluated are similar and very low

Cover System No 4 performed the best The similarity of performance results for the cover

alternatves indicates that final screening of the cover systems should consider cost and construct-

ability rather than potential performance

The total unit cost estimate for the liner systems ranged from $3 00 to $6 40 per square foot The

total cost estimate for the cover systems ranged from $3 60 to $4 55 per square foot. Liner System

No I was the most cost-effective Cover System No 4 was the most cost-effective

The overall landfill performance was evaluated using the BELP Model to evaluate the potential

effectiveness of the cover and hner systems Cover System No 4 and Liner System No 1 were used

to estimate the long-term leachate production from the landfill Extremely small rates of potential

release are predicted for both the most likely (2 6 x 10 ' Wyr) and worst-case (1 6 x 10 ' in/yr)

scenarios EPA's R= Model was used to estimate advective travel times of un aturated flow

produced by the leachate predicted from the HELP Model Potential travel tunes through the vadose

zone are estimated at 8 20 x 10-4 ft/yr to 9 37 x 10-4 ft/yr, depending on the saturated hydraulic

conductivity At the estimated rates, it would take from 1000 to 1200 years for soil water in the

vadose zone to move downward I foot

The conceptual facility layouts and material quantties were based on the three conceptual landfill

volume requirements and an excavation depth of 30 feet below the existing ground surface The
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areas for each footprint are 19 acres (1,200,000 CY), 36 acres (2,760,000 CY), and 87 acres

(7,200,000 CY) Conceptual Models 1 and 2 are placed within alluvium and both footprints avoid

sand subarops The base of Conceptual Model 3 is within the weathered Denver Formation and is

cut into subcropping sand units

Material quantities were estimated for low-permeability soils and structural fill soils used in landfill

liner and cover system components The quantities of soils required for landfill construction were

then compared to the estimated volumes of onpost materials The surface area to be lined and

surface area for final cover were calculated using the waste depth, height, excavation, and above

grade sideslopes Based on the estimated volumes of onpost soil from borrow areas and landfill

excavation, it appears that sufficient onpost soil exists to meet the construction requirements for even

the largest landfill layout, Conceptual Model 3

Cost estimates for construction and annual O&M for the three conceptual landfill models were

prepared to be accurate within a plus 50 percent to rainus 30 percent range Theestimated

construction cost per cubic yard of waste disposal capacity for Conceptual Models 1, 2, and 3 are

$12 50 per CY, $10 00 per CY, and $9.00 per CY, respectively The estimated total construction cost

for Conceptual Models 1, 2, and 3 are $12,500,000, $22,500,000, and $52,500,000, respectively

Annual O&hl costs were prepared at a plus 50 percent to rninus 30 percent range Theaverage

yearly 0&.NI costs for the restricted funding scenarios for Conceptual Models 1, 2, and 3 are

$1,487,000/yr, $2,440,000/yr, and $3,181,000/yr, respectively The average yearly O&M costs for the

unrestricted funding scenarios for Conceptual Models 1, 2, and 3 are $2,294,000/yr, $5,820,000/yr,

and $4,460,000/yr, respectively Additionally, the lowest average O&M costs per cubic yard are

associated with the largest landfill (Conceptual Model 3) at $7 per cubic yard
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A conceptual construction schedule was developed for construction of an approximately 200,000 CY

module Based on the estimated schedule, construction would take appro)aTnately 34 weeks

O&M plans should be prepared for the facility and should include construction and CQC

requirements, daily operations, penodic operational activities, and specific plans

In conclusion, based on the evaluation performed in the Site FS, it is feasible to construct a RCRA

Subtitle C hazardous waste landfill of sufficient capacity at the preferred site using onsite borrow

materials that would meet the applicable federal, state, and local regulatory requirements

6.2 Recommendations

Material FS recoTnTn endations include the following

Perform additional geotechmcal testing of borrow materials concurrent with construction to
assess actual specifications for cap and liner construction

Area FS recom m endations, include the followmg

Perform a detailed hydrogeologic study to evaluate groundwater flow velocities and vertical
gradients in the potential landfill area identified

Site FS recorn end-ationsiriclude the following

Based o-i ccmpletion of a hydrogeologic study in the potential landfill area, and a decision by
PNMNLA6 to pursue construction of an onsite hazardous waste landfill, a formal Subtitle C
LancifiE siting report should be prepared The report should rely on the information provided
in thas Site FS report Minimal, if any, field investigation will be required Once the ROD
for the onpost operable unit is decided upon, and if the final remedy includes a landfill, a
formal landfill siting report sbould. be prepared for submittal

Perform necessan additional geological and geotechmcal drilling and testing within the
landfill site concurrent with construction to prepare landfill siting report.
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7.0 ACRONYMS

ABPA Archeological and Historical Preservation Act

ALR Action leakage rate

ARAR Applicable or relevant and appropriate requirement

Anny U S Department of the Army

ASTM American Society for Testing and Materials

bcy Bank cubic yard

BEMA Bald Eagle Management Area

bgs Below ground surface

CCR Code of Colorado Regulations

CEC Caton exchange capacity

CERCLA Comprehensive Environmental Response, Compensation, and laabihty Act

CFR Code of Federal Regulations

CL Clay liners

cm/s Centimeters per second

CME Central Mine Equipment

CMP Comprehensive Moni tonng Program

COC Chain of custody

COE U S Army Corps of Engineers

Colog Colog, Inc

COR Contracting Officer's Representative

CQC Construction quality control

CRS Colorado Revised Statute

CY Cubic yard

DAA Detailed Analysis of Alternatives

DSA Development and Screening of Alternatives

Ebasco Ebasco Services, Inc
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Acronyms

EPA US Environmental Protection Agency

ESA Endangered Species Act

ESE Environmental Science and Engineering, Inc

FFA Federal Facilities Agreement

F&M Fle)able membrane liners

FS Feasibility study

GCL Geosynthetic clay liners

GIS Geographic Information System

G1%4P Groundwater Momtoring Program

HLA Harding Lawson Associates

11D Inside diameter

IRA Interun response action

K Hydraulic conductivity

Ki Time-weighted average value of Stage I hydraulic conductivity

K2 Time-weighted average value of Stage 2 hydraulic conductivity

Ký Horizontal hydraulic conductivity

Ký 1. ertical hydraulic conductivity

LCRS Leachate collection and removal system

n2l Millibter

meq!q hidbequivalent per gram

NME Morrison-Knudsen Environmental Services, Inc (formerly Momson-Knudsen
Engineers, Inc)

NCP National Contingency Plan

NWA National ffistonc Preservation Act

O&M Operation and maintenance

OD Outside diameter

ou Operable unit

pcf Pounds per cubic foot
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Acronyms

PI Plasticity Index

PED Photoionization detector

PMIUVIA Program Manager for Rocky Mountain Arsenal

PPE Personal protective equipment

PRG Preliminary reinechation goal

psf Pounds per square foot

psi Pounds per square inch

PVC Polyvinyl clilonde

QC Quality control

RAO Remedial action objective

RCRA Resource Conservation and RecoveryAct

RI Remedial investigation

RMA Rocky Mountain Arsenal

ROD Record of Decision

RPO Representative process option

RUST E&I Rust Enviro=ent and Infrastructure

SARA Superfund. Amendments and Reauthorization Act of 1986

SCS Soil Conservation Service

SIA Stapleton International Airport

SM Site Manager

SPT Standard Penetration Test

TEG Temperature effect gauge

USC United States Code

USCS Unified Soil Classification System

USFWS U S Fish and Wildlife Service

UX0 Unexploded ordnance

VOC Volatile organic compound
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Acronyms

Walsh P Walsh and Associates, Inc

WES Waterways Expe=ent Station

0 F Degrees Fahrenheit
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SECTION 01: SUNMARY OF WORK

PARTI GENERAL

1.01 PROJECT DESCRIMON

A- Work of the Contract comprises construction of two (2) test Mls at Rocky Mountairi
Arsenal, Commerce Caty, Colorado. Work includes, but is not limited to:

IA. Stripping and stockpiling 12 inches topsoil h orn the two desigriated barrow areas
shown. in. Figuie 2.

1B. Stripping and stodcphrig 4 inches topsoil from the test fill area, and processing
area.

2. Excavating approximately 500 cubic yards (yd) of clay from each of two (2)
designated borrow areas (total of 1000 ydj.

S. Transporting clay to soil processing area

4. Processing clay to meet moisture content and clod size specificatons

5 Grading Test Fill area to a smooth, uniform sin-face.

6. Wethng the subgrade and placing a working layer of clay at base of each test 0.

7. Constructng the thre--,foot thick test fills in. six (6) six-inch lifts, allowing for
testing by the Fmgmeer during construction.

8 Preparing necessary test fill surfaces and assisfting with field testing, e.g , blading
smooth surface for nuclear gauge, pushing Shelby tubes, excavating small test
pits to check lift bondin&

9 Regrading and placing stockpiled topsoil over completed test fill, processing, and
borrow areas

10 Seeding and mulching all disturbed areas.

B The Subcontractor shall furnish all labor and eqmpment to perform the Work outlined
above The following shall be provided to the Subcontractors-

a. The Owner shall provide approved onpost barrow sources for all soil for

compacted soil test fills

b The Contractor shall provide onpost water source at the Fire Station, comer
of D Streei and 7th Avenue, I IJ8 miles south of test fills.

c The Contractor shall provide soil testing during processing and placement of
test fill soil.

d- The Owner shall provide native grass hay mulch.
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102 FORM OF SPECIF CATIONS

A- Term "provide" or 'provided" shall mean wfin-nish and -install in-place," except as noted.

B These Specifications are intended to be used in conjunction with the accompanying
Test Fill Design Plans, hereinafter referred to as 'Drawings."

C Definitions:

1. Contract - Contract documents signed by HLA and Subcontractor

2. Contractor - Har&ng Lawson Associates

3. Engineer - IffiNs resident pro3ect engineer or designated representative

4 Subcontractor - FAnthwork construction company

5 Owner - Program. Manager for Rocky Mountain Arsenal

G. Work - All site work related to this pro3ect that is to be performed by the
Subcontractor

D Any reference to standards of any society, institute, association or governmental agency
shall be the edition in effect as of the date of this Specification, unless stated otherwise

1.03 CONTRACTS

A. Perform work as agreed to in Contract with Contractor.

104 WORK BY OTHERS

A- Work on pro)ect which will be performed by others during period of contract, but that is
excluded from contract, is as follows

1. Construction management services.

2. Construction material testing.

3. Surveying services

4 Health and safety monitoring.

5 Owner and regulatory limson.

105 SCHEDULE

A Coordinate construct:Lon schedule and operations with Engineer.

1.06 SUBCONTRACTOR7S USE OF PREMISES

A Confme construction operations to within designated work areas unless otherwise autho-
rized by Owner. A fenced parking lot and eqmpment laydown area are shown in Figure 2.
Some parking is also available at fhe test fill site.
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B. Keep driveways and roads clear and available to Owner at all times. Do not use these
areas for parkmg or storage of materials. Schedule deliveries with Engineer to mini-
'M'1 space and time requirements for storage and handling of materials and equipment
onsite

C Subcontractor shall, at all times, conduct operations to assure least inconvemence to
Owner, Contractor, other subcontractors, onpost personnel, and operations of facility.

D Do not perform any wcrk within protected area botmdw-Les.

E. Coordinate hours of operation with Emgmeer.

1.07 OWNER - FURNISBED rMAS

A- Owner will fiumsh site laydown and parlang facilities.

B. Owner will finmish access to construction water at the Fire Station, comer of D Street
and 7th Avenue, 1 1/8 miles south of test fills.

C Owner will fin-msh native grass hay mulch (located)m Section 29 of RMA; see
Figure 2).

1 08 CONTRACTOR RESPONSEBIIXMS

A- Provide construction management services.

B. Arrange for soil testmg as specified in Specifications,

C. Arrange for necessary surveying.

D Cocrdinate construction activities with Owner.

F- Monitor site conditions for health and safety

1.09 SUBCONTRACTOR'S RESPONTSIBH=

The Subcontractor shall fin-msh all labor and eqmpment required to perform the Work,
including, but not limited to:

A- Hand] e material at site, including receivin& unloading, and storage in accor-
dance with Contractar's recpnrements and manufacturer's recommendations

B Install materials as required by Specifications.

C. Repair or replace materials damaged by Subcontractor.

D. Arrange for replacement of damaged, -defective, or missing items or materials

- END OF S=ON -

21W7,703030- Specs
0516021095 01-3



SELMON 02. GENERAL REQUMBENTS

PARTI GENERAL

1xi SLJhEqARY

A- Two test fMs shall be constructed to verify the suitability of two different local materials
for use as imperiimble clay liner and to verifyidetermine the construction procedures
(Le., moistin e content range and compaction effort) required to achieve a compacted in-
Place permeability less than or equal to 1 x 10' centimeters per second (cm/sec).

B. This Specific;ation and other Contract Documents cover the fi= shmg of all labor,
materials, equipment, superintendence, and services necessary to construct the test fills

C. Coorýemlaon. The Subcontractor shall cooperate witb all other parties engaged in pro)ect-
related activities to the greatest extent possible. Disputes or problems should be referred
to the Contractor for resolution.

D Construction Water. The quality of construction watAr used to accomplish constinictaon
work is cru(=aI due to the nature of the facilities being constructed. Subcontractor shall
use construction water provided by Owner, which is a good quality water from an onpost
source

F- Ins-Pecti. All inspection, test%, and clocumentation pToceclures shall be the responsi-
bility of the Contractor. As described in other Specification sections, Subcontractor shall
assist as necessary in facilitating testing procedures

- END OF SEMON -
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SECTION 03: HEALTH AND SAFETY REQUEREMINTS

PARTi GENERAL

i.ol SL%IMARY

A- SITE BACKGROUND

Rocky Mountain Arsenal (RMA) occulnes approxamtely 27 square mules in southern
Adams County, Colorado, approxunately 9 miles, nartheast of downtown Denver
(Figure 1) RMA was established by the Army in 19 42 to produce chenucal and
incendiary munxtions; for World War IL

During operations at RMA, the U.S. Department of tfie Army's (Army's) day-to-day
activities generated Ta-unceRaneous solid waste, as well as potentially contam-nated
tools, equipment unwanted containers, rejected incendiaries, empty maunitions
casings, demAitanzeKi muniftons, explosives, burster charges, rocket propellant, rocket
motors, wastes from the Mustard Plant, and wastes from the production of nerve
agent (GB)- These miatenals were with caustic or other
decontammants and transported to burning pits to assure complete decontamination
by mcnneratio3i. Following World War H, the production of mumations decreased, and
the Army leased selected portions of RMA to private industry.

From 1942 until 1957, chemucal agents were InAnUfactured at RMA. Levinstein
mustard (H) was produced in the South Plants manufacturing area frcm 1942 until
1950 This arm was also used to fill shells with the chemucal agent phosgene or
incendiary =tures, including napalm and white phosphorous. During this period,
obsolete World War II munitions were destroyed by detonation or mcmneration on
RMA.

Section 36 was the primary area for waste disposal at RMA in the 1940s and 1950s.
Potentially solid waste including metal were mc:Lnerated in pits and
trenches located east and north of Basin A. The chenucal nerve agent
isopropylmezhyl fluorophosphonate (Sarin or GB) was produced in the North Plants

area from 1953 until 1957. Munitions filling with this nerve agent
continued at kMA until 1969. From 1970 to 1984, Army activilies focused prinianly
on the demilitarization of nbpmical warfare materials.

In 1947, portions of RMA were leased to private mcbistry. Early lessees included
Colorado Fuel and Iron Corporation (CF&I) and juhus Hyman and Company (Hym=).
CF&I produceKI chlorine and chlorinated benzenes and attempted to manufacture
chchlorochphenyltachlaroethane (DDTI. Hyman produced. several pesticides dunng
this period. In 1950, Hyman added to its lease a nwmber of facilities formerly
operated by CF&L In 1952, Shell Chl Company (SheLU) acquxred Hynian and operated
it as a wholly owned subsidiary until 1954, when Hyman was integrated into the
Shell corporate structure and Shell succeeded Hyima as the named lessee- From
1952 until 1982, Hyman and/or Shell produced a variety of herbicides and pesticides
in the South Plants manufacturing complex.

Between 1942 and 1982, a variety of the contaminants associated math the industrial
activities onnte were released to the environment at RMA. Cherucal waste effluents
were discharged into lined and unlined evaporation basins, and solid wastes were
buned or disposed on the surface- Wastewater, raw materials, and end products were

21907,703= - Specs
0516MIO95 03-1



leaked and accidentally spilled within the manufacturing complexes, storage areas,
and transportation routes on RMA. Chemical products that were not manufactured to
qxmfication were commonly discharged into shallow trenches. Munflaons were
d and disposed in trenches and on the surface. The sites that are
believed to have been the primary groundwater contamination source areas at RMA
are the manufacturing complexes, the wastewater storage and evaporation basins
(Basms A, C, D, E, and F), areas of sohd waste disposal, and the rail clasnfication
yard-

In the early 1950s, the detrimental effects of chemical contamination on the local
environment became evident By 1951, high waterfowl mortality was suspected of
being linked to the insectimde contamination of three artificial lakes on RMA
(Arnntage, 1951; Goodall, 1951). In 1954 and 1955, severe crop loss was reported by
farmers northwest of RMA using well water for irrigat:ion (U.S. Department of Health,
Education, and Welfare, 1965). Two contammants, d3isopropylmethylphosphonate
(DRvIP), a manufacturing byproduct of the nerve agent GB, and dicyclopentadiene
(DGPD), a chemical usea to produce insechaLdes, were detected in ofipost surface
water in 1974 (R. L Stollar and Associates, L= [Stollar], and others, 1991). Ground-
water contaminated with dibromochloropropane (DBCP) and other compounds has
been detected in samples from oflpost since 1978 (Environmental Science and
Frisaneering [ESE], 1987).

B NATURE AND EXTENT OF CONTANMqAIION

Releases of a variety of Prninant-c to the environment at RMA have resulted in
contamination of environmental media both onpost and oflpost (ESE and othen,
1988; MA and ESE, 1992; Ebasoo Services,Inc. [Ebasco], and others, 1991) Soiland
groundwater contamination have occurred at several locations onpost Soil contaim-
nation is in some cases fairly localized, whereas in other cases it has resulted in

broader contamination as soil contaxat -nignts entered the groundwater.

The distance that a groundwater contaminant plume extends from its source area
depends on numerous factors, induding the contaminants'behavior in the environ-
ment, the amount and time of the release, and other factors, as noted below. Ground-
water contaminant plumes at RMA may extend only a few hundred feet from their
sources or may extend miles, as is the case for DDR. Generally, the oocurrence and
migration of contaminants in groundwater at RMA is complicated by the following
factors

" Many contaminant sources, some areally separated, some overlapping

" A variety of release scenanos, including single or repeated spills, continuous or
intermittent leaks, discharges to chtches or basins, leachiný from trenches, and
leaching from or direct contact of groundwater with buned treansport hues

" Many Tninan

Spatial vanabilillies in aqt&er properties

Complex interactions between water-bearing zones

Historical changes in the distribution and quantty of groundwater recharge
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C The areas of the RMA in which the work will be perfiamed are considered clean
(nonhazardous) and no special safety measures are antu=pated to be necessary beyond
standard construction protective gear such as hard hats, steel-toed boots, and safety
glasses. or goggle&

D. However, because of the nature of the site, constructicni activities at the RMA couldif
unwqxYded conditions axe encoruntered, potentially plaoe Subcontractces personnel in
situations where adchtional personal protective ecpnpment (PPE) or other safety measures
may be necessary.

F- Therefore, all Subcontractor's personnel doing work on the site shall be 40-hour trained
per Occupational Safety and Health Administration (ObWA) Safety and Health Standards
(29 Code of Federal Regulations JCFR] 1910) and general construction standards
(29 CFR 1926).

1.02 PAYN=

A. Subcontractor shall assume that all work shall be performed under OSHA Hazardous
Waste Site "Level D' concht:Lons, (Le, the workis "dean" and only standard construction
protective gear is necessary) Therefore, the Subcontractor shall make no allowance in
time or cost in the bid for working under "Level C" or more strict conditions If results of
real-time monitoring by Contractor indicates a need for add3honal health and safety
precautions and/or protective equipment, Contractor and Subcontractor shall agree upon
fair compensation for work performed under the altered am-stances.

B See also paragraph 106 A-

103 OPERATIONS AND EQUIPhIENT SAFFIY

A. Contractor shall be responsible for imtLatmg, -maintsuning, and supervising safety
precautions and programs in connection with Work. Subcontractor shall take necessary
precautions for safety of employees on Project site as directed by Contractor.

B Both the Contractor and Subcontractor's duties and responsibilities for safety in connec-
tion with Work shall continue until such time as Work is complete and Contractor has
issued notice to Subcontractor that Work is complete.

104 HEALT14 AND SAF=

A. Contractor shall prepare a site-specific Health and Safety Plan and be responsible for
implementaton and enforcement of health and safety requirements, and Subcontractor
shall conform with this Plan. take necessary precautions, and provide protection for the
following.

i. Subcontractor personnel working on or visiting Project site

2. Work and materials or equipment to be incorporated m Work are&

B Read, sign, and follow the Cont-w-tor's Health and Safety Plan.

C Hold a safety meeting prior to starting Work each clay. Inform Contractor of bme and
location prior to meeting. Prom& attendance roster to Contractor.
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1.05 CONTRACTOWS RESPONSB3UZM

A. If Contractor determines that Subcontractoes activities do not comply vnth requirements
of this Spamfication. or the site-specafic health and safety plan developed by the Contrac-
tor for the Subcontractor, Contractor may direct its and/cw Subcontractors employees to
leave Project site or implement additional safeguards for Owner's or Contractoes protec-
tion.

B. If Contractor observes situations that appear to have potentLal for immediate and serious
injury to persons, Contractor may wain persons who appear to be affected by such
situations.

1.06 DECONTANffNATION

A. Owner requires that all construction equipment be ran through an onpost
nation station. Subcontractor shall allow 1/2 hour per piece of equipment for flus
procedure for bidding purposes. However, payment shall be made by actual time and
matenals used.

- END OF SEMON -
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SEMON 04: PROJECr M=qGS

PART 1 GENERAL

1.01 SUND&A.RY

A. Engineer will schedule a preconstruction meeting, weeldy progress meetinp, and any
specially called meetings throughout progress of work. Engineer will be responsible to.

I. Prepare agenda for preconstruction meeting.

2. Notify Owner and Subcontractor of location and time.

3 Make physical e for meetings

4 Pres:ide at meetings.

5. Record mmutes; mclude significant proceedings a-ad decisions

6. Reproduce and distribute copies of minutes to meeting participants and other parties
affected by decisions made at meeting.

B Representatives of Subcontractor attending meeting shall be authorized and qualified to
act on Subcontractor's behalf.

C. Payment Consider work specified in this section incidental and include payment as part

of luinp sum price m Bid Schedule

1.02 PRECONSTRUMONh=M4G

A- Purpose of meetaig:

I Review principal features of Wor1L

2. Environmental protection.

3 Safety requirements

4 Progress schedules.

5. Payment.

6. Address Subcontractces questions regarding contract and Wor]L

1.03 WEEKLY PROGRESS M=GS

A- Mimmum of once per week, or as requested by Engineer.

B Attendance

I Owner and/or Ownees representative.

2- Subcontractor's superintendent.
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3 Enpmeer

4 Other Subcontractors as appropnate.

- END OF SEcnON -
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SEC`111 ON 05: C ONSMUCTION SMONG AND SURVEYING

PART I

1.01 SLI&MARY

AL Vertical and horizontal control -A --- nifarmaton. will be provided by Contractor at no
expense to Subcontractor. Stakes wMIf be located (by the Contructar) to set the horizontal
boundaries of the test fills, and processing areas.

1. Contractor shall be responsible for reviewing and following all initial construction
staking. Any restalang shall be approved by the Engineer.

2. Contractor shall be responsible formaintsuning, resLalang as necessary, and removing
survey control stakes.

B. Payment: Consider Work specified in this section maidental (except items specifically
noted as being provided by Contractor) and include cost as part of appropriate fixed
prices in Bid Schedule.

1.02 CONSTRUMON LENE AND GRADE

A. Contractor shall bear sole responsibility for correct transfer of construction lines and
grades from primary vertical and horizontal control stakes and for correct alignment and
grade of completed Work based on lines and grades shown on Drawings and desanbedin
these Specifications.

B Contractor shall transfer line and grade for construction from control stakes to Work
irt3limn-9 the following procedures:

1. Provide qualified techmawn during course of construction.

2. Check line and grade as Work progresses.

C. Contractor shall

1. Review all initial construction staking.

2. Verify accuracy of line and grade by checking between stakes

3. Place stakes during test fill placement as needed to rumntain specified lift thickness.

4 Assure that all elements of test fil, including subgrade, working layer, and completed
lifts, slope as specified in these Specifications and on Figure 3.

5 Be responsible for protection and preservation of stakes during construction and at
completion of constniction.

6. Be responsible for removal of all stakes used for construction.

7. Arrange operations to avoid interference with documentation of find lines and
grades-

- END OF S=ON -
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SEC71ON' 06: PROTECTION OF ENVERONME2U

PART 1 GENERAL

1.01 SUNfl&A-RY

Aý Subcontractor, in executing Work, shall maintain work areas free from environmental
pollution that would be in violation of federal, state, oi local regulations.

B. Subcontractor shall maintain sediment runaff within the project boundaries. Subcon-
tractor shall take appropriate action to prevent sediment runoff beyond the designated
work areas, inio drainageways, ormto restricted area boundaries. Nosignificantworkof
this nature is anticipated.

C- Payment: Consader Woik specified in this section incidental andinclude payment as part
of lump sum price specified in Bid Schedule.

1.02 PROTECTION OF WATERWAYS

A- Observe rules and regulations of the State of Colorado and aFencies of U S. government
prohibiting pollution of any lakes, streams, rivers, or wetlands by dumping of refuse or
debris therein.

B Divert flows, including stormwater and flows created by construction activity, to sumps,
sediment traps, silt fencmg, or other controls approved by Engineer to prevent excessive
silting of waterways.

1.03 EROSION AND SEDDVEWr CONTROL

A- Apply appropriate soil conservation measures to proteat project area and ad)acent lands
Measures may include, but are not linuted to, mulchin& fabric mat, straw or hay bales,
filter barriers, and sediment traps Adjust sediment control measures in field to meet
conditions encountered.

B Provide erosion control measures before commencing work on project site as directed by
Engineer Engineer shall direct, inspect, and approve of erosion control measures before
commencirig Work.

i Maintain erosion control measures during course of construction.

2 Remove erosion control measures upon establishmeat of permanent, surface stabihza-
tion or as directed by Fuigineer.

1.o4 PROTECTION OF AIR QUA1XrY

A- Minimize air pollution by requir-mg use of properly opembng combustion emission
control devices on construction vehicles and equipment, and encouraging shutdown of
motorized equipment nol actually in use.

B Trash burning is not pe=tted on construction site.

im FUELING AND VEHIC1E/EQUIP&flWT LEAKAGE
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A- Do not fuel or perfcErm'r-antenance on equipment while within the Work area bound-
anes without the Eii?ineer's permi-smon. These activities may be perfarmed in the test fill
parking area or the designated staguig(parlang area. Fueling must be performed carefully
to prevent spillage- Spillage or leakage of fuel, oil, or vehicle flu2d must be cleaned up
immediately to the satisfaction of the Engineer.

106 NOISE CONTROL

A. Conduct operations to cause the least annoyance to personnel and wildlife m vicinity of
work, and comply with applicable local ordinances.

B. " equipment with mechanical devicas necessary and reasonable to minimize noise
and dust

C Route vehicles carrying soil or other material over those streets that will cause the least
annoyance to humans and animals, as directed by the Owner or Engineer, and do not
operate on RMA roads between hours of 7.00 pzcL and 6:00 aza-, or on Saturdays,
Sundays, or legal holidays, unless otherwise approved by Owner or Engineer.

1.07 DUST CONTROL

A. Due to proximity of pro]ect to sensitive onpost operations and habitats, take special care
-rn minimizing dust generation on temporary access roadways, Owner's exwbmg roads,
and roads used for construction operation. Subcontractor shall be responsible for the
control of dust by watering within the construction pmect area and areas ubhzed by
Subcontractor to perform the Work. Speed limits will be followed on Owner's exisfang
roads to minimize dust generation.

B Comply with local environmental regulations for dust control, and also with directons of
Engineer and Owner If Subcontractor's dust control measures are considered inadequate
by Engineer or Owner, Contractor will require Subcontractor to improve dust control
measures at no cost to Contractor.

1.08 PRO`I= ON OF WILDLIFE

A. Due to proximity of the pro)ect to sensitLve wildlife habitats, the Subcontractor shall take
special care to minimize impact to these habitats. Hauling equipment will be required to
stay on des ted traffic routes and yield right-of-way to all wildlife. Vehicles and
equipment sTaall proceed slowly when wildlife is present.

B No photography or harassment of wildlife is permitted.

END OF SECTION -
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SECnDN 07: MAIIMIAL AND EQL11PNIENT

PART i GENERAL

ixi SUMI&ARY

A. Material and equipment incorporatedinto Work shall:

I Confirm to apphcable Specifications and standarcL.

2. Comply vnth sim, make, type, and quality specified or as specifically approved by
Engineer-

B. Do not use matenal or eqLnpment for purpose other than that for whichit is designated
or speaffied.

C. Payment Consider Work specLfied in this section mcidental and include cost as part of
lump sum prices in Bid Schedule.

102 SUBST=ONS

A- Substtutons.

1. Subcontractofs requests for changes m ecpnpment irom those Tequired by Contract
Documents are considered 7requests for substitutions" and subject to Subcontractces
representations andl-eview provisions of Contract Documents when one of the follow-
mg conditions we satisfied:-

a. Where request directly related to or 'equal" clause or other Language of same
effect in Specifications.

b Where requn-ed equipment cannot be provided withm Contract Time, but not as
a result of Subcontractor's failure to pursue wcrk promptly or coordinate v ous
activities properly-

2 Subcontractces Options.

a. Compatbihty of Options. Where more than one choice available as options for
Subcontractor's selection of equapment, select option compatible with other
oqmpment and materials already selected.

b Standards, Codes, and Regulations: Where coniphance with nnposed standard,
code or regulation required, select from among products that comply with
requirements of those standards, codes, and regulations.

c. "Or Equal": For equipment specified by naming one or more equipmentmanu-
facturer and 'or equal," subcontract= shall submit request for substitution for
equipment or manufacturer not specifically named.

dý Two or More Manufacturers: For equipment specified by nam-ing several
manufacbnws, select one of manufacturers -named. Do not provide or offer to
provide unnamed manufacturer or eTnpment.
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a. Single Manufacturer- For eqmpment specified by -num-n only one manufacturer
and followed by words m&catng no substitution, there is no option.

B Conditions that are not substituftons:

1. Requxrements for substrtutions do not apply to Subcontractor options on materials
and equipment provided for in. Specafications.

2 Revisions to Contract Documents, where requested by Owner or Contractor, are
ffcha3lgeS,w not "substtutions."

3. Subcontractor's determination of and compliance with govaming regulations and
orders issued by governing authorities do not constitute substitutions or basis for
Change Orders, wccept as prcmded for in Contract Documents

1.03 TRANSPORTAnON AND HANDLING

A- Arrange deliveries of eqmpment with Engineer and in accordance with construction
schedule; coordinate to avoid conflict with Work and conditions at site.

B. Provide eqmpment and personnel to handle materials and ecpnpment by methods
recommended by manufacturer to prevent soflmg or damage to matenals or eqinpment, or
packep-ng

1. Handle material at Site, including receimng, unloading, and storage, in accordance
with Contractor's requirements and manufacturees recommendations. The Owner-
designated step% area shown on Figure 2 or the area ad)acent to the test fills shall
be used for such activities.

2 Install materials as requm-ed by Specifications.

104 STORAGF, PROTEMON, AND MAINTENANCE

A- The designated onsite storage and stagmg area is shown. on Figure 2. EqLnpment and
velucles may be stored overnight in. this fenced area with Engmeer's peraussion. No
overnight parku:Lg of personal vehicles is allowed.

B Subcontractor assumes full. responsibffity for security and/or damage due to improper
storage of materials.

C. Maintenance-

1. Repair or replace materials damaged by Subcontractor.

- END OF SEMON -
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SECTION 08. SITE PREPARATION AM3 CLOSURE

PART i GENERAL

1.0i SUMMARY

A- section includes

1. Requirements for topsoil removal and stodgdhng, and protechon of wells and
utilittes.

2. Thstallation of sediment and erosion control measures as necessary

3. Regrading and topsoil placement upon completion of work.

4. Temporary roads.

B Payment- Payment for items in this section is mcluded. under Bid Items A2, B 1, and El

1 02 DEFINMONS

A- Utihties: For purposes of this section, existing gas mayn , water main , steam lines,
electric lines and condmts, telephone and other communication. lines and conduits, sewer
pipe, cable television, other utilities, and appurt

B Topsoil. For purposes of this section, the upper 12 mches of soil available from borrow
areas to be disturbed during construction, or the uppei 4 inches of soil available from the
test fill/processing areas.

C Sediment and Erosion Control Measures: As described in Section 06 paragraph 1.03.

1.03 PROJECTISITE CO10MONS

A. Notificaton

i Owner will identify all uthtes/wells and notify Contractor, who will notify Subcon-
tractor. No ulalities are currently known to exist uithm the Work areas. Subcontrac-
tor bears sole responsibility for damage caused to any identLfied utilities or wells, or
any ass=ated damages and claims caused as a result of Subcontractor damagmg
such utilities or wells.

B. ProtectiLon:

i. Protect existing utilities against damage.

2. Locate exis'tng underground utilities by hand excal;,ation. When Work requires
Subcontractor to be near or to cross known utilities, the Subcontractor shall carefiffly
uncover, support and protect these utilities and shall not cut, damage, or otherwise
disturb them withou t prior authorization from the Emgineer.

3. If uncharted uhhties are encountered during excavation, notify Engineer and wait for
instmctions before proceedm&
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a Repair damage to utilities encountered when Work is continued without notify-
ing Engineer or his designated representative. This work shall be done at no
expense to Contractor

4. Preserve and protect groundwater monitoring wells. Damaged or destroyed monitor-
ing wells shall be replaced at Subcontractor's expense.

PART 2 ECECUnON

2 01 PERFORMANCE

A. Site Preparation:

I Establish sediment controls prior to disturbing project areas.

2. Cut or remove growth of tall weeds and grass greater than 6 inches high from areas to
be stnpped. Remove debris and boulders, within project area.

3 Strip topsoil within himts of borrow areas, processing areas, and test h1l area
Stripping shall not extend beyond limits of designated areas.

4 Maintnin bench marks, control monuments, and monitoring wells Re-estabhsh if
disturbed, damaged or destroyed. at no cost to Contractor

B Topsoil Handling-

I Stockpile topsoil in neat piles adiacent to each pro)eat area. Topsoil shall be kept
separate from other excavated materials

C Regrading

1 The borrow areas shall be regraded and smoothed out after excavation is completed.
Finished contours shall be gently sloping and blended to meet existing topography

2 The test fill and immediately surrounding area shall also be regraded and blended
with existing topography. For bidding purposes, assume 1 clay with a dozer to
regrade test fill area.

D Topsoil Placement

I Stockpiled topsoil shall be used to cover the completed test fills, processing areas,
and disturbed borrow areas upon completion of activities in these areas The topsoil
shall

a. Be placed and lightly compacted so as not to impede infiltraton and subsequent
plant growth.

b Be spread over the barraw areas upon completing placement of excess test fill
area soil and regrading.

c. Be placed to a minimum of I-foot thickness in all areas receivmg topsoil.

F- Temporary Roads:
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1. The Subcontractor shall be respansable for constructing any temporary roads that he
may require in the examtion of his Work Any ditches that are filled to prov3.de
access to barrow areas or test MI area must be cleaned out and restm-ed to arigirial
condition upon completion of Work.

- END OF SEMON -

it
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SECTION 09- EXCAVATION, STOCICýMG, AND PROCESSING

PART I GENERAL

1xi SUMMARY

A. Section includes.

1. Excavating soil from designated borrow areas and test 01 area; grading and prepara-
tLon. Of test 0 am.

2. Transparting barrow soil to processmg areas.

3. Stockpiling/spEreading soil as required to achieve adequate independent sources for
topsoil, workmg layer soil, and test fill soll.

4. Processing test fill soil as needed to reduce clod size, adjust moisture content, and
remove rocks.

B Payment- Payment for A ems in this section is included under Bid Items B2, B3, B4, C1,
and C2.

1.02 PROJECTISITE: CONDITIONS

A. Locate identified existing utilities; underground ublities shall be located by hand
excavation- No utilities are known to exist within the prqect areas

B. If uncharted utilities are encountered during excavat=4 notify Engmewand wait for
instructions before proceeding.

C- Protect support, and maintain monitaring wells, candufts, wires, pipes, or other features
and utilities that are to remain onsite in accordance with reqwements of Contractor and
Owner.

D Notify Engmeer if any umdentified wells or piezometers, patentLally hazardous matenal,
or other unexpected items are encountered during this work, and wait for instructions
before proceeding.

E- The material borrow source for each test h1l is a designated barrow area, as shown on the
Drawings, Figure 2 The Engmeer shall determine what borrow material is appropriate
for the test fills

PART 2 EXECUTION

2-01 PREPARATION

A. Contractor shall idenbfy to the Subcontractor acceptable independent
stockp2le/processing locations for topsoil, workLug layer material, and test fill material
Areas designated for processing are shown on the Dravn:ngs, Figure 3, and shall be
stripped of topsoil prior to placement of borrowed matenals
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B. Instal ýL lor to construction, silt fencing or other controls approved by Contractor in
areas rere sediment from this construction or operations may impact wetlands,
drainageways, or other sensitive areas. No or min-ansal activity of this type is anticipated
to be done by the Subcontractor

2 02 EXCAVATION, IFSI FIIýL AREA PREPARATION, AND STOCEPELING

A- Excavate approximately 500 yd' of soil from each borrow area, as directed by the
Engineer, and transport soil to processing area. Barrow soil from Barrow Area A shall be
taken from I to 4 feet in depth; borrow soil from Barrow Area B shall be taken from 4 to
7 feet in depth. Shallow soil in Borrow Area B shall be moved to the side prior to
borrowing, then replaced upon completion of borrow activities.

B. Grade the test fill area to withint 0.2 feet of the osed grades Proposed grades are
approximately 4 inches below existing grades. Su=lde shall slope at 2 percent in the
direction shown on Drawings, Figure 3. Each test fill area will be approximately 40 feet
wide by 100 feet long, as shown on the Drawings, Figure 3

C. The subgrade shall be compacted With 12 passes of a wedge-foot compactor, imparting a
maximum of 50,000 lbs of load, or to the satisfaction of the Engineer.

D The Engineer will inspect the exposed subgrade for soft areas or other poor subgrade
conditions Proofrolling is required to identify any soft areas that may require additional
excavation and backfilling. After the Engineer is satisfied with the overall condition of
the subgrade, the subgrade shall be scarified and reoompacted uniformly with a smooth-
drum roller

F- Maintain subgrade free of erosion and desiccation cracks. If necessary, rework and/or
restore to be free of erosion and desiccation cracks prior to test fill construction

F Stockpile/process earthen material per categary- topsoil, working layer soil, test fill soil, or
other if directed by Engineer.

G Stockpilelprocess for proper drainage and control sediment runoff with erosion control
measures as necessary

I-L Notify Contractor immediately if potentially hazardous conditions or materials are
encountered during construction (i e-, buned drums, etc.)

203 PROCESSING

As part of the test fill construction, the Subcontractor will be required to adjust moisture
content, reduce clod size, and remove rocks from the borrow soil prior to placement of the soil
in the test fills The Engineer will evaluate the Subcontractor's methods for.

A. Moisture Conditioning. The Subcontractor shall be required to provide 0 necessary
personnel and equipment to successfully achieve the required moisture contents as
specified. The Subcontractoi- shall be responsible far discing, aerating, t1ling, wettmg,
covering, or otherwise controlling the moisture content in the test fill materials using a
method approved by the Engineer It is anticipated that the moisture content of the soil
will need to be increased by approximately 4 to 6 percent prior to construction.
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B. Clod Reduction. The Subcontractor shall be responsible for providing the necessary
personnel and eqEnpment for reduction of clod size as n(K=sary to meet Specificaflons:
and achieve proper remolding of soil for compaction.

C Soil for the two test fffis shall be stockpiled in two separate designated areas. The
processing areas are designed to be large enough to process all test fill soil at one time
using a depth of I foot. All soil processing shall be performed in the designated pro-
cessing areas. The only exception is that addition of up to 2 percent moisture is
allowable during placement and compaabon of the test:611 This exception is intended to
be used only if the material dnes during or between placement of lifts.

D Soil shall be blended and cured for an appropriate amount of time to allow added
moisture to dis;a3bute evenly throughout processed soil. For bidding purposes, assume it
will. take an estmated 3 days to complete material processing. Additional curing t3me
beyond 3 days will. be paid at the unit rate qaoted by the Subcontractor in the Bid
Schedule. The processed soil should he kept moist during the curing process.

F- The moisture content in the processed soil immechately pnor to test fill construction shall
be no lower than 0.5 percent above the low end of the target moisture content range, and
no higher than.1 percent above the high end of the target moisture content range.

F Processing of soil shaE be done using an approximate soil thickness of 1 foot.

- END OF SEMON -
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SECnON 10 WORKING LAYER

PARTI GENERAL

1.01 SUMMARY

A. Sect:ion includes

:L Wetting of subgrade prior to workmg layer placemert.

2. Placement of clay worlang layer to obtain the desired test fffi subbase characteristics
and elevations.

3 RequLrements of completed workmg layer grades, prior to test fill placement.

B Subcontractor will provide all equipment, labor and sapphes required to perform the
work in acccrdance with the contract.

C Cont-dacr will provide visual inspection and construction testing.

D. Payment. Payment f6ritems m this section is included under Bid Item Di

102 REFERENCES

A- American Society for Testing and Materials (ASTM)

1 ASTM D422-63. Standard Test Method for Particle-sm Analysis of Soil

2. ASTM D2487-92: Standard Oassification of Soil for Engineering Purposes (Unified
Soil Classification System JUSCS]).

3 ASTM D2922-91: Standard Test Methods for Density of Soil and Soil-Aggregate in-
Place by Nuclear Methods (Shallow Depth)

4. ASTM D3017-88. Standard Test Method for Water Content of Soil and Rock in-Place
by Nuclear Methods (Shallow Depth)

5 ASTM D4318-84: Standard Test Method for laquid I amit, Plastic Limit, and Plasticity
Index of Soil.

B Section 11, 2.01A.

PART 2 PRODUCTS

2.01 WORKING LAYER

A- Onsite cohesive soil to be used for the workmg layer shall be substantially free of
o nics; and other deleterious materials, and shall be approved by the Engineer OnsiteCTesve soilis anticipated to typically consist of CL and SC soil per USCS

B Subcontractor shall modify worlcmg layer material (if required) to assure it meets
Specification requirements. Modifications include but are not limited to, the following:
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1. Removal of rocks greater than 6 inches in any dimensicaL

2. Removal of deleterious or unsuitable materials such as large roots, organic soil, and
as otherwise determined unsuitable by the Engineer.

PART 3 EXECLMON

3.01 KACEV=

A. Immediately prior to placement of working layer, the subgrade shall be gently wetted by
sprinkling or spraying until the soil moisture reaches a depth of at least I foot

B Place worlang layer in accordance with the following-

1. Appmmniate loose lift thickness: 9 inches.

2. Soil compaction: Density not specified, as required to achieve 6-inch compacted lift
thickness.

C Control lift thickness using laser-guided equipment, construction staking, manual
measurement, or other method acceptable to the Fmgmeer to assure Specification require-
ments are met

D Care must be used in placing the working layer over the prepared subgrade to avoid
excessive tearing-up of the subgrade. A TniniTnum of 6 inches of soil shall be maintained
between the eqinpment and the subgrade.

F- Contractor shall examine surfaces to receive test Ell material to determine existence of
any unsuitable materials, including materials sigaificantly above or below optimum
moisture content. Suitable moisture content shall be obtained prior to placement of the
test fdl The working layer surface shall be roughened prior to placement of first test fin
lift.

END OF SE=ON -
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S "EMON 11: CLAY TEST FILL

PARTI GENERAL

i.ol SUMMARY

A, Section mdudes-

i. Requirements for placement and compaction of clay test fill, and test fill
-mamtenance.

2. Completion of test fill with testing assistance.

B The Subcontractor will provide all equipment, labor, and supplies required to perform
the Work in accordance with the Drawings and Specifications.

C. The Contractor will provide testing during construction

D Unsuitable materialsinclude topsoil, peat, roots, orgamc- soils, and matmals containing
slag, cmders, foundry sand, debris, rubble or frozen soils, and material not meeting
requirements Of SPOMfIcations.

E. Payment. Payment for items in this section is included under Bid Items D2 and E2.

1.02 REF ?ENCES

A. American Society for Testing and Materials (ASTM): (Testing to be performed by the
Engineer)

I ASTM D422-63. Standard Test Method for Particle-size Analysis of SoLL

2 ASTM D1140-54. Standard Test Method for Amount of Material in Soils Finer than
the No 200 (75 Micrometer) Sieve.

3 ASTM D2216-90. Standard Test Method for Moisture Content Determination Using
Oven-Drying Method.

4 ASTM D2850-87. Standard Test Method for Unconsolidated, Undramed Compressive
Strength of Cohesive Soils in Thaxial Complession.

5 ASTM D4767-88- Standard Test Method for Direct:35hear Test of Soils Under
Consolidated Undramed Conditions.

6 ASTM D5084-90. Standard Test Method for Measurement of Hydraulic Conductivity
of Saturated Porous Materials Using a Flexible Wall Permeameter.

7. ASTM D2487-92. Standard Classification of So3l for Engineering Purposes (Un3fied
Soil Classification System).

8. ASTM D2922-91. Standard Test Methods for Density of Soil and Soil-Aggregate in-
Place by Nuclear Methods (Shallow Depth).
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9. ASTM D3017-88 Standard Test Method for Water Content of Soil and Rock iii-Place
by Nuclear Methods (Shallow Depth).

10.ASrMD4318-B4 Standard Test Method for laquid. Limit, Plastic Limit, and Plasticity
Index of Soil

B The frequency, diiration, and schedule for soil testing to be conducted by the Engineer
during and after construction is included as Table 1.

1.03 PROJECT/SrM CONDMONS

A- Do not block or obstruct roads with equipment or excavated materials Maintain soil
stodqmles -Aatb3n authonzed weas

B. Construction traffic shaU yield right-of-way to other onpost vehides and all vnldh:f6

C. Schedule work in coordinated effort with Fngmeer and, Owner.

D. Contractor and Subcontractor will nobfy each other immediately if delays are anticipated
for any reason.

F- All placement and compaction of test fill. soil shall be performed only when the Engineer
or his representative is on the project site and is informed by the Contractor of intent to
perform such work.

PART2 PRODUCTS

2 01 SOURCE OF TEST FILL AND WORKNG LAYER MATERLAL

A- Subcontractor shall obtain clay test fill and working layer material from the designated
borrow areas; the Engineer shall observe and approve these materials prior to transport
Test fill and working layer material onsite has been classified by the Engineer based on
soil borings as typically CL, CH, and SC soil usmg the Umfied Soil Classification System
(USCS)

B Upon request, Subcontractor may obtain copies of pertinent boring logs and material
testing results at the Contractor's offices

2 02 TEST FHL MATERIAL

A- Material - (Selected by the Engineer)

I Soil dassified as SC, CL, or CH by USCS.

2 Permeability- I x 10' am/sec or less by ASTM 5084-90.

3 May contain no more than a neghgLble amount of organic or other deleterious
materials

4 May contain no more than 5 Pei-cent gypsum or calcium carbonate, and all gypsum
concretions and nodules shall be less than 1 inch in largest diameter.
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B. Subcontractor shall modify clay test EM matenal to asaire it meets Specification
requirements. Modifications may include, but are not limited to the following.

i. EnninatLon of soil clods greater than 3 inches in diameter.

2. Removal of rocks larger than 3 inches in any ellirneiision, for all lifts below final lift
layer Removal of rocks larger than linch in any dimension within. the final lift.

3 Wetting or drying of liner soil to meet moisbire recItnrements

4 Removal of deleterious soil and material not conforming to test fill quality clay
requirements

PART 3 EXECUTION

3.01 SUBBASE (WORIUNG LAYER) EXAMIMA-nON

A- Contractor shall examine surfaces to receive test fill mat erial to determine existence of
any unsuitable materials, including materials significanfly above or below optimum
moisture content. suitable moisture content shall be obtained prior to placement of the
test fM. The working layer surface shall be roughened prior to placement of hrst test fill
lift.

B Unsuitable areas of the working layer shall be corrected prior to clay liner placement.
Corrective action may require, but is not limited to: weftmg subgrade, drying subgrade
by disc harrow, drag harrow, or other means; roughening working layer to promote lift
bonding, reworking and 3 ecompacting working layer, and removal and replacement of
working layer soils.

C. The Subcontractor will be responsible for all costs assomated with corrective actions
taken to amend the working layer in preparation for test fill placement, at no additional
cost to Contractor

D Do not place test fill until working layer has been surveyed, and approved by the
Engineer

3.02 PLACEMENT OF TEST FfLL

A- Construction of the actual test fill shall begin following placement of the working layer,
and after completion of processing and moisture conditioning of the test fill soil. Place
clay test fill in aocordance with the following:

-1 Maximum Loose Iaft Thickness. 9 in., includes scarified or roughened depth of
previous hfL

2 Maximum Compacted Lift Thiclaiess 6 in- or depth of foot or tooth on compactor
used, whicheveris less.

3 Minimum Completed Test Fill Thickness 3 0 ft-

4 Maximum Allowable Variation from Design Thickness of Test FLU: 0 ft. to + 0.2 ft.
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5. Maximum Rock Sim 3 inches in all lifts below final lift. One inch in final lift
surface within area designated for Sealed Double-Ring Infiltrometer (SDRI) test

6. Maximum Soil Clod Sim Prior to Compaction: 3 in-, or half the lift thickness,
whichever is less.

7 Allowable Soil Moisture Content Range- +1 percent to + 4 percent wet of optimum,
or as directed by the Engineer.

8 Minimum Soil Compaction. 95 percent of maximum dry de=ty as determined by
the Standard Proctor ASTM D698-78.

9. Sideslopes shall be 2H:rV maximum and 3H:IV Minimum on the long sides of the test
fills. Sideslopes shall be 3H:IV maximum and 4H:rV Tarn-imum on the ends of the
test fills

B. Material distribution and gradation throughout clay test fill shall be such that material
reTn.q-,-n free from lenses, pockets, streaks, or sections of material differing substantially in
texture or gradation. from designated test fill material for which prior source testing has
been performed-

C Scal clods larger than specified maximum in any direction shall be broken down to sLw
less than or equal to 3 mches prior to lift compaction.

D Place lifts of clay to farm one continuous monohthic layer of material. Assure previous
lift is moist and scarify surface of previously placed lifts with disc or other piece of
machinery capable of penetrating into previous lift to minimum I in. depth to provide
proper bonding between subsequent lifts of clay test fill.

F- Bonding successive lifts together shall be accomplished by penetration of the compactor
feet or pads through the top lift and into the immediately underlying lift. Compactor feet
shall be at least as long as the compacted lift thickness

F Compaction shall be achieved using sheepsfoot roller or similar heavy penetrating foot
kneading-type compactors (eg., CAT 825). Footed rollers towed behind a dozer shall be
filled with water to assure sufficient compactive. effort is exerted. to test fill

G The appropriate number of passes shall be determined by perfcrmmg density testing
during placement and compaction of the lifts.

For the first three lifts, each test fill will be tested by the Engineer for moisture content
and density in three locations after the lift has been compacted with each set of
two passes of the compactor until at least 95 percent of Standard Proctor compaction has
been achieved. The fourth, fifth, and smth lifts of each test fill shall be compacted using
the appropriate number of passes required to achieve a dry density at least 95 ýý
Standard Proctor compaction (determined by the testing from the first three lifts)

Fmal density and moisture content will be venfied for each of the top three lifts after the
prescribed number of passes has been performed.

A visual lift bonding check using a hand shovel will be performed after each hft.
Following completion of the test U, a backhoe or excavator bucket will be used to check
hft bonding of the entire test fill thickness Additionally, three laboratory permeability
test samples will be obtained by the Engineer from each test fill after they are completed
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For the purposes of these Specifications, a compaction pass is defined as one trip of a
single-drum. compactor -up and back over the complete length of the test fill. If a dual-
drum compactor without laterally separated front and rear dnims is used, one trip up and
back over the test fill would constitute two passes. If a dual-dmm compactor that has the
drums laterally separated by the operatces, cab and &fferential (such as a CAT 825) is
used, one tap up and a staggered trip back to cover the central portion of the roller path
shall be considered one pass

H. Uniformly distribute moisture content of clay material prior to and during compaction
tbroughout each lift of material. Clay material dete--m3ned by Engineer to contain
moisture outside specified range shall be adjusted by;Subcontractor to provide material
within spembed range. Adjustment: includes, but is not linuted to, drying materials
containing moisture in excess of specified range and adding water to materials containing
moisture less than spemfied range. No more than 2 percent moisture may be added to
the test fill. during construction. If the moisture content is less than or equal to 2 percent
below the low end of the target moisture content range, the select fill may be sprinkled or
sprayed with water ana dozed, windrowed, and/or disced. to un3formly increase the
moLsture content If the moisbnv content is greater than 2 percent below the target
moisture content, the test fill soil shall be removed from the test fLU, returned to the
stockpile, and conditioned until the proper uniform moisture content is achieved. If the
moisture content is greater than i percent above the target in=tire content, the test fill
soil shall be dozed, windrowed, and/or disced to facilitate drying.

I Maintain moisture content of clay test fill materials in previously placed lifts within
specified range- Avoid dirying and desiccation cracking of materials. Maintenance
includes, but is not limited to, wettmg surface of prewously placed lifts to avoid drying
and desiccation cracking of material. Prior to placement and compaction of subsequent
lifts of clay material, Engineer- will verify that moisture content of scarified material of
previously placed lift is within specified limits. Materials determined to possess moisture
content outside specifiedli-it shall be adjusted and rechecked before subsequent lift
placed.

J Control lift thickness using construction staking, or other method approved prior to
construction by the Engineer to assure that requrrements of Spemfications are met. If
grade stakes are utilized by the Subcontractor, Subcontractor should emphasim the
removal of damaged stakes to work crew during daily assignments.

K Minimum clay layer thickness will be verified and documented by Contractor. Rework or
remove and replace pomons of test fill not meeting Specification requirements

I- Final test fill surfam shall slope at approximately 2 percent in the direction shown on the
Drawings, Figure 3.

1vt Iaft bonding will be visually verified by excavating small test pits per the testing
schediAe.

* Field density and moisture content results from compaction tests shall be checked against
compaction Specifications Recompact or rework and tetest soil that fails field testing
during construction acbvity Subcontractor shall recompact or rework soil area following
a failed test to boundanes of passing test results, at no additLonal. cost to Contractor.

* Precautions to minum b. damage to clay test fill due to ra:infall shall be taken prior to
anticipated rainfall events. Precautions include, but ai e not linuted to, grading surface to
promote runoff, back-blading with dozer, sealing surface with smooth drum roller or
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other means. Precautions shall be augmented byXlaamg punip(s) fn the amp or other
arm(s) likely to collect water,:Lf necessary. Prom e, maintain. and operate pumps;
coordinate access to site with Contractor or Owner.

P After test fill or a portion thereof is complete, continue to maintain clay surface in moist
condition, free of desiccation cracks. Subcontractor shall remove desiccation cracks by
scanfylug, wetting, and smooth-drimirolling test fi1l surface, or other method approved
by Engineer-

Q. Repair of Penetrations: Repair of small diameter penetrations, such as those caused when
taking Shelby tube samples, shall be repaired to the satisfaction of the Engmeer.

R. Maintain surfictal moisture content during construction by sprinkling water onto clay
niatenals daily, or more often during hot, dry or windy conditions. Completed lifts that
are left unprotected and not sprinkled for sevaral hours or overnight must be scanfied
and brought to proper moisture content prior to placement of additional lifts

S. All test fill surfaces, with extra attention to areas on which SDRI test apparatus :is to be
placed, shall he smooth-drum rolled upon completion of clay placement to create surface
free of irregulantLes, protrumons, loose soil, and abrupt changes in grade.

T. From completed test fill areas designated for SDRI, remove stones and soil clods Vreater
than I inch in any dimension. bones, and other debris. Restore smooth surface Aer --
removal- Embedded, non-protruduag smooth rocks may remain in place if approved by
the Engineer Engineer must approve of final test 0 surface prior to find payment of
Subcontractor.

* Place plastic sheeting or other similar material over completed areas designated for SDRI
testing. Method of keeping plastic in place shall be approved by the Engineer.

* After test fill completion, topsoil from the ad)acent stockpile shall be placed over the test
BE, except SDRI areas, to prevent desiccation. (see Section 08)

3 03 F= QUALITY CONTROL

A. Notify Engineer when partions of the test fill are ready far testing.

B Provide Contractor with equipment, time, and labor necessary to support the Engineer in
the completion of field testing. (Examples. blading off area for pushing Shelby tubes or
nuclear gauge testing.)

C- After the test fill work has been completed, SDRI tests will be conducted by the Engineer
on the surface of each test fill- The Subcontractor shall provide an equipment operator to
assist the Engineer in the installation of the SDRI apparatus. It is anticipated that
30 hours of time for the operator will be required.

D Equipment to be provided by Subcontractor for -installation of the SDRIs mcludes:

" Trencher (Ditch Witch Model 1010 or other machine capable of making a trench no
more than 4 to 6 inches wide)

" Grout mixer (not cement mixer)

" Water track
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" Generator

" Small dozer or loader

Th3.s eqmpment will. only be requn-ed for tbree clays aflum c=pletLon of test f3ll

- END OF SEMON -
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S=ON 12 SEEDING AND MULMING

PART I GENERAL

1.01 SUhDAARY

A. Section includes:

I. Seeding1mulchmg; requirements for completed test fill and processnig areas.

2. Seed3ngfmulcbmgrequiTementsicrbcerowm-eas.

B. Payment: Payment for items in this sectionis mcluded under Bid Item E3.

PART 2 PRODUCrS

2 01 MULCH

A- Native grass hay mulch will be provided by Owner. This grass hay mulch is onpost in
the southeast portion of SectLon 29 (See Figure 2 kr1ocation).

2.02 SEED

A. Seed shall be provided by Subcontractor to meet the requirements listed in Tables 2 and
3. If Subcontractor has difficulty in obtaming the specafied seed mixture, please contact
the Engineer or Bruce Hastnigs; of the US Fish and Wildlife Seimce for assistance (303)
289-0232.

2 03 FERTILIMR

A. No fertilizer is required for thas pro)ect.

PART 3 EXECUIION

3 01 PREPARATION

A- Topsoil Gradmg-

I Grade, rake, and roll with roller weighing not more than 100 Ibs. per linear foot and
not less than 25 Ibs- per linear foot

3 02 SEEDING

A- Sow seed at rates as described in Tables 2 and 3, dividing seed equally and sowing at
90 degree angles to produce unifarin broadcast-

B Rake seed into ground and roll with roller, or use other technique approved by the
Engineer

C I)o not seed on surface wlnch bas been compacted by i-am
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D. Do not seed when wind velocity exceeds 6 mph.

3.03 bf LILCHING

A. Mulch shall be applied immediately after seeding.

B Place mulch at a rate of 2 tons/acre.

C Mulch shall be crimped immediately after application to prevent blowmg away.

D. Place mulch loose or open enough to allow some sunlight to penetrate and air to

circulate, but thick enough to shade ground, conserv soil moisture, and mmunize ero-
sion.

END OF SECnON -
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Table 1. Test Fill Testing Program (Per Test Fill)

Frequency
Test Method Stockpile During Construction Post-Construction

Moisture Content Oven drying ASTM D2216-90 3 initial; as needed during 3 per lift (18 total)
processing (approx 12); 3
final, estimate 18 Total

Moisture Content Nuclear gauge ASTM D3017 3 per each 2 passes per lift
for first three lifts; 3 per lift
for lifts 4, 5, 6;
estimate 45 total

Attorberg Limits Grab sample ASTM D4318-84 3 ... ...

Grain Size (Incl. Sieve and Hydrometer 3 ... ...
clay content) analysis ASTM D422-63

3

Optimum Moisture Standard Proctor test (grab 3
Content and Max samples) ASTM D690-70
Dry Density

In-place Density Nuclear gauge ASTM D2922 ... 3 per each 2 passes per lift ...
compaction) for first three lifts; 3 per lift

for lifts 4, 5, 6; estimate 45
total

Lift Thickness Manual ... 25-ft intervals down center-
(10080) line of test fill

Lift Thickness Manual ... 25-ft intervals down center-
(compacted) line of test fill
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Table i (continued)

Frequency
Test Mothod Stockpile During Construction Post-Construction

Final Test Fill Survey --- ... 3Thickness

Lift Bonding Visual: Test Pits ... 2 per lift (Manual) 3 (Backhoo)

Laboratory Shelby tubes, Flexible Wall --- --- 3Permeability Permeameter (falling-head
test) ASTM D5004-90

Field Permeability Soaled double-ring Infiltro- --- ... I(large-scale) motor (SDRI)

Field Permeability 2-stago borehole (Boutwell) --- ... 5
(small-scale)

Shear Strength Consolidated undrained 2ASTM D4767-08

Shear Strength Unconsolidated undrained --- 2
ASTM D2850-87

Not performed
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Table 2. Seed Ubdure for Bonew Areas

Lbs PIS/
Scientific Name Common Name Variety Acre

Seed Mix for Native Grass Species
Boateloua gramhs Blue Grama Hacluta 0.9
Pascopyron snnthn Western Wheatgrass Amba 6.5
Buchloe dactyloides Bufhlo Grass sharp Ps 12.9

Total 20.2

Native Forbs or Semi-shrubs (AIL OA lbs. PLS/acre)
Fxysimum asperum WalMawer
GaflIarcha arisLata Blanket Flower
Panstemon angustafoha Narrow-leaf Penstemon.
Tanurn lewisu Blue Flax
Helianthus annuus Annual Sunflower
Achillea lanulosa YMTOW
Arstenusia ludov3ciamy Ioms2ana Sagewort
Sphaeralcea cocmnea Scarlet Globemallow
Artennsia ffigida Frmged Sage
Dalea purpurea Purple Prame-dover
Oenothera caespitosa WInte Tufted Evenmg

Pnmrose

Native Shrubs and Trees (Both 0.1 Ibs PlS/Acre)
Ceratoides lanata Winterfat
Atriplex canescens Fourwmg Salthush

PLS Pare hve seed
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Table 3. Seed Mbdure for Test Fill and Processing Area

US PLS/
Scientific Name Common Name Variety Acre

Seed Mix fbr Native Grass Species
Bouteloua gracilis Blue Grama. Haduta 1.1
Calamovilfa longifolia. Prame Sandreed Goshen 0.4
Bouteloaa aartipendula. Side-oats Grama Vaughn 0.6
Sporobolus cryptandras Sand Dropseed 0.1
Sbpa. comata Needle-and-thread 1.9
Andropogon halln Sand Bluestem. Woodward 1.0
Pascopyron smithn Western Wheatgrass Amba. 5.0
OrYZDPS]Ls hymenoides; Indian Ricegrass Nezpar 0-8

Total 10.9

Native Forms or Semi-shrubs (Wildflowers) (All 0.1 lbs PLS/acre)
Cleome, serrulata. Rocky Mauntain. Bee Plant
Delplimum vn-escens Larkspur
Iaatns punctata Blazing-star
Oenothera. caespitosa. Stemless Evenmg-pnmrose
09nathera. vilLosa Tall Evening-primrose,
Ipomoea leptophylla Bush Morning Glory
Gaillardia aristata Blanket Flower
Penstenion angustifolia. Narrow-leaf Penstemon
Tanji-m lewmi Blue Flax
Hehanthus annuus Annual Sunflower
Achillea lanulosa Yarrow
Artemisia. ludovic3nns Louisiana Sagewort
Coreopsis tinctoria Plain Coreopsis
Sphaeralcea cocmnea Scarlet Globemallow
Artemi ia ffipda Fringed Sage
Abronia. fragrans Sand Verbena.

Native Shrubs and Trees (All 0.1 lbs PLS/Acre)
Chrysothamnus nauseosus Rubber Rabbithrush
Atnplex canescens Fourwing Salthush
Artemisia filifolia Sand Sagebnish

PLS Pure live seed

21907 703030
ID5D6021095 M-L
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TESTFILL CONSTRUCTION PHOTOGRAPHS
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M

CA

A Excavation of Borrow Pit A in Section 24 B Hay mulching excavation pit after replacing topsoil and reseeding

1 ̀7 ..........

WOW=

MEOW
C Stripping and stockpiling topsoil in test fill construction area D Scarifying test fill subgrade after wetting and compacting native sandy soil

Prepared for Figure B-1 (1 of 5)
Program Manager for
Rocky Mountain Arsenal Photo Documentation of Test Fill Construcbon

Commerce City, Colorado

Prepared b
HarLg Lawson Associates
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I-W

F Pulvamixer used to reduce clod size, moisture condition, and blend soil

E Soil processing using a tiller

G Scarffying the surface of a Ifft with the dozer tracks

Prepared for Figure B-1 (2 of 5)
Program Manager for
Rocky Mountain Arsenal Photo Documentation of Test Fill Construcbon

Gommerce City, Colorado

Prepared b
HarLg Lawson Associates



VA

H Spreading a loose lift on the surface of the test fill with a dozer blade at I Blend4moisture conditioning by adding water directly to drum of

a thickness of 8 - 9 inches pulvamixer

J Compaction of the loose lift with the
Caterpillar 815C compactor

Prepared for Figure B-1 (3 of 5)
Program Manager for
Rocky Mountain Arsenal Photo Documentation of Test Fill Construction

Commerce City, Colorado

Prepared b
HarLg Lawson Associates
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---------- ----- --- ____
N
_ct

K. Smooth drum rolling test fill surface L Ta coveringtest till lift to prevent dessiGation

M To prevent desiccation of the test fill, the
surface was wetted and topsoil was
spread on the test pad except in the
12 x 12 foot area sealed with a tarp for
solid double-ring infiltrometer installation

Prepared for Figure B-1 (4 of 5)
Program Manager for
Rocky Mountain Arsenal Photo Documentation of Test Fill Constructon

Commerce City, Colorado

Prepared b
HarTing Lawson Assoclates
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PE/1111a 
:

N Applying grout to the inner SDRI ring installation 0 Measunng the distance between the inner ring and the swell measurement
guides

it

A,
P Completed test fill with sealed

doubie-nng infiltrometer and two-stage

Prepared for Figure B-1 (5 of 5) borehole installation

Program Manager for
Rocky Mountain Arsenal Photo Documentaton of Test Fill Constructon
CommerGe City, Colorado

Prepared b
HarLg Lawson Associates



AppendixC

TESTFILL CONSTRUCInON EQUIPMENT



Soll Compsolors Speclilcalbns Compactlon Fundamentals I Soil Compactors

.ka I jam I,
MCMEL RM 4 4414 4 COMPACTION FUNDAMENTALS 8xperlance has shown that It IS very difficult, If

stag 8250 not Impossible, to achieve p-oper compaction In
FtrA+.4W Po*w lot kw III hp 215 kY 315 his The following dlowsolon applies to 9*11 comWilan materials that are too dry or too wet Soil exWts
opof 40" W*4)ht 20 015 he 44 IM 11, 32 #DO%@ 71 ads lb only Por inforritntion on refuen compaction Ron litivo dotairmined that in practically every soil thoro
Engine Model 33*6 3409 Waste Disposal - Section 23 of this book Is an amount orwater, called optimum molitture con
n*f*d Ergloo PPM 2200 2100 Defl"Iflon lent, at which It Is possible to obtain inaximam don
No I y4ndeta I I C in le Ila Is the procasA Of physlealli, densifyi ally wif h a given amount or ýompactlvo effort The
DIsplactinomil 101 L 436 In, 14 a 1. 893 In, or tL _11 1$9 curvabelow allows this rein' lonshIp botween dry don
spe d4s . ght p .It voin resulting In an Increase In sity slid moisture content It Is called a compaction

Fonvaid 4 4 mix It Is g3norelily accopted that cdrvc moisture density curve or Procf or curve
never" 4 4 the strength orn soil can be Increased by deriniflea

Tutsvine Circle with alodle 1103M 463- 14 1 M 444 tion Three important factors street compaction
Fuel Tank new Caps,'"Y 462 L III U I It, 1149 L 181 U It f-1 - Material glaciation
TAMP*00 FOOT WHEELS - Moisture content MOJSTURE CONTENTEsA Orw" WOO 974 Mae Prior 31 - Compactive effort

blow4lows am feel 142 w do m so- Material Gradation - refers to the distribution
am drufn 103 M 345 Is Fn 43 by weight) of the different sizes of particle@ within ----------

I" per wftw 0 a given soil sample. A sample Is described as well
Fool Per now to graded if It contains a good, even distribution otpor I MaxImum
Nows of Feel I ticis sites. Ir a soil sample to composed of Density
Fool L"N I0 mm so life Mat predominantly one size particle, It Is cold to be
End Area Pat Fead f3s cm, 21 in, 163 eff? 4 In, poorly graded In terms orgoanvaction, a well graded
WAM of Two Page CaPtsisp 4 35 Po 1#3 41$ m ISO- loll will compact am oully then one that Is poorly

GeNERAL DIMENBMS graded In well graded Material the smaller partl
Holido Imp at "at 363 M 391 at 12 to" etas tend to nil the empty spaces between the larger
HoroM Isidp"d totri 231 Fn I Is" 2 " in particlps, leaving flawer voids after compaction Optimum
Wheat Bags 3 35 1" Ito 3 63 rh Moisture
Ovelsig L"h "h Dotat $ 10 ni 224 T go rn 2# 2 MATERIAL GRADATION
Wkft over Dfunts 3 P4 m 10 1" 3 Is'" 11 11around ClottignCir miam 734 mm 9 2" Moisture Content I-

SYRA)MY RIX[ 0DZEA
V&" 3 76 1" 12 4 63 m 14 lo-
"11411111 160 FA fl*, 1 104 m 3 1"
OWA" WIIIN M0446S c"M h**041 buNdou howks POPS co-W M k* W* ameo..* Compadire Effort - rerm to the method omplq'Haili'd ("A*" 09 - -OWA MOPS 1ARVA soil bn% at aker om4y wma"d oftwwl /ad
w4h corawmi No $I W% ""ka"A W449 by a compactor to import energy Into the soil to

Poorly lifaclod Well graded achieve compact Ion Compactors are designed to use
one or a combi notion of the lot lowing types or cam

Moisture Content - or the amount or water pres pactive effort
ont, In a evil, Is voy ImMtorit to compaction Water - Static weight (or padsurs)
lohricaws soil parillelos #hus helping them slide Into - Kneading action (or manipulation)
the most donee position Water also or*ates clay par - Impact (or sharp blow)
ticle bonding, giving cohesive materials their sticky - Vibration (or shaking)
quolitles.



SON cmipwtocis I Types and Appkalitorts Estne"ItV Production Solil Compactors
a Example Problem

COMPACT04 TYPES Coinbinations of the" t pas are also available, COMPACTOft PF10DOUCTION EngNah Method

Compaction equipment ran be gmupod generally such as a vilorati"jif ormootý steel drum W x 8 x 1, x 16 3
Into nine cilifferent types or climialfications For am of comptitlem, the first eight types of rm Compactor production Is expressed In covimpactsil CCY/Hr -

(1) shooporbot pactors hAvo boom placed on the Zorien of Applies cubic meters Mn%3) or c=q*ded cubic yards (GCY) P

(2) grid or mesh tion ChArl nhown below 71ils chart contains a range per hour Mo4prial In its natural or bank state Is W - Compacted width par pass, in feet (Fbr

(3) vibratory ofmatorlol molaturcit from 100%clay to loossand, tnesirmsil In bank cubic meters or y*-ds (Bra- oý Caterpillar Compactors It It recom
(4) smooth itteal drum pli-a n rock zone Bach type han boon pWtl OCY) When K is removed or pinced In a fill, It Is mended that W - Twice the width o(oneaned In otear-red In lose cubic motors or yords (Lm' at
(6) multi tired riicumatk wbat Is towld*Tod. to he its mot Wectlys and co wheal

(0) heavy pneurraLic nautical zone of application However, it Is enot 111CY) 8 - Average speed, In miles For hour

(7) [owed tamping root uncommon to find them working out ortheIr zones. When the looso material Is worked into a com L - Compacted thickness or in, in Inches.

(5) high speed tarnpliniq foot Exact positioning of the zones can vary with differ pactedstorts, the relationihipofco-"pacled)nateriaI 18 3 - Conversion constant, equals 5290 foot +

(9) chopliv wheels (oss LandifIll Compactor see lon) Ing material conditions to bank material Is shown as the shrinkage factor 12 Inches + 27 cubic feet
(81F) P - Number of machine patient to a-hieve

COMPACTOR ZONES OF APPLICATION COMPACTtVS METHOD SP . Compacted cubic meters (Cm') compaction (can otdv be determined
by tostInig the density of the oorn

Bank cubic Motors (BM3) pacted material on the job)
om 100% Compacted cable yards (CCY)
CLAY SILT SMf) ROCK 8F -

I Bank cubic yards MCY) Exantpit problem (Metric)
a EF FOOT- Stalle Waighl, KnoticlIng 7U construction Industry has developed the foll

.40MD* lowing fb-nvulia for use In estimating compador D*terndno production for an 8151) operating under

ATORYP. 81aft WaIgM KneadkV P" cl,lom This fbrmula gives the volume of mats. the following conditions
.*M - -- - Bloft We". VkHollon trial which a given machine can compa.-t In a P - 5, 8 - 10 km1h, L - 100 mm

_8000'rif STEkL 0RUM8_ WOW 60 minute hNir Reflor to 8158 In the production table on the next
.41AULTI TIRED PNEUMATIC - -------- -_ SWc Weight Kneaft Metric Method page. Read down the firalcollimn until rosching me

1-19AVY PkENAPC - .......... 3. ]txsxb 11-101"' 0 Within this section In the somd... Stale VV*hi Knescilog Cm I.M., flprtza speed closest to 10 kmlh Itead
VIBRATORY P acro" thin line to the 100 mm compected Ilft ReadTAMPrh Q P007 W - Compacted width par pea% In meters the produel3n figure givem

-.TOWED TAMPNa FOOT. ----------- - 6:1911c MIUM Kneading (For Caterpillar Cowpactora It Is recom Answeri 377 Cm1h (Since the inachloo's speed or
HfaH SPEED TAMPM#4a FC00r mended that W - Twice the width of one 10 km/h 14 slightly fintler 0on the 0 6 of the table,
CATEAMILLAn -CAT11110PILLAn ------ Slaft W449M Kriebtling, Impact, Vftwa%n wheal ) PTodkiCtIon mftY be Interpolated slightly higher - say

TAMPNO FOOT TAMPNO FOar 8 - Average speed, In kllom4tas per hour M Cm3th
.4 ------ Sisk We", Knoadinfi Impact, Wallon L - Compacted thickness or Urt. in mil

litnetars.
P - Number of machine peones to *:hievs

compaction loan only be determined
by testing the density or the corn
pooled material o" th*4obý



Soll Compactom I Productlon Table

twins the Arrmula ild"sad on this page.'Me fl"s

= ant 100% iiftfinq W=7w" flul width of one

lWarmine proditetion for nit R26C Wrtitinit un4ler In the 826 portion ofthis Inble, rand down the first
the following conditlons coluron until reaching the soctlow, for four passes.

1, .. 4,8 R mith 1, - 6 luchoo Within thin pecilon fit tho sorond eniturn, find the

Itafor to Out productitm cuthnaling Wile below lInofor8mph Road acrom thim line to Ow lift thick

I hie table mntairm estimates for tho 816D end MC nets column for 6 inches Road the production ng

Comp#tetors uxing various speeds lift thirknosses ure given

:nd number ofpsues. Those figures were calculated Answori 1444 CCYMr

RODUCTION TA13LE

MODIL AND AV9RAQ# COMPACTIM LIFT THICKNESS

MAC)UNI SPEED lot M"i 4 In 160 Min 6 In 200 MR I in Is* MM to In
PAGOES' kwA rnph m% yd-ft M% VOW M% yd1tv

3 Go 4 419 841 612 437 109
Is 4 424 822 fit 11232 1254 1943

130 8 937 less im 1443 IsM list

4 *14
:11 411 :211

14 70 4
130 6 1111 822 142 1233 12" 11110 -

I Is 4 t6l 321 37? 413 $02 fly -

is a 57? 413 us 739 7154 111141 -

130 6 1102 657 M sea Mos 13114 -

8 Is 4 to 174 314 411 419 541 -

Is 6 3f4 411 411 Its 6211 $22 -

130 8 4% 146 oil 021 IV to"

a-25C a 460 73: 1412 015 12 3 1219 1904
as It 713 11 .04 26 1#25 1781 1140111

.76 .93 Ms 460 2066 243Y WM

4 as 4 3" 441 634 712 731 "2 914 1203
to 6 L14 722 &D2 1043 loss 1444 1331 IS"

130 4 731 1142 10*? 0444 1493 10219 1929 2404

6 It 4 M 365 432 671 5116 714 731 fit
9 4" Ill? 641 "4 M If" 100 1444

13: 6" ?P) 178 1195 1170 1840 1463 1125

1 0 144 3111 M 491 44 042 on 02

: : 3" 41 534 722 7143 to %%1 1203
130 8 1 4H dW2 1 131 "2 , M 1203 11119 104

Tho rmf" of Mkwý 04"fl 1"Uk" M 4"&N%M M 'a 1"0 ýW.. '046M 4.*.d C-4ý01M ý4 ýM"

a



Road Reclelmer/Saill StabIftef I Foolutros SPSCHICattorts I Road Reclalmer/Scil Stabifizer

FIR 260 Pastures.
The RR 260 Is a heavy duty single rft*r cold In 0 Full 24JS Men (8 To wide cutting drum delivers P40DIEL. nn 230 88250

place roclal-ning mAchino thot utlilzaa a culting 111AXINIUM production FyMwol P"w 250 kW 335 hp M kW 335 hPMandrel that pulverl7sm and mixes sapholtic pave 0,P11481^1111 We" I 1053 Its 39 NO lb 13 617 kq 29 309 PbMont and base materials llie machine fit utilized 0 lArge hood and adjustable rear door enable Erickle Model 34449 24068for niMinrical alabilization of(folerlerated road itor operator to prurrato most unlror"I MIX ftod En*t RM 21" 2100facclil olla rew complete reelpitiation wit It the w1di - blixingdoplit dnwn to,157 min(]Rln)on SS.= He Cylinders 4 6Littmiirital,timILILttmittimiýnitFior(ith-rr bin-lingaiiiitritm. now MY mm 54 137 mm 5 4"1 Ire HR 260 cato her ori,djqmd with ntlaelviteiArt Lhut and 3W min (IJ In) an [tit 2110 ewe's 185 illcti a V 166 MM 85accurately h4oct liquid mkiltives directly into the - Rotor and ritachina travel direction are the DPW&Clem"I 14 6 L 11143 1"' 14 0 L M in,mixing hood Optional rotors can be Ins-allod to con onmc6 Rotor i,p ruts assuring maximum blending Df*o System& PW^ a *084 m4thomeal 3 speed mo-hordtalvort the RR 260 Into n sell Rintill Ixor 'I Ito Intern-kIly ofoull materials and maximum anglim and rotor Glwýd 3 111149d I-Irdrelloft 3 Speed 110to-101c
mounted breaker bar tilde In motorist mixing drive life Consistent mixing and blending cape opera" mlleftste" ROOM 2WO tom ire 5 M mm ra 9
88290 bility redwees number otpasses roqtilred to achieve Wift left rm a?- 2921 mm or

I specified mixing 11clo- con @Ina he ordered In the Lwalft 1540 Mori 2111 $He W'm U I7USS-2W Ion heavy d I. single rotor sell stribil down cul tried*. WIft of CiA 2430 mm 1111- 2431 mm 00Urns cuts, mixes and pultation machine. Ilia Mach Depth of Cold IM&x) 305 Met 12" 457 rwn Is"rim native fit place soils or select materials, with *Interchangeable rotors allow the machine to new 6"44 Triloo 0*8 epffd Treat Coln alle"d
so without additives It Modifies and stabilizes the adapt to the Job for boat performance. tow Low 1.43 rpm Low Low 123 qxnmil obtaining a strong baft e Ifeavy duty metharilcal rotor drive Is protected Lew Ifth 19111 VM tow HO ISO qW

Both the RR & 88 260 feature automatic depth with proven shear pin design NO Low M rpm 141011 Low We rpm
control and engive load sensing. Mirilftyn Twning flodlim Siondard It It M 40 0" it to M 4010,0 Heavy duly, chains on each side of rotor orti, VA oplionel is" shot 02 M 2616" 1: Do M lov,ancInloed In all arvd duet tight Comes. Ti&"l Speed tMox) 3 Wh 12 w4ph 3 Wh 12 mph

a 3 speed hydrostatic transmission provides Ck- (liod"Wort tA* V" With 44% X%
81ordef4l Ther From 23 9 x M0 * Lug TW9 1! 2 211 x 24 to PR Lugsmooth operation and travel speeds 

16 9 x 29.6 ply tire TV" 1. 2 14 0 x 24 0 PR Lug
3 usable rotarapteds Ibr matching materials and row Coliftsy 414 L Ilaus gal 4#0 L ljous ad
required gradation Com" SYSISM tlI L It 10 0 gel Of L 14 us sai

Antomalle depth control 34 L 9 U a gal J4 L $1.111 "1

Engine twit sensing

Gptl nal Asphalt Spray System available ror
Tin 2N

llOptional Welor Spray Systo-n available ror
RR 250 and SS 260

0 Hydraulically PAIjusted rear door for gradation
control I

0 Opilonal rear wheel steering lbr a 6098 mm (20
it) turning radius,

0 Optional light package ror night applications



Road RecIalmer/Solil SlabFIlzer Optional Equipment Weight of Materials Road RecIalmet/Sol'I Blebtlizer
I Production Estimating Slablilzatton/Raclamallon Production I

OPTIONAL EQUIPMENT WEIGHt OF MATERIALS

6 Roll Over Protective Structure (TIOPS) 6 Witter sproky oryttam with 76 Into Q Its) In line flow

Fbot per minute Indicator (available lit niatric) molar (FrifillIsh or Metric) JIN PLACE)

Working light package a Itoor Wheat Steering (cir 6 1 in (20 (t) turning Cloy - 2600 3100
litilltin - Wei 2900 3500

Coll with hoater nod (Infrostar - ( nil with Ali Umilltiontir Cloy and 0twol - Dry 2400 2800
Automixtod Arepli-ill, MiAorinif anA InkThi n - Wei 2M 3100
System (Fritlibili a, Mail 1c) Includes n foot par Sand and Gf&vsl - My 211101) 3250
tailrinto Indicator - Wei 3400 3760

sjýd - MY 2400 2700
Rotor Options for FIR 250 & 9S 250 - Damp 2250 340

ma.lawni No or ollethen - Wei 3100 3%0
ftw-- Dop*% of Wilik 111*8410016 of Cut Emil - Ny Packed 2514 3200

Ct*k Ckor4o Test 341 Man Is- sit tip - We. E.C*ýAsd 2100 3400
Sioodard Wx ChopW 361 arn Is- "nil 3111. if Up
thandord MW alialth! Too 406 nine it ?a Up - Top Soll loco 23"
Deep 161114 choppof 451 man Is" 3*n" 3101. H Down - Lomn 210D 2400
Note R#x Slielflid Ted 493 own it 00" 811twrk"s Concrete - ~ swed Clivahs (16% Voldil t925

AR 250 Reclamation Rolor - CoffWaried 3900

Cons Test 1611"win 330 mis 13 111111 Oulck ch" Up
caeove T*"d STAWLIZATIONIFIECLAMATION PRODUCTION

Stsok***y lioldo Ralor 3 186 Cwtsdo Oft UP 7b ollminalls gold calculations the following chart lisle production In Square Yard pler Aftulde (y0roln) and Cubic
Ylards per Minute (yds1m1n) The Information Is traised on Yorlotts travel spo:ds and culling depths for the
Caterpillar Fin 250 and SS 250 equipped with a 2438 mmi (8 11) cutting rotor

PRODUCTION ESTIMATING

The standard Cat Boll Stabilizer and R"lolmor tire Or, If tilittilted additive amounts era known, you can 13
capable oCcuttinill niml mixing to, depths of 16 In" and datormina, nocostaty travel speed no shown Vel I roll yd'I Vd'1 rd'i
13 lit rospocilvaly In addition, the cutting width of (WIVI wa An Not .in Rd.
their rotors In 8 That I he following rormnlas allow -yd'/mIn,ydJ/mln x 1 125 to 46 411It LLI at 20 30 59
you to determine the production In squitre yrivdA rV'I' 36 011 46 ;1 119 64 to so
(yd'*nI.--a cir ct.Wc yard; (yd'Yt ilr i1o Its - - I I ra" I ""-I

Piciductlen In Cubic Yards (yet') per minute 30 24 ? -4 47 -'W-Y -66 a 1 94 24 1 111 26 Y 79- 1 #34
Production In oqu&roy.rd!_!yd1) pýr mhju So "1 6!- -L' t IS 6 !S-!- a 174

I tilling or mixing -6 - iis it 3116 to -L- - . is L -
as so 5 74 446 99 445 124 445 14 1- 15 a$ 5 16 14S 223

FPM of Lrnval speed VPM of travel lored depili In Inches y toydr/min 1 125 T-t i5- x 3a -In - 4 9 034 lit 514 6 $34 IFAI $34 It 3 534 222 $34 231 634 261

?a $23 104 623 ar , _ 6 $23 236 623 259 623 27 1 923 sit

ftyd' ProductionlIn Um per I I lit I 1 231 ?12 22 ? 112 tie it 2 316 ht 364
134 -is -1 -01k26 (This to a constant 

0 1 --ý --; 1# 1 ILI

Cutting width value far an eight foot Wt of Material I is "I Sol me "I W3

wide rotor) yd"Imin x per yd InThs = timarmin
2wo IlAon

Goillom of additive (for units with pitimp, and "Optionril Is in
motoring additive system)

GPM AbbrevIstions

yd2imin FPM - Feet Per Minute
OPM- UnIlons Nr Minute



AppendbiD

SDRI AND TSB DATA



SM data

Data Table
Project Tille Rocky Mountain Arsenal Task 93-03, Sols FeasthVity

Project Number- 21907 207040

Test Site RMA Test FNI #1

Bag 1 Bag 2

es"' S"e Interval InlHal Final Initial Final Flow Avg Day Inflitr
6ate on Data on Time On Time Off weight weight weight weight (Q) Number (1)

sec gm gm gm gm ml cmdeec
-jil 01M 8MM 1334 800 66360 3759 3578 4222 3750 653 0 4 24E-07

5/11/94 B/I 2194 958 7 -55 79M 3578 3355 3750 3578 395 2 2 1 SE-07
2/94 M3194 920 828 8329D 3355 3301 3578 3260 372 3 1 92E-07_

8113/94 8111504 933 45 166320 3301 3046 3260 2974 541 4 11 4DE-07

atIW4 - 8116194 822 1056 95580 3w 3015 2D74 2760 245 6 1 IOE-07
i/l 6,94 B/IM4 1418 718 234DDO 3664 3273 3641 3332 em 8 1 IOE-07

all9m )QA 7 5D 7 4D 2,58600 3273 3273 3332 2928 404 11 6 73E-OB

8/22194 8126t94 845 730 341100 X5 2379 1426 14 11 ODE-07
MM4 - WM 735 1215 621 ODD 39M 3242 em 19 456E-M

9/2194 9rAm 1220 1553 2259180 3748 2`197 1549 35 2 95E-08

9128M 10113194 1566 955 1274340 3514 3196 318 56 1 07E-OB

10/13194 11/1/94 966 1620 1664M 35M 3169 399 72 1 03E-08

- Start Water Start Water End Water End Water Avg Water Start Water End Water Temp. Est. Flow %of
Reading Depth Reading Depth Depth Tanp. Temp Change DuetoTemp. TotalFlow

In In In F F F

3 115 294 1144 1147 72 70 2 334 846

294 1144 288 1138 1141 70 6D5 05 835 224

288 1138 288 1138 1138 695 67 25 4175 772

286 1138 288 1138 1138 67 67 0 0 000

288 1138 308 1156 1147 67 V 0 0 000

306 11156 294 1144 1150 67 es 5 15 2505 620

294 il 44 265 Ills 1130 655 66 -05 -835 -059

265 1115 294 1144 1130 so 65 1 167 254

288 '1'138 25 11 11 '19 65 61 4 668 431

25 11 282 1132 1116 61 52 9 1503 4726

282 1132 25 1 11 1116 52 495 25 4175 1046
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Swell data

SDRI Swell Data Table I I
Project Title I Roolcy Mwntwn Amenal Task 93-03, Soils FeambiTity

Project Number 1219(Y7 2D70401

Test Site RMA Test Fill #1

Date Time Test Day No Swell #1 Swell #2 Swell #3 Swell #4 Ave Swell
8110/9-4 "0 0 934 984 437 56 000

-a(il/94 10:20 1 9Z5 978 434 559 048
811294 9-37 2 93.2 981 436 56.2 010
8113194 937 3 93 1 979 431 55.9 038
8/15/94 830 5 .93 983 435 557 025
8116/94 1315 6 931 932 433 558 153
ati 9194 800 1 9 927 98.2 431 66 038
8/22G4 8-50 12 92-9 984 437 565 000
Sr-066ý 7,35 16 975 42-2 55 128
M194 7.30 22 935 99.2 44.3 566 -052

920194 13:20 40 93.2 998 44.2 564 -052
gr2aG4 1555 48 92.3 987 43.5 55 050
1015194 1 835 55 92.1 986 436 561 028
1 Of7194 1 1105 57 9Z4 986 438 557 0-25
10/la(941 10-00 63 92.7 985 437 557 0.23
10201941 810 70 915 988 44 558 035
11/1/94 1 1622 81 93.2 991 44.9 W 7 -060
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Tensto data

ISOM Tenstometer Data Table

2roject Title I Rocky Mountain Arsenal Task 93-03, Soils Feasibility

Project Number. 121907 207040

Ted SIte* RMA Test Fill #1

Note AB readirigs in Ceribbars
Depth 6 inches Depth 12 inches Depth 18 mhes Average Readings

Date Time Day No Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group I Group 2 Group 3
8110194 9-10 0 22 28 27 26 22 23 4CF- 2D 24 26 24 28

8111/94 10.201 1 24 36 30 26 23 22 38 18 25 30 24 V

811Z94 937 2 21 34- 22 22 26 23 37 16 25 26 24 26

8113/94 937 3 18 29 19 20 26 1 23 37 17 26 22 23 27

8115/94 8 30 5 13 19 -ý4 20 25 22 35 17 26 15 22 26

8/16/94 1315 14 14 9 19 24 20 30 14 20 12 21 21

8/19/94 a 11 8 23 22 2D 32 17 22 9 22 24
8r22G4 8,50 1 12 10 7 s 21 Is 17 28 11 17 7 19 19

&2&94 730 16 8 6 6 20 18 18 28 16 19 7 19 21
9094 730 22 6 4 4 is 14 14 25 16 17 5 15 12
916/94 14 26 9 4 4 15 11 12 22 14 14 6 13 17

9/12194 12-001 32 8 4 5 14 11 12 24 14 14 6 12 17
9/16/94 12:351 36 8 4 4 14 11 11 23 14 Is 5 12 17
sr2o/94 13301 40 7 1 4 13 10 11 23 is 13 4 11 17
SrM94 15:2D ý 43 7 2 4 13 10 '10 23 14 14 4 11 17

-5ý 3 12 10 10 23 is 12 4 17
S28/94 1 55 46-

IOW4 835 J 55 4 2 2 0 10 12 26 17 0 3 7 14
1 Qr7194 9-45 57 4 2 2 6 9 10 25 13 0 3 8 13

10113194 1000 63 4 1 2 9 8 11 26 18 18 2 9 21

10/20194 810 70 2 2_ 2 6 8 10 26 2D 2D_ 2 8 1 22

1/1/94 16= 81 3 6 9 10 25 19 2D 2 8 21

Wetting Front Depth Based on Tensiometýr Data

Elapsed Time (days)
0 10 20 30 40 50 so 70 so 90

0 4

1 - zký

2

3 2N4

4

5
6
7 -wMV

U,
12

13
14

15

16
17 A-An

18 ýJa J.:::t! z P
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K calculation

SDM Hydratdic Qmdudenty Calculation Table I I
Project Title. I Rocky Mwrdw Amenal Task 93-M, SoUs FeaslbiW

Project Number j2i9O7 2DWAO

Test Site RMA Test Fill #1

i

Test Day No InMrabon vvaw Depth Weftg Front Gmdwjft Hydrauft Conduchvity

(1) Depth (H) Depth (D) 01 1 K
crnfsec in 7 m CnIftec

0 424E-07 075 1 m 424E-07
2 2.15E-G7 1147 175 7M 2B5EE-M
3 1.92E-07 1141 2 6.71 Z87E-OS
4 1 4DE-07 TI 38 2.75 514 2.73E-08
6 11 OE-07 11 3B 4 325 2.87E-OB
a I I OE-07 1147 55 a09 35BE-08

11 6 73E-OB 11.50 E5 Z77 2.43E-OB
14 1 8DE-07 1130 675 Z67 6-73F-OB
is 4-96E-jM 11.30 7.5 2-51 12M.4m
35 2.95&M 1119 99 2-13 1 --GE-M
56 1 W&M 1116 11-2 ZOO 53SE-M
m I 03E-M 1116 1 135 1 w 5 WE-09
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SDRI Oala

TORI Data Table
piroject Title Rocky Maintain Arsenal Task 93-03, Soils Feaslt)qfty
p,roject Number: 21907 207040

ice, _61(e. RMA Test FRI 02

Bag I Bag 2
Interval Initial Final Initial -Final Flow Avg Day IntHtf

-Date On Date Off Time On Time Off weight weight weight weight (0)_ Number (1)
sec gm gm gm gM ml cndoec

__iW__10/94 8/11194 1338 800 66120 3600 2701 2528 2874 553 0 3 ODE-07
iY- -11 _/94 8/12194 952 800 79M 2842 2461 3005 2874 512 2 2 77E-07

_IEý_121_Ac 811394 927 832 83100 32111 2192 3174 2102 (172 3 _ý_4_8E.07
8/13G4 815/94 936 748 166320 31300 3228 3741 3209 1044 4 2 7GE-07
& 1519-4 811&94 826 1100 95M 3228 2874 3269 3219 404 6 1 82E-07
V17/9.4 8IIWD4 949 7 233 i64C%40 3282 3031 36E)6 3446 495 8 1 30E.07
8/19194 M2M4 755 747 258720 3037 2919 3446 3087 A77 11 7 94E-08
W2194 8/2%4 848 755 342420 M 2760 1135 14 1 43E-07
8/2604 9QM 8.00 1110 M6200 3682 3106 777 19 5 4311-013
ii2M__ 11-20 1615 226410D 3904 Ilew 2115 35 4 02E4)8

-W&94 1 &ý3194 ____1617 10 U 1274100 3528 3096 432 66 1 46E-M
10/13194 1111/94 1016 16 4D 1664640 3759 3314 445 72 1 iSE-08

Start Water Start Water End Water End Water Avg Water Start Water End Water Temp. Eat Flow % of
Reading Depth Reading Depth Depth Temp. Temp Change Due (o Temp Total Flow

In In In In F

275 1025 281 il 31 1078 70 M5 -05 .835 -163
281 1031 2 75 1125 1078 705 M 06 835 124
275 1025 2 75 1125 10 76 M 67 3 5D 1 480
275 1025 275 1125 1075 67 68 .1 -167 413
263 1013 25 11 1067 68 676 05 8 35 1 eg
25 10 238 1088 1044 676 66 15 2505 525
238 988 206 1056 M 22 66 66 0 0 000
206 966 3 116 1053 66 __66 0 0 000

3 105 265 1115 1083 66 1 61 5 8-35 395
3 106 294 1144 1097 61 ___53 1336 3D 93

294 1044 25 11 1072 53 505 25 4175 936
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Swell data

SDRI Swell Data Table

Project TtUe Rocky MWntam Amenal Task 93-M, Sods FeasibMity

"ect Number 21907 2CF70401

Test Site RMA Test Fill #2

Date Time Test Day No Swell #1 Swell #2 §Well #3 Swell #4 Ave Swell
BIIQ194 1045 0 538 585 198 86 000
8111/94 1005 1 533 574 181 81 095

8/12t94 9,55 2 54.2 58 187 81 042
8/13t94 9-50 3 ýJg 584 19 86 -005
BMS/94 837 5 54.2 58.2 187 85 0.27
&(19/94 815 9 544 59.2 191 91 -0.2B
8r22G4 900 12 543 583 194 9 -007
WBA94 8,00 16 52,9 581 183 7Z 103
912[94 730 22 554 593 20.3 92 -088

Qr2DI94 1350 40 54 5139 197 9 -0.23
2r2B/94 16-15 48 541 582 196 85 007
1 U5194 905 55 54 577 192 84 035
1 CV7/94 1115 57 1 542 578 1 19 86 027

10/13G4 10,16 63 536 58 18-9 84 045
1112D/94 830 70 541 584 19.5 8.2
1111194 1640 81 546 593 195 94 -053
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Tensio data

ISDRI Tenmmxtw Data Table I I I I
Project Me. Roclq Mountain Arsenal Task 93-03, Sufs; Feasbrity
Project Nurnber 21907 207040
TeSt site RMA Test Fill #2

Note All readings in Centibars
Depth 6 inches Depth 12 ffm:tm Depth 18 inches Averdge Readmgs

Date Time Day No Group 1 Groupý mup 3 Group 1 Group 2 Group 3 Group I Group 2 Group 3 Group 1 Group 2 Group 3
8/10/94 10,45 0 43 18 46 2B 0 38 38 30 35 36 22 34
8/11194 10,05 1 40 28 49 32 26 42 30 30 32 39 33 31
8tI2S4 955 2 38 33 42 34 26 40 3D 32 30 38 33 31
8/13194 9 50 3 31 31 38 34 1 V 40 32 34 30 33 34 32
8/15/94 830 5 22 24 24 30 25 37 35 35 33 23 31 34
sti 9/-04 1 815 9 10 12 11 24 22 34 37 34 37 11 27 36
&MG4 9 DO 12 9 2 7 21 19 30 36 34 38 6 23 36
&26/94 800 16 8 0 4 20 18 30 1 35 30 38 4 23 34
9094 730 22 6 0 0 Is 15 23 33 25 35 2 18 31
9/6/94 1430 26 7 0 2 14 13 18 32 23 35 3 15 30
9/12t94 12.00 32 6 0 4 12 11 14 30 2D 34 3-T 12 28
9116/94 12.37 36 6 0 1 12 10 10 29 2D 33 2 11 27
gr20194 1350 40 6 0 1 1 11 9 5 V is 32 2 8 26
graG4 15:30 43 6 0 0 10 9- 4 1 27 18 32 2 8 26
9rAM 1515 48 6 0 2 10 8 4 26 18 32 3 7 25
1015/94 9*05 55 2 0 0 0 6 0 24 17 26 1 2 22
IQf7I94 10.35 57 2 0 0 0 5 0 22 17 24 1 2 21

10MBG4 1016 63 3 0 0 10 3 2 22 14 22 1 5 19
IO/M/941 8M 1 70 1 0 0 8 3 3 20 13 32 0 5 22
11/1/94 116401 81 1 2 1 0 0 8 1 ::ý I 18 1-2 32 1 3

Wetting Front Depth Based on Tensiometer Data

Elapsed Tirne (days)
0 10 20 30 40 50 60 70 8D 90

0
..... .....

3
4
5
6
7..
8

0 10 -

13
14
15 - -+P
16 t I ft"m
17

Page 1



K calculabon

SDRI Hydraufic Conductmity Cak:tdatlon TaNe

Project TRIP- 7 1 Rocky M=tm Ammal Task 93433, SO&. Mty

Project Number 121907 2=0

Test Site RMA Test Fifl #2

Tee Day No Infiftbm Water Depth Wetrg Front Gradient Hydrauhc Conductr.*

(1) Depth (H) Depth (D) K
CMAaw in m cmftw

0 3 ME-07 05 1 m 3ME-07
2 ZTAE-07 .1078 1 1178 Z35E-08
3 3 4SE-G7 la78 1.5 819 42SE-M
4 2-7M-07 1075 2-5 530 5 10E-M
6 1 ME-07 1075 3Z 4D7 4 47E-08
8 1 3DE-07 1057 4.5 335 3 8SE-06

I I .1-7.QE-M 1044 625 Z67 2.9M-M

14 1 43E-07 lom 7 Z46 5.80E-06
19 543E-M lom 775 235 2-IDE-M
35 402E-CS 1083 11 im 2jO3E-08
56 1 46E-M JOW 138 179 8 13E-M
72 1 15E-M 1072 17 163 7 =09ý
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Borehole Parmeameter Stage I Calculations

Project RMA 93 03, 21907 207030

Test Location, RMA, Section 25, Test FM I

Test Number, BIA

Test Dimensions and Equations-

(cm)
do 1 27 K, w Rl G, LN(Hi/H2)/(t2 - it)

Do 1016 01 w 0 043

Zu 3302
RAU 692

b, n 5842

Z+RA+bin 9836
to OW 7194 08 00

Date Time At w Test Unit TEO C H'2

t2-tI R H1 H2 Ro Rf I-Ro H2-C T T Rt (HIIH2) K1 Cum Hra
(crn) (crn), (cm), (cm) pni

(sac) (cm) (crni IF) C Factor (Cnvsec) 1hrs) RemarKs

08/17/94 0800 0 2051 1189 305 726 225 093

08/17/94 0802 120 9 1 1189 '107 5 305 305 05 1076 725 225 093 111 3 365E-05 003

08/17/94 08 4 221 1075 1205 306 305 00 1205 727 226 093 089 007 Rel111

08/17/94 0606 120 106 12051 1090 305 305 00 1090 727 226 093 1 il 3 34E-05 010

08/17194 0809H 248 10901 1232 305 305 00 1232 727 226 093 088 0 15 Refifl

08/17/94 0813 2401 127 1232 111 1 305 3051 00 111 11 727 2261 093 1 111 1 72E-05 022

08/17/94 0815 290 111 1 127 4 305 3051 00 127 41 727 226 093 067 0 25 Refill
12_ 227 093 120 1 1 9E-05 042

08/17/94 0825 6001 80 1274 1064 305 3041 -01 10651 L2 9

08/17194 0827 289 1064 1273 304 3041 00 1273 729 227 093 084 045 Refill

GB/I 7/94 0844 10201 40 1273 1024 304 3041 00 1024 732 229 093 124 8 5412-06 073

08/17194 0845 1 2911 1024 1275 304 3041 00 1275 732 229 093 080 075 Renll

08/17/94 090-8 1 12601 64 1275 i04S 304 302 -02 '1050 734 230, 093 6 M-061 1 '10

08/17/94 09 081 1 297 1048 128 1 302 302 00 12811 734 2301 0931 082 1 13 Refill

08/17194 0936 M801 98 1281 1082 302 300 -02 1084 739 233 093 1 IS 3 98E.06 160

08117194 1002 279 1082 1263 300 300 00 1263 741 234 093 086 203 Refll

08/17194 10 37 2100 127 1263 1111 3001 298 -02 1113 743 236 091 1 13 2 36E-06 262

08/1W94 1039 288 1111 1272 2981 2981 00 '127 2 743 235 091 087 2 65 Refill

08117/94 1138 3540 92 12721 1076 2981 2951 -03 1079 747 237 091 1 18 1 62E-06 363

08/17/94 1140 291 10761 1275 2951 2951 00 12751 747 2371 0911 084 367 Refill

=17/94 1437 10620 82 12751 1066 2951 2991 -- 04 10821 756 2421 0911 120 6 74E-07 6621

08/17194 1436 1 298 1066 1282 2991 2991 00 1282 756 242 091 083 6 63 Will

08/17194 1622 62401 216 1282 1200 2991 3041 05 1195 759 244 091 107 4 M E-07 837

MI 7/94 16-24 298 1200 1282 3041 3041 00 1282 759 2439 091 0941 840 Reft1l

MI 8/94 0835 583M 137 1200 11' 2 1 3041 3031 -01 1122 745 2361 091 1071 4 51 E-08 2458

W18194 0840 294 128 2 '127 8 304 303 -0 1 1279 74 5123 61 091 100 24 67 Refill

081191941 0758 83880 1711 12781 11 5 3 3011 .021 1157 7341 -231 095 110 4 8SE-G81 47971

08119/941 1552 28440 1421 11551 IIN2 30 1 2971 -041 113 01 75 4124111 091 1021 3 01 E-081 55 871

A



Date Time At= Test Unit TEO C H'2
t2 -111 R HI H2 Ro Rf Rf -Ro H2-C T T Rt. (1-111M) Ki Cum Hrs
(sac) (cm (cm) (cm) . jtm) (cm) (cm) (cm) (F) (C) Factor (cm/sec) (firs) Remarks

Wl9M4 1555 299 1126 1283 297 297 00 1283 754 2411 0911 088 5592 Refill
0&20194 G"O 64500 197 1283 1181 297 291 -06 1187 709 2161 096 108 4 98E-08 7383
08120194 1030 24001 193 li8l 1177 291 290 -01 1178 743 2351 091 100 4 15E-06 7450
0812M4 1031 1 2951 IM 12791 290 290 00 1279 743 2351 091 092 74 52 RoMI
06121/94 0932 828601 210 1279 1194 290 290 00 1194 714 2189 095 107 3 39E-08 9753
081"t94 1609 110220 128 1194 1112 290 290 00 ill 2 748 2378 091 107 2 53E-08 12815
oaf=94 1611 300 1112 1284 290 290 00 15 4 748 2378 091 087 128 18 Refill
08123194 1103 679M 227 1284 121 1 290 283 -07 1218 743 235 091f 105 3 04E-08 14705
o(V23194 1104 299 121 11 1283 2831 283 00 1283 743 235 091 094 147 07 Reflil
08/24/94 0937 81180 234 12831 1218 2831 287 04 12141 745 23611 091 106 2 67E-08 169621
OM4/94 0938 300 1218 1284 2871 2871 00 128 41 745 23611 091 095 169 63 Refill
=2&94 1436 190680 150 1284 1134 2871 276 -1 1 11451 752 24 091 1 12 2 35E-08 22260
0812W4 1437 289 1134 1273 2761 276 00 1273 752 24 091 0891 222 62 RefM
08/27/94 0952 69300 238 1273 '122 2 2761 273 -03 1225 754 2411 091 104 2 17E-08 24187
OWBI94 1105 90780 177 1222 1161 2731 278 05 1156 706 2139 091 106 2 391E-08 26708
GW9/94 0903 79MI 1241 11611 1108 278 279 01 1107 71212178 098 105 2 54E-06 28905
o6r3M4 0752 82140 751 11081 1059 279 281 02 1057 705121391 098 105 2 42E-08 31187
0&311941 _14 1511 38D 181 10591 10021281 28 1 L--uo 0, 1 10021 720122221 098, 106 2 13E-06 342251

Time weighted average for Kl = 8 OGE-08



Borehole Penneameter Stage I Calculations

Project RMA 93 03, 21907 207030
Test Local RMA, Section 25, Test FM I
TestNutn BIB

Test Dimensions and Equations'
(cm)

do 1 27 K, a RIG, LN(H 1412)/02 -It)
D= 1016 Oin 0043
Zu 3302
RAW 6 92
b, a 5842

+RA+blm 9736
to w 8117/94 16 30

Date Time 'It a I Te t Unit TEO C H-2
112-1111 R I HI I H2, Ro Rf Rf - Ro H2 -C iT T Rt (1-111111-12) K11 Cum Hrs
Isect I (CM). I 1 11 (C'. (cm) (cn i) (cm) F) (C) lFactorl IGWxecp I 1nrs) Remarks

08/18/94 0816 567001 292 12661 303 303 963 741 23 0911 000 15751

081`18/94 0845 1800 290 1266 12641 303 303 00 1264 745 24 091 100 3 44E.08 116251

08118194 0915 J800 287 1126 4 126 1 303 303 00 1261 747 24 091 100 5 11712-08 1675

08/18194 110 15 3600 282 1126 1 1256 303 300 -03 1259 756 24 091 100 1 73E-08 1775

08/iB/94 11215 7200 276, 1256 1250 300, 298 .02, 1252 763, 25 089, 100 1 70E-08 1975

08/18/94 M i5l 14400 2701 1250 1244 2D 81 304 061 1238 7631 25 089 101 2 5SE-08 2375

=19194 0759 56640 1781 1244 11521 304 301 -03 1155 7341 23 093 108 5 24E-O8 3948

08/19/94 1557 28660 1421 1152 11161 301 297 04 1120 754 24 091 103 3 84E-08 4745

08/19/94 1605 3001 1116 12741 297 297 00 1274 754 24 091 088 47 58 Refiff

08/20/94 0951 63960 2041 '127 4 11781 297 291, .06 11184 709 22 095, 108 4 6BE-08 6535

08121/94 0933 85320 1371 1178 111 1 291 2901 -01- 1112 714 22 0951 1061 2 7611-081 8905.
CR 1 -/94 0935 2991 1111 12731 2901 290 00 1273 714 22. 095 087 89 08 Reff"

08/22194 1613 110280 203 1273 11771 290 290 00 1177 714 22 095 108 2 91 E-08 11972

08/22194 1614 299 1177 1273 290 290 00 1273 748 24 091 092 119 73 Reflif

08123194 115-6 -67920 236 1273 1210 290 283 .07 IN 7 743 24 091 105 2 59E-08 13860

08/23194 1107 296 1210 1270 283 283 00 1270 7431 24 091 095 13862 Will

08/24/94 09 ý9 616Q 234 '127 0 1208 283 2871 041 1204 7451 24 0911 1 M 2 SO E-08 161271

M24194 0947 2991 1208 1273 287 287 00 1273 7451 24 091 096 161 28IRefill

08/204 1438 190260 156 12731 11301 287 276 -1 1 1141 752 24 091 112 2 2SE-08 21413

08/26194 1439 298 1130 12721 276 276 00 1272 752 24 091 089 214 15 ReM

08/27194 0953 69240 242 1272 12161 276 273 -03 1219 754 24 091 104 2 41 E-08 23338

08/28/94 1105 1 59M 184 1216 11581 2731 278 05 11153 759 24 091 105 1 30E-OB 25858

08/29t94 OQJ I 69M 138 1158 11121 2781 2791 Oil Ili il 712 22 0951 104 9 96E-091 __
r -0813=4 -!07 54 820801 93 1112 16671 2791 2811 021 10651 7051 21 104 2 2012-08 30340

UW I/94 11417 1093801_ 3211OU 1 2811 001 100 61 72 OJE2J29 0 951 __ý 06 2 20E-08 --- 9278+

Time weighted average for KI 2 29E-08



Borehu,le Permeameter Stage 1 Calculations

Project RMA 93 03, 21907 207030

Test Location, RMA, Sectfon 26, Test FM 1

Test Numbar 131C

Test DImenslons and Equations

(cm)

du 127 K, a Rt 0, LN(111/1-12Yý2 - tl)

D - 1016 Gi w 0 043

Z a 3302

RAM 602

b, - 58 42

Z+RA+blu 9746

to a MI 8/94 12 20

Date Time At Test Unit TEG C H'2

t2 - 11 R Hl 1-11) Ro)l ( III R o H2 - C T (T) Rt (HltH2)j LKI Cum Hrs

I I (sec) (cm) (cm) I (cm (cm cm) - (CM) (cm) I (F) C Factorl cnVsec) (hrs) Remarks

0811 819ý 1434 8040 203 1178 305 305 873 789 261 0871 000 223

08/18/94 1436 120 101 117 8 1076 306 306 00 1076 789 261 0871 109 2 82E-05 227

0811OM4 1438 233 M 6 1208 305 305 00 1208 789 261 087 089 2 30 Refil

08/18/94 1442 240 79 M 8 1054 305 305 00 1054 789 261 087 1 15 2 13E-05 237

08/19/94 0743 293, M 4 1268 305 301 -04 1272 734 230 093 083 1938 RefIll

08119/94 0813 I8WJ 279 1268 12541 301 3001 .01 125 5 734. 230 093 101 2 29E-07 1988

08119194 044 18601 265 1254 12401 300 2991 -01 1241 736 231 093, 101 2 24E-07 2040

08119194 0944 36M 236 1240 121 11 299 2991 00 1211 743 235 0911 102 2 57E-07 2140

08119194 1144 7200 184 121 1. 1159 299 2991 00 1159 748 238 0911 104 2 39E-07 2340

08/19/94 1544 14400 83 1159 1058 299 297 -02 M 0. 754 241 0911 109 2 43E-07 2740

08/19194 1607 9-6 1058 1271 297 297 00 12711 754 241 0911 083 27 78 Reflif

OMY94 0952 63900 00 M 1 975 297 291 -06 9811 709 216 095 130 45 53 Water drained, rodents
OMM4 0958 300 975 1275 291 291 00 127 6 709 216 095 076 45 63 RefM

08121/94 M36 MW 00 1275 975 291 290 -01 976 714 219 095 131 69 27 Water drained, rodents

08121 M 0937 304 975 1279 290 2901 00 1279 714 2191 095 076 69 28 Refill

08122/94 M 20 1105M 66 1279 1041 290 290 00 1041 748 238 091 123 7 29,E-06 I DO 00

W22/94 1622 300 104 1 '127 5 290 290 00 127 5, 748 238 091 082 1 DD 03 Refill

06/2"4 1109 67620 182 1275 1157 290 283 07 1164 743 235 091 1 10 5 27E-06 11882

08r2=4 1110 298 11571 1273 283 283 00 1273 743 235 091 0911 118831
=4194 0952 81720 211 12731 IM 283 287 04 1182 745 236 091 106 3 SM-08 14153

06124/94 0953 302 1186 1277 2871 287 00 1277 7451 2361 091 093 14156 RefM

OMM4 1440 19DD20 132 1277 1107 287 276 -1 1 M 8 752 240 091 114 ZME-06 19433

CeIM4 14 41 30.3 1107 1278 276 276 00 1278 752 240 091 087 19436 RON

08WI94 W54 69180 233 1278 1208 276 273 -03 1211 n 4 241 09 106 3 05E-M 21357

M28M41 11-06 907201 1601 1208 1135 278 273 -05 1140 759 244 0911 1001 2 50E-06 236771
M2M4-1 Oa-07 1. 69M I' 10 ll'I 12081 1076 2731 27791 061 1070 712 218 0951 1131 2.92E-Ml 200781



Date Time At Test Unit TEO C H-2
t2-tl R (HI) (112) (Ro RI Rf - Ro 1-12-C T T Rt (1-11111-12) KI Cum Hrs

- (sec) (cm) cm cm cm) (cm) (cm) (cm) (F) . UC Factor .. IC."dsec) Mrs) I Remarks08/3(Y94 075 82080 52 1076 1027 279 281 02 1025 705 214 0,98 105 461E08 28358
08r"94 0756 295 1027 1270 281 281 05 1270 705 214 098 081 283 60 Reflff08/31/941 14 19,109360, 188, 1270 1163 281 281 00 11631 7201 12221 0951 1-091 3 13E 011 313981

Time weighted average for KI 4 47E-08



Bmehele Permeameter Stage I Calculations

Project RMA 93 03,21907 207030
Test Location RMA, Section 25, Test Fill i

Test Number , B11)

Test Dimensions and Equations,
(cm)

d = 127 K, a RIG, LN(M/H2)/(12 0)

D = 1016 O,w 0043

Z n 3302
RAw 584
b, - 5842

Z + RA+ b, = 97 42
tg = OM =4 12 20

Date Time AIN Test Unit TEG C H'2

(2-111 R)J (111) 1 (112) 1 (Ro Rf) I Rf - Ro H2-CJ T T Rt (HIM2) :K1 Cum Hrs

(sec) (cm cm cm cm) (cm - (c J (cm) (F) (C) lFactorl I (cn Ise]c (-a) Remarks

MIM41 1448 8880 3011 1275 305 3051 970 789 281 087 000 247

=18194 1542 3240 282 1275 1256 305 305 00 1256 761 245 089 102 1 77E-07 337

MI 9/94 0746 57840 157 125 6 1131 305 301 04 1135 734 230 093 1 11 7 OOE-08 1943

=19194 0816 1800 156 M 1 1130 301 300 01 1131 734 230 093 100 1993

OSM9194 0646 1000, 153 1130 1127. 300 299, .01 1128. 736 231 093 100 3 93E-08 2043

08/19/94 W 46 36001 150 1127 1124 299 2991 00 11241 743 235 0911 100 2 9OE-D8 2143

(WI 9/94 11 46 7200 149 1124 1123 299 2991 00 11231 746 238 091 100 4 84E-09 2343

08/19194 1546 14400 131 1123 1106 299 2971 -02 11071 754 241 091 101 3 OOE-08 2743

08/19/94 1610 298 1105, 1272 297 2971 00 1272 754 241 091 087. 27 83 ReM

08/20/94 0951 63660 223 127 21 1197 297 291 -06 1203 709 216 095 106 3 58E-08 4552

OMi/94 0943 BS20. 154 119 71 1128 291 290 -0 1 IM 714 2191 095 106 2 78E-08 6938

OW1194 0945 1 306 1128 1280 290 290 00 1280 714. 219 095 088 69 42 RefKf

08122/94 1615 1096001 220 1280 1194 290 290 00 1194. 748 238 091 107 2 4SE-08 9992

08122194 1616 1 299 1194 1273 290 290 00 12731 748 238 0911 094 99 93 ROM

OWM 4 11 14 682801 236 1273 1210 290 2831 -07 12171 743 235 091 105 2 6BE-08 11890

OM3194 1115 1 292 1210, 126 6 283 2831 00 1266 743, 235 0 91 096 11892 RefM

08/24194 0949 812401 237 1266 121 1 283 287 04 1207 7451 236 091 105 Z3DE-08 141 W

0&24/94 0950 301 121 1 1275 287 287 00 1275 745 236 091 096 14160 Refill

MM 4 1442 190380 178 1211 1152 287 276 -1 1 1163 752 240 091 104 8 31 E-09 19437

OWW4 1443 295 1152 1269 276 276 00 126 9 752 240 091 0911 194 38 Ref111

OB/27/94 0954 69060 249 1269 1223 276 273 -03 1226 754 241 0.91 104 1 9SE-08 21357

MW4 11,06 90720 196 12231 1170 2731 278 05 11651 759 244 091. 10!5 2 1 OE-06 23877

41 0906 79320 153 11701 1127 2781 279 01 1 U 61 7121 218 095 104 1 97E-06 200801
rMM 41 0756 820601 1113 11271 1090 2791 281 _ 132 10B 81 7051 2141 0 9B 104 181 E-06 283601

5OMi/941 1420M ýE2 ý ý99 91 28 11 281 0 0 ___22 9 3 WE- 3140017201 2221 OM 109 OH6

A



Date Time At- Test Unit TEG C H'2
t2-ti R I Hi Ro Rf I Rf - Ro H2-C T T Rt (1-11/1-12) KI Cum Hrs

ac) (cm) (cm cm I CM) (cm) (cmý I (cml (F) 1_(C) lFactorl (cm/Sec) E hre) I Remarks

Time welghted average for Kl 2 45E-08



BoreWe PermaMMMAT Stage I CMICU11WHOM

Project RMA 93 03,21907 207030

Test Locattm. RMA, Section 25, Test FM I
Test Number: BlE

Test Dimensions and Equations:

(cm)
d- 127 Ki a Rt G, LN(H ItH2)1((2 - ti)

On 1016 G, n 0 043

Zv 3302
RA= 6 02
b, - 5842

Z+ RA+ b, a 9746
to - 0811819412 20

Date Time Ain Test Unit TEG C H-2

12 - 111 R (HI) I H2 Ro Rf Rf - Ro H2.01 T T Rt (HI/H2) KI Cum Hrs

I I (W) (cm) I Cm (cm) (cm) (cm) (cm) (M) (F) (C) Factor (Cm1sec) (hrs) Renurks

08/18/94 1445 87001 294 1269 3051 305 9641 789 261 0871 000

08/18/94 1523 22001 276 1269 1251 305 3051 00 1251 761 245 087 101 2 34E-07 305

08/19/94 0745 689201 157 1251 1132 305 3011 .04 1136 734 23 093 1 110 6 55E-08 1942

=I 9194 0816 18001 156 1132 1131 301 300 .01 `113 2 734 23 093 100 0 OOE+00 1992

08/19194 0845 IBM 153 1131 1128 3,00 299 01 1129 736 231 093 100 3 93E-06 2042

08/19194 0945 3600 148 1128 1`123 299 299 00 1123 743 235 091 100 4 83E-08 2142

08/19/94 It 45 7200 141 1123 ill 6 299 299 00 Ill 61 748 238 091 101 3 4(YE-08 2342

08/19/94 1545 14400 123 1116 1098 299 297 .02 11001 754 241 091 101 3 93E-08 2742

08/iM4 '16 09 297 1098 '127 2 297 2971 00 1272 754 241 091 006 27 82 Refill

08/20/94 0952 63780 183 1272 1158 297 291 06 1164 7091 216 0951 109 5 6SE-08 4553

OW0194 1035 2580 1791 1158 1154 291 290 -01 1155 7431 235 091 100 3 94E-08 4625

08/20/94 1036 303 1154 1278 290 290 00 1278 743 235 091 090 46 27 Refli

06/21/94 0938 82920 00 1278 975 290 290 00 975 714 219 095 131 1 33E-07 6930

=21M 0941 298 975 1127 3 290 290 00 1273 714 219 095 077 69 35 RefM

OMW94 1617 110160 156 1273 1131 290 290 00 1131 748 238 091 113 4 20E-08 9995

08rzM4 1619 301 1131 1276 290 290 00 1276 748 238 0911 089 99 96 Refil

06r2=4 1111 67920 217 1276 1192 290 283 .07 1199 743 235 0911 106 3 59E-OB 11885

OWM41 1112 279 1192 1254 283 283 00 1254 743 235 091 095 11887 RAI

0=4/94 0957 Bi9DD 204 1254 1179 283 287 04 1175 745 236 0 91 107 3 11 E-06 14162

OM4(94 0"8 300 1179 1275 287 287 00 127.5 745 236 091 092 14163 Reffl

08126/94 1444 189M 149 1275 1124 2871 276 .1 1, 1135 752 24 091 112 2 40E-06 194401

OBM94 1446 306 1124 1280 2761 276 00 1280 752 241 091 088 194 42 ReM

06/27/94 0955 69000 244 1280 1219 276 273 -03 1222 754 241 0911 105 2 63E-08 21358

06128194 1107 90720 183 1219 1158 273 278 05 1153 759 241 0911 106 2 40E-06 23378

08r/W4 09-09 79320 128 1158 1103 278 279 01 1102 712 21 ý 0951 105 2 43E-06 26082

OWI/941 1421 191520 63 110 2LI03 8 _E2 _P.11 02 1036 72.0 222 0951 106, 4 1 0E-TJ 31402

Tkna vietghtki wmfap for Ki - 4 1 3E-06



Borehole Permeameter Stage I Calculatlons

Project- RMA 93 03,21907 207030
Test Location, RMA, Section 25, Test Fig I

Test Number , 132A

Test Dimensions and Equations,

(Cm)
dw 1 27 Kim RIG, LN(HltH2)1(t2 - ti)

Du 10 M Gin 0043

Za 3302
RAm 602
bi a 5842

Z+RA+biu 9746

to w 08/17/94 08 33

Date Time Ain Test Unit TEO C H'2 w
12 ' ill R Hl H2 Ro I Rf Rf-Ro H2.C T T Rt (Hl/H2) KI Cum Hra

(see) (Cm) (cm) (Cm) (Cm) I (cm) (cm) (Cm) M (C) Fa torl (cm/sec Mrs) Renarks

OB/i7/94 0833 0 235 '1210 2681 1210 774 252 000 000

08/17/94 0834 60 99 1210 1074 268 2081 00 1074 774 252 069 113 7 61 E-05 002

08/17194 0835 300 1074 1275 268 2681 00 1127 5 774 252 089 084 003 Refill

08117/94 0837 120 61 1275 1036 268 2681 00 1036 774 252 089 123 6 62E-05 007

08117/94 0838 236 1036 121 1 268 2681 00 121 1 774 252 089 086 008 Refill

08/17/94 0840 1201 451 1211 10201 268 268 00 10201 7741 252 0891 119 5 48E-05 012

08/17/94 0841 2841 1020 1259 268 268 00 1259 7741 252 089 081 013 Reflil

08/17/94 0848 420 113 1259 1088 268 268 00 1088 774 252 089 11 16 1 33E-05 025

08117/94 0849 291 1088 1260 268 268 00 1266 774 252 089 086 027 Refill

08/17/94 0851 120 143 1266 ill 8 268 260 -08 1126 772 251 089 112 3 7412-05 030

08/17/94 0853 279 1118 1254 260 2681 06 1246 772 251 089 090 033 Renll
4 408/17194 0856 1801. 122, 125 A, I G9 71. 9-6 8ý 2681 00, 4 009 7, 772 2-5- 11 0 e9I 1 14, 2 8411-00"1 0361

08/17/94 0900 300 1097 12751 268 288 00 1275 7721 251 089 086 0 451 Refill

08/17/94 0903 180 42 1275 10171 268 268 00 1017 7721 251 009 125 4 81 E-06 050

08/17/94 0910 251 1017 12261 268 267 -01 1227 772 251 089 063 062 Refill

08/17194 09 14 240 65 '1226 110401 267 267 00 1040 772 251 089 1 18 2 62E-05 068

08/17/94 0917 244 1040 12l 91 267 267 00 1219 772 251 089 085 0 73 Reflill

08117/94 0920 '1801 911 '1219 10661 267 2671 00 `106 6 774 252 089 1 14 2 BSE-05 078

08/17/94 0933 1 266 1066 1241 267 2671 00 1241 774 2521 089 086 1 00 Refill

08/17/94 W 41 4801 56 1241 1031 267 267 00 1031 772 251 089 120 1 48E-06 1 13

08/17/94 1034 1 276 1031 1251 267 267 00 1251 770 250 089 082 2 02 Refill

08/17/94 1128 32401 28 1251 100 1 267 263 -04 1007 770 250 089 124 2 56E-06 292

08/17/94 1233 1 238 10031 1213 263 265 021 121 1 766 248 069 083 4 00 RON

06/17/94 183001 203 1213 117 81ý1 26± 2162 -03 1181 7661 248 0819 1031
08/17/94 1634 298 1176 127 3ý_!!! 262 00 12731 7661 24 81 089 0931

061118/941 1 -T 1-7 78180 183 - 1273 11581 26 20 A2 0 0 11581 7301 2281 095

08/1 SM41 -.-.. 0831 301 1158 12761-262 264 02 - -



Date Time At Test Unit TEO C H*2

12-tl R Hl H2 Ro RI Rf - Ro H2.C T T Rt (HIM2) KII Cum Hrs

(sec) (cm) (cm) (cm) (cm) (CM) (cm) (CM) I (F) (C) Factor (cm/sec) (hrz) Rernatka

08/19194 0755 84240 126 1276 1101 264 2601 -04 1105 730 228 093 115 6 83E-08 4737
Ml 9194 1612 29820 99 1101 1074 260 2581 -02 1076 743 235 091 102 3 02E-06 5565
08/19194 1613 297 1074 1272 258 2581 00 W 21 743 2351 091 0841 5567 ReRM
M2M4 W 47 63240 1881 12721 1163 258 2521 .06 11691 707 2151 095 109 5 ME-08 7323
06IM4 1045 3480 1841 1163 1159 252 2,50 -02 '116 1 712 218 095 100 2 02E-08 7420
08120194 1047 3001 1159 1275 250 250 00 1275 712 218 095 091 74 23 RePI
08121194 0915 80880 2121 1275 1187 250 251 01 1186 714 219 095 108 3 6GE 08 9670
08122/94 1031 1 E+05 134 1187 1109 251 251 00 1109 739 233 093 107 2 42E-08 127971
08/22t94 1632 299 1109, 1274 251 251 00 1274 7391 233 093 087 127 98 RefM
0&2M4 10 Z 65400 232 1274 1207 251 245 -06 1213 7321 229 093 105 3 OOE-08 14615
08/23/94 1059 30 1 1207 1276 245 245 00 W 6 7341 230 093 095 146 43 RefM
0&24194 1006 83160 235 1276 1210 245 246 01 1209 7451 236 091 106 2 54E-08 16953
OW4194 1006 298 1210 1273 246 246 00 1273 745 236 091 095 169 65 Refill
08/2&94 1456 2E+05 167 1273 1142 246 243 -03 1145 748 2381 091 111 21812-06 22237
08/26t94 1456 1 294 11421 1269 243 2431 00 1269 748 238 091 090 222 38 RefM
06127M 0957 6M I 236 1269 1213 243 242 .01 1214 75 244 091 105 2 53E-08 24140

4 1122 90180 183 1213 1158 242 241 -01 91 759 244 091
08/291941 09 11 79660 133 1158 1108 241 243 02 1106 716 5,1 n n cAl

081301941 0745 81240 92 1108 1067 243 247 04 10631 709
08/31/941 1425 1 E+05 40 1067 1015 2 A I- ýA Q A

Time welghted average for Kl 8 2GE-08



Borehole Penneameter Stage I Calculations

Project: RMA 93 03,21907 207030
Test Location: RMA, Section 25, Test FRI I
Test Number: B2B

Test Dimensions and Equations:

(cm)
d = 127 K, a Rt G, LN(H I IH2)1((2 - t1l)
D n 1016 Gla 0043
Zo 3302
RAN 602
b, w 5842

Z+RA+bi= 9746
to 06/18/94 10 15

Date Time At= Test U t TEG C H-2
112 - t1F--R-[-H1 H2 Ro Rf Rf-Ro H2 - C T T Rt (1-11/1-112) KI Cum firs

I (sec) 1 (cm) I (c m) (cm) (cm) (cm) 1cm1 (cm) (F) (C) Factorl I (ctrvaec) I Mrs) Ramrks
00/18/94 1422 14820 254 1229 2621 1 1229 7431 235 000 412
08/18/94 1432 600 187 1229 1162 262 2621 00 1162 7431 235 091 106 3 66E-06 428
08119/94 0745 299 1162 1274 262 260 .02 1276 730 228 093 091 2142
08/19/94 0812 1920 281 1274 1256 260 260 00 1256 729 227 093 10`1 2195 Rodents chewed fill One
08119/94 0842 1800 266 1256 1241 260 260 00 1241 730 228 093 101 2245 Rodents chewed fill line
08/19194 0942 36001 2441 1241 12191 260 258 -02 1221 732 229 0931 102 2345 Rodents chewed fill One
08119194 1142 72001 2101 1219 1185 258 258 001 1185 741 234 093 103 25 45 Rodents chewed fill fine
D8/1 9/94 1542 14400 1581 1185 1133 258 258 00 1133 7431 235 091 105 2945 Rodents chewed Oil line
08/19/94 16 11ý 299 1113 3 1274 258 258 00 1274 7431 235 091 089 3000 Refill
08/20/94 0947 3120 109 1274 1084 258 252 06 1109 01 7071 215 095 1 17 4753 Rodents chewed Ml line
081201941 1048 3660 103 1084 107 e 252 2501-02 1080 7121 218 095 100 11 4855 Rodents chewed (M line
08/201941 1050 3013 107 81 127 81 250. 25 Of 00 1278. 71 21 218. 0951 08 48 58, Refill
0121/94 0917 1 001 1278 9751 250 251 01 974 714 219 0951 1311 7103 Rodents chewed fill line
08121/94 0919 1 3051 975 12801 251 251 00 1280 714 219 0951 076 7107 Rodents chewed fig line
06/22/94 1629 1 001 1280 9751 251 251 00 975 739 233 093 131 10223 Rodents chewed Ml Hne
M22/94 1630 302 975 1277 251 251 00 1277 739 233 093 076 10225 ReflA
08123194 1047 65820 43 1277 1018 251 245 06, 1024 732 229 093 125 1 34E-07 12053
0&23/94 1049 295 1018 1270 24 5 245 001 1270 732 229 093 080 12057 Refill
08/24/94 1008 83940 59 1270 1034 245 246 01 1033 745 236 091 123 9 6312-08 14388
0&124t94 1009 303 10341 1278 246 246 00 1278 745 2361 0911 081 143 90 Refill
08/26/94 1458 00 12781 9751 246 -246 1221 .181 1 105 19672 Rodents chewed fill line
08/26/94 1459 291 975 12661 00 2431 243 1102 3 748 238 091 095 19673 Refill
08127/94 0959 684001 110 1266 1065 243 242 -01 1086 759 244 091 1 17 B 7BE-08 21573
08/27/94 1001 301 1065 1276 242 242 001 1276 759 21577 Refill
08/28/94 11 01ý 89940 77 1276 1052 242 241 -011 1053 759 24075
OW"4 0914 285 1052 1260 241 243 0 2 262 96 RefM
0&"4 0746 81 A12O 8 I 1ýn I r1l' a ýA 285521



Date Time At Test Unit TEO C H'2
t2.111 R HI H2 Ro Rf Rf - Ro H2-C T T Rt (1-11111-12) KI Curn HrS

, isec) I= , (cm, (cm) (cm) (cm) (cm) (cm) (F) I (C) I Factor (cm/sec) (hrs) Remarks
08130194 0749 29 7 105 6 127 2 24 7 2471 00 1272 70 91 21 61 0 95 063 285 57 Refill
GW31/94 1427 110280 4 8 127 2 102 3 24 7 2461- 01 1024 72 31 22 41 0 95 1 24 8 04E-08 3`1620

Time welghted average for KI 8 001108



Borehole Parmsameter Stage I Calctdallons

Project. RMA 93 03,21907 207030
Test Location, RMA, Seclton 25, Test Fill I
Test Number , 132C

Test Dimensions and Equations

(cm)
d ts 127 Kim Rt Gi LN(HIfH2)'(t2 - tl)
D = io 116 01 a 0 043
Z n 3302
RAN 642
b, m 5842

Z+RA+blm 9786
to m 03/18/94 10 15

Date Time 'I Test Unit TEO C H'2 T (HI/H2) Kt2 Ill R I HI I H2 Rol Rf IRf-Ro 1-12-C T T Rt Cum Hrs

(sec), (cm) I I I (cm) I (cm) I (cm) (cm) (F) (C) Factor (cm/sec) (hrs) Remarks

08118194 1413 14280 267 1246 (om) 262 1246 7431 235 0911
08/18/94 1431 1080 104 1246 1083 262 262 00. 1083 7431 235 091 1 Is 5 08E-06 4274 642

8
08/19194 07 392 _ 300 1083 1279 262 260 -02 1281 730 228 093 085 2140 Refill3 3
08/19M4 0812 1980 288 1279 1267 260 260 00 1267 729 227 093 101 1 90E-07 21952 2
08119194 De 43 '1860 280 '1287 1259 260 280 00 1259 730 228 093 101 1 ME 07 22472

26 8 1 25 908119/94 0943 3600 268 12591 12471 260 2581 -02 1249 732 229 093 101 8 86E-08 23470
08/19/94 11 43 7200 252 12471 12311 258 2581 00 12311 741 234 0931 101 7 17E-08 25478a
DB/19194 1543 144DO 227 M 11 J25 el 258 2581 00 1206 7431 235 091 102 5 58E 08 2947
08/19194 1616 29711206 12761 258 258 00 1276 7431 235 091 095 3002 Refill
08120/94 0948 631201 197 1276 11761 258 252 06 1182 7071 215 095 108 4 9511-08 4765r0
08/21/94 0920 84720 103 1176 108 2 252 251 0 1 1083 7141 219 095 1091 3 97E-08 710800
08/21/94 0922 303 1082 12821 251. 251. 00. 12821 7141 219 095. 0841 71 12 Refill
08/22/94 1627 111900 190 1282 11691 25 11 251 00 1169 7391 233 093 110 3 3011-08 10220
08/22194 116 28 299 1169 12781 261 251 00 1278 739 233 093 091 10222299

0

0

M23/94 1050 66120 228 1278 12071 251 245 -06 1213 732 229 093 105 3 16E-08 120582
08/23/94 1100 302 1207 1128 11 245 245 U-0 1281 734 230 093 094 120 75 Rofkl

0

08124/94 1012 835201 230 1281 12091 245 246 01 1120 8 745 236 091 106 2 75E-08 1439536

0

2
08124194 1013 301 120 9 12801 2461 246 00 1280 745 236 091 094 143 97 ROM
OWW4 1500 19OD20 170 1280 11491 246 243 -03 11521 7481 238 091 1 11 2 17E-08 196752D
08126/94 1501 301 1149 12801 243 243 00 12801 748 238 091 090 19677 RefM

1 f WOaf27/94 1002 684601237 1280 12161 243 242 -01 1217 759 244 091 105 2 89E-08 2157898
08/28/94 1102 900DO 171 121 6 11501 242 241 01 1151 759 244 091 106 2 39E-08 24078
06/29194 0914 1 00 1150 9791 241 2431 02 977 716 220 095 1 18 262 98 Rodents chwed fill One
GOMM 0915 60 298 979 1277 243 243 00 1277 716 220 095 077 26300 Refill
0813=41 0747 81120 221 1277 1200 243 247 041 1196 709 216 095 107 3 1412-08 28553
=311941 1426 110340 128 1 9n nljM24 6 .011 1108 095 108 3 7SE-OBI 31618,

Time weighted average for KI 3 WE 08



Borehote Parmeameler Stage I Calculations

Project RMA 93-03.21907 207030
Test Lotatlon, RMA, Sectlon 25, Test FM 1
Test Ntsmber, 132D

Test Dimensions and Equations
(Cm)

do 127 Kt 0 Rt G1 LN(Hl/H2)102. tl)
010 1016 Gi a 0 043
Z w 3302

RAw 6 12
bi a 6842

Z+RA+b,= 9756
tg w WI 7194 16 30

Date Time At= Test Unit TEO C H'2
t2-111 R :H2 Ro I Rf JRf-Ro H2 -C T T Rt (HI/H2) KI Curn Mrs
(Bec) (cm cm) (cm cm cm (cm) I (cin)_ AFLC) lFactor, (cm/sec) Mrs) Rernarks

08/18/94 0755 55500 295 1271 1 2651 1 730 228 093
WIM4 0625 1800 262 1271 1238 2651 2641 Z-1 1239 730 228 093 103 5 VE-07 1592
08118194 0865 1800 232 1238 1208 264 263 -01 1209 732 229 093 102 5 27E-07 1642
08118/94 0955 3600 188 1208 1164 263 261 -02 1166 739 233 093 104 3 93E-07 1742
=18194 1000 289 l164 1265 261 261 00 1265 739 233 093 092 17 50 Refil
08/18/94 1200 72001 1561 1265 1132 261 258 -03 `113 5 7471 237 091 1111 5 90E.07 1950
08/18/94 1201 300 1132 1276 258 258 001 1276 7471 237 091 08.9 1952 Refill
08/18194 `16.01 14400 165 1276 114li 2581 262 04 1137 745 236 091 1 '12 3 14E-07 2352
08/18/94 1603 298 1141 1274 2621 262 00 1274 745 236 091 090 23 55 Refill
08/19/94 0749 56760 64 1274 1040 2621 260 -02 '1042 730 228 093 122 1 42E-07 3932
06119194 0753 301 W40 1277 260 260 00 1277 730 228 093 081 39 38 Refill
08119/94 1617 30240 2381 1277 1214 260 258 -02 12161 743 235 0931 105 6 47E-08 4778
08119194 1618 302 1214 1278 258 2581 00 12781 743 235 093 095 47 80 Refll
Ga/20194 0946 62880 191 1278 1167 258 252 -06 117 3 707 215 095 109 5 57E-D8 6527
0812=4 1042 3360 186 1167 1162 252 250 .02 1164 712 218 095 100 3 13E-08 6620
08/20/94 1044 302 1162 1278 250 250 00 1278 712 218 095 091 66 231 Rel9l
OWI/94 0924 81600 185 1278 1161 250 251 01 1160 7141 219 095 110 4 85E-06 8890
0=1194 0926 3001 11611 1276 2511 251 001 1276 7141 219 0.95 091 88 93 Refill
08/22t94 1625 111640 159 1276 1135 251 251 00 1135 739 233 093 112 4 20E-06 11992
08/22194 1626 299 1135 1275 251 251 001 1275 7391 233 093 089 119 93 ReOll
08=94 1052 66M 210 1275 1186 251 24ý .06 1192 732 229 093 107 4 06E-08 138 371
OarzM4 1056 303 1186 1279 245 245 00 1279 734 23 093 093 138 43 Refill
OWN94 1014 838M 206 1279 11841 245 246 01 1183 745 236 0,931 106 3 72E-08 16173

I(YI5 -T- -23 6 0931 093
OEV24194 00 3001 1184 1276 2461 246 00 '127 6 45 i6l 75 Rell
08r2&94 15,02 ISODBO 125 1276 1101 246 2431 -03 110 31 74 8 23 8 091 116 2.99E-06 21453
CW&941 1503 298 1101 1274 243 243 001 1274 748 238 0.91 0861 1 214 661 Refll
081271941 '10-031 684DO 235 127 4 i2l I . 243 242 -011 12121 759.1 2444 0961 1051 2 97E.061 233551,



Date Time At Test Unit TEO C H12At

t2.(l R Hl I H2 Ro Rf Rf -Ro 1-12-C T T Rt (1-1111-12) KI Cum Hrs

08/28/94 1102 8994(0) 16 9 121 11 1149 242 241 .01 1146 759 244 091 106 2 40E-08 25853
Isec (i (cm) MI jcm) (cm) (a2L .LFL jC) Factor (cm/sec) (hrs) Remarks

08/2W94 0915 F7998O 1115 114 51 1091 241 243 02 1089 716 22 095 105 2 56E-08 28075

W30/941 0750 81300 69 109 11 1045 243 247 0 104 11 70 91 2161 0951 1051 2 36E 081 303331
08131/941 1428 110280 101 10451 9861 247 246 01 98 71 72 31 22 41 0951 _ 1061 2 01 E-081 333971

Time weighted average for Kl = 4 52E-08



Borehole Permeameter Stage 1 Calculations

Project, RMA 93 03, 21907 207030

Test Locortlon- RMA, Section 25, Test FM 1
Test Number * 132E

Test Dimensions,
(CM)

d a 127 K, Rt G, LN(1-11/1-12Y02 - H)

D u 1016 Glo 0043

Z w 3302
RAW 5 82
b, = 5842

Z+RA+blcl 9726
to MI 7/94 16 30

Onto Time At Test Unit TEO C H'2

t2 -tI H2 Ro Rf JRf.Ro H2-C T T Rt (Hifl-12) Ki Curn tits

Isec) 1cm (CM) I (CM cm JF) (C) 1 Factor (cm/6-0 (hre) I Remarks

08118194 0745 54900 300 1 1273 1 2651 ý6-5 100 6 730 228 093 000

0811 M4 08 15 1800 247 12731 V20 265 2641 -01 1220 730 228 093 104 9 36E-07 1575

MI 8194 0845 IWO 215 122 0J 1188 264 2631 -01 1189 732 229 093 103 5 72E-07 1625

08118194 0945 WM 160 1188 1133 263 2611 .02 1135 739 233 093 105 5 0715-07 1725

0&18/94 0950 293 1133 1266 261 261 00 1266 739 233 093 089 1733 Refill

08/18/94 1150 72001 186 1266 1159 261 258 -031 1162 7471 2371 091 1091 4 66E-07 1933

00/18/94 il 55 294 1159 1267 258 258 00 1267 747 2371 091 091 1942 Refill

08/18194 1555 14400 133 1267 1106 258 262 04 1102 745 236 091 115 3 79E-07 2342

=I 8/94 1557 298 IM 1271 262 262 00 1271 745 236 091 087 23 45 Refill

=I 9194 0748 57060 07 1271 980 262 260 -02 982 730 228 093 129 181 E-07 3930

08/19194 0751 298 980 1271 260 260, 00 1271 730 228 093 077 39 35 ROM

OB11M4 1619 304801 196 127 1 1169 260 258 -02 117 1 743 235 091 109 1 05E 07 4782

08119194 1620 1 302 1169 1275 258 258 00 1275 743 235, 091 092 4783 ROM

M20194 0947 628201 '15 6 12751 1129 258 25 i -06 1135 707 2151 095 112 7 57E-08 6528

=20M 1038 3M 150 1129 1123 252 250 -02 1125 712 2181 095 100 4 74E-08 6613

O&M4 1041 302 1123 1275 2501 250 00 1275 712 218 0951 088 1 66 18 Refill

08/21/94 0927 81960 150 1275 1123 2501 251 011 1122 714 219 095 114 6 37E-08 8895

08/21/94 09*29 303 1123 1276 2511 251 00 1276 714 219 095 088 8898 RAI

owam 1623 111240 137 1276 1110 251 251 00 1110 739 233 093 115 5 01 E-08 119 88

06122M 1624 330 1110 1273 251 251 00 12731 739 233 093 087 119 90 ROM

060M4 1056 66720 203 12731 1176 251 245 -06 118 21 734 2301 093 106 4 4SE-08 138431

MM4 1057 300 11761 1273 245 245 00 12731 734 230 0931 092 138 45 Refill

06/24194 ID17 84000 205 12731 M8 245 246 0 1 IM 745 236 0 91 106 3 OSE-08 16178

08124194 ME) 300 1178 127 3 246 246 00 127 3 745 236 0 9J 093 M 60 Refill

OMM4 15-04 189MI 136 1273 1109 -03 1112 748 238 OM 114 2.91 E-08 21 4 7

CMM41 1505 7 1109 1270 00 1270 7481 238 0.95 0871 21458 ROM

08WI941 10-03 M401 F3 7 1270 1210 -01 121. 1-7591 24 41 091 051 272E-08i 233561

a



Date Time At Test Unit TEG C H-2
t2 - (I R HI H2 Ro Rf Rf - Ro 112-Cl T T R( (1-11111-12) KII Cum Hrs

I (sac) cm cm -tm.) (cm) jcm) I (cm) (cm) (F) (C) Factor (cm/sec) (hrs) Remarks
08/28194 1103 9WOO 178 1210 1151 242 2411 .01 1152 759 244 091 105 214E-08 26855
08/29194 0917 80040 00 1151 973 241 242 01 972 716 220 095 1 18 280 78 Rodents chewed I'll line

4 09181 1 286 973 1259 242 242 00 1259 7161 2201 0951 0771 1 280 801 NMI
08/30194 07511 811801 228 1259 1201 24-4124 24-417, 05 1196 71 1 21 7 0 101- 2 46E-06 303351
G8/31/941 14291 1102801 1 7 246 Oil 11381 723 2241 0951 1061 19012-081 333981

Time weighted average for Ki = 5 '1612-08



BGreWe Permeameter Stage 2 Calculatl3ris

proled, RMA 93 03, 21907 207030
Test Loca(lon, RMA, Section 25, Test FOR i

Test Number, BIA

Test Dimensions and Equations

(CM)

d = 127 L a 1550 05 1 165
DU io 16 M L a 7 TS Gila 3350
Z a 3302 b, w 5067 03a 2265

RAn 692 011D a 1995 F w 0948

b, = 5842 L/D w 1 53 02= 0016
Z + RA + b, = 98 36 a -1 K2= RjG2 LN(H I A-IZ)1ý2 tl)

1@ = 09101194 08 31

Date Time At= Test Uni TEO C H2'=
12 - tl R HI C T Rt

_I 1 1-121 1 Ro Rf, III(If-Ro LH2 - C T 11-12) Cum Hrs

(sec) (cm) cm) _(cm (cm)l M) cm (F) (C) Factor (hrs) Remarks

09/01/94 0831 0 302 1286 278 6821 2011 1
cwl/oý 0904 1980 298 1286 1282 278 277 -01 1283 6851 2031 1 100 1 83E 08 055
09/01194 0931 1620 298 1282 1282 277 276 -0 1 1283 6891 2051 098 100
09JO1194 1035 3840 293 1282 12 7 7 -2-F6 272 04 1281 6961 209 098 100 3 09E-09 207
09101/94 1234 7140 285 127 7 1269 272 272 00 1269 7061 214 098 101 1 34E-08 405
0MI194 1534 108001 265 12691 1249 272 279 071 1242 7161 220 095 102, 2 94E-08 705
09AW94 0945 65460 120 1249 11041 279 274 -05 1109 6871 204 1 1131 2 82E-08 2523
09/02/94 1636 24880 108 1104 1092 274 271 -03 1095 716 220 095 1011 4 90E-D9 3208
OW2194 1637 290 1092 1274 271 271 00 1274 716 2201 095 0861 RefIll
09/03194 0905 59280 217 1274 1201 271 278 07 1194 709 2161 095 107 161 E-08 4867
OW3194 0906 300 UO 1 1284 278 278 00 1284 709 2161 095 094 1 Refill
09AW4 14Z 2794201 76 12841 1060 2781 265 A 3) 1073 720 2221 095 120 9 4BE-09 M 20
GVGW4 1444 300 1060 1284 2651 265 00 1284 7201 2221 095 083 Refill
09A)M4 0937 240780 109 128 4 1093 265 270 05 1088 7121 2181 095 118 1 02E-08 19310

' 
2' 

4

09112/94 1139 00 1093 984 270 262 .08 992 7271 2261 093 110 Water level below scale
12/94 1154 900 302 984 1286 262 262 00 d1286 7271 2Z61 093 077 Refill

WiV94 1322 178080, 147 1286, 1131 262 265 03 1128 72.5 225 093 114 1 OBE-08 316851
09/14194 1327 3001 2861 11311 1270 265 2651 001 1270 725 225 093 089
09116194 1050 1633DOI 741 12701 105 2LP 5L_ 2631 -021 1060 6711 1951 1 120 1 72E-G8 362321

Time welgNed average for IQ = I 27E-06



i3orehole Petmeameter Stage 2 Calculations

Project RMA 93-03, 2 1907 207030
Test Location. RMA, Section 25, Test Fill I
Test Number, BiB

Test Dimensions and Equations
(cm)

d a 127 L a 1500 GB= 1 157
D a 1016 112 L w 750 G4w 3260
Z 12 325 b2 w 51 44 G3 a 2217
RA- 692 021D = 2025 F = 0944
b, - 58 94 L/D u 148 G2w 00`16

Z+RA+blm 9836 A= .1 K2 a RIG2 LN(H I /HZY(12 - III)
to 09/01/94 08 33

Date Time Test Uni TEG C H2'w
I tl F-A-1-HI H2 Ro Rf Rf -Ro H2 - C T T Rt (HIIH2') K2 u rs:SIC) , cm (cni) (cm) (F) I (C) Factorl I icm/sec) 1 C (mhrs)T Remarks

09/01/94 0833 296 1 1286 278 6821 2011 1
09101/94 0905 1920 297 1280 1281 278 277 01 1282 685 2031 1 100 053
09MI194 0932 1620 300 1128 1 1284 277 276 .01 1285 689 2051 098 1100 098
09/01/94 1037 3900 299 1284 1283 276 272 -04 1287 696 2091 098 100 207
09101/94 1235 7080 291, 1283 1275 272 272 00 1275 709 216 095 101 1 32E-08 403
09/01/94 1535 10800 2701 1275 1254 272 2791 07 12471 716 220 095 1021 3 OBE-08 703
09/02/94 0946 65460 128 1254 1112 279 274 -05 lit 7 687 204 1 112 2 79E-08 2522
09102194 1638 24720 116 1112 1100 274 271 03 1103 716 220 095 101 4 93E-09 3208
09102194 1639 60 292 1100 1278 271 271 00 1276 716 220 095 086 Refill
09/03/94 0907 69280 210 1276 1194 271 278 07 11187 709 216 095 106 1 83E-08 4857
09/03/941 0908 60 305 11941 1128 9 2781 276 00 1289 709 216 095 093 1 Refill
09/061941 1447 279540 651 1128 91 104_91 2781 2651 -13 11 DO 21 720 2221 095 1211 1 04E-08 126231

1 09MB/941 1448. 60 305 1049 1289 2651 265 001 12891 720 2221 095 081- Refill
09/09/94 0938 240600 89 1289 1073 265 270 05 10681 712 2181 095 121 1 117E-06 19308
09112/94 1140 266520 00 107 3 984 270 282 -08 992 727 2261 093 108 Water level below scale
09/12t94 1155 900 294 984 1278 262 262 00 1278 727 226 093 077 ROM
09114194 1323 178080 00 1278 984 262 265 03 981 725 225 093 130 Water level below scale
09114/94 13291 3601 3041 9841 12881265 2651 00 1288 725 225 093 0761 1 Refill
09/16/941 10521 1633801 001 12881 9841 2651 2631 -02 986 671 195 1 1311 lWater level be

Time weighted average for K2 = 1346-08



Borehole Permearneter Stage 2 Calculaftons

Project. RMA 93-03. 21907 207030
Test Locatlun RMA, Section 25, Test FIN I
Test Number. BIC

Test Dimensions and Equations
(cm)

do 127 Lo 1700 06 a 1 188
Do 1016 1/2 L a 850 04 = 3623
Zu 335 132 a 4944 G3 = 2402

RA= 6 92 0210 a 1946 F = 0959
bi = 57 94 LID = 167 G2w ows

Z+RA+bin 9836 an -1 K2 w RIG2 LN(HI/HZ)/(t2 - it)
to tx 09/01/94 08 34

Date Time Alm Test Unit TEO C H2'a
12 , 1111 H2 Ro Rf JRF-Ro H2 - C T (T Rt (1-11/1-12) K2 Cum Hrs
(sec) (cm) (CM) (cm) (CM) (CM) (cm) (cm) (F) C) Factorl I (cm/sec) I (hrs) Remarks

D9/01/94 0834 299 1283 299 278 682 201 1

09101/94 0906 1920 300 1283 1284 278 277 .01 1285 685 203 1 100 053
09101/94 0933 1620 302 1284 1286 277 276 -01 1287 689 205 098 100 098

09MI/94 1038 39DO 302 1286 1286 276 272 -04 1290 096 209 098 100 207

QW1194 1236 7080 294 1286 1278 272 272 00 1278 709 216 095 101 1 24E-08 403
OW/94 1536 10600 2741 1278. 12581 272 279 071 1251 7161 2201 095 1021 2 79E-06 703
OM2194 0947 65460 105 1258 1089 279 274 -05 1094 687 204 1 115 3 17E-08 2522
09102/94 16;5 24780 85 1089 1069 274 271 -03 1072 716 220 095 102 8 M-09 3210
OM2194 1641 292 1069 1276 271 271 00 1276 716 220 095 084 Refill

09/03/94 0909 59280 209 1276 1193 271 278 07 1186 709 216 095 108 17412-01) 4858
GM3194 0910 300 1193 1284 278 278 00 1284 709 216 095 093 RefM

09MV4 1449 279540 941 1284 10781 278 265 -13 1091 7201 2221 096 1 181 8 22E-09 12625
OM6194 1450 3021 1078 1286 265 265 00 1286 720 222 095 084 Refill

09A)M4 0936 24OW 72 1286 1056 265 270 051 1051 712 218 095 122 1 18E-08 19308
09/J2194 '1140 26M 00 1105 65 98 ý 270 262 .081 992 727 226 093 106 Water Mal below Kale

MI M4 1156 294 984 1278 262 26.2 001 1278 727 226 093 077 Refill

09/14/94 13.24 178080 123 1278 1107 262 265 03 1104 725, 225, 093 116, 11411-06 31683
09114/94 137 300 1107 12841 265 265 00 1284 7251 22-51 093 0861 - Refill

09/16/94 1"8 163620 1091 1284 1093 266 263 -02 1099 671 195 1 1 17 1 45E-08 362401

09/1 "4 10,59 298 1093 1282 263 263 00 1282 671 196 1 085 382 42 Reffli

09/20194 1412 357180 00 1282 964 263 261 -02 966 696 209 095 130 1 04E-08 46163

4 1413 300 964 1284 261 261 001 1284 696 20 9 095 077 416165 Refill

0012W4 15-50 437820 Z3 12841 1007 261 266 05 1002 628 171 106. 128 9 09E-09 58327

OW3194 1551 298 10071 1782 266 266 00 128 2 628 171 1061 079 535 28, Refill

09r2&94 1513 100 12821 1084 266 263 -0.3 _LG6 7F6Z3 0t)J 1-7.2 1061 1181 1 5SE-06 582651

Tkne wethted awage for K2 - I 04E-06



E3orehola Petmeameter Stage 2 Calculations

Project RMA 93 03, 21907 207030
'real Location, RMA, Section 25, Test FIN I
Test Number - BID

Test Dimensions and Equations:
(cm)

do 1 27 L w 1650 GS a 1 179
Do 1016 112 L = 825 04m 3531
Zn 33 b2 a 5019 G3 n 2359
RAn 6 92 021D = 1976 F M 0956
b, w 58 44 LID a 162 G2 on 0015

Z + RA + bi w 98 36 a a -1 K2n RIG2 LN(Hl/HZ)I(t2 - tl)
to a 09/01/94 08 38

Date Time At M Test Unit TEG C- I H2'12

f2-111 R Hi H2 Ro I Rt Rf.Ro H2_C Rt 2 K2 CdM Hrs
I Rfec) lcm) M) icml (CM) lcm) (cm) m) F) (C) Factor (cm/sec) (hra) Remarks

09/01/94 0838 295 1279 299 278 682 201 1
09101194 0907 '1740 296 '127 9 128 0 278 277 0 1 128 1 685 203 1 100 048
09/01/94 0934 1620 301 1280 1285 277 276 -01 1286 689 205 098 100 093
09/01/94 1039 3900 302 12B 5 128 6 276 272 -04 1290 696 209 098 1 DO 202
OMI/94 1237 7080 300 1286 1284 272 272 00 1284 709 216 095 100 3 15E-09 398
09JOi/94 1536 10740 287 1284 12711 272 2791 07 12641 716 2201 095 1021 2 09E-08 697
COMM 0947 65460 150 1271 11341 279 2741 -05 11391 687 2041 1 112 2 53E-08 2515
09/02/94 1042 ý49W 156 1134 1140 274 271 .03 114 31 716 2201 095 099 3207
09/02194 1643 302 1140 1288 271 271 00 12861 716 2201 095 089 Refill
09/03/94 0912 59340 231 1286 1215 271 278 07 12081 709 2161 095 106 151 E-08 4867
09/03/94 0913 303 1215 1287 278 278 00 1287 709 2161 095 094 1 RON

139, 4 1 1
00-106/0-4. 14 51, 279480, 1287, 11231 2781 265 -131 113 61 7201 22 2i 0 PSI 1 131 6 40E-09 12622
09/06/94 1452 300 1123 1284 265 265 00 12641 720 2221 096 0871 Refill
091OW4 09 To 240480 122 '128 4 IiOS 265 270 05 1101 712 2181 095 1171 9 16E-09 19303
09/12/94 1141 266460 00 1106 984 270 262 06 992 727 2261 093 111 Water level below scale
09112194 il 57 300 984 1284 262 262 00 1284 727 2261 093 077 Refill
09/14/94 1324 178020 179 1284 1163 262 2651 03 1160 725 2251 093 111 8 OOE-09 316771
W14194 13341 1 2871 11631 1271 265 2651 001 1271 725 225 093 092 Refill
09/104 11021 1636801 911 -021 10771 671 19512711 107 5: 5 2631 1 118 1 53E-08 36LI21_

Time weighted average for K2 = 8 27E-09



Borehole Permeameter Stage 2 Calculations

Project, RMA 93 03, 21907 207030
Test Location: RMA, Section 25, Test FM 1
Test Number : WE

Test Dimensions and Equations
(cm)

d m 127 L m 1800 GS= 1200
D a 1016 112 L = 900 G4 = 3806
Z = 33 b2 = 4944 G3 a 2491
RAm 692 0210 = 1946 F M 0965
b, m 58 44 LID m 177 G2 a 0014

Z+RA+blm 9836 am -1 K2 - PG2 LN(HI/HZ)I(t2 - ti)
too OMI /94 06 37

Date Time Alm Test Unit TEO C IN 1-12' m
Q - ti [;Rý H1 I H2) (Ro Rf Rf-Ro H2-CJ T T Rt (Hln12') K2 Curn Hrs
(see) (cm) (cm) I (CM CM) (cm) (cm) (cm) (F) I (C) IF&ctorl I " see) I (hrs) Remarks

I I Zýd 1
09101194 08 3f 300 1284 299 278 682 201 1
owim 0908 1860 300 1284 1284 278 277 -01 1285 685 203 1 100 052
09101/94 0935 1620 304 1284 1288 277 276 -01 1289 689 205 098 100 097
09/01/94 1040 3900 305 1288 1289 276 272 -04 1293 696 209 098 100 205

OW01194 1238 7GDO 299 1289 1283 272 272 00 1283 709 216 095 100 9 05E-09 402

09MJ194 '10740 283 '128 3 12671 272 279 07 '1260 7161 2201 095 1021 2 31 E-08 700

09MM4 0946 65460 1401 1267 1124 279 274 -051 1129 687 204 1 112 2 55E-08 2518

OWV94 1644 24960 127 1124 111 1 274 271 .031 1114 716 220 095 101 4 92E.09 3212
09/02/94- 1645 300 Ill 1 1284 271 271 001 1284 716 220 095 087 Refill

09103/94 0914 59340 235 1284 1219 271 278 071 1212 709 216 095 106 1 34E 08 4862

OW3194 0915 296 1219 1280 278 278 001 1280 709 210. 095 095. WIN

OWM4 1453 279M48O 139 1200 1123 278 265 -131 1136 720 222 095 1131 5 87E-09 12627

O9M94 1454 .300 1123 1284 265 265 001 1284 720 222 095 0871 Refill

09/OM4 0941 240420 1301 1284 1114 265 270 051 1109 712 218 095 1161 8 37E.09 19307

W12194 1142 266460 00 1114 984 270 262 -081 992 727 226 093 112 Water le-4el below scale

=I W94 1157 1 303 984 1287 2621 262 001 1287 727 226 093 076 Reflft

09/14194 1325 178MOI 00 1287 984 262 265 03 OB 1 7251 2251 093 131 2-OSE-08 31680

wi"4 1332 302 984 1286 265 265 00 128 093 077

09116/94 1100 1636MI 130 1286 1114 265 263 -02 1116 6711 1951 a..08 361,

09116194 1101 1 300 1114 d128 4 263 263 00 1284 6711 1951 36,
OWM41 1401 3564001 311 1284 1015 263 261 -n,) M4 -. 1 9 2712-09 46'

Tirpe welghted average for K2 = 9 42E-09



13ofehole Permearneter Stage 2 calculations

project RMA 93 D3, 21907 207030
Test Location' RMA, Section 25, Test FBI I
Test Number, 02A

Test Dimensions and Equations.
(cm)

do 127 L a 1600 G5 a 1 172
0 w 1016 112 L a 800 04 = 3440
Z w 33 b2 = 6044 G3w 2312
RAM 692 01113 a '1986 F a 09S2
b, w 5844 UD a 157 G2= 0015

Z+RA+bit: 9836 an -1 K2 w RIG2 LN(H I /HZ)/(t2 - (1)
tow 09101 /94 08 30

Date Time At 12 Test Unit TEO C 1-112'
12 -1111 R H1 1 (H2 Ro' Rf Rf - Ro H2 -C T T Rt (1-111/11W) K2 Cum Hrz

_ I (cl(sec) (cm) I (cm) cm (cm) (crnp (cm) (F) (C) Factor I (hrs) Remarks
09/01194 0830 297 128 1 299 243 687 2041 1
09/01/94 0900 1800 304 1281 128 i 243 242 -01 1289. 693 2071 097 099 050 Erroneous reading
09/01/94 0930 1800 305 1288 1289 242 242 00 1289 696 209 097 100 1100 Erroneous reading
09101/94 1032 3720 309 1289 1129 3 242 238 -04 1297 705 214 097 099 203 Erroneous reading
09/01/94 1230 7080 314 1293 1298 238 236 -02 1300 709 216 095 099 400 Erroneous reading
O9fO1/94 1538 11280 2971 1298 128 11 236 2431 07 12741 712 218 0 95 1021 2 41 E-08 713
09102/94 0940 64920 1371 1281 11211 243 2381 -05 11261 693 207 097 1141 2 95E-08 2517
09102/94 1647 25620 161 1121 1145 238 238 00 11451 7201 222 095 0981 3228 Erroneous revdng
09/02t94 1648 301 1145 1285 238 238 00 12851 720 222 095 089 Refill
9/03/94 0916 59280 198 1285 1118 2 238 242 04 11781 720 222 0 g5 1 W 2 13E-08 48771

09103/941 0917 303 1182 1287 242 242 00 12871 720 222 095 092 Refill
09106/941 1456 279540 220 1287 1204 242 230 -12 12161 727 226 093 106 2 89E.0 1126 43.
09106/94 1457 301. 1204 1285 230 230 00 1285 727 226 093 094 RON
09/09/94 0959 241320 1201 1285 1104 230 226 -02 1106 730 228 093 116 8 85E-09 19348
09/12/94 1147 265680 22 11104 1006 228 225 -03 1009 734 230 093 109 4 82E-09 26728
09112/94 1150 297 1006 1281 225 225 00 1281 734 230 093 079 Refill
09/14/94 1338 179280 205 1281 1189 225 226 01 1118 8 725 225 093 108 5 98E-09 31713
091116/94 1107 163740 60 11891 10441 2261 2231 031 10471 685 2031 11 1 141 1 119E-081 362621
090 6194 11 F8 300 10441 12841 2231 2231 001 12841 6851 2031 - -11 0811 --- I lRefiff
OW20194 14141 3567601 9 7 _ 12841 10811 2231 2221 -011 1 GO 21 7071 2151 0951 1191 6 98E 091 461731

Time weighted average for K2 = 8 OOE-09



Borehole Permeameter Stage 2 Calculations

Project RMA 93 03,21907 207030
Test Locatiow RMA, SWlon 25, Test FK1 I
Test Number, B2B

Test Dimensions and Equations-
(cm)

d- 127 L w 1600 G6w 1 172
Du 1016 1/2 L a 800 G4- 3440
Zu 33 b, a 5044 G3 a 2312
RAw 692 02113 w 1986 F = 0952
b, = 58 44 L/D a 157 G2 a 0015

Z + RA+ bi w 98 36 a es -1 K2 - PG2 LN(HI/HZ)/02 - tl)
19 = 09MI 194 W 32

Date Time At Test Unit TEG C H2'u
Q -11 R HI 1-12) Ro Rf I Rf - Ro 1-12-C T T Rt (HI11-121) K2 Cum Hrs

- (sec) (cm) -1cm) (cm (cm (cm) (cm) (cm) I JF) (C) 11'actor (cm/sec) (hrs) Ramat ka

97-01794 08 2 303 1287 2991 243 687 204 1
09MI/94 09 Di 17401 31 1 1287 129 5 243 242 -01 1296 693 207 097 099 0 48 Erroneous reading
0,9/01/94 0931 1800 316 1295 1300 242 242 00 1300 696 209 097 1 DO 098 Erroneous reading
09/01/94 1032 36M 31 8 13001 1302 242 238 -04 1306 705 214 097 100 2 00 Erroneous reading
09101/94 1232 7200 317 1302 130 1 238 236 -02 1303 709 216 095 100 4 00 Erroneous readIng

OM1194 1538 MOO 307 1301 1291 236 243 07 1284 7`121 2181 095 1011 171 E-08 710
09102/94 0940 649201 170 1291 1154 2431 238 05 1159 693 2071 097 1 Ill 2 47E-08 2513
09102/94 1649 257401 170 1154 1154 2381 238 00 1154 720 2221 095 100 3228 Erroneous readng
O=2f94 1650 2941 1154 1278 2381 238 00 1278 720 22 21 096 090 RefM
W03194 0918 59280 2291 1278 1213 238 242 04 1209 720 222 095 106 1 36E-08 4877
OW3194 0919 297 1213 1281 242 242 00 1281 720 222 095 095 1 RefIll
09MM4 1448 278940 179 1281 1163 242 230 -121 1175 727 226 093 109 4 41 E-09 12627
09AX1194 149-9 302 1163 1286 230 230 001 1286 727 226 093 090 Refil
09A)W4 1000 241260 147 1286 l13l 230 228 -021 1133 730 228 093 114 7 47E-09 19347
MIM4 1146 265560 37 l13i '102 1 2281 225 -03 102 4 7341 2301 093 110 5 33E-09 26723
09/1 W94 1150 3021 1021 1286 225 225 00 1286 7341 2301 093 079, Ref#l
0911 V94 1338 179280 204 1286 1188 225 226 Ol 1187 7251 2251 093 108 6 36E-09 W 10
09116194 11*09 163M 85 MB 1069 226 223 -03 1072 6851 2031 1 111 9 ODE-09 35262

0911 6M4 1110 303 1069 128 7 223 223 00 1282 685 20# 3 1 083 Reflfl
09r2=4 1416 356760 109 1287 1093 223 222 -011 109 4 707 215 095 1 18 6 62E-09 46173
OWM941 14171 1 302 12871 1280 2231 222 -0 IF 1-28 7 M 215 095 100 1ý14
OWM41 16021 2655601 10 21_ 10931 106612221 219 ý O 3 ýIDB 9 64 9 183

Time welgMed werage for IQ = 6 34E 09



Borehole Permeameter Stage 2 Calculations

Project RMA 93 03, 21907 207030
Test Location, RMA, Section 25, Test Fill I
Test Number , 132C

Test Dimensions and Equations:
(cm)

d m 127 L n 1575 G6= 1 169
D n 1016 1/2 L = 788 G4= 3395
Z a 33 132 a 5057 G3U 2289
RAW 692 4b2/D n 1991 F w 0950
b, a 5844 L/D w 1 55 02a 0015

Z+RAvbiu 9836 am -1 K2 n RtG2 LN(H I /H21/(t2 - ti)
to a 09/01/94 Oe 34

Date Time At Test Unit TEO CM 1 1-12'
Q R HI H2 Ro Rf I Rf -Rol H2.CJ TJ T K2 Cum Hrs

ec) (cm) (cm) I (cm) (cm) (cm) R(
(S - I (cm) I (cm) lFactorl cm/sec) (hfr.) Rernarks

- 09/01/94 0834 304 1288299 243 6871 204 1

- 09/01/94 0901 1620 312 1288 1296 243 242 -01 129 7 693 207 097 099 045
09/01194 0932 1860 31 6 1296 1300 242 242 00 1300 696 209 097 100 097
09/01/94 1033 3660 318 1300 1302 242 238 -04 1306 705 214 097 100 198
09/01/94 Q 33 7200 317 1302 1301 238 236 -02 1303 709 216 095 100 398
09/01/94 1538 111001 300 1301 1284 2361 243 071 1277 712 2181 095 1021 2 46E.08 707
09/02194 09 41 64980 118 1284 1102243 238 .05 1107 693 207 097 1 '16 3 41 E-08 25 12
09102/94 1651 25800 116 1102 1100 238 238 00 1100 720 222 095 100 1 03E-09 3228
09/02/94 1652 30 1 1100 1285 238 238 00 1285 720 222 095 086 Refill
09103/94 0922 59400 22 1 1285 1205 238 242 04 1201 720 222 095 107 1 67E-08 4880
09/03/94 0923 302 1205 1286 242 2421 00 12861 720 222 095 094 Refill
09106194 1500. 279420, 116 1286 1100, 242, 23 0 1, Al 2 4.112 7271 22 61 0 993 1 16i 7 46E-091 12643
09/06/94 1501 300 1100 12841 230 2301 00 1284 727 226 093 0861 Refill
OMM4 1000 241140 35 1284 1019 230 228 -02 102 1. 730 228 093 126 1 36E-08 19343
09/09/94 1002 300 1019 1284 228 225 -03 1267 734 230 093 079 Refill
09/12194 1146 265440 721 1284 1056 225 225 00 1056 734 230 093 122 1 0161E-018 26720112 312/94 1151 304 1056 1288 225 226 01 1287 734 230 0 93 5382 Refill
09/14194 1339 77-92-80 160 1288 1144 6 225 -0 1147 1 1 12 9 97E-09 3170809/14/94 1340 3046 1144 129 0122 6 - ft! - I129 3 1 088 317 10 RefIll
09/16194 11 11 163860 00 1290 tro -*1 985 Dn5 l 31 2 41 E-08 36262

Time YmIghted average for K2 = I 20E 08



Borehole Permeameter Stage 2 calculations

Project, RMA 93 03, 21907 207030
Test Locatlan RIVIA, Section 25, Test FBI I
Test Number 1321)

Test Dimensions and Equations:

(cm)
d - 127 L a 1750 05= 1 193
D = 1016 112 L = 875 G4 a 3714
Z = 33 132 u 4969 G3 n 2448
RAw 692 4b2ID w 1956 F w 0962
b, a 5844 LtD a 1 72 02a 0015

Z+RA+bi= 9836 -1 K2 u NG2 LN(HI AiZyn ti)
to a OWOI/94 08 36

Date Time At Test Unit TEO Ca 1 1-12'
t2 - 11 R Hi H2 Ro RI) I Rf -Rol H2-C T (T) (HIM-) K2 Cum Hfs
Ned (c j (cm) I (cm) J: EL (cm) (cm) I (F) C I FaRdtorl I (cm/sec Mrs) Remarks

09/01194 78-36 3081 129 2 299 243 687 2041 1 1
O9fOl/94 0902 1560 310 129 2 129 4 243 242 -01 1295 693 2071 097 1001 043

OW01194 0932 1800 314 1294 1298 242 242 00 1296 696 209 097 100 093
09101194 1033 3660 314. 1298 1298 242 238 -04 1302 705 214 097 150- 195
09101M 1233 7200 311 1298 1295 238 236 -02 1297 709 216 095 100 1 49E 09 395

09/01/941 1539 111601 297 1295 1281 236, 243 07, 1274 712, 218 095 102 2 04E-06 705
09/02/94 0941 649201 124 1281 1108 243 238 -051 ill 3 693 207 097 115 3 OBE-08 2508

09102/94 1653 259201 147 1108 1131 238 238 001 1131 720 2221 095 0981 3228 Erroneous reading
09/02/94 1653 1 300 1131 1284 236 238 001 1284 720 222 095 088 Refill
09103/94 0924 594601 230 1284 1214 238 242 04 1210 720 222 096 106 1 39E-08 4880

09/03194 0925 1 302 1214 1286 242 242 00 1286 720 222 095 094 1 RefVl
09MM4 1502 279420 1591 1286 1143 2421 230 -12 1155 7271 226 093 1 11 5 24E-09 12643

09M94 1503 297 1143 1281 230 230 00 1281 7271 226 093 089 ReOll
09M94 1003 241200 142 1281 1126 230 228 -02 1128 7301 2281 093 114 7 1911-09 19345

09112/94 1145 265320 05. 1126 989 228 225 -031 992 7341 230 093 114 6 51 E-09 267 15

09/12/94 1152 300 989 1284 225 225 001 1284 7341 230 093 077 Refill
09114194 1341 1793401 194 1284 1178 225 226 Oil 1177 724 224 093 109 6 62E-09 31708

MiW94 1114, 163M 6 0] 11781 104 4k22 "6 22 3 -031 1047 685 203 1 113 1 OSE- 36263
0911 Gf94 Ills 3041 1044 12881 22 3T- 22 3 00 1288 686 203 1 081 362 65 ReIM

O9r2OM4 1420 3567001 861 1288 10701 -011 1071 707 2151 095 120 7 20E-09 46173

Time weighted average for K2 = 8 14E-09



Borehole Permeatneter Stage 2 Calculations

Project RMA 93 03, 21907 207030
Test Location: RMA, SectIon 25, Test FBI I
Test Number , 13212

Test Dimensions and Equations

(cm)
d a 127 L = 2050 Glim 1238
D m 1016 112 L z 1025 G4= 4270
Z w 33 b2 a 4819 G3= 2690
RA= 692 0ý13 - 1897 F ts 0976
b, = 6844 LJO a 202 G2w 0014

Z + RA + 131 = 98 36 8 W -1 K2w RIG2 LN(H I /H7)1(t2 - (1)
to= 09/0 1194 08 3 8

Date At Test Unit TEG C H2'
Re
n(2411 1 R S "1 1 142 Re RE Re H2 -OC T T 111, JI-11111-1121 e%2 Cum hra

ec) ( ) ( )- [ACM) ( ) IF C) cm cm , (cm) (cm) Factor (cm1sec) hrs) Remarks
09101/94 0838 3021 1286 299 243 687 204 1
09/01/94 0903 1500 3061 1286 1290 243 242 -01 1291 693 207 097 1001 042
09/01/94 0933 1800 310 1290 129 4 242 243 00 1294 696 209 097 1100 092
09101/94 1043 4200 309 1294 1293 242 238 -04 12 7 705 214 097 100 208
09/01/94 1234 6660 303 1293 1287 238 236 02 1289 709 216 095 100 5 99E-09 393
09/01/94 1540 11160, 287 1287 1271. 236 2431 07 1264 771221 2181 095 102 2 08E-08 703

70 
9

09/02194 0942 649201 151, 1271 11351 243 2381 05 11140 66921 2071 097 1 11 -2 20E-08 2507
09/02194 1654 259201 1451 1135 1 '12 91 238 238 00 1129 77220 222 0951 1011 2 63E-09 3227
09102t94 1655 1 3011 1129 1285 238 238 0 0#128 5 720 222 0951 088 Refill
09/03/94 0929 596401 2271 1285 121 1 238 242 04 1207 720 222 0951 108 1 36E-08 4885
09/03194 0930 1 29 121 1 1128 3 1 242 242 720 2221 0951 094 Refill
09/061941 15041 2792,01 1291 128 3 11131 242 230 -121 1125 7271 2261 093 114 5 93E-09 12643
09AW4 1505 ... 3021 1113 1286 230 230 00 1286 727 2261 093 0871 Reffll
09AW4 1004 241140 1391 1286 1123 230 228 -02 1125 730 2281093 1 14 6 99E-09 19343
09112/94 11143 265140 02 1123 986 228 225 .03 989 734 2301 093 114 6 04E-09 26708
09/12194 11 T3 299 986 1283 225 225 00 1283 734 230 093 077 Refil
09/14194 1372 179340 183 1283 1167. 226 2261 01 111166 725 225 093 1 10 6 72E-09 31707
09/141941 1343 301 1167 12851 2261 226 001 1285 725 225 1 091 Refill
09/161941 11 161 1639801 134 12851 111812261 2231 .031 1121 685 203 11 1151 1 ME-08 362631

Time weighted average for K2 = 8 11BE-09




