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5.4.2 Leachate Collection and Removal System
Leachate collection and removal will be an imtegral 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 maxamum head pressure
on the hiner immediately beneath the system will be 12 inches A 12-inch layer of clean sand with a
200-foot maxamum dramnage length and 2 percent slope was assumed for hner evaluahon with EPA’s

HELP Model as described 1n Sechion 55 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 hner systems. It will be designed to
mtercept, collect, and remove any leachate that passes through the primary hiner system Therefore,
1t will serve both as a monitoring system for performance of the primary hner system and a
mechamsm for removal of leachate The volume of leachate removed from this system can be
measured and recorded to evaluate whether leakage through the primary hiner exceeds the Achon

Leakage Rate (ALR)

5.4.3 Gas Management System

The generation of gases from the landfilling of RMA waste 1s expected to be mimimal The wastes
will be primanly soils and structural debns with little or no putrescible or decomposable waste
matenial It possible that volatile orgamc compounds (VOC) could be released by the contaminated

souls

Gases generated may be managed using a passive ventng system consisting of a granular soil layer
and a gnid array of collection pipes that will vent gases through the final cover system Gas vents can
be momtored for gas quantty and constituents, and can be fitted wath VOC control devices, if

necessary
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5.4.4 Final Cover Systems

Cover (cap) systems mclude multple layers, each selected to serve a specific function Layers
mclude an erosion control layer, a water balance/infiltration soul layer, a dramage layer, and a barmer
layer Materals that may be used for these layers include geomembranes/FML,compacted clay hners
or GCL, and granular soul or geosynthetic drainage layers The cover system 1s designed to provide a
physical barrer for containment of waste and have a low permeability The cover system 1s 1mntended

to mimimize percolation of water mto 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
Layer No. 1 No. 2 No. 3 No 4
1 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-m1l 60-m1l 60-mmul 60-ml
HDPE HDPE HDPE HDPE
5 Bamer CL GCL CL GCL

HDPE High-density polyethylene
CL 3 feet of compacted clay

Cross sections of each cover system are presented 1n Figure 5 2

presented 1mn detail 1o Sechon551 2

The erosion control layer evaluated was 8 mches thick and will include 50 percent gravel mixed with

The results of the evaluation are

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 mches thick and will include a 6- to 12-1nch thack ammal exclusion
barmer near the top of the layer. The animal intrusion barner will consist of rocks or aggregates large
enough to prohibit burrowing ammals from damaging the underlying hiner system A geotextle filter
fabnc will be mstalled between the water balance and the drainage layers. The dramnage layer wall
be geonet or gravel The drainage layer material will be selected to provide adequate removal of

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

5.4.5 Performance and Environmental Monitoring

Momitoring systems will be used to periodically confirm facility performance This wall mnclude the
monitonng observation wells around the facility, monrtormng leachate collection and leak detection
systems, monitoring the gas management system, and mspecting the physical plant features.
Performance momtoring will be mncorporated 1mto the landfl]l‘operaUOn and maintenance plan, as

described 1 Section 5.9

Environmental momitoring will be performed as part of the facihity performance momitoring A
groundwater samphng and analysis plan will be used to establish background groundwater quality

Subsequent groundwater momtoring will be compared statishcally to background values to 1dentify
any significant changes

5.5 Evaluation and Screening of Alternatives

This sechion presents an evaluation and screening of the conceptual iner and final cover alternatives
developed in Section 5 3 Two forms of evaluation are utihzed First, an effectiveness evaluation 1s
performed using the HELP Model Second, a cost evaluation 1s conducted by estmating the unit cost

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

The final evaluation performed 1n this section evaluates the overall performance of the selected hiner

and final cover
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5.5.1 Effectiveness Evaluation
The objective of the evaluation and screening of landfill technology alternatives was to develop an
appropniate range of waste management options to protect human health and the environment and

analyze them m detail with respect to specific site conditions

EPA’s HELP Model (Version 3), was used to assess the comparative effectiveness of various cover and
hmer systems and evaluate waste 1solation. The model was also used to predict potential leachate
production from a Jandfill using the best cover and liner design under both "most Iikely” and "worst-
case” scenarios The HELP Model 1s a quasi-two-dimensional water balance model that predicts the
movement of water across, 1nto, through, and out of landfills (EPA, 1994) Version 3 of the model
accepts various weather, soll, and landfill design data and uses solution techmques that calculate a
water balance The model accounts for components such as surface storage, snowmelt, runoff,
mfiltration, vegetative growth, evapotranspiration, soil moisture storage, lateral subsurface drainage,
leachate recirculation, unsaturated vertical drainage, and leakage through soil, geomembrane, or

composite hiners

The following sections describe the HELP Model effectiveness evaluations for the landfill hner and
final cover

5.5.1.1 Landfill Liner System Effectiveness Evaluation

The HELP Model was used to evaluate the comparative effectiveness of six liner alternatives, which
consisted of various configurations of double, or composite, hiner systems using geomembranes,
geonet, or sand drainage layers, and compacted clay or geosynthetic clay barrier layers The six
alternatives are shown 1 Figure 51 To approximate conditions within a Jandfll, HELP Model
sumulations of the himers consisted of adding additional water on top of the liners until approxumately
12 nches of head was built up on the upper dramnage layer (leachate collection system) This was

done to compare the effectiveness of the liners under maxamum head conditions, not to predict
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actual values of leachate generated by the landfill Thus, the conditions used 1n this analysis are not

expected to exast during the operating, closure, or post-closure care pertods of the landfill hife.

To generate a consistent amount of hydraulic head 1n 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 1terative simulations, 1t was concluded
that a monthly average of 3 inches (an annual average of 36 inches) was needed to generate a long-
term average of approxamately 11.8 mches of head 1n the leachate collection system Evapotranspira-
tion was significantly reduced by sethng the evaporative depth to 0 1 inches and the leaf area 1ndex
to 0 This was done to promote mfiltration. 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 alternaives The hners
were configured such that the top layer represents the leachate collection system, which 1s underlain
by an upper hiner consisting of 60-mil HDPE. Below these layers 1s a leak detection system
consisting of a sand or geonet drainage layer, which overhes the composite bottom hner system
Default HELP Model properties were used for all layers. Imtial moisture contents were calculated by

the HELP Model

Two simulations were run for each alternatve, a most hkely case and a worst-case scenano The
assumptions used for these scenarios were the same as for the cover simulations, consisting of good
nstallation of geomembranes for the most hikely case and poor installation for the worst-case
scenanio Table 5 4 presents the results of the sunulatlons-for the various hiner alternatives 1 terms
of the amount of leachate that may pass through the hiner system. For the most hikely case, all liners
performed approximately the same Even with 1 foot of head 1n the leachate collechon system
continuously for 100 years, only 2 5 x 10° w/yr of leachate 1s predicted to leak through the hners

For the worst-case scenarios, leachate mfiltration 1s predicted to range from 0.04 to 0.5 1n/yr. Under
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this scenamno, the conceptual liner designs that mncluded geosynthetic clay as the base layer (Liner
Systern Nos 1 and 2) performed better than those with compacted clay or a terhary geomembrane

hner as the base

The simianty of results for conceptual designs under the most hkely case indicates that final
screening of the conceptual hiner designs should consider cost and constructability, rather than

potential performance

8.5.1.2 Landfill Cover Effectiveness Evaluation

The HELP Model was used to assess the comparative effectiveness of four cover systems The four
alternatives are shown 1 Figure 5.2 and mclude various configurations of geormembrane and
compacted clay or geosynthetic clay barriers and sand or geonet dramnage layers Key input
parameters 1o the HELP Model water balance approach mclude 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 mput. A
review of the weather data generated by the HELP Model versus actual Denver data (from Stapleton
Axrport) from 1905 to 1993 indicates that both the mean and maxunum annual precpitation are
greater for the synthetic data than the actual data, resulting 1n a conservative analysis with respect to

precipitabion

Important parameters associated with evapotranspiration mclude evaporative zone depth, tempera-
ture, solar radiation, length of growing season, and leaf area index. One hundred years of synthetc
temperature and solar radiation data were generated using default values for Denver It was assumed
that "farr” grass would be maintained on all the cover systems, therefore the Denver default values of
evaporative zone depth (28 mches) and leaf area index (2.0) were used Default data for the length of

growing season for Denver were used.
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The Soil Conservation Service (SCS) curve number, which controls the runoff calculation, was
calculated with the HELP Model assuming a sandy loam surface soil with a fair stand of grass, &
surface slope of 5 percent, and a slope length of 1000 feet. The final calculated value was 67 6,

whach himits the overall runoff and mdicates sigmficant infiltration.

Table 5 5 presents the HELP Model input parameters for the vanous cover systemns Model default
sou property data were used for &ll layers Each cover consisted of 8 inches of surface soil (sandy
loam) underlan by 52 inches of soil (loam) to provade water storage and frost protechion. These
surface layers overhe either a sand or geonet drainage layer, which sits above a 60-mil HDPE
geomembrane The bottom layer of each cover s a compacted clay or geosynthetic clay barrier layer

Initial mosture content of each layer was calculated by the HELP Model

Two sumulations were performed for each of the cover systems a "most hikely" case and a "worst-
case” scenarto The HELP Model allows for varniahions in the number of defects a geornembraneliner
may contain. This 1s the key assumption 1n evaluating each of the cover systems, as they all contamn
a 60-mil HDPE layer as the primary component. Both sumulations assumed that the geomembrane
Liner contained one pinhole per acre as a manufacturing defect. The most hikely scenario assumes
that installahion of the geomembrane portion of the cover is "good,” wath 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 scenario, with virtually no water

(96 x 107 to 7.2 x 10 1n/yr) mnfiltrating through any of the alternatives Landfill Cover System No 4
performed the best at imiting mmfiltration for the most hikely scenano For the worst-case scenano, a
wider range of infiltration was predicted, ranging from 0 005 1n/yr for Cover System No 4 to
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1 119 m/yr for Cover System No 1 A review of the worst-case results indicates that the sand
drainage layer 1s 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 bammer performed better than the
compacted clay Cover System No 4, which contained both a sand drainage layer above the
geomembrane and a geosynthetic clay barner below the geomembrane, performed the best in the

worst-case scenario

In conclusion, the calculated infiltrahon results for all the cover systems evaluated are similar and
very low The similanty of results for the alternahves under the most hikely case indicates that final
screemng of the cover systems should consider cost and constructability, rather than potential

performance

5.5.2 Cost Evaluation of Landfill Liner and Cover Systems
A umt cost was eshmated for each liner system and cover system by estimating umit costs for each
system component, and adding them together Tables 5 7 and 5 8 present the umit cost eshmates for

each liner system and cover system, respectively

As was noted 1 the previous sechons, the liner and covers systems generally performed equally well
and should be selected on the basis of cost and constructability The constructabihity of each
component will also be reflected in the overall unit cost (1 e., the more difficult/labor mtensive 1t 1s to

install, the higher the umt cost).

The total umt cost estmate for the hmer systems ranged from $3.00 to $6 40 per square foot. Liner

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

The total umit cost eshumate for cover systems ranged from $3 60 to $4 55 per square foot. Simularly,

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

effective and efficient.

6.5.3 Overall Landfill Performance Evaluation

The analysis of potenhal effectiveness of the cover and liner systems indicates that, m general, the
various alternatives should perform m similar fashion. Two subsequent HELP Model simulations
were performed using Cover System No 4 and Liner System No 1, both of which were the most
cost-effective and predicted to perform well under worst-case conditions, to eshmate the potential
long-term leachate produchon from the landfill The waste poron of the landfill was assumed to be
85 feet thick and was simulated using default characteristics for mumcipal refuse (HELP Model
default pumber 19, which allows for channehng and dead zones) The symulations were performed
using the same weather parameters as the cap screening simulations The most hkely and worst-case

scenanos were simulated as before

Results of the simulations are presented 1n Table 5 9 As shown 1n the table, extremely small rates of
potential release are predicted for both the most hikely (2 6 x 107 1n/yr) and worst-case

(1 6 x 10° 1n/yT) scenarios
y

An evaluation was performed to assess whether leachate produced at these extremely small rates
could potentially move through the vadose zone beneath the landfill to the water table To estimate
advective travel times of unsaturated flow produced by the leachate predicted from the HELP Model,
the methodology 1ncorporated mto EPA’s RITZ Model (EPA, 1988) was used The equaton for

advective water movement 1n the unsaturated zone 1s

V.= Ve
6 = 6,[V/k ]V
where
V, = Advective water velocity
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V4 = Infiltration or recharge rate

6 = Long-term soil water content at recharge rate V,; on a volume basis
6, = Saturated water content of the soil on a volume basis

k, = Saturated hydraulic conductivity of the soil

b = Clapp and Hornberger, 1978, soil constant

General soil data collected during Task 93-03 were reviewed to eshmated parameters representatve

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

6, = 0 40 (average value for clay/silt materal)
k, = ranges from 4 25 ft/day to 42 5 ft/day
b = 7 75 (Clapp and Hornberger, 1978, sty clay loam)

V4 = 0.00165 1m/fyr, or 3.77 x 107 ft/day (worst-case)

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

8 29 x 10™ ft/yr to 9 37 x 10™* ft/yr, depending on saturated hydraulic conductivity At these rates, it
would take from 1000 to 1200 years for soil water 1n the vadose zone to move downward one foot.
The landfill configurations being evaluated contain at least 10 feet of vadose zone between the base

of the hiner and the water table

5.6 Evaluation of Facility Layout and Material Quantities
Thuis section presents an evaluation of a conceptual facihity layout and material quantites based on
the three conceptual landfill volume requirements described 1n Sechon 5 1.2 and the site-specific

considerations and Limitations presented 1n Section 5.3

6.6.1 Conceptual Facility Layout
The s1ze of the landfill facility will depend on the remedial alternative selected and the correspond-
g volume of waste generated for that alternative The landfill footpnnts for the three proposed

conceptual models are shown 1n Figures 53,5 4, and 55 The landfill footprint 1n this discussion 1s
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the maxamum lateral extent of waste, which nearly comncides with the top of the landfill’s intenor,

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

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

1 800 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 scenaro was assumed to be an average of 30 feet below the
exasting ground surface, with a maxymum himer thickness of 5 feet, mcluding the leachate collection
and removal system Cross sections showing the approximate hmits of excavahons for each scenario
are presented 1 Figures 5 6 through 59 Conceptual Models 1 and 2 are stmilar m that the base of
each 1s placed within the alluvium and both footprints avoid areas of sand subcrops Conceptual
Model 3 1s a much larger footprint and the base of excavation s within the weathered Denver
Formaton. As illustrated in Figures 5 6 through 5 9, Conceptual Model 3 1s cut mto both the A sand
and the JU sand Although avoidance of the subcropping sand umts 1s preferable, 1t 15 only possible
with the smaller two configurations

Excavation sideslopes were assumed to be 3 horizontal to 1 vertical (3H 1V) to calculate awrspace
volumes below grade A sideslope of 6H 1V 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 approxi-
mately 5 feet above grade, will be 1mtially constructed around the excavation perimeter A seres of
stmilar dikes wall be constructed mn & 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 Mlustrates the depth of excavation and depth to groundwater for the three conceptual
models The survey data used 1n these plates are based on the 1983 honzontal datum and 1988
vertical datum In all three scenanos, the depth to groundwater beneath the base of excavation s no

less than 10 feet.
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As 1s shown on Plates 5 2, 5 4, and 5 6, the 6H 1V portion of the final cover exceeds the
recommended maximum top slope of 5 percent presented i EPA’s Techmcal Gudance Document
Final Covers on Hazardous Waste Landfills and Surface Impoundments (EPA, 1989) The guadance
does allow for alternative designs provided that the alternative design fulfills the applicable
regulatory requirement. The purpose of maintarming a fimal covers slope below 5 percent 1s to
control erosion. The allowable erosion control rate listed 1n the guidance 1s less than 2 tons/
acre/year. Thus, to proceed with final design using a 6H 1V sideslope, an approprate 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 1s performed and the recommendations contamned
therein are addressed in the final Jandfill design. The final mmvestigahon should refine and expand
upon the testing and analyses presented mn this report, and consider mn 1its analyses any changes from

these conceptual models

Since slope failure within the Denver Formation 1s 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-thick interbedded strata of sandy lean clays and clayey
sands Standard Penetration Test (SPT) blow counts ranged from 6 per foot to 20 per foot for these

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

Published information about relationships between SPT blow counts and soil strength parameters
(cohesion and angle of mternal fnction) were used to obtamn theoretical values and compare them
with the hmited laboratory strength test data and select input parameters for stability analyses
Because of the generally dry condition of the alluvial soils, the field blow count values may mdicate

gher soil strengths than can be expected under wet or saturated conditions; therefore, the soil
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strength parameters were conservativelyinterpreted The following soil parameters were selected

the slope stabilhity analyses performed using the subsurface profile from Boring SAB12894:

Depth Interval Cohesion Frichon Angle
(feet) (psf) (Degroes)
0to8 500 10
8 to 26 1,500 15
26 to 45 1,000 15
Below 45 4,000 35

The conceptual design cross sechon consists of 3.1 cutslopes (horizontal to vertical), with the
maxamum landfill bottom approximately 60 to 70 feet below exasting grade However, the typical
average excavation depth 1s anhicipated 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 1n place was analyzed for stabihity This 1s a short-
term condition and will occur before any waste 1s placed 1n the landfill In addition, & maxamum
flood elevation (to the top of the 5-foot berm) was assumed for this condition to represent flood stage
The long-term condition (re , with the waste and cap in place) 1s 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
dufference 1n computed values, they are shown 1n two decimal places Typically, the computed

factors of safety are shown 1n one decimal place

Condition Factor of Safety
Short-term without flood 286
Short-term with flood 283
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These safety factors are greater than 1 5, which 1s commonly considered as the lowest acceptable
safety factor for static conditions The landfill cross section analyzed therefore has adequate factors

of safety for anticapated condihions

The cover and hmer systems can be designed to avord potental shippage along component interfaces
Matemnal such as textured geomembranesand geonet with geotextile bonded to both sides can be
specified for use, if required These materials can provide frichion factors 1n 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 shppage can be constructed with proper design (1.e , use of an anchor trench)

5.7 Material Quantities and Availability of Onpost Materials

Matenal quantities were estmated for soils and landfill liner and cover system components The soil
quantities 1include volume estimates for low permeabihty soils and structural fill soils Surface areas
were calculated for the liner and cover systems Estimated quantihies of soils required for landfill

construction were then compared to eshmated volumes of onpost matenals

5.7.1 Material Quantities
Soul requirements will depend on the selected hiner and cover systems developed during the design

phase of the project To provide a conservative estimate of soil requrements, 1t 1s assumed that

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

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

. A 12-inch protective soil layer will be placed over the LCRS
. The primary and secondary barrier layers 1n the liner wall use 36 inches of clay
. The hner system will be underiain by a 12-inch structural fill (prepared subgrade)

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

on the above assumptions
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The surface area to be lined was calculated for each conceptual landfill model assuming an
excavahon depth of 30 feet with sideslopes of 3H.1V The surface area that wall requure final cover
‘was calculated assuming a waste height of 35 feet above grade and sideslopes of 6H 1V The

estimated liner and cover surface areas are presented below

Estimated Liner and Cover Surface Areas

Conceptual Lmer 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 soll borings were dnlled as part of the FS Soils Support Program (HLA, 1995a) to
1dentify potential borrow sources for low permeabilhty and/or structural soils For the purpose of
landfill hiner/cap construction, low permeability soils are those that can be compacted at a specified
density and mosture content to achieve a hydraulic conductivity of equal to or less than 1 x 107
cm/s The results of the matenals feasibihity study, presented 1n Section 3.0, mndicate that soil from
the two 1dentified onpost borrow areas tested can be used to construct clay liners or caps that

achieve hydraulic conductivity requirements of less than 1 x 107 cm/s

In the FS Souls Support Report (HLA, 1995a), a total of four potential low permeabihity onpost soil
borrow areas and two onpost structural soil borrow areas were 1dentified The soil borrow areas and

estimated volumes are presented below

Onpost Soil Borrow Areas and Estimated Soil Volumes

Low Permeability Structural

Soil Fill
Area {cubic yards) (cubic yards) Location
Area 1 1,247,000 - Southern half of Sechion 24
Area 2* 768,000 - SE corner of Sechion 25 and NE corner of
Section 36
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Low Permeability Structural

Soil Fill
Area {cubic yards) {cubic yards) Location
Area 3 5,454,000 - Northern half and SE quarter of Sechion 29
Area 4 4,999,000 - SW and NI quarter of Section 20
Area 5 - 8,889,000 Sechion 34
Storage Area - 180,000 NE Sechton 31

* Area 2 1s not recommended as a borrow area because of the hmited volume of low permeability
soll available and because the sile 1s located m the biota exceedance area The biota exceedance

area mcludes the top 2 mches of soil
Based on the above estumates, approximately 11,700,000 CY of low permesability soil have been

1dentified along with 9,069,000 CY of structural fill. Additional low permeability and structural fill

solls may be available from excavaton of the landfill

The approxumate amount of matenal available from each of the conceptual landfill model excavations

1s as follows

Estimated Estmated Estimated
Conceptual Total Percent Low Percent! Structared
Model Excavation Permeabihty Sail Fill
Number (CY) % (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 (1,425,000)

Based on this analysis, 1t appears that sufficient onpost so1l from borrow areas and the landfill
excavation exasts to meet the construction requirements for even the largest landfill (Conceptual
Model 3) Additional low permeability soil and structural fill wall be required for implementing the
landfil/caps remedial alternative According to the esimates provided in the Proposed Final DAA
(Ebasco, 1994) and updated by RUST, E&I (1995), approxamately 2,500,000 CY of low permeabihty
soud and 13,000,000 CY of structural fill will be required to 1mplement the preferred remedy

(landfill/caps) To meet the volume of structural fill required, expansion of the proposed borrow
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areas 1dentified 1n the FS Soils Support Report may be required (HLA, 1995a) Further soil testing

will be required to expand the proposed borrow areas

5.8 Cost Estimates and Construction Schedule
This section presents preliminary cost eshmates for construchon and annual operation and mainte-
nance for the three conceptual landfill models evaluated for this site feasibility study A conceptual

construchon schedule was also prepared for the inthal phase of landfill cell construction.

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 minus 30 percent) Table 5 11 presents a construchion
cost summary for each landfill model The table presents costs associated wath the vanous elements
of landfill construchon. Estimated costs hsted in this table reflect current present value costs to
construct or install the hsted items Appendix H details the estimated quanhhes, unit rates, and
assumptions used 1n developing Table 5 11 Based on the total eshmated costs show 1n Table 5 11,

the estimated construction cost per cubic yard of waste disposal capacity 1s 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 1n Table 5 2, :n which case, landfill space would only be
constructed on an annual basis, as needed If thns approach 1s implemented, the total cost of landfill
construction would increase over the estimates shown 1 T;able 511 The increase would occur as a
result of inflation, multiple contractor mobihzation/demobilization charges, and possible mcreases m
unit cost because of reduced volumes of matenals purchased or placed at one me In addihon,

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

proceed

Initial Construction
Construct or install maintenance building, office building, access roads, perimeter secunty fence,

parking, leachate management system, groundwater momtoring wells

Perform 1n1tial excavahon (two years capacity) and construct first portions of drainage, sumps, header
plpe, pumps, prepare subgrade, place hiner and protechve cover, construct storm-water control

system, and commence waste placement.

Operational Years
Construct addihional portions of drainage, sumps, header pipe, pumps, excavate sol, prepare
subgrade, place hiner 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 capaaity

Last Year
Construct remaiming porbons of drainage, sumps, header pipe, pumps, prepare subgrade, place hiner

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

Construct remaining portion of cover sysiem over closed landfill

5.8.2 Annual Operation and Maintenance Costs

Table 5 12 presents a summary of eshmated operation and mamntenance (O&M) costs for each of the
landfill conceptual models under both restricted and unrestricted funding scenamos The detailed
annual O&M estimate 1s presented in Appendix H The O&M eshmates were prepared at an FS level

(plus 50 percent to mmus 30 perceni)
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Major assumphons made 1n preparing the O&M estimate mclude
1 Major heavy equipment 1s purchased for O&M funchons and has a six-year replacement hife
and $0 salvage value at six years

2 Leachate and contaminated storm water 1s generated at a rate of 100,000 gallons per acre of
open cell and 1s disposed at DuPont’s Chambers Works 1o Deep Water, New Jersey

3 A 3 percent rate of inflation wall occur for all labor, equpment purchase, and equipment
o&M

4 The daily waste volume that must be handled 1s equal to the landfill volume divided by the
landfill bfe n years, divided by 250 operating days per year. Waste inflow 1s umform
throughout the hife of the landfill

5 The landfill hfe 1s obtained from information m the DAA that 1s summarnzed 1n Table 5 2

6 Borrow so1l requirements for operational cover equal 20 percent of the waste volume and will
be obtamned from cell excavation stockpiled adjacent to the landfill

7 The CERCLA Wastewater Treatment Facihty will treat water from decontammnation
procedures

8 Unit costs for equapment O&M mclude fuel, tires, trucks, and rouhne mamtenance.

9 Groundwater momtoring 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 hughest eshmated O&M costs, $18 per CY, occur for Conceptual Model 1 with

restnicted funding

Estimated labor costs are typically the largest component of the total eshimated O&M cost over the
Lfe of the landfill However, leachate disposal costs are sigmficant and, 1n the case of Conceptual

Model 3, exceed labor costs

As described 1n the assumptions Listed above, leachate 1s projected to be generated m portions of the
landfill that have not received final cover at a rate of 100,000 gallons per acre per year This
assumption 1s based on actual leachate production rates for 1994 at the Highway 36 Hazardous 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 economcal and should be evaluated further

5.8.3 Construction Schedule

Figure 5.10 presents a conceptual construction schedule for cell development of an approxumate
200,000 CY module that could be apphed to any of the three conc eptual landfill models. The
schedule can be refined to be more exact once the size, operating life, and projected daily waste

volumes are selected

5.9 Operation and Maintenance Plans

Operation plans should be developed for the landfill facility to help assure that operations wall
conform to regulatory requurements and be consistent with the engineering design of the facihty
These plans will provide for safe operation but, 1n case of accidents, the plans will include contin-
gency plans and emergency procedures Maintenance plans should also be developed so that the
facility can be properly maintammed during its operating hife 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 comprehensive site operating plan should be prepared for the faclity Major components of the

plan wil! 1nzlude the following elements

. Construction and construchon quahty control {(CQC) requuements
. Daily operations

. Periodic operational achvihes -

. Specific plans

The construction and CQC section will discuss the type of future construction requured throughout
the hfe of the landfill faciity This wall help guide the operator from the 1nitial constructhion through

the completion of construction and eventual closure of the facitity Specific discussion will focus on
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the need to monitor waste generation and the progress of the remedial alternative Momnitoring 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 imnto the landfill Gudance will be provided for implement-
1ng 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 recerved

The daily operahons section of the plan will discuss accepting waste and mspection procedures,
placing waste, contamning or covering waste, and any other actvities that are part of the dealy
operatng routine Periodic achwvities will be discussed 1n the site operating plan 1mncluding mspec-
tiom, monitoring, and mantenance funchons These will be developed to be speaifically apphcable
{0 this landfill facility

Specific plans that should be developed are discussed 1n the following sechons These plans are
related to regulatory criteria for the operation and maintenance of a hazardous waste land disposal
facihity Such plans are normally prepared prior to the startup of waste management activities, and
are subject to change at any tume throughout the active life of the facihity Changes may be made m
these plans to reflect the availabihity of new construction matenals or waste management techmaques,

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

5.9.2 General Waste Analysis

Before disposing of any hazardous waste 1n the landfill, a representative sample of the waste stream
should be obtamned for chemical and physical analysis This analysis provides information necessary
to properly store or dispose of the waste and 1s be performed on each waste stream that 1s to be
accepted at the landfill The analysis 1s repeated when necessary to assure that the analysis 1s
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 mimmize the amount of new samphing

and analysis required prior to waste receipt.

5.8.3 Security Plan

A secunty plan should be developed to prevent unknowing entry and mimimize the possibility of
unauthorized entry of persons or livestock onto the achve portion of the faciity This plan wall
mclude provisions for a barmer system (e g , a secunity fence in good repair) and a means to control
entry, such as a lockable secunty gate Signs will be posted at the entrance and at periodic 1ntervals
along the securnty fence to warn mndividuals about the potential danger associated with trespassing
and forbidding unauthorized access to the facihity The secunty plan should take mto account the

overall security system for RMA.

5.9.4 Inspection Plan

A written mnspection plan should be developed to contain all the imnspection requirements necessary
to penodically evaluate the condition of the facility and 1dentify need for repairs, replacement, or
restoration. The mspection plan wall detail the specific mspection procedures and frequency of
mspecting all parts of the {facihity The plan will also provide for a recordkeeping system that
mncludes an inspection form to be prepared for each inspection achivity The mspection form wall
provide for recording adverse condrions discovered as a result of the mspection and a method of

mrhating appropriate followup to assure the necessary action 1s taken.

5.9.5 Personnel Training

A written personnel training plan should be prepared for the faciity This plan wall discuss, on a
position-by-position basis, the traiming requirements for all personnel engaged 1n the management,
operation, and maintenance of this landfill facality The plan will describe the necessary levels of
pre-employment traxning as well as any periodic or ongoing tramming required for specafic categories
of employees Records of the personnel training program will be maintained to demonstrate

compliance with these requirements
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5.9.6 Preparedness and Prevention Plan

This plan wall relate to the exasting the RMA Contingency Plan and will focus on operations and
procedures to mmmize the possibility of a fire, explosion, or any unplanned sudden or non-sudden
release of hazardous waste or hazardous waste constituents to the environment. This plan would
prowide specific information regarding equipment such as 1nternal commumcations, alarm systems,
external commumications, fire extingushers, spill containment, and fire control systems The plan
would establish testing and maimntenance requirements for related equipment. All personnel 1n the
operations area of the facility wall have access to communications, response, and alarm systems
Arrangements will be made with local authorihes to provide standby or backup support 1n case the

emergency1s of such magnitude that outside help 1s required

5.9.7 Contingency Plan and Emergency Procedures

A site-specific contingency plan will be developed as an appendix to the overall RMA Contingency
Plan to mimimize hazards to human health or the environment from fires, explosions, or any
unplanned sudden or non-sudden release of hazardous waste or hazardous waste constituents Thus
plan 1s a supplement to the Preparedness and Prevention Plan, and prowvides for emergency action 1n
the event that an emergency exasts 1n spite of efforts to preventit. The contingency plan will contain
emergency procedures to be followed 1n the event of any one of a number of potential emergencies
that could occur at the facihity The traiming plan descrbed above wall include provisions for

traimning 1n both preparedness and prevention, and 1n emergencyresponse

5.9.8 Manifest System, Recordkeeping, and Reporting
It 1s not anhcipated that a manifest system for waste shipment will be required for this facility sice

il will not recerve any hazardous waste from offsite sources

A full set of operating records should be routinely prepared and maintained at the landfill facality
These records should be maintained at the facihity until closure The records should descrbe the

quantity and type of waste received, the date of receipt, and the location of specific wastes stored 1
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the landfill The records should also contain results of waste analyses, 1nspection results, the details
of any mmcident requiring mmplementing the contingency plan, all momtoring, teshng, and analytical
data, and other records that are erther 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 Pian

A facihty mamtenance plan should be prepared that requires the repair or replacement of any aspect
of the landfill facality that becomes unserviceable during the operating hife of the faclity or during
post-closure If any mechanical equpment 1s mcorporated into the operation of the facihty, such as
emergency response equipment or dedicated pumps in groundwater monitoring wells, the manu-
facturer’s recommended maintenance procedures will be obtained and incorporated mto the
maintenance plan. The plan would requure that the specified mamtenance be performed m
accordance with the manufacturer’s recommendations The mamtenance plan should be related to
the mnspection plan discussed above because mnspection achivities may 1dentify the need for certain
mamtenance operations Maintenanc e activity that requires repair or replacement of matenal or
equipment will be entered mto the operating record of the facility This record wall enable the
operator of the facility to 1dentify maintenance achwvities that occur at an above average frequency

Thus 1n turn could 1dentify a need to employ different matenal or equipment.

5.9.10 Closure and Postclosure Care Plans
A closure plan and a postclosure care plan may be required for the landfill facility These plans will
mncorporate certain operabion and mamtenance acivities These achivihies will become part of the

overall maintenance plan at the time of landfill closure

5.10 Site Feasibility Summary and Conclusions
Thus sechion provides a summary and conclusions of the Site Feasibihity Study wath respect to the

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

Regulatory criteria that apply to siing a landfill in Colorado were described 1n Section 4 2 and wall
hikely form the basis for siting a facility under the various regulatory scenarios RCRA as a permitted
facility, RCRA as a CAMU, or an IRA under CERCLA.

Site-Specific Considerations and Limitations

Site-specific considerations and hmitations were reviewed to evaluate the potential 1mpact on
construction of & hazardous waste landfill. Site-specific chmate, topography, and surface hydrology
should not 1mpact landfill construction. Based on the sand channel subcrop maps developed as part
of the Area FS, areas exast 1n the vicimity of the landfill siting area where Denver Formation channel
sand umts are 1n contact with the alluviumm The subcropping sand umts should be avoided if
possible The hydrogeologicsite considerations mclude maxamizing the depth to groundwater and
placing the landfill away from areas where groundwater flows radially The depth to groundwater 1s
greatest at the center of the preferred site A groundwater mound exasts between Sections 25 and 36
(Figure 4 32) Situng the landfill wathin the central portion of western Section 25 1s preferred No
geologic hazard or environmentally sensitive area considerations were noted 1n this study, but
additional study may be required for siing and design. Slope farlure within competent bedrock of
shale, sandstone, hgnite, or claystone 1s unliksly 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 1mpact construchon or O&M of the landfill This estimate should be

reevaluated during design.

Conceptual Landfill Design ARternatives

Conceptual design alternatives were developed for hner systems, leachate collechion and removal
systems, gas management systems, final cover systems, and performance of an environmental
momnutoring system Six hner system alternatives were developed A leachate collection and removal
system consisting of 12 mches of sand with a 200-foot drainage length and 2 percent slope was

proposed Gas generation from landfilling of RMA waste 1s expected to be mimimal Gases generated
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5.10.1 Summary

The Site FS included a review and evaluation of waste types, volumes, and generation rates,
regulatory critena, site considerations and irmtations, conceptual landfill design alternatives,
evaluation and screening of the alternatives, facility layouts, materal quantihies and onsite avala-
bality, construction cost eshmates and schedules, and operation and maintenance requirements

Three conceptual landfill models were evaluated for this Site FS to account for the potential variahon
of waste volumes to be generated based on the selected remedsal achon alternative The stung of the
proposed landfill footprints was based on site-specific considerations and lumitations including

topographic, geologic, and hydrogeologic conditions

5.10.2 Conclusions

The objective of this Site FS was to evaluate whether a RCRA Subiitle C hazardous waste landfill of
sufficient capacity could constructed at the preferred site that would meet apphcable federal, state,
and local regulatory requirements The site-specific requirements were reviewed and evaluated in a

logicel sequence

Waste Data

Rewview and evaluation of the waste data y1elded the following conclusions

. Contaminated maternals that may be landfilled can be categorized as contarninated soil, soil
and debns treated by caustic washing, soil treated by thermal desorption, and structural
debns

. The landfill waste volume depends on the selected remedial achion alternative For purposes

of this report, waste volumes of 1,000,000 CY, 2,300,000 CY (the preferred sitewide alterne-
tive 1n the DAA), and 6,000,000 CY were used to account for projected mimimum and
maxamum 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 operational cover (1,200,000 CY,
2,760,000 CY, and 7,200,000 CY, respectively)

. Waste generation rates were estimated to be 1n the range of 98,000 CY to 1,100,000 CY of
matenal per year without a funding hrmit, and 37,000 to 280,000 CY of matenal per year
assumng $100 mithon annual funding hmat.
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may be managed using a passive venting system consishng 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 momtoring will be performed as part of the facihity

performance monitoring

Conceptual liner and final cover alternatives were evaluated for effechveness using the HELP model
and evaluated for cost by estimating the unit cost on a square foot basis Usmg the HELP Model to
simulate the most hikely construction quahty scenarno, all liners performed about equally For the
worst-case scenarios, leachate mnfiltration 1s predicted to range from 0 04 to 0.5 mches per year
(in/yr) The conceptuel hner designs that included geosynthetic clay as the base layer (Liner System
Nos 1 and 2) performed better than those with compacted clay or a terhary geomembrane hner as
the base The final screeming of the conceptual hner designs should consider cost and constructabal-
1ty rather than potential performance because performance results for conceptual iner designs are so
sumilar

The calculated mfiltration results for all the final cover systems evaluated are similar and very low
All the systems are predicted to perform well for the most hkely scenario, wath very limited water
infiltrating through the cover For the worst-case scenario, infiltration ranged from 0 005 m/yr to
1119 in/yr Cover System No 4 performed the best 1n worst-case scenario The similanty of
performance results for the cover alternatives indicates that final screening of the cover systems

should consider cost and constructability rather than potential performance

The total umt cost eshmate for the hiner systems ranged from $3 00 to $6 40 per square foot. Liner
System No 1, which mncluded a GCL 1nstead of a compacted clay hner 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-effechve 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-effechive 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 hner systems Cover System No 4 and Liner 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 m/yr) and worst-case (1.6 x

10" 1w/yr) scenanios EPA’s RITZ Model was used to estimate advective travel times of unsaturated
flow produced by the leachate predicted from the HELP Model Potential travel times through the
vadose zone are eshmated at 8 29 x 10 feet per year (ft/yr) to 9.37 x 10™* ft/yr, depending on the
saturated hydrauhic conductivity The landfill configurahions being evaluated contain at least 10 feet
of vadose zone between the base of the hiner and the water table At the estimated rates, 1t would

take from 1000 to 1200 years for soil water in the vadose zone to move downward 1 foot

Facility Layout

Conceptual facihity layouts and materal quantities were based on the three conceptual landfill
volume requurements (1,200,000 CY, 2,760,000 CY, and 7,200,000 CY) and the site-specific consider-
ations and hmitations The areas of each footprint are as follows 18 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 exasting ground surface, with a maxamum liner
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 1s much larger than Models 1 and 2 and 1s placed
within the weathered Denver Formation. Conceptual Model 3 1s cut imnto subcropping sand Umits A
and 1U Although avoidance of the subcropping sand umts 1s preferable, 1t 1s only possible with
Conceptual Models 1 and 2 The excavation sideslopes were assumed to be 3H.1V to calculate

awrspace volumes below grade A sideslope of 6H 1V was used to calculate the airspace above grade

21907 703030 Harding Lawson Associates 5-37
1208070695 LSF



site Feasibility Study

To proceed with final design using a 6H 1V sideslope, an appropnate erosion control demonstration

would be required

The slope stability evaluation imdicated that the planned landfill can be constructed at the site if a
final geotechmical investigation 1s performed and the recommendations contained therein are
addressed 1n the final landfill design. The final 1nvestigation should refine and expand upon the
testing and analyses presented 1n this report, and consider 1 its analyses any changes from these

conceptual models

Material Quantities and Availability

Material quantities were estimated for low-permeability soils and structural fill soils used m landfill
hner and cover system components The quantities of soils required for landfill construction were
then compared to estimated volumes of onpost matenials 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 soul, 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 1V The surface area for final cover was calculated
assuming a waste height of 35 feet above grade and sideslopes of 6H 1V Based on these assump-
tons, the estimated surface area to be hined and the surface area to be covered are approximately the
same Both the liner and cover areas for Conceptual Model 1 are 850,000 square feet, for Conceptual
Model 2, both areas are 1,600,000 square feet, and for Conceptual Model 3, both the hner and cover

areas are 3,900,000 square feet.

Approxamately 11,700,000 CY of low-permeability sodl and 9,069,000 CY of structural fill so1l have
been identified at RMA during borrow area investigations Additional low-permeability soil and

structural fill soil may be available from the landfill excavation. Based on the estimated volumes of
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onpost so1l from borrow area and the landfill excavation, 1t appears that sufficient onpost soil exasts

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

Construction Cost Estimates and Schedules

Cost estimates for construchon and annual operation and maintenance for the three conceptual
landfill models were prepared to be accurate within plus 50 percent to a minus 30 percent. Based on
the total estimated costs (shown 1n Table 5.11), the esttmated 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, respechively 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 1s constructed on an

annual basis as needed, then landfill construction costs would 1ncrease from the estimates presented

Annual O&M costs were prepared at a plus 50 percent to munus 30 percent range Estimates of
yearly O&M costs were made for each conceptual model using both restricted and unrestricted
funding The landfill ife and average yearly O&M costs for restricted funding for Conceptual
Models 1, 2, and 3 are 12 years and $1,487,000/yt, 10 years and $2,440,000/yt, and 16 years and
$3,109,000/yt, respectively The landfill hife and average yearly O&M costs for the unrestricted
funding scenario 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/yt, respectively

The lowest O&M costs, $7 per CY, occur for Conceptual Model 3 with 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 approxamate 200,000 CY module that
could be applied to any of the three conceptual landfil models was prepared (Figure 5 10). The

200,000 CY module would take approxamately 34 weeks to prepare
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Operation and Maintenance Plans

A comprehensive site operating plan should be prepared for the faclity and should 1nclude the

following elements

. Construction and CQC requirements
. Daily operations

. Penodic operational achwities

. Specific plans

Addrtional necessary plans include waste analysis, security, mmspection, personnel training, prepared-
ness and prevention, contingency and emergency procedures, mamfest system, recordkeeping and

reporting, maintenance, and closure and postclosure care

Based on the results of the Site FS presented i this report, it 1s feasible to construct a RCRA
Subtitle C hazardous waste landfill of sufficient capacity at the preferred site that would mest the

applicable federal, state, and local regulatory requirements
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Table 5.1: Waste Volume Estimates Rocky Mountain Arsenal Site Feaslibliity Study

Remedial Action Alternative

Fstiniatod Wacts Voluma Consolidation/Caps/
hy Type CapsX overs 1andfitl/C aps Landfll ‘Treatmont/Land fill Caps/Treatment/Landfill
Contamlnatod Soll 260 000 2,100 000 3,600,000 880,000 3,100,000
Troatod Soil/Debris ( austic Washing 4,000 5,000 7,000 5,000 7,000
Troated Soil Thormal Desorption i) 0 0 180,000 1,100,000
Structural Debrls Landfilled 180,000 180,000 180,000 180,000 180,000
Total Volume Landfilled 440,000 2,300,000 3,800,000 1,200,000 4,400,000

All amounts aro In cublc yards
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Table 5.2: Waste Generatlon Rate Estimates Rocky Mountaln Arsenal Site Feasibllity Study

Remedisal Action Allernative

Estimated Waste Volumeo Gonsolidation/Caps/
Caps/Covers Landfill/Caps Landfill Treatment/Landfill Caps/l reatment/Landfill

Total Volume Landfilled (CY) 440,000 2,300,000 3,800,000 1,200,000 4,400,000
No Funding Limit Scenario
Remediation Time/Landflll Oporations 7 yoars/4 5 yoars 6 yoars/2 5 yoars 7 yoars/3 5 yoars 9 yoars/B years 14 years/D yoars
Annual Gonoration Rate (CY/yoar) 08,000 920,000 1,100,000 200,000 400,000
Dally Generation Rats {CY/day) 400 3,500 4,200 800 1,900
Funding Limit Scenario*
Romodiation Timoe/landfill Operation with Restriction* 17 yoars/12 years 18 yoars/10 years 22 yoars/16 5 years 17 yeara/13 years 20 years/16 yoars
Annual Generatlon Rato (CY/year)* 37,000 230,000 230,000 92,000 280,000
Dally Goneration Rato (CY/day)* 100 000 000 400 1,100

GY Gubic yards

* Based on $100 million annual funding limit for ovorall RMA remsdiation activilies
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Table 5.3: Liner System Effectiveness Evaluation
HELP Model Input Parameters

ICLY Model Layer Thicknoss HFI P Modol Default Field Wilting Drainage fenglh  Drainage Slope

I ayer Numhor Layer Typo (inches) Material Typo Porosity  Capacity Polnt (foot) (96)
Linor Systom 1

1 2 (drainago) 12 1 (cloan sand) 0417 0045 0018 200 2
2 4 (geomenbrano) 008 35 (HDPE) 0 0 i}
3 3 (harrlor) 025 17 (geosynthetic clay) 075 0747 04
4 2 (drainage) 02 20 (Geonet) 085 001 0005 200 2
5 4 (geomembranse) 000 35 (HDPE) 0 0 0
8 3 (barrior) 025 17 (goosynthotic clay) 075 0747 04
Liner Systom 2

1 2 (drainage) 12 1 (clean sand) 0417 0045 oo1s 200 2
2 4 (geomombrans) 008 35 (HDPL) 0 0 0
3 3 (Larrler) a8 168 (compacted clay) 0427 0418 0367
4 2 (drafnage) 02 20 (Geonet) 085 001 0005 200 2
5 4 {geomombrane) 08 35 (HDPE) 0 0 0
6 3 (barrier) 025 17 (geosynthetic clay) 075 0747 04
Liner System 3
1 2 (dralnage) 12 1 (clean sand) 0417 0045 0018 200 2
2 4 (goomombrano) 008 35 (HDPL) 0 0 0
3 4 (barrlor) 025 17 (geosynthetic clay) 075 0747 04
4 2 (drainage) 02 20 (Goonot) 085 001 0005 200 2
5 4 (geomombrana) 008 35 (HDPE) 0 0 0
8 3 (barrier) 36 16 (compacted clay) 0427 0418 0367
Liner System 4

1 2 (drainage) 12 1 (cloan sand) 0417 0045 0018 200 2
2 4 (geomembrano) 008 35 (HDPE) ] 0 0
3 3 (barrlor) 025 17 (geosynthetic clay) 075 0747 04
4 2 (drainage) 02 20 (Geonst) 085 001 0005 260 2
5 4 (geomembrano) 006 35 (IIDPE) 0 0 0
8 1 (vert porm) 38 16 (compacted clay) 0427 0418 0367
7 4 (geomembrane) 004 35 (IIDPT) 0 0 0

21007 703030(3)
0329040495 RAT
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Table 5.3 {contihued)

1ET P Mool T nyar Thickneas NETP Model Dafaull Field Willing  Drainage Length  Drainage Slopo

I ayor Numhor I ayor Fypo (Inthes) Matorlal Type Porosity  Capnacily Point (feet)
Linor Syastom 8

1 2 (dratnagn) 12 1 (¢ lnan sand) 0417 0045 0018 200
2 4 (gnomombrano) oo 15 (1DPT) 0 0 0

3 3 (barrler) 0 16 (compacled clay) 0427 0418 0167

4 2 {drainegn) 02 20 (Goonet) 085 001 0 005 200
5 4 (goomembrano) 000 35 (HDPE) 0 0 0
8 3 (barrler) 18 16 (compacted clay) 0427 0418 0367

Liner Syatom 0

1 2 (drainago) 12 1 (clean sand) 0417 0 045 0018 200
2 4 (geomembrans) 006 35 (HDPE) 0 0 0

3 3 (barrler) 36 16 (compacted clay) 0427 0418 0367

4 2 (drainage) 02 20 (Goonel) 085 001 0 005 200
5 4 (geomembrans) 008 15 (HDPE) 0 0 0

6 3 (barrler) 36 16 (compactod clay) 0427 0418 0 367

7 4 (geomembrane) 004 35 (HDPE) 0 0 0

HDPE
HELP

Vert Permn
%

High donsity polyothylono
Hydrologic Cvaluation of Landfill Performance

Vertical pormoability

Percent

21907 703030(3)
0320040495 RAF
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Table 5.4: Landfill Liner Effectiveness Evaluation
HELP Model Results

Estimalod average annual leachate passing through liner with approximately 1 foot of head on lop

Most Likely Worst-Case Most Likely Worslt-Case Most Likely Worst-Case
Linors (inches/yr) (inches/yr) (f%yr) (%/yr) (gallons/yr) (gallons/yr)
Systom
1 25x10° 004 0 397 5,973 297 44,678
2 25x10° 004 0397 5,072 297 44,671
3 265x10° 0 51 0 398 82,073 298 613,906
4 25x10° 051 0398 82,073 208 613,906
5 25x10° 0 51 0 398 81,015 298 605,992
i} 25x10° 051 0 3908 81,012 298 605,970

Most likely case assumes one pinhole per acre (manufacturing defoct), three construction defocts por acre, and good geomembrane contact
Worst-case assumes one pinhdle per acre, ten constructions defects per acre, and worst-case ggomembiane contact

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

ft* Cubic feet
yr Year

21607 703030(3)
0320040595 RAF



Table 8.5: Final Landflll Cover Effoctiveness Evaluation
HELP Model Input Parameters

Layer HELP Model Default Drainage  Drainage
Layer IIELP Model Thickness Material Type Field Wilting Length Slope
Number Laye1 Typo (inches) Porosity  Capacity Point (feot) (%)
Cover System 1
1 1 (vert perm) 8 6 (sandy loam) 0 453 019 0 085
2 1 (vert perm ) 52 8 (loam) 0 463 0232 0116
3 2 (drainage) 02 20 {Geonet) 0 85 001 0 005 200 2
4 4 (geomembrano) 006 35 (IIDPE) 0 0 0
5 3 (bartior) 30 16 (compacted clay) 0 427 0 418 0 367
Cover System 2
1 1 (vort perm ) 8 6 (sandy loam) 0 453 019 0 085
2 1 (vert peim) 52 8 (loam) 0 463 0232 0116
3 2 (drainago) 02 20 (Geonst) 0 85 001 0 005 200 2
4 4 (goomenbrane) 0 06 35 (HDPL) 0 0 0
5 3 (barrier) 025 17 (geosynthetic clay) 0427 0 418 0367
Cover System 3
1 1 {vert perm ) 8 6 (sandy loam) 0 453 019 0 085
2 1 (vort porm) 52 8 (loain) 0 463 0232 0116
3 2 (drainage) 12 21 (gravel) 085 001 0 005 200 2
4 4 (geomembiane) 0 06 35 (HDPE) 0 0 0
5 3 (barrier) 30 16 (compacted clay) 0 427 0418 0367
21907 703030(3) 1of2
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Table 5.5 (contlhued)

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

Number Layer Type (inches) Porosity  Capacity Point (foet) (%)
Cover Systom 4
1 1 (vert perm ) 8 6 (sandy loam) 0 453 019 0 085
2 1 (vert perm ) 52 8 (loatn) 0 463 0232 0116
3 2 (diainage) i2 21 (gravel) 0 85 001 0 005 200 2
4 4 (geomembrane) 0 06 35 (HDPE) 0 0 0
5 3 (barnior) 025 17 (geosynthetic clay) 0.427 0 418 0367

HDPE High donsity polysthylono

HELP  Hydrologic Evaluation of Landfill Porformance
Vort  Vertical

Peim Pormoability

% Porcent

21007 703030(3)
0329040595 RAF 2 o2



Table 5.6: Landfill Final Cover Effectiveness Evaluation
HELP Model Resulis

Estimated Average Annual Cover Infiliration from 100 Years of Denver Weather

Most Likely Worst-Case  Most Likely Worst-Case Most Likely =~ Worst-Case

Covers (inches/yr) (mmches/yr) (f2/yx) (f2/y7) (gallons/yr) (gallons/yr)
System
1 7 3x10° 112 1161 178,651 8 68 1,336,310
2 28 x10° 0 04 0 439 5,650 328 42,262
3 4.2 x 10° 008 0 664 12,836 497 96,013
4 96 x 107 0 005 0 154 743 115 5,558

Most hikely case assumes one puhole per acre (manufacturing defect), three construchon 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 landfill area

ft* Cubic feet
yr Year

21807 703030 (3)
0403040595 RAF



Table 5.7: Cost Evaluation of Landfill Liner Systems

Estimated
Umit Cost
Liner Coraponent s/
Liner System No. 1. Double Composite Liner With GCLs
LCRS 0.50
60-m11 HDPE Primary Geomembrane 0.45
Geosynthetic Clay Liner 0.55
Geonet 0.50
60-m1l HDPE Secondary Geomembrane 045
Geosynthetic Clay Liner 0.55

Net unit cost 3.00

Liner System No 2: Double Composite Liner with GCL and GCL

LCRS 0.50
60-m1l HDPE Primary Geomembrane 045
3-foot-thick compacted clay/amended soil 1.80
Geotextile 0.50
Geonet 0.50
60-m1l HDPE Secondary Geomembrane 045
Geosynthetic Clay Liner 0.55

Net Unit Cost 4.75

Liner System No. 3: Double Composite Liner with GCL and GCL

LCRS 050
60-mil HDPE Primary Geomembrane 045
Geosynthetic Clay Liner 055
Geonet 0.50
60-m1l HDPE Secondary Geomembrane 045
3-foot-thick compacted clay/amended soil 180

Net Unit Cost 4.25

Unit Cost

Reference

GNRA
Polyflex
CETCO
GNRA
Polyflex
CETCO

GNRA
Polyflex
GNRA

GNRA
Polyflex
CETCO

GNRA
Polyflex
CETCO
GNRA
Polyflex
GNRA

Limer System No 4 Double Composite Liner with GCL and GCL with Tertiary

FML
LCRS 050 GNRA
60-m1l HDPE Prnimary Geomembrane 0.45 Polyflex
Geosynthetic Clay Liner 0538 CETCO
Geonet 050 GNRA
60-m11 HDPE Secondary Geomembrane 0.45 Polyflex
3-foot-thick compacted clay/amended soil 1.80 GNRA
40-m1l HDPE Terhary Liner 040
Net Umt Cost 465
21807 703030(3) Harding Lawson Associates

0401070695 RAF
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Table 5.7 (continued)

e e e T

Estimated
Unit Cost Unit Cost
Liner Component $/f* Reference

Liner System No. 5: Double Composite Liner with CCLs
LCRS 0350 GNRA
60-m1] HDPE Pnmeary Geomembrane 0.45 Polyflex
3-foot-thick compacted clay/amended soil 1.80 GNRA
Geotextile 050
Geonet 050 GNRA
60-m1l HDPE Secondary Geomembrane 045 Polyflex
3-foot-thick compacted clay/amended soll 180 GNRA

Net Unmit Cost 6.00

Liner System No 6: Double Composite Liner wiath CCLs and Tertiary FML

LCRS 050 GNRA
60-m1l HDPE Primary Geomembrane 045 Polyflex
3-foot-thick compacted clay/amended soil 1.80 GNRA
Geotextle 050

Geonet 050 GNRA
60-m1l HDPE Secondary Geomembrane 045 Polyflex
3-foot-thick compacted clay/amended soil 180 GNRA
40-m1l HDPE Tertiary Liner 0 40

Net Umit Cost 6 40

All costs are 1n 1995 dollars

CETCO  Geosynthetic hner manufacturer

FML Flexable membrane liner

GCL Geosynthetic clay Liner

GNRA G N Ruchardson and Associates

HDPE High-density polyethylene

LCRS Leachate collechon and recovery system
Polyflex ~Geomembrane manufacturer

* Liner pnce does not mclude cost of 1-foot-thick prepared subgrade

2012 Harding Lawson Associates 21907 703030(3)
0401070695 RAF



Table 5.8: Cosl Evaluation of Landfill Cover Systems

Unat Cost Unit Cost
Cover Component s/ Reference

Cover System No. 1

6-foot Erosion Control Layer 1.60 GNRA
Geotextile 050

Geomnet 050 GNRA
60-mil HDPE 045 Polyflex
2 5-foot compaced clay/amended so1l 150 GNRA

Net unit cost 455

Cover System No. 2

6-foot Erosion Control Layer 160 GNRA
Geotextile 0.50

Geonet 0.50 GNRA
60-mil HDPE 045 Polyflex
Geosynthetic Clay Liner 055 CETCO

Net Umt Cost 360

Cover System No. 3

6-foot Erosion Control Layer 160 GNRA
Geotextile 050

1-foot Sand Capillary/Dramage Layer 050 GNRA
60-mul HDPE 045 Polyflex
2 5-foot compaced clay/amnended soil 150 GNRA

Net Umt Cost 4 55

Cover System No. 4

6-foot Erosion Control Layer 160 GNRA
Geotextile 0 50

1-foot Sand Capillary/Drainage Layer 050 GNRA
60-mul HDPE 045 Polyflex
Geosynthetic Clay Liner 0.55 CETCO

Net Umt Cost 3.60

All costs are 1995 dollars

CETCO Geosynthehc hner manufacturer
GNRA G N Richardson & Associates
HDPE High-density polyethylene
Polyflex Geomembrane manufacturer

* Cap price does not mnclude cost of structural fill for grading

21907 703030(3) Harding L.awson Associates
0401070695 RAF



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

——_—_—

— ——

Eshmate Average Annual Leachate Passing Through Liner
Most Likely Worst-Case Most Likely Worst-Case Most Likely Worst-Case

System (inches/yr)  (wmches/yr) (£t/yr) (fe/yr) (gallons/yr)  (gallons/yr)
Cover System
No 4
Liner System 26x107 16x10° 006 260 0.3 2000
No 1

ft* Cubic feet
yr Year

21907 703030
0403040595 RAF



Table 5.10: Estimated Soll Materlal Requirements for Conceptual Landflil Models

Estimated Volume Requred (CY)

Dopth Acceptable Concoptual Model Conceptual Model Conceptual Model
Soil Use (inches) Soil Type No 1 No 2 No 3

Cover

Vegotalivo laye 8 Sandy loam 21,000 40,000 100,000
Wator storago/fiost protection 52 L.oam 140,000 260,000 630,000
Barttor 30 Clay 80,000 150,000 365,000
Subgiade 12 Structural fill 32,000 60,000 145,000
Liner

Protoctive layor 12 Stiuctural fill 32,000 60,000 145,000
Primnary ban et 36 Clay 95,000 180,000 435,000
Sacondaty baitier 36 Clay 95,000 180,000 435,000
Subgiade 12 Structural fill 32,000 60,000 145,000
Operational Covor Stiuctwal fill 200,000 460,000 1,200,000
Total Liner and Cover

Sandy loam NA 21,000 40,000 100,000
Loam NA 140,000 260,000 630,000
Clay NA 270,000 510,000 1,235,000
Structwal fill NA 296,000 640,000 1,635,000

CY Cubicyard
NA Not applicable

21907 703030
0403040695 RAF




Table 5.11: Summary of Estimated Construction Cost

Conceptual Conceptual Conceptual
Jtem Descriphon Model 1 Model 2 Model 3

Support Construction
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/Decontamination Buulding $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 Momtoring System $120,000 $156,000 $240,000
Cell 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
Mobihization/Demobihzation $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/quahity control

21907 703030(3)

Harding Lawson Associates
0401040785 RAF



Table 5.12: Operatlon & Maintenance Cost Summary Table

I andfill 1 He

Yearly O&M Costs

Total O&M Cost

Conceptual Model in Yoare tunding Minimum Maximum Average Per Cubic Yard
1 12 Restricted $1,150,000 $2,374,000 $1,487,000 $18
1 45 Unrestricted $2,035,000 $2,991,000 $2,294,000 $11
2 10 Restricted $1,994,000 $3,442,000 $2,440,000 11
2 25 Uniresincted $4,979,000 $7,429,000 $5,820,000 $8
3 16 Restncted $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)
0320040695 RAT
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Explanation

Layer Composithon Thickness
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Explanation
Approximate Waste Footprint for Conceptual Model 1
Area =900 ft x 900 ft
Waste to be landfilled = 1 0 million cublc yards

Approximate Waste Footprint for Conceptual Model 2
Area = 1200 ft x 1300 ft
Waste to be landfilled = 2 3 million cubic yards

Approximate Waste Footprint for Conceptual Model 3
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Waste to be landfilled = 6 0 million cubic yards
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Explanation

- Approximate Waste Footprint for Conceptual Model 1

Approximate Waste Footprint for Conceptual Model 2

Approximate Waste Footprint for Conceptual Model 3

7 = ZA\\"=)

A
038
Water-level monitoring well location 1

.59511094 Borehole location

Water-level elevation
™S————" (2-foot contour Interval)

S — Unpaved roadway 0 400 800

- - - - Surface drainage

Scale in feet
25 Section number

Prepared for
Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared by
Harding Lawson Associates

Figure 5 4

Conceptual Landfill Footprints and
Groundwater Elevation Map




RMA/21907715 4/595 LDZ

Y
220

4 008
007 A
A 036 J

170w /7“ “/
elell

O, 124
164A_ ') .

LIQUID STORAGE TANK

A
123

4 N\ ? 'f\ 36

Explanation AOSB Monitoring well
Approximate Waste Footprint for Conceptual Model 1 Depth to groundwater
™~———— (10-foot contour interval)
o Approximate Waste Footprint for Conceptual Model 2 — — == = Unpaved roadway I
Surface drainage 0 400 800
Approximate Waste Footpnnt for Conceptual Mode! 3 2 5 Sect b Scale in feet
ection number
Prepared for Figure 55
Program Manager for
Rocky Mountain Arsenal Conceptual Landfill Footprints and
Commerce City, Colorado Depth to Groundwater
Prepared by

Harding Lawson Associates




e r——

5240 —

5220

5200 —

Elevation in feet

; 5180 —

5180 —

5140 —

5120 —

Note
The proposed maximum glopa of 3H 1V
I8 not Blustratad In landflil conceptual
model croas section because of
vertical axaggeration

26143 26144 Ties KK

ASB12094 (projecled 170 fL}

Conceptual Medel 3

=

wn
- ol
I of
g SR
= o2

o O
o g2a
& Q=
o 8=
2 28
"""::.NF

1
L

Easl o g D’ — 5280

25032 25033,
25034 TiesO O

Elevation in feet

— 5180

— 51680

— 5140

— 5120

Nota Screened nterval for 26010 I8 125 to 148 balow ground surface

AllLvim

Clay sandy clay (CL CH)

Sand,siy sand clayey sand
(SP 5M 5C 5W)

§ 0
E Qravel

EXPLANATION
Badrock (Derwar Formation)
Ligniie/Ligniti: Clayatone — . ————
3 Sandstone
Ciaystone with interbedded ststone Notes
hgrile and sandstone (see note)

1 In areas of no lithologic controf lataral extant of Delrver

Top or weathared bedrock

Formation sandatone Kgolte and clayslone Is unknown
2 Cress section looatton map Bustrated in Figure 4 17

~
[=3]
- Boring Monitoring wel(s)
é/ deniffication 8~ identification
@ &
Sand pack
,.} _~Screenad Intorval
2f  with wall number
TD = Total depth I fest

m_

04— "
0 400
Scale In feat
Varlical exaggeration = 20y

Prepared for
Program Manager for
Rocky Mountamn Arsenal
Commerce City Colorado
Prepared by
Harding Lawson Assoclates

Flgure 5 6

Conceptual Model 3 through
Geologie Cross Section D-D*




199 UI UOBAB[T

i
H

1119

M W F81L 92052 S2052

I T
. [

i It
- I
_ ,
11881 pESZIEVYS 5 !

Tha proposed m«aamum stopg of 3H IV

Is not Mustrated In landfill concoptual
model cross section because of
vertical exaggeration

Nota

iU Sand

Lignite A ¢

F

X 8 3 3 B 3 &
& bt m % w 0 e b b
| | | l | | | l |
..F [ S T I T I O R R R = 8. d.
[T T T O T I O IO ¢
RENEEEEEER Y b
d__________\ - ﬂ
___,_H_:______H_____\ ;m
LI T Y T T O T B4
[ RIS R I y
| T T IS T R Y A
Pty
— O N B |
(I T T I I I J
_m ___foﬂ_mbmn«
— M s %l__ T
M b m ___U_m_nu__..“u___f - o
m M = TN A A
_ | P
W W M .%.__”.__r.r._._mw_... -
L7 3 B B 1

5000 —
5280 —
EPR) —
5240
B22) —

5180 —

I
2
o

188 U1 UONBAS|T

5160 —

5140 —

5130 —

Prepared for

Program Manager for

Rocky Mountain Arsenal

Harding Lawson Associates

Figure 57

Commerce Clty Colorado

Prepared by

Concaptual Modets 1 to 3 through
Geologic Cross Section F F

EXPLANATION

o0 -

&

;

Montloring wall(s)
Identfication

identification

0
0

Sand pack
—Scraanad [rierval
with well Rumber

-
o}
8

082 — ettty

N\

Top of weathered bedrock

. p— — — —

Lignita/Lignivc claystone

—
400
20x

Scale in foet
Vattical exaggaration

TD = Total dapth in foat

¥gL LAYS ———

1 In areaz of no lthologic controi lateral exient of Denver
Formation sandstons fignite and clayslona ls bNKROWn

2 Cross eaction location map ilustratad In Figine 4 17

Noles

Claysione with Interbadded sittsiona

Kgnite and sandstone {ses noip)

Badrock (Denver Formation)

Alluviunm:

- §

#
Pl
q___h____ __h._ om.m



T

= Solth ———n—
; E
=
L g 3z § 5 5 L
Nota L < S 8% g
— The proposed maximum skope of 3H 1Y a] w L; ] @E’ “ 1 ﬁé
‘ 5260 Is not Mustrated n landfil concaphual a w Ig E @ < R Sy r—" B 5260
model croea section becausa of 3 3 - T ] =T T
vortical exaggeration F F 2 s PR
3 s = N S S
8 = 8 5 ST
o g 3
5240 2 o . L. 5240
do
50
o 5 ¢
B
8
. =
5220 < |-— 5220
s
< ]
< £
] -
E
5200 | %’ — 5200
3 B 3
= Lignite A =
s | EEEEEEEEEE : g
3 [ D e e " ? z
b 58 - St 3 L 5180 W
) . iz
-1~/
5180 — -7/ _§r’r“_"_’ ~ 5160
-
v
>
5140 — 1 — 5140
118
—_ Concaplual Model 1 2
- Conceptunl Modol 2
5120 — — 5120
Concaptug Moda! 3
l?
Prepared for
EXPLANATION g’ Boriog Monitoring wok(s) 20 Program Manager for
ARdum Badrock {Denver Fommation) = Wen § - eation i RAocky Mountaln Arsenal
— - 8 Commerce Clty Colorado
- Clay sandy clay (CL CH) @ Ligntia/Lignitic claystona —————— Top of weatherad bedrock Preparad by
sand pock Harding Lawson Associates
_ 4 Sand My sand cleyoy sand
ﬂ_j (SP SM SC SW) Sandsione 1_Screened inforval Figure 5 8
9} with well pumber e S
"ol Grayel Claystone with iarbadded sitsiona Notas 0 400 Gonceptual Models 1 to 3 through
18] Bgnita, and sandstone {866 nole) 1 1n araas of no Mhologic control laleral extant of Derver TD = Tolal depth In feet Scala In feat Gaologic Cross Section L L

Formation sandsipna lignits and claystona 1S unknown
2. Cross saction localion map Kustralad In Figure 4 17

Vertiral exaggaration = 20y




198} U} uoneAsg

ﬂ 3 & < & 2 g »
3 B g 3 Y S o m 5 @
M ( [ [ f [ { { [ f |
Z
-
A___d__,____r
._.r—_mm_._._ ___._._d_L__#.F “
yE0Flayd N
5

H H saiL
FELELEYS

2D cell
FELLLEYS

(I} _\r
J-d 8LL rjr_:_L : \
peLZIESY { T T ¢
\{ Z f\/,
‘\
F 3
/ ,
\ | ( \
ERERTR . A i i
PEFZ LESY f/ ' T
N
p6LZ1EYS
aasei

D 0% rERL1gSY

The proposed maximum glops o 36 1V

ks not Mustraled in landfiil concaptual
mods] cross section bacauss of
vartica exaggeration

MNotg

5200 ~
5180
5160 -
5140 —
5130 —

W

5290 —
5280 —
5260 —
5240

198} U} UoTRABIF

Prepared for

Program Manager for

Rocky Mountaln Arsenal

Harding Lawson Assoclates

Figure 59

Commerce City Golorado

Prepared by

Conceptual Modsi 3 through
Geologic Cross Section N N’

EXPLANATION

1
400

20 -

Monftoring wel(s)
'

g
]
TD

Boring
/" \dentification

Boedrock (Dernwer Formation)

Alluvium

Top of weathered badrock

Sand pack
—3craenad intarval

-
o}
a

Sandstone

with well nuembar
Total depth In fast

$8LE ' EVS mmeer—}

1 In areas of no Mthologic condrol kateral axtant of Dermver

Formaiion sandetone ligntte and daystons is LNKNown

Noias

Clsystone with interbaedded siitstona,
Mgintte and sandsione {sae note)

% Lignia/Ugnitic claystona

Clay sandy dlay (CL CH)
sity
Sk

~
;Gravd

Scale In foet
Vortical axaggeration = 20x

2 Cross section location meap Mustraled in Figure 4 17




Sw | 6w

Tw

9w 110w | 11w | 12w | ] 14w| 15w | 18w | 17w | 18w ] 16w] 20w | 21w ]| 22w

23w

24w

28w

28w | 2Tw

28w

3w

32w [ 33w | 3w

obilization
She Setup

F 4 Name 1w | 2w | 3w | 4w

Cell Exoavation —d
Cleaer & Grub g

T‘Excnva!e to Subgrade

Fina Grade Cefl
Fine Grade Slopes

Process Structural Fifl

Place Structural Fi

Eccondury Liner Construct

Place GCL

Inatali 18" & HPDE Perm Sump Pipe

60 M HPDE Instaliation

Geonet & Geotexille Installation

Primary Linar Construot

Process Clay

Place Clay

Jnstall 18" LDS Pipe

hllall Granular Material

[0 Mil HPDE Installation

fnstaii Leachate Collective System

(Collection Sump Installation

i

knstall Protective Cover

baolexllle Instaliation

[

ofl Cover Instaflation

Access Ramp
Geotextile

Road Base

Median Barrlers

urvay |

RQA/AC

-] B4 B4
HH L

Prolact Mananamant
)] peame

I j"‘

Laboratory

— 4 H

—
-

-

— 1

et Bd K

—HHH

il n+ r

Prepared For.

Program Manager Rocky Mountain Arsenal
Prepared By:

Harding Lawson Assoclates

Figure 5.10

Typical Estimated Hazardous Waste Cell
Construction Schedule for an approximately

200,000 Cubic Yard Module




6.0 CONCLUSIONS AND RECOMMENDATIONS

Thus section presents conclusions and recommendationsbased on the Matenial FS, Area FS, and Site
FS results The Matenal FS evalualed whether onsite soils are suitable for use as landfill liners and
capping material based on field and laboratory tests The Area FS 1dentified an area within RMA
suitable for siting a landfill based on current regulatory and nstitutional criternia  After an area was
1dentified, adequate geologic and geotechnical data was collected to characterize the site and evaluate
the feasibility of constructing a landfill in the existing foundation materials The Site FS 1dentified
an appropriate site within the area 1dentified 1n 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 construct caps and hners that meet regulatory-required hydraulic conductivity The
construction methods employed to construct the two test fills 1dentified the approximate hft
thickness, moisture content, density, and compactive effort necessary to achieve the required

permeability

The Area FS objectives were met. Landfill siting critena and policies were used to screen RMA and
1dentify an area suitable for potentally siting a hazardous waste landfill 1n the western half of
Section 25 Three deep borings and thirty shallow borings were drilled and hithologically logged to
characterize the geology of the area 1dentified 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 hmits 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 permeabihity tests achieved
vertical permeability values less than 1 x 107 cm/s The results of the geologicand geotechmcal

characterization suggest that approxamately half the sod in the 1dentified area could potentially be
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Conclusions and Recommendations

used as materal for construction of caps or liner Geologic and geotechmical results mndicate that the
area 1s conducive to construction of a hazardous waste landfill with primarily clay and claystone

underlying the site

The Site FS objectives were met. Appropriate landfill sites within the area 1dentified m the Area FS
were evaluated and conceptual landfill models, design elements, construchon 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 sitewrde alternative 1n the
DAA), and 6,000,000 CY were used to account for projected mimimum and maximum waste volumes
The total landfill volumes used for the three conceptual models mncluded a 20 percent volume
mncrease 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 generahon rates were estumated to be 1n the range of

98,000 CY to 1,100,000 CY of maternal per year without a funding limit, and 37,000 to 280,000 CY of
matenal per year assuming a $100,000,000 annuel funding hirmit Clhmate, topography, and surface
hydrology should not umpact landfill construction Subcropping Denver Formation sand units 1
contact with the alluvium should be avoided if possible Maxamzing the depth to groundwater and
placing the landfill away from areas where groundwater flows radially 1s preferred Therefore, sihng
the landfill wathin the central portion of western Section 25 1s preferred No geologichazard or
environmentally sensitive area considerations were noted 1n this study, but addrtional 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 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 Four final cover systems were
developed Environmental monitoring will be performed as part of the facility performance momnitor-

g Conceptual hiner and final cover alternatives were evaluated for effectiveness usmng EPA’s HELP
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Model, and evaluated for cost by estimating the unit cost on a square foot basis Using the HELP
Model to sumulate the most hikely construction quality scenario, all liners performed about equally
Liner System Nos 1 and 2 (use geosynthetic day liner) performed better than the other hiner systems
The final screening of the conceptual liner designs should consider cost and constructability rather

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

The calculated infiltration 1esults for all the final cover systems evaluated are stmilar and very low
Cover System No 4 performed the best. The similanty of performance results for the cover
alternatives indicates that final screening of the cover systems should consider cost and construct-

ability rather than potential performance

The total umt 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 1 was the most cost-effective Cover System No 4 was the most cost-effective

The overall landfill performance was evaluated using the HELP Model to evaluate the potental
effectiveness of the cover and liner 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 hikely (2 6 x 107 in/yr) and worst-case (1 6 x 107 1n/yr)
scenarios EPA’s RITZ Model was used to estimate advective 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 20 x 10™ ft/yr to 9 37 x 10™ ft/yr, depending on the saturated hydraulic
conductivity At the eshmated rates, 1t would take from 1000 to 1200 years for soil water 1n the

vadose zone to move downward 1 foot

The conceptual facility layouts and matenal quantities 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 subcrops The base of Conceptual Model 3 1s within the weathered Denver Formation and 1s

cut 1nto subcropping sand umnits

Material quantities were estimated for low-permeability soils and structural fill soils used 1n 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, 1t appears that sufficient onpost soil exasts 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 minus 30 percent range The estimated
construchion 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&M costs were prepared at a plus 50 percent to minus 30 percent range The average
yearly O&M costs for the restricted funding scenanos 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
unresiricted 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

assocaated 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 approximately 34 weeks

O&M plans should be prepared for the facihity and should mnclude construction and CQC

requirements, daily operations, periodic operational achvihes, and specific plans

In conclusion, based on the evaluation performed 1n the Site FS, i1t 1s feasible to construct a RCRA
Subtitle C hazardous waste landfill of sufficient capacity at the preferred site using onsite borrow

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

6.2 Recommendations

Material FS recommendations include the following

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

Area FS recommendations include the following

. Perform a detailed hydrogeologic study to evaluate groundwater flow velocities and vertical
gradients 121 the potential landfill area 1dentified

Site FS recommexdationsinclude the following

. Based on ccmpletion of a hydrogeologic study 1n the potential landfill area, and a decision by
PMRAMLA to pursue construction of an onsite hazardous waste landfill, a formal Subtitle C
Landfill siting report should be prepared The report should rely on the information provided
n this Site FS report Mimmal, if any, field investigation will be required Once the ROD
for the onpost operable unit 1s decaded upon, and 1if the final remedy imncludes a landfill, a
formal landfill siting report should be prepared for submuttal

. Perform necessary additional geological and geotechmcal drilhing and testing within the
landfill site concurrent with construction to prepare landfill siting report.
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AHPA

Army

ASTM

BEMA
bgs

CCR
CEC
CERCLA
CFR

CL

cm/s

CME

CcOoC
COE
Colog
COR
CQcC
CRS
CY
DAA
DSA

Ebasco
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7.0 ACRONYMS

Archeological and Historical Preservation Act
Action leakage rate

Applicable or relevant and appropriate requirement
U S Department of the Army

American Society for Testing and Matenals

Bank cubic yard

Bald Eagle Management Area

Below ground surface

Code of Colorado Regulations

Cation exchange capacity

Comprehensive Environmental Response, Compensation, and Liability Act

Code of Federal Regulations

Clay hiners

Centimeters per second

Central Mine Equpment
Comprehensive Monitoring Program
Chain of custody

U S Army Corps of Engineers
Colog, Inc

Contracting Officer’s Representative
Construction quality control
Colorado Revised Statute

Cubic yard

Detailed Analysis of Alternatives
Development and Screening of Alternatives

Ebasco Services, Inc

Harding Lawson Associates



Acronyms

EPA
ESA
ESE

FFA

FS
GCL
GIS

GMP

X1

el

LCRS

meqq

MKE

NCP
NHPA
O&M
OD
Oou

pctf

7-2

U S Environmental Protection Agency

Endangered Species Act

Environmental Science and Engineening, Inc

Federal Facilities Agreement

Flexable membrane liners

Feasibility study

Geosynthetic clay liners

Geographic Information System

Groundwater Monmitoring Program

Harding Lawson Associates

Inside diameter

Interzm response action

Hydrauhic conductivity

Time-weighted average value of Stage 1 hydraulic conductivity
Time-weighted average value of Stage 2 hydraulic conductivity
Hor1zontal hydraulic conductivity

\ ertical hydrauhic conductivity

Leachate collection and removal system

Mullhiliter

Muliequivalent per gram

Momson-Knudsen Environmental Services, Inc (formerly Mormmson-Knudsen

Engineers, Inc )

National Contingency Plan
National Historic Preservation Act
Operation and marntenance
Outside diameter

Operable umt

Pounds per cubic foot
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Acronyms

PI

PID
PMRMA
PPE
PRG

psf

pst

PVC

QC

RCRA

ROD

RPO
RUST E&I
SARA
SCS

SIA

SM

SPT

uUsC
USCs

USFWS

vOoC

21907 703030
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Plasticity Index

Photolonization detector

Program Manager for Rocky Mountain Arsenal
Personal protective equipment
Preliminary remediation goal

Pounds per square foot

Pounds per square inch

Polyvinyl chloride

Quality control

Remed1al action objective

Resource Conservation and Recovery Act
Remedial mvestigation

Rocky Mountan Arsenal

Record of Decision

Representative process option

Rust Environment and Infrastructure
Superfund Amendments and Reauthorization Act of 1986
Soul Conservation Service

Stapleton International Awrport

Site Manager

Standard Penetration Test

Temperature effect gauge

Unuted States Code

Umnified Soul Classification System

U S Fish and Wildhfe Service
Unexploded ordnance

Volatile organic compound

Harding Lawson Assaciates
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Acronyms

Walsh J P Walsh and Associates, Inc

WES Waterways Experiment Station

°F Degrees Fahrenhent
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SECTION 01: SUMMARY OF WORK

PART 1 GENERAL
1.01 PROJECT DESCRIPTION

A. Work of the Contract compnses construchon of two (2) test fills at Rocky Mountam
Arsenal, Commerce City, Colorado. Work includes, but 1s not hmted to:

1A. Stnpping and stockpihing 12 mches topsoil fiom the two designated borrow areas
shown 1 Figure 2.

1B. Stripping and stockpiling 4 inches topsoil fram the test fill area, and processing
area.

2. Excavating approximately 500 cubic yards (yd®) of clay from each of two (2)
designated berrow areas {total of 1000 yd®).

3. Transporhng clay 1o soil processing area

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

5 Grading Test Fill area to a smooth, umform surface.

6. Wethng the subgrade and placng a warking layer of clay at base of each test fill.

7. Construchng the three-foot thick test fills 1n six (6) six-inch Iifts, allowing for
testing by the Engineer during construchon.

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

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 furmush all labor and equupreent to perform the Work outhned
above The following shall be provided to the Subcontractors

a. The Owner shall pronide approved onpost barrow sources for all soil for
compacted sol test fills

b  The Contractor shall proide onpost water source at the Fire Station, corner
of D Streel and 7th Avenue, 1 1/8 miles south of test fills.

¢ The Contractor shall provide soil teshng during processing and placement of
test fill soil.

d. The Owner shall pronide pative grass hay mulch
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102

1.03

104

105

1.06

FORM OF SPECIFICATIONS
A. Term "prowvade” or "provided" shall mean “furmsh and install 1n-place,” except as noted.

B These Specifications are mtended to be used 1n conjunchon with the accompanying
Test Fill Design Plans, hereinafter referred to as "Drawings.”

C Definthons:
1. Contract - Contract documents signed by HLA and Subcontractor
2. Contractor - Harding Lawson Associates
3. Engineer - HLA’s resident project engineer or designated representahive
4 Subcontractor - Earthwoerk construchon company
5 Owner - Program Manager for Rocky Mountamn Arsenal

6. Work - All site work related to thus project that 1s to be performed by the
Subcontractor

D Any reference to standards of any society, 1nshtute, association or governmental agency
shall be the edition 1n effect as of the date of this Specification, unless stated otherwise

CONTRACTS
A. Perform work as agreed to 1in Contract wath Contractor.
WORK BY OTHERS

A. Work on project which wall be performed by others during period of contract, but that 1s
excluded from contract, 1s as follows

1. Construchon management services.
2. Construction matenal teshng.
3. Surveyng services
4 Health and safety monitoring.
5 Owner and regulatory haison.
SCHEDULE
A Coordinate construchon schedule and operations with Engineer.
SUBCONTRACTOR'S USE OF PREMISES
A Confine construchon operahons to within designated work areas unless otherwise autho-

nzed by Owner. A fenced parking lot and equpment laydown area are shown 1n Figure 2.
Some parking 1s also available at the 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 parking or storage of maternals. Schedule deliveries mthﬁeer to mimi-
mize space and time requirernents for storage and handhng of mat and equipment
onsite

c Subcontractor shall, at all times, conduct operahons to assure least inconvemence to
Owner, Contracter, other subcontractors, onpost personnel, and operahons of facility.

D Do not perform any wark within protected area boundanes.
E. Coordinate hours of operahon with Engineer.

1.07 OWNER - FURNISHED ITEMS
A. Ownper wall furmish site laydown and parking faclihes.
B. Owner will furnish access to construchion water at the Fire Stahon, corner of D Street
and 7th Avenue, 1 1/8 miles south of test fills.
c Owner will furmish native grass hay mulch (located 1n Sechon 29 of RMA; see
Fagure 2).
108 CONTRACTOR RESPONSIBILITIES
A. Provide construction management services.
B. Arrange for soil teshng as specified 1 Specaifications.
C. Arrange for necessary surveying.
D Coordinate construchon achvities with Owner.
E Monutor site conditions for health and safety
1.09 SUBCONTRACTOR'S RESPONSIBILITIES
The Subconiractor shall furmish all labar and equipment required to perform the Work,
mnchiding, but not hmited to:
A Handle matenal at site, ncluding recerving, unloading, and storage 1 accor-
dance with Contractar’s requirements and manufacturer’s recommendatons
Install matenals as required by Speaifications.
Repair or replace matenals damaged by Subcontractor.
Arrange for replacement of damaged, defective, or missing items or materzals
- END OF SECTION -
21907,703030- Specs

8516021095 01-3



SECTION 02. GENERAL REQUIREMENTS

PART 1 GENERAL
1.01 SUMMARY

A

Two test fills shall be constructed to verify the smitabihty of two different local matenals
for use as 1mpermeable clay hner and to venfy/determine the construchon procedures
(r.e., moxsture content range and compaction effort} requured to achieve a compacted 1n-
place permeabihity less than or equal to 1 x 107 centimeters per second (cm/sec).

B. Thas Specification and other Contract Documents cover the furmshing of all lsbor,
materials, equupment, superintendence, and services necessary to consiruct the test fills

C. Cooperation. The Subcontractor shall cooperate with all other parties engaged 1n project-
related achivities to the greatest extent possible. Disputes or problems should be referred
to the Contractor for resolution.

D Construchon Water. The quality of construchion water used to accomphish construction
wark 1s crucral due to the nature of the fachihies bemg constructed. Subcontractor shall
use construchon water provided by Owner, which 1s 2 good quahity water from an onpost
source

E.  Inspecthon All inspechon, testing, and documentation procedures shall be the respons:-
bility of the Contractor. As described 1n other Specification sechons, Subcontractor shall
assist as necessary m faclitabng testing procedures

- END OF SECTION -
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SECTION 03: HEALTH AND SAFETY REQUIREMENTS

PART 1 GENERAL
1.01 SUMMARY
A. SITE BACKGROUND

Rocky Mountain Arsenal (RMA) occumes approximately 27 square miles 1 southern
Adams County, Colorado, approxamately 8 mles northeast of downtown Denver
(Figure 1) RMA was established by the Army 1n 1942 to produce chemical and
mcendiary munitions for World War IL

Dunng operahons at RMA, the U.S. Department of the Army’s {(Army’s) day-to-day
achwvihes generated miscellaneocus sohd waste, as well as potenhally cantaminated
tools, equupment, unwanted. containers, rejected mcendianes, empty mumhbons
casings, demihitarized mumtons, explosives, burster charges, rocket propellant, rocket
motars, wasles from the Mustard Plani, and wastes from the produchon of nerve
agent {GB). These matenals were decontaminated with caustic or other
decontamimants and transparted to burning pits to assure complete decontamination
by mcmeration. Following World War I, the produchon of mumtions decreased, and
the Army leased selected portions of RMA to private industry.

From 1942 untl 1957, chemical agents were manufactured at RMA. Lewvinstern
mustard (H) was produced 1n the South Plants manufacturing area from 1942 unhl
1950 This area was also used to fill shells with the chemical agent phosgene or
mcendiary mixtures, 1ncluding napalm and white phosphorous. During this penod,
obsolete World War I mumtons were destroyed by detonation or incineration on
RMA.

Sechon 36 was the primary area for waste disposal at RMA 1n the 1940s and 1950s.
Potentially contaminated sohd waste including metal were inanerated i pits and
trenches located east and north of Basin A. The chemucal nerve agent
1sopropylmethyl fluorophosphonate (Sarm or GB) was produced m the North Plants
manufacturing area from 1953 unhl 1957. Mumtions filling with this nerve agent
contimued at RMA untl 1969. From 1970 to 1984, Army achwities focused primarily
on the demilitarization of chemical warfare maternals.

In 1947, porhions of RMA were leased to private mdustry. Early lessees mncluded
Colarado Fuel and Iron Corporation (CF&I) and Julius Hyman and Company (Hyman).
CF&I produced chlorine and chlorinated benzenes and attempted to manufacture
dichlorodipbenyltnchloroethane (DDT). Hyman produced. several peshcides during
this period. In 1950, Hyman added to its lease a mumber of facilities formerly
operated by CF&L In 1952, Shell il Company (Shell) acquired Hyman and operated
1t as a wholly owned subsidiary until 1954, when Hyman was integrated mto the
Shell corporate structure and Shell succeeded Hyman as the named lessee. From
1952 untl 1982, Hyman and/or Shell produced a vanety of herbicides and pesticides
1n the South Plants manufacturing complex.

Between 1942 and 1982, a vanety of the contaminants associated with the mdustnal
activities onsite were released to the environment at RMA. Chemical waste effluents
were discharged 1nto hned and unhned evaporation basins, and sohd wastes were
burned or disposed on the surface. Wastewater, raw maternals, and end products were
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leaked and eccdentally spilled withm the manufacturmg complexes, storage areas,
and transportation routes on RMA. Chemncal cts that were not manufactured to
cation were commonly discharged into ow trenches. Munthons were
demilitarzed and disposed 1n trenches and on the surface. The sites that are
beheved to have been the primary groundwater contaminahon source areas at RMA
are the manufacturing complexes, the wastewater storage and evaporation basms
(Basmns A, C, D, E, and F), areas of sohd waste disposal, and the rail classificahon

In the early 1950s, the detrumental effects of chemmical contamination on the local
environment became evident. By 1951, lugh waterfow] mortahty was suspected of

hnked to the msecticide contarmmnahon of three artificial lakes on RMA
(Armitage, 1951; Goodall, 1951). In 1954 and 1955, severe crop loss was reported by
farmers northwest of RMA usmg well water for rngation (U.S. Department of Health,
Education, and Welfare, 1965). Two contaminants, diisopropylmethylphosphonate
(DIMP), a manufacturing byproduct of the nerve agent GB, and dicyclopentadiene
(DCPD), a chemcal used to produce msechades, were detected 1n offpost surface
water m 1974 (R. L. Stollar and Assocates, Inc. [Stollar], and others, 1991). Ground-
water contaminated with dibromochloropropane {(DBCP) and other compounds has
been dstected 1 samples from offpost since 1978 (Environmental Science and

Engineering [ESE], 1987).
B NATURE AND EXTENT OF CONTAMINATION

Releases of a vanety of contaminants to the environment at RMA have resulted 1n
contammnation of environmental media both onpost and offpost (ESE and others,
1988; HLA and ESE, 1992; Ebasco Services, Inc. [Ebasco], and others, 1991) Soil and
groundwater contamnation have occurred at several locahions onpost. Soil contarm-
nation 1s 1 some cases fairly locahized, whereas m other cases 1t hes resulted m
broader contarmnation as soil contaminants entered the groundwater.

The distance that a groundwater contaminant plume extends from its source area

depends on numerous factors, mncluding the contaminants’ behavior 1n the environ-

ment, the amount and time of the releass, and other factors, as noted below. Ground-

water contaminant plumes at RMA may extend only a few hundred feet from theiwr

sources or may extend males, as 1s the case for DIMP. Generally, the occurrence and

xmf gration of contammants m groundwater at RMA 1s complicated by the following
actars

*  Many contaminant sources, some areally separated, some overlapping

e A vanety of release scenanos, mcluding single or repeated spills, continuous or
intermmittent leaks, discharges to ditches or basins, leacb.lﬁ m trenches, and
leaching from or direct contact of groundwater with buned transport hines

¢+ Many contaminants

*  Spatal vanabihihes in aquifer properties

*  Complex 1nteractons between water- zones

»  Histonical changes mn the distnbution and quantity of groundwater recharge
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c

The areas of the RMA m which the work will be perfarmed are considered clean
(nonhazardous) and no special safety measures are anticipated to be necessary beyond
standard consiruchon protective gear such as hard hats, steel-toed boots, and safety

glasses or goggles.

However, because of the nature of the site, construction achvities at the RMA could, if
unexpected condrhons are encountered, potentially place Subcontractor’s personnel 1n
sttuations where addihonal personal protectve eqmpment (PPE) or other safety measures

may be necessary.

Therefore, all Subconiractor’s personnel doing wark on the site shall be 40-hour trained
per Occupational Safety and Health Admmstraton (OSHA) Safety and Health Standards
(29 Code of Federal Regulahons [CFR] 1910) and general construchon standards

{29 CFR 1926).

1.02 PAYMENT

A

B

Subcontractor shall assume that all work shall be perfarmed under OSHA Hazardous
Waste Site "Level D" condibons, {1.e., the work 1s "clean” and only standard constrnchon
protechve gear 1s necessary) Therefore, the Subcontractor shall make no allowance 1
time or cost 1n the bid for working under "Level C” or more sirict condihions If results of
real-hme monitormng by Contractor indicates a need far addihonal health and safety
precautions and/or protechive equipment, Contractor and Subcontractor shall agree upon
fair compensation for work perfarmed under the altered| circumstances.

See also paragraph 1 06 A.

103 OPERATIONS AND EQUIPMENT SAFETY

A

Contractor shall be responsible for imitiating, mamnteimng, and supervising safety
precaubons and programs 1n connechon with Wark. Subcontractor shall take necessary
precautons for safety of employees on Project site as directed by Contractor.

Both the Contracter and Subcontractor’s duhes and responsibilities for safety 1n connec-
tion with Work shall conhnue until such time as Wark 1s complete and Contractor has
1ssued nohce to Subcontractor that Work 1s complete.

104 HEALTH AND SAFETY

A.

Contractor shall prepare a site-specafic Health and Safety Plan and be responsible for
implementahon and enforcement of health and safety requirements, end Subcontractor
shall conform with this Plan, take necessary precauhons, and provade protection for the

following:
1. Subcontractor personnel working on or nisithng Project site

2. Work and matenals or equipment to be mcorporated 1n Work area.
Read, sign, and follow the Contractar’s Health and Safeiy Plan.

Hold a safety meeting prior to starting Work each day. Inform Contractor of time and
location pnior to meeting. Provide attendance roster to Contractar.
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1.05 CONTRACTOR’S RESPONSIBILITIES

A

If Contractor determmes that Subcontractor’s achvities do not comply wiath requirements
of thus Specification or the site-specific health and safety plan developed by the Contrac-
tor for the Subcontractor, Contractor may direct its and/or Subcontractors employees to
leave Project site or implement addrhonal safeguards for Owner’s or Contractor’s protec-

thon.

If Contractor observes sttuahons that appeer to have potential for immediate and senous
mjury to persons, Contractor may warn persons who appear to be affected by such
situations.

1.06 DECONTAMINATION

A

Owner requures that all construction equupment be run through an onpost decontama-
nation stahon. Subcontractor shall allow 1/2 hour per piece of equipment for this
procedmﬁrse fo:dl.nddmg purposes. However, payment shall be made by actual hme and
mat us

- END OF SECTION -
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SECTION 04: PROJECT MEETINGS

PART 1 GENERAL
1.01 SUMMARY

A Engineer will schedule a preconstruchon meeting, weekly progress meefings, and any
speaally called meetings throughout progress of work. Engimeer will be responsible to.

1. Prepare agenda for preconstruchon meshng.

2. Notify Owner and Subcontractor of location and time.

3 Make physical arrangements for meetings

4 Preside at meetings.

5. Record minutes; mnclude significant proceedings and decisions

6. Reproduce and distmibute copies of minutes to meetng participants and other parties
affected by decisions made at meetng.

B Representatives of Subcontractor attending meeting shall be authorized and qualhified to
act on Subcontractor’s behalf.

C. Payment: Consider work specified 1n this sechon madental and mclude payment as part
of lump sum pnce m Bid Schedule

1.02 PRECONSTRUCTION MEETING
A. Purpose of meeting:
1 Rewiew primaipal features of Work.
2. Enwvironmental protection.
3 Safety requirements
4 Progress schedules.
5. Payment.
6. Address Subcontractor’s questions regarding contract and Work.
1.03 'WEEKLY PROGRESS MEETINGS
A. Mimmum of once per week, or as requested by Engineer.
B Attendance
1 Owner andfor Owner’s representative.
2. Subcontractor’s supenintendent.
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3 Engipeer
4 Other Subcontractors as appropriate.

- END OF SECTION -
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SECTION 05: CONSTRUCTION STAKING AND SURVEYING

PART 1 GENERAL
1.01 SUMMARY

A

Vertical and honizontal control information will be provided by Contractor at no
expense to Subcontractor. Stakes be located (by the Contractar) to set the honizontal
boundanes of the test fills, and processing areas.

1. Contractar shall be responsible for reviewing and following all 1mtal construchon
staking. Any restaking shall be approved by the Engineer.

2. Coniractar shall be responsible for maintaimng, resiaking as necessary, and removing
survey control stakes.

Payment: Consider Work speaified 1n this sechon madental {except 1tems specifically
noted as bamng provided by Contractor) and mnclude cost as part of appropriate fixed
prices m Bid Schedule.

1.02 CONSTRUCTION LINE AND GRADE

A

C.

Contractor shall bear sole responsibihity for correct transfer of construchion hnes and
grades from primary vertical and horizontal control stakes and for correct ahgnment and
grade of completed Work based on hnes and grades shown on Drawings and described m
these Speaficahions.

Contractor shall transfer hne and grade for construchon from control stakes to Work
uhhzing the following procedures:

1. Provade quahfied techmaan during course of construchon.

2. Check hne and grade as Work progresses.
Contractor shall

1. Rewiew all inihal construchion staking.

2. Venfy accuracy of hne and grade by checking between stakes

3. Place stakes during test fill placement as needed to maintain specafied hit thickness.

4 Assure that all elements of test fill, mcluding subgrade, warking layer, and completed
Lifts, slope as specafied 1n these Speafications and on Figure 3.

5 Be responsible for protechon and preservation of stakes during construchon and at
complehon of construchon.

6. Be responsible for removal of all stakes used for construchon.

7. Arrange operahons to avoid imnterference wath documentation of final hines and
grades.

- END OF SECTION -
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SECTION 06: PROTECTION OF ENVIRONMENT

PART 1 GENERAL

1.01 SUMMARY

A

B.

C.

Subcontractor, 1n executing Work, shall maintain work areas free from environmental
pollution that would be in violahion of federal, state, o1 local regulations.

Subcontractor shall maintain sediment runoff within the project boundanes. Subcon-
tractor shall take appropriate achon to prevent sediment runoff beyond the designated
woark areas, 1nio drainageways, or 1mto restricted area boundares. No sigmficant work of
this nature 1s anhcipated.

Payment: Consider Work specified 1p this sechon mmadental and mnclude payment as part
of lump sum price specified 1 Bid Schedule.

1.02 PROTECTION OF WATERWAYS

A

Observe rules and regulatons of the State of Colarado and agencies of U S. government
prolubiting polluhon of any lakes, streams, rivers, or wetlands by dumping of refuse or
debmns theremn.

Dyvert flows, mncluding stormwater and flows created by construction activaty, to sumps,
sediment traps, silt fencang, or other controls approved by Engineer to prevent excessive
silting of waterways.

1.03 EROSION AND SEDIMENT CONTROL :

A.

Apply appropnate so1l conservaton measures to protect project area and adjacent lands
Measures may include, but are not himited to, mulching, fabric mat, straw or hay bales,
filter barriers, and sediment traps Adjust sediment control measures 1 field to meet
condihons encountered.

Provide erosion control measures befare commencng work on project site as directed by
Engineer Engineer shall direct, mnspect, and approve of erosion control measures before
commenang Work.

1 Mamtain erosion control measures during course of construchon.

2 Remove erosion control measures upon establishment of permanent, surface stabiliza-
tion or as directed by Engineer.

1.04 PROTECTION OF AIR QUALITY

A

B

Mintmize air polluton by requiring use of properly operating combustion emission
control devices on construchon vehicles and equipment, and encouraging shutdown of
motarized equpment not actually 1n use.

Trash burning 1s not permitted on construchon site.

1.05 FUELING AND VEHICLE/EQUIPMENT LEAKAGE
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A

Do not fuel or perform maintenance on equupment while within the Work area bound-
aries without the E:ﬁeer’s permussion. These achvihies may be performed 1n the test fill
parking area or the designated staging/parking area. Fu must be performed carefully
to prevent spillage. Spillage or leakage of fuel, oil, or velicle flmnd must be cleaned up
immediately to the sahsfachon of the Engineer.

106 NOISE CONTROL

A

B.

1.07

1.08

Conduct opsrations to causs the least annoyance to personnel and wildhfe in vicamty of
work, and comply with applicable local ordinances.

Eqmg equipment with mechamcal devices necessary and reasonable to minimizs noise
and dust.

Route vehicles carrying soil or other matenal over those streets that will cause the least
annoyance to humans and arumals, as directed by the Owner or Engineer, and do not
operate on RMA roads between hours of 7.00 p.n. and 6:00 a.1m., or on Saturdays,
Sundays, or legal hohdays, unless otherwise approved by Owner or Engineer.

DUST CONTROL

Due to proxamty of project to sensihve onpost operahons and habitats, take special care
1n mimmizing dust generaton on temporary access roadways, Owner’s exasting roads,
and roads used for construchon operation. Subcontractor shall be responsible for the
control of dust by watering within the construchon project area and areas utilized by
Subcontractor to perform the Work. Speed hmits wall be followed on Owner’s exasting
roads to mimirnize dust generahon.

Comply with local environmental regulations for dust control, and also with directions of
Engineer and Owner If Subcontractor’s dust control measures are considered madequate
by Engineer or Owner, Contractor will require Subcontractor to 1mprove dust control
measures at no cost to Contractor.

PROTECTION OF WILDLIFE

Due to proxumty of the project to sensihve wildhfe habitats, the Subcontractor shall take
special care to mimmize 1mpact to these habitats. Hauhng equipment will be required to
stay on desxinated traffic routes and yield nght-of-way to all waldiife. Vehicles and
equpment shall proceed slowly when wildhife 1s present.

No photography or harassment of wildhife 1s permitted.

- END OF SECTION -
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PART 1 GENERAL
1.01 SUMMARY

SECTION 07: MATERIAL AND EQUIPMENT

A.  Matenal and equupment mcorporated into Work shall:
1 Conform to apphcable Specifications and standards.

2. Comply with size, make, type, and quahty specified or as specifically approved by
Engineer.

B. Do not use matenal or equupment for purpose other than that for which 1t 1s designated

or

C. Payment Consider Work specified 1n this sechon imadental and mmclude cost as part of
lump sum prices 1n Bid Schedule.

102 SUBSTITUTIONS
A. Subsbtutions.

1. Subcontractor’s requests for changes 1n eqmpment {rom those reqmuired by Contract
Documents are considered "requests far subshtutions” and subject to Subconiractor’s
representahons and review provisions of Contract Documents when one of the follow-
1ng conditions are sahsfied:

a.

Where request directly related to or "equal” clanse or other language of same
effect 1n Specfications.

Where required equupment cannot be provided within Contract Time, but not as
a result of Subcontractor’s farlure to pursue work promptly or coordinate vanous

activihes properly.

2 Subcontractor’s Ophons.

a
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Compatibility of Options. Where more than one choice available as options for
Subcontractor’s selechon of equipment, select option compatible with other
equipment and matenals already selected.

Standards, Codes, and Regulations: Where comphance with imposed standard,
code or regulahon required, select from among products that comply with
requirements of those standards, codes, and regulahons.

"Or Equal®: For equupment specified by naming one or more equipment manu-
facturer and "or equal,” subcontractor shall submat request for substitubon for

equipment or manufacturer not specifically nared.
Two or More Manufacturers: For equpment specified by naming several

manufacturers, select one of manufacturers named. Do not provide ar offer to
provide unnamed manufacturer or equipment.
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B

e. Single Manufacturer For equupment specified by naming only one manufacturer

and followed by words indicating no substitution, there 1s no ophon.
Conditions that are not subshtithons:

1. Requirements for substituhons do not apply to Subcontractor ophons on matenals
and eqmpment pronided for 1n Specifications.

2 Rewisions to Contract Documents, where requested by Owner or Contracter, are
"changes," not "substitutions.”

3. Subcontractor’s determination of and compliance with govermng regulahons and
orders 1ssued by goverming suthorhes do not constitute substitutions or basis for
Change Orders, except as provided for m Contract Documents

1.03 TRANSPORTATION AND HANDLING

A

B.

104

Arrange dehvenies of equupment with Engineer and 1n accordance with construction
schedule; coordimate to avord confhict wath Werk and conditions at site.

Provaide equupment and personnel to handle matenals and equipment by methods

recommended by manufacturer to prevent soithng or damage to matenals or equipment, or

pa
Handhing:

1. Handle matenal at Site, including receiving, unloading, and storage, m accordance
with Contractor’s requirements and manufacturer’s recommendations. The Owner-
designated staging area shown on Figure 2 or the area adjacent to the test fills shall
be used for such achvites.

2 Install matenials as required by Specifications.

STORAGE, PROTECTION, AND MAINTENANCE

The designated onsite storage and staging area 1s shown on Figure 2. Equipment and
vehicles may be stored overmight i this fenced area with Engineer’s parmission. No
overmight parking of personal velcles 1s allowed.

Subcontractor assumes full responsibility for secunty and/or damage due to improper
storage of matenals.

Marntenance*

1. Repair or replace matenals damaged by Subcontractor.

- END OF SECTION -
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SECTION 08. SITE PREPARATION ANDD CLOSURE

PART 1 GENERAL
1.01 SUMMARY

A. Sechon includes

1.

2.
3.

4.

1I;;ofl;lmrements for topsoil removal and stockpiling, and protection of wells and
tes.

Installation of sedimeni and erosion control measures as necessary
Regrading and topsoil placement upon campletion of work.
Temporary roads.

B Payment: Payment for items 1 this section 1s included under Bid Items A2, B1, and E1

102 DEFINITIONS

A. Unhtes: For purposes of this sechon, exishng gas mains, water mains, steam hines,
electric hines and condhats, telephone and other communication hines and conduts, sewer
pipe, cable telewision, other utihties, and appurtenances.

B Topsoil. For purposes of this sechion, the upper 12 inches of soil available from barrow
areas to be disturbed during construchion, or the uppet 4 mnches of soil available from the
test fill/processing areas.

C  Sedunent and Erosion Control Measures: As described m Section 06 paragraph 1.03.

1.03 PROJECT/SITE CONDITIONS

A. Notificabhon

1

Owner will 1dentify all uhhtes/wells and nohfy Contractor, who will notify Subcon-
tractor. No ubhihes are currently known to exast within the Work areas. Subcontrac-
tar bears sole responsibility far damage caused to any 1dentified uhlhities or wells, or
any assocrated damages and claims caused as a result of Subcontractor damaging
such uhhittes or wells.

B. Protection:

1.

2.

Protect exasting uhlihes against damage.

Locate exashing underground uhhhes by hand excavahon. When Work es
Subcontractor to be near or to cross known utihties, the Subcontractor mefu]ly
uncover, support and protect these utilthes and shall not cut, damage, or otherwise
disturb them without prior authonzation from the Engineer.

If uncharted utithihes are encountered during excavation, nohfy Engineer and wait for
mstructions before proceeding.
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a  Reparr damage to utilibes encountered when Work 1s continued without notify-
mg Engineer or his designated representatve. This work shall be done at no
expense to Contractor

4. Preserve and protect groundwater momtorng wells. Damaged or destroyed momtor-

g wells shall be replaced at Subcontractor’s expense.

PART2  EXECUTION
201 PERFORMANCE
A. Site Preparation:
1 Estabhsh sediment controls pricr to disturbing project areas.

2. Cut or remove growth of tall weeds and grass ter than 6 inches high from areas to
be stripped. Remove debns and boulders, wi project area.

3 Stmp topsoil wathin hmmts of borrow areas, processing areas, and test fill area
Stripping shell not extend beyond hmts of designated areas.

4 Mamtain bench marks, control monuments, and momitoring wells Re-establish if
disturbed, damaged or destroyed, at no cost to Contractor

B Topsoil Handhing:

1 Stockpile topsoil 1n neat piles adjacent to each project area. Topsoul shall be kept
separate from other excavated matenals

C Regrading

1 The borrow areas shall be regraded and smoothed out after excavahon 1s completed.
Fimshed contours shall be gently slopmg and blended to meet existing topography

2 The test fill and 1mmediately surrounding area shall also be regraded and blended
with exasting topography. For bidding purposes, assume 1 day with a dozer to
regrade test fill area.

D Topsal Placement

1 Stockpiled topsoil shall be used to cover the completed test fills, processing areas,
and disturbed borrow areas upon complehon of achvihes 1n these areas The topsoil
shall

a. Be placed and hghtly compacted so as not to 1mpede mfiltrahon and subsequent
plant growth.

b  Be spread over the borrow areas upon completing placement of excess test fill
area soil and regrading.

c. Be placed to 8 mimmum of 1-foot thickness 1n all areas recerving topsoil.
E. Temporary Roads:
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1. The Subcontractor shell be responsible for constructing any temporary roads that he
may require 1o the execuhion of his Work. Any ditches that are filled to provide
access to barrow areas or test fill area must be cleaned out and restared to oniginal
condihon upcn completion of Work.

- END OF SECTION -
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SECTION 09- EXCAVATION, STOCKPILING, AND PROCESSING

PART 1 GENERAL
1.01 SUMMARY

A.

B

Sechon includes.

1. Excavahng soil from designated borrow areas and test fill area; grading and prepara-
ton of test fill area.

2. Transporting barrow soil to processing areas.

3. Stockpihing/spreading soil as required to achieve adequate :ndependent sources for
topsoil, warking layer soil, and test fill soil.

4. Processing test fill so1l as needed to reduce clod si1ze, adjust moisture content, and
remove rocks.

Payment* Payment for riems 1n this sechion 1s imncluded under Bid Items B2, B3, B4, Ci,
and C2.

1.02 PROJECT/SITE CONDITIONS

A

B.

PART 2

Locate 1dentified exasting uhlihes; underground utihities shall be located by hand
excavahon. No uhlihes are known to exist within the project areas

If uncharted utilihies are encountered durnng excavation, nobfy Engineer and wait for
mstruchons before proceeding.

Protect, support, and mamtain monitoring wells, conduuits, wires, pipes, or other features
and ublihes that are to remain onsite 1 accordance with requirements of Contractar and
Owner.

Notify Engineer if any umdentified wells or piezometers, potenhally hazardous matenal,
or other unexpected items are encountered during this work, and wait for mstruchons

before proceeding.

The matenal borrow source for each test fill 1s a designated borrow area, as shown on the
Drawings, Figure 2 The Engineer shall determine what borrow materal 1s appropnate
for the test fills

EXECUTION

2.01 PREPARATION

A

Contractor shall identify to the Subcontractor acceptable independent
stockple/processing locations for topsoil, working layer matenial, and test fill matenal
Areas designated for processing are shown on the Drawings, Figure 3, and shall be
stripped of topsoul priar to placement of borrowed matenals
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Install, prior to construchon, silt fencing or other controls approved by Contractor in
areas where sediment from this construchion or operations may 1mpact wetlands,
drainageways, or other sensihve areas. No or mimmal achwity of this type 1s anhicipated
to be done by the Subcontractor

202 EXCAVATION, TEST FILL AREA PREPARATION, AND STOCKPILING

A

H.

Excavate approximately 500 yd® of soil from each borrow area, as directed by the
Engeer, and transport soil to processing area. Barrow soil from Barrow Area A shall be
taken from 1 to 4 feet m depth; barrow soil from Barrow Area B shall be taken from 4 to
7 feet 1n depth. Shallow soil m Borrow Area B shall be moved to the side prior to
barrowing, then replaced upon complehon of barrow activibies.

Grade the test fill area to wathin + 0.2 feet of the osed grades Proposed grades are
approximately 4 mches below existing grades. Subgrade shall slope at 2 percent 1 the
direchon shown on Drawings, Figure 3. Each test fill area will be approxamately 40 feet
wide by 100 feet long, as shown on the Drawings, Figure 3

The subgrade shall be compacted with 12 passes of a wedge-foot compactor, 1mparting a
maxamui of 50,000 lbs of load, or to the satisfachon of the Engineer.

The Engineer will mnspect the exposed subgrade for soft areas or other poor subgrade
condihons Proofrolhing 1s required to identfy any soft areas that may require additional
excavation and backfilling. After the Engineer 1s satisfied wath the owv condition of
the subglrlade, the subgrade shall be scarified and recompacted uniformly with a smooth-
drum roller

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 construchion

Stockpile/process earthen material per category topsoil, working layer soul, test fill soil, or
other if directed by Engineer.

Stockpile/process for proper draxnage and control seciment runoff with erosion control
Imeasures as necessary

Notufy Contractor immediately if potentially hazardous conditions or matenals are
encountered during construchon (1 e., buried drums, etc.)

203 PROCESSING

As part of the test fill construction, the Subcontractor wall be required to adjust mosture
content, reduce clod size, and remove rocks from the barrow so1l priar to placement of the soil
mn the test fills The Engineer will evaluate the Subcontractor’s methods far:

A

Moisture Condiboming The Subcontractor shall be required to provide all necessary
personnel and equupment to successfully achieve the required mosture contents as
specthed. The Subcontractor shall be responsible for discing, aerating, hilling, wethng,
covenng, or otherwise controlling the moisture content in the test fill matenals using a
method approved by the Engineer It 1s anhaipated that the moisture content of the soil
will need to be mcreased by approxamately 4 to 6 percent prior to construchon.
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Clod Reduchon. The Subcontractor shall be responsible for providing the necessary
personnel and equipment for reduction of clod size as necessary to meet Specifications
and achieve proper remolding of soil far compachon.

Soil for the two test fills shall be stockpiled 1n two separate designated areas. The
processing areas are designed to be large enough to process all test fill soil at one tme
usmg a depth of 1 foot. All so1l processing shall be performed 1n the designated pro-
cessing areas. The only excephon 1s that addition of up to 2 percent masture 1s
allowable during placement and compaction of the test fill This exception 1s 1ntended to
be used only if the materal dries during or between placement of hfts.

So1l shall be blended and cured for an appropniate amount of tume to allow added
masture to distribute evenly throughout processed soil. For bidding purposes, assume 1t
will take an estimated 3 days to complete matenal processing. Addihonal cunng time
beyond 3 days will be paid at the umit rate quoted by the Subcontractor in the Bid
Schedule. The processed soil should be kept moist during the curing process.

The moisture content 1 the processed soil immediately prior 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.

Processing of soil shall be done using an approxamate soil thickness of 1 foot.

- END OF SECTION -
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SECTION 10 WORKING LAYER

PART 1 GENERAL

1.02 SUMMARY

A.  Sechon mcludes

1

2.

3

Wetting of subgrade priar to working layer placement.
Placement of clay working layer to obtain the desired test fill subbase charactenishes

and elevahons.

Requiremenis of completed working layer grades, pnior to test fill placement.

B  Subcontractor will provide all equpment, labor and supphes required to perform the
work 1 accerdance with the contract.

Contractar will provide visual mspechon and construchon teshng.

Payment. Payment for items 1n this sechon 1s included under Bid Item D1

102 REFERENCES

A. Amencan Soaety for Testing and Matenals (ASTM)

1

2.

ASTM D422-63. Standard Test Method for Parhcle-size Analysis of Soil

ASTM D2487-92: Standard Classification of Soil far Engineering Purposes (Umfied
Soil Classificabon System [USCS]).

ASTM D2922-91: Standard Test Methods for Density of Soil and Soil-Aggregate 1n-
Place by Nuclear Methods (Shallow Depth)

ASTM D3017-88. Standard Test Method for Water Content of Soil and Rock 1n-Place
by Nuclear Methods (Shallow Depth)

ASTM D4318-84: Standard Test Method for Laquid Limit, Plastic Lamt, and Plashaty
Index of Soil.

B Sechon 11, 2.01A.

PART 2 PRODUCTS

2.01 WORKING LAYER

A. Onsite cohesive soil to be used for the working layer shall be substanthally free of
cs and other deleterious matenals, and shall be approved by the Engineer Onsite
coEe

sive soil 15 anbicipated to typically consist of CL and SC soil per USCS

B  Subcontractor shall modify working layer matenial (if required) to assure it meets
Speafication requirements. Modifications include but are not hmted to, the following:
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1. Removal of rocks greater than 6 mches 1n any dimension.

2. Removal of deletenous or unsuitable materals such as large roots, orgamc soil, and
as otherwise determined unswitable by the Engineer.

PART 3 EXECUTION
3.01 PLACEMENT

A

Immedately pricr to placement of working layer, the subgrade shall be gently wetted by
or spraying until the soll moisture reaches a depth of at least 1 foot.

Place working layer 1n accardance with the following:
1. Approximate loose hit thickness: 9 mches.

2. Soil compachon: Density not specified, as required to achieve 6-inch compacted hift
thuckness.

Control hit thickness using laser-guided equupment, construchon staking, manual
measurement, or other method acceptable to the Engineer to assure Specificabon require-
ments are met

Care must be used i1n placng the working layer over the prepared subgrade to avord
excessive tearing-up of the subgrade. A mimmum of 6 mches of so1l shell be mamtained
between the equipment and the subgrade.

Contractor shall examine surfaces to receive test fill material to determine exastence of
any unsuitable materials, including materals sigmficantly above or below optimum
moisture content. Suitable moisture content shall be obtamned prior to placement of the
Leg fill The working layer surface shall be roughened prior to placement of first test fill

- END OF SECTION -
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SECTION 11: CLAY TEST FILL

PART 1 GENERAL
1.01 SUMMARY

A. Section includes*

E.

1. Requirements for placement and compaction of clay test fill, and test fill

maintenance.

2. Completion of test fill with teshng assistance.

The Subcontractor will provade all equupment, labor, and supphes required to perform
the Work 1n accordance with the Drawings and Speafications.

The Contractor will provide iesting during construchon

Unsuitable matenals mclude topsoll, peat, roots, orgamc sois, and materals contarming
slag, cinders, foundry sand, debris, rubble or frozen soils, and material not meehng

requirements of Specifications.
Payment. Payment for items 1n this section 1s mncluded under Bid Items D2 and E2.
1.02 REFERENCES

A Amencan Soaety for Testing and Materials (ASTM): (Testing to be perfarmed by the
Engineer)

1
2

ASTM D422-63. Standard Test Method for Particle-s1ze Analysis of Soil.

ASTM D1140-54. Standard Test Method for Amournt of Matenial 1n Soils Finer than
the No 200 {75 Micrometer) Sieve.

ASTM D2216-90. Standard Test Method for Maisture Content Determination Using
Oven-Drying Method.

ASTM D2850-87. Standard Test Method for Unconsohdated, Undrained Compressive
Strength of Cobesive Soils 1n Triaxaal Compression.

ASTM D4767-88- Standard Test Method for Direct Shear Test of Soils Under
Consohdated Undrammed Condihons.

ASTM D5084-90. Standard Test Method far Measurement of Hydrauhic Conductivity
of Saturated Porous Matenials Using a Flexible Wall Permeameter.

ASTM D2487-92. Standard Classification of Soil for Engmeenng Purposes (Umified
Soil Classification System).

. ASTM D2922-91. Standard Test Methods for Density of Soil and Soil-Aggregate 1n-

Place by Nuclear Methods {Shallow Depth).
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B

9. ASTM D3017-88 Standard Test Method for Water Content of So1l and Rock m-Place
by Nuclear Methods (Shallow Depth).

10. ASTM D4318-84 Standard Test Method for Laquid Limmt, Plastic Lamit, and Plashaty
Index of Soil

The frequency, duraton, and schedule for soil teshng to be conducted by the Engineer
during and after construchon 1s mcluded as Table 1.

1.03 PROJECT/SITE CONDITIONS

A

Do not block or obstruct roads with equipment or excavated materials Maintain soil
stockpiles within authorized areas

Construchon traffic shall yield nght-of-way to other onpost vehicles and all wildhife
Schedule work 1n coordmated effort with Engineer and Owner.

Contractor and Subcontractor will notify each other 1mmedhately 1f delays are anhcipated
for any reason.

All placement and compection of test fill soil shall be performed only when the Engineer
or his representative 1s on the project site and 1s informed by the Contractor of mtent to
perform such work.

PART 2 PRODUCTS
201 SOURCE OF TEST FILL AND WORKING LAYER MATERIAL

Al

B

Subcontractor shall obtain clay test fill and working layer material from the designated
barrow areas; the Engineer shall observe and approve these matenals prior to transport
Test fill and working layer matenal onsite has been classified by the Engineer based on
s%%gso;mgs as typically CL, CH, and SC so1l using the Unified So1l Classification System
(

Upon request, Subcontractor may obtain copies of pertinent boring logs and material
testing results at the Contractor’s offices

202 TEST FILL MATERIAL

A

Matenal - (Selected by the Engineer)
1 Soul classihed as SC, CL, or CH by USCS.
2 Permeabihty: 1 x 107 cm/sec or less by ASTM 5084-90.

3 May contamn no more than a neghgible amount of orgamc or other deleterious
matenals

4 May contain no more than 5 percent gypsum or calcrum carbonate, and all gypsum
concrehons and nodules shall be less than 1 mnch 1n largest diameter.
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Subcontractor shall modify clay test fill matenal to assure 1t meets Specification
requirements. Modifications may include, but are not limated to the following.

1. Ehminahon of so1l clods greater than 3 inches i diameter.

2. Removal of rocks larger than 3 inches 1n any dimension, for all lifts below final hit
layer Removal of rocks larger than 1 1nch i any dimension within the final hit.

3 Wethng or drying of hner so1l to meet morshire requurements

4 Removal of deleterious soil and matenal not conforming to test fill quahity clay
requirements

PART 3 EXECUTION
3.01 SUBBASE (WORKING LAYER) EXAMINATION

Al

D

Contractor shall examine surfaces to receive test fill maiemnal to determine exastence of
any unsuitable matenals, mncluding matenals significantly above ar below optimum
moisture content. Suitable moisture content shall be obtained prior to placement of the
test fill. The working layer surface shall be roughened pnior to placement of first test fill
hit

Unsuztable areas of the working layer shall be corrected prior to clay hner placement.
Coarrechive achon may require, but 1s not hirmted to: wethng subgrade, drying subgrade
by disc harrow, drag harrow, or cther means; roughemng working layer to promote hit
bonding, reworkang and 1ecompacting working layer; and removal and replacement of
woarking layer soils.

The Subcontractor will be responsible for all costs associated with corrective achons
taken to amend the working layer 1n preparation for test fill placement, at no addihional
cost to Contractor

Do not place test fill unt] working layer has been surveyed, and approved by the
Engineer

3.02 PLACEMENT OF TEST FILL

A

Construchon of the actual test fill shall begin following placement of the warkng layer,
and after completion of processing and moisture condiboning of the test fill soill. Place
clay test fill in accordance with the following:

1 Maxmum Loose Laft Thickness. 9 ., mncludes scarified or roughened depth of

previous Lifi.

2 Maxamum Compacted Laft Thickness 6 1. or depth of foot or tooth on compactor
used, whichever 1s lass.

3 Mmmum Completed Test Fill Thaickness 3 0 ft.
4 Maxamum Allowable Vaniation from Design Thickness of Test Fill: 0 fi. to + 0.2 ft.
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5. Maxamum Rock Size 3 mches m all hits below final hft. One inch mn final lift
surface wathin area designated for Sealed Double-Ring Infiltrometer (SDRI) test.

6. Maxamum Soil Clod Size Prior to Compachon: 3 imn., or half the hift thickness,

whichever 1s less.

7 Allowable Soil Moisture Content Range- +1 percent to + 4 percent wet of ophmum,
or as directed by the Engineer.

8 Mmmum Soil Compaction. 95 percent of maximum dry density as determined by
the Standard Proctor ASTM D698-78.

9. Sideslopes shall be 2H:IV maxaymum and 3H:IV mimmum on the long sides of the test
fills. Sideslopes shall be 3H:IV maximum and 4H:IV mimumum on the ends of the
test fills

Matenial distmbution and gradation throughout clay test fill shall be such that matenal
remains free from lenses, pocksts, streaks, or sechons of material differing substanhally in
texture or gradation from designated test fill material for which prior sourcs testing has
been performed.

Soil clods larger than specified maxamum 1n any direchon shall be broken down to size
less than or equal to 3 mnches prior to hft compaction.

Place hifts of clay to form one continuous monohithic layer of matenial. Assure previous
Iift 1s moist and scarify surface of previously placed hifts wath disc or other piece of
machinery capable of penetrating 1nto previous hift to minimum 1 1. depth to provide
proper bonding between subsequent hfts of clay test fill.

Bonding successive hits together shall be accomphished by penetrahon of the compactor
feet or pads through the top hft and into the immediately underlying ift. Compactor feet
shall be at least as long as the compacted hit thickness

Compaction shall be achieved usimg sheepsfoot roller or simlar heavy penetrating foot
kneading-type compactors (e.g., CAT 825). Footed rollers towed behund a dozer shall be
filled with water to assure sufficient compachve effort 1s exerted to test fill

The appropriate number of passes shall be determined by performing density teshing
during placement and compaction of the hfts.

For the first three hifts, each test fill will be tested by the Engineer for moisture content
and density 1o three locations after the hift 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 sixth bfts of each test fill shall be compacted us
the appropriate number of passes required to achieve a dry density at least 95 percent o
Standard Proctor compachon (determined by the teshng from the first three hfts)

Final density and moisture content will be verified for each of the top three hifts after the
prescribed number of passes has been performed.

A wisual hft bonding check using a hand shovel will be performed after each hift.
Following completion of the test fill, a backhoe or excavator bucket will be used to check
Lift bonding of the entire test fill thickness Additionally, three labaratory permeabihity
test samples wall be obtained by the Engineer from each test fill after they are completed
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For the purposes of these Specificahons, a compachon pass 1s defined as one tnip 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 drums 1s used, one trip up and
back over the test fill would constitute two passes. If a dual-drum compactor that has the
drums laterally separated by the operator’s cab and differential (such as a CAT 825) 1s
used, one trip up and a staggered trip back to cover the central parhon of the roller path
shall be considered one pass

Umniformly distmibute mozsture content of clay materal prior to and durning compacton
throughout each hift of matenal. Clay material detecmined by Engineer to contamn
moisture outside specified range shall be adjusted by Subcontractor to provide material
within specified range. Adjustment mcludes, but 1s not hmited to, drying maternals
contaxming moisture 1m excess of specified e and adding water to materals co
moisture less than specafied range. No more 2 percent moisture may be added to
the test fill during construchon. I the moisture content 1s less than or equal to 2 percent
below the low end of the target moisture content rangs, the select fill may be sprinkled or
sprayed with water and dozed, windrowed, andfor disced to umformly mcrease the
maisture content. If the moisture content 1s greater than 2 percent below the target
moisture content, the test fill soil shall be removed from the test fill, returned to the
stockpile, and conditionied unhl the proper uniform moisture content 1s achieved. If the
moisture content 1s greater than 1 percent above the target moisture content, the test fill
so1l shall be dozed, windrowed, and/or disced to facilitate drying.

Maintain moisture content of clay test fill materials in previously placed hfts wathin
specified range. Avaid drymng and desiccahion cracking of materials. Mantenance
mcludes, but 1s not hmited to, wethng surface of previously placed hifts to avoid drying
and desiccation cracking of matemal. Prior to placement and compaction of subsequent
Lifts of clay matenal, Engineer will venify that moisture content of scarified material of
previously placed hft 1s within specified hmmts. Matenals determined to possess moisture
content outside specified limuts shall be adjusted and rechecked before subsequent hit
placed.

Control hift thickness using construchon staking, or other method approved prior to
construchion by the Engineer to assure that requirements of Specificahons are met. I
grade stakes are utthzed by the Subcontractor, Subcontractor should emphasize the
removal of damaged stakes to work crew dunng daily assignments.

Mimimum clay layer thickness will be venified and documented by Contractor. Rewerk or
remove and replace poruons of test fill not meeting Specification requirements

Final test fill surface shall slope at approxamately 2 percent 1n the direchon shown on the
Drawings, Figure 3.

Laft bouxlxhng will be visually venified by excavating small test pits per the testing
schedule.

Field density and moisture content results from compaction tests shall be checked against
compachon Speaificatons Recampact or rework and retest soul that fails field testng
during construchon achvity Subcontractor shall recomnpact or rework soil area following
a failed test to boundanes of passing test results, at no additional cost to Contractor.

Precauhons to mimmze damage to clay test fill due to ranfall shall be taken prior to
anticapated rainfall events. Precautions include, but ate not hmated to, grading surface to
promote runoff, back-blading with dozer, seahing surface with smooth drum roller or
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v

other means. Precautions shall be augmented by placing pump(s) in the sump or other
area(s) hkely to collect water, if necessary. Provnide, maxntain. and operate pumps;
coordinate access to site with Contractor or Owner.

After test fill or a porhon thereof 1s complete, continue to maintain clay surface 1 moist
condihion, free of desiccation cracks. Subcontractor shall remove desiccation cracks by
scanfying, wething, and smooth-drum rollng test fill surface, or other method approved

by Engimeer.

Repair of Penetrations: Repair of small chameter penetrahions, such as those caused when
talkang Shelby tube samples, shall be repawed to the sahsfaction of the Engineer.

Mantain surficial moisture content during construchon by sprinkhing water onto clay
materials daily, or more often during hot, dry or windy conditions. Completed lifts that
are left unprotected and not sprinkled for several hours or overmight must be scarnfied
and brought to proper maisture content prior to placement of additional hifts

All test fill surfaces, with extra attention to areas on which SDRI test apparatus 1s to be
placed, shall be smooth-drum rolled upon comgletlon of clay placement to create surface

free of nregularthes, protrusions, loose so1l, and abrupt changes 1 grade.

From completed test fill areas designated for SDRI, remove stones and soil clods greater
than 1 mcﬁ 1 any dimension, bones, and other debris. Restore smooth surface after
removal. Embedded, non-protruding smooth rocks may remain 1n place if approved by
thebEngmeer. Engineer must approve of final test fill surface prior to finel payment of
Subcontractor.

Place plastic sheeting or other ssmular material over completed areas designated for SDRI
teshng. Method of keeping plashc 1n place shall be approved by the Engineer.

After test fill complshon, topsoil from the adjacent stockpile shall be placed over the test
fill, except SDRI areas, to prevent desiccahion. (see Section 08)

303 FIELD QUALITY CONTROL

A
B

Notfy Engineer when portions of the test fill are ready for testing.

Provide Contractor wath equupment, time, and labar necessary to su the Engineer 1n
the campletion of field testing. (Examples. blading off area for pus Shelby tubes or
nuclear gauge testing.)

After the test fill work has been completed, SDRI tests wall be conducted by the Engineer
on the surface of each test fill. The Subcontractor shall provide an equipment operator to

assist the Engineer 1n the installabon of the SDRI apparatus. It 1s anhaipated that
30 hours of time for the operator will be required.

Equipment to be provaded by Subcontractor fer 1nstallation of the SDRIs includes:

*  Trencher (Ditch Witch Model 1010 or other machine capable of making a trench no
more than 4 to 6 mnches wide)

e  (Grout maixer {not cement mxer)

e  Water truck
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* Generator
»  Small dozer or loader
This equipment will only be required for three days after completion of test fill

- END OF SECTION -
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SECTION 12 SEEDING AND MULCHING

PART 1 GENERAL
1.01 SUMMARY

A. Section mncludes:

1. Seeding/mulching requirements far completed test fill and processing areas.

2. Seeding/mulching requirements for borrow areas.
B. Payment: Payment far rtems m this sechon 1s included under Bid Item E3.

PART 2 PRODUCTS
201 MULCH

A. Natwve grass hay mulch will be provided by Owner. Thuis grass hay mulch 1s onpost 1n
the southeast portion of Section 29 (See Figure 2 far location).

2.02 SEED
A. Seed shall be provided by Subcontractor to meet the requurements hsted m Tables 2 and
3. I Subcontractor has difficulty 1n obtaiming the specafied seed muxture, please contact
the Engineer or Bruce Hastings of the U.S Fish and Wildlife Servace for assistance (303)
288-0232 .
203 FERTILIZER

A No ferbhizer 1s required for this project.

PART 3 EXECUTION
301 PREPARATION
A. Topsol Grading:

1 Grade, rake, and roll with roller weighing not more than 100 Ibs. per hinear foot and
not less than 25 Ibs. per inear foot.

302 SEEDING

A. Sow seed at rates as described 1n Tables 2 and 3, dinnding seed equally and sowing at
90 degree angles to produce umiform broadcast.

B Rake seed into ground and roll with roller, or use other techmque approved by the
Engineer

C. Do not seed on surface which has been compacted by rain.
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D.

Do not seed when wind veloaty exceeds 6 mph.

3.03 MULCHING

90w p

Mulch shall be apphed rmmediately after seeding.

Place mulch at a rate of 2 tons/acre.

Mulch shall be cimped 1mmediately after apphcation to prevent blowing away.
Place mulch loose or open enough to allow some sunhght to penetrats and arr to

arculate, but thick enough to shade ground, conserve so1l masture, and mimimize ero-
sion.

- END OF SECTION -

21907,703030 - Specs
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Table 1. Teat Filf Testing Program (Per Test Fill)

e "}

Frequency
Tost Method Stockpile During Construction Post-Construction
— e
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

Molsture 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

Atterberg Limits Grab samplo ASTM D4318-84 3 -

Grain Size (incl. Steve and Hydrometer 3 - —
clay content) analysis ASTM D422-63

Optimum Moisture  Standard Proctor test (grab 3 - -
Content and Max samplos) ASTM D698-78

Dry Densily
In-place Density Nuclear gaugo ASTM D2922 - 3 per each 2 passes per lift -
(96 compaction) for first three lifts; 3 per lift
for lifts 4, 5, 8; estimate 45
total
Lift Thickness Manual - 25-ft intervals down center- -
(loose) line of test fill
Lift Thickness Manual - 25-ft intervals down center-  ---
(compacted) line of test fill
21907 703030 1of2
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Tabie 1 {continued)

Test

Method

Stockpile

Frequency
During Construction

Post-Construction

IFinal T'est Fill
Thickness

Lift Bonding
Laboratory
Permeability

Fleld Permeability
(large-scale)

Fiold Permeability
(small-scale)

Shear Strength

Shear Strength

Survey

Visual: Test Pits

Shelby tubes, Flexible Wall
Permeameter (falling-head
test) ASTM D5084-90

Soaled double-ring infiltro-
meter (SDRI)

2-stage borehole (Boutwell)
Corisolidated undrained
ASTM D4767-88

Unconsolidated undrained
ASTM D2850-87

---  Not performed

21007 703030

0506021085 M-L

2 per lift (Manual)

3 (Backhoe)
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Table 2. Seed Mixture for Borrow Arcas

Lbs PLS/
Scientific Name Common Name Variety Acre
Seed Mix for Native Grass Species
Bouteloua gracahs Blue Grama Hachita 0.9
Pascopyron stuthn Western Wheatgrass Amba 6.5
Buchloe dactyloides Buffalo Grass Sharp’s 12.9
Total 20.2
Native Forbs or Semi-shrubs (ALl 8.1 lbs. PLS/acre)
Erysimum asperum Wallflower
Gaillardia arislata Blanket Flower
Penstemon angustifolia Narrow-leaf Penstemon
Linum lewisn Blue Flax
Hehanthus annuus Annus! Sunflower
Achillea Janulosa Yarrow
Arstemisia ludoviciana Lowsiana Sagewart
Sphaeralcea cocanea Scarlet Globemallow
Artermsia fngada Fringed Sage
Dalea purpurea Purple Pramnie-clover
Oenothera caespitosa Whate Tufted Everung
Primrose
Native Shrubs and Trees (Both 0.1 Ibs PLS/Acre)
Ceratoides lanata Winterfat
Atriplex canescens Fourwing Saltbush

PLS  Pure hive seed

21907 703030
0506021095 M-L



Table 3. Seaed Mixture for Test Fill and Processing Area

Lbs PLS/
Scientific Name Common Name Variety Acre
e ]
Seed Mix for Native Grass Species
Bouteloua gracihs Blue Grama Hachita 1.1
Calamowilfa longifoha Praine Sandreed Goshen 0.4
Bouteloua curtipendula S:de-oats Grama Vaughn 0.6
Sporobolus cryptandrus Sand Dropseed 0.1
Stipa comata Needle-and-thread 1.9
Andropogon halln Sand Bluestem Woodward 1.0
Pascopyron stmthn Western Wheatgrass Armba 5.0
Oryzopsis hymenoides Indian Ricegrass Nezpar _ns8
Total 10.9

Native Forms or Semi-shrabs (Wildflowers) (All 0.1 Ibs PLS/acre)
Cleome serrulata Rocky Mountain Bee Plant
Delphinum virescens Larkspur
Liatns punctata Blazing-star
Oencthera caespitosa Stemless Evening-primrose
Oencthera villosa Tall Evening-primrose
Ipomoea leptophylla Bush Morming Glory
Gaillardia aristata Blanket Flower
Penstemon angustifolia Narrow-leaf Penstemon
Linum lewisn Blue Flax
Hehanthus annuus Annual Sunflower
Achillea lanulosa Yarrow
Artemisia ludoviciana Lowmsiana Sagewort
Coreopsis tinctonia Plams Coreopsts
Sphaeralcea cocanea Scarlet Globemallow
Artermsia fngida Fringed Sage
Abroma fragrans Sand Verbena

Native Shrubs and Trees (All 0.1 Ibs PLS/Acre)
Chrysothamnus nauseosus ~ Rubber Rabbitbrush

Atniplex canescens
Artemisia filifoha

PLS  Pure hive seed

21807 703030
0506021095 M-L
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Typical Test Fill Cross Section
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Appendix B

TESTFILL CONSTRUCTION PHOTOGRAPHS



A Excavation of Borrow Prt A in Section 24

el

o
|

- X T

C Stnpping and stockpiling topsoil in test fill construction area D Scanfying test fill subgrade after wetting and compacting native sandy sol
Prepared for Figure B-1 (1 of 5)

Program Manager for
Rocky Mountain Arsenal
Commerce City, Colorado

Prepared tg/
Harding Lawson Associates

Photo Documentation of Test Fill Construction
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G Scarifying the surface of a Iift with the dozer tracks

E Solil processing using a tiller

Prepared for
Program Manager for

Rocky Mountamn Arsenal
Commerce City, Colorado

Prepared bgl
Harding Lawson Associates

Figure B-1 (2 of 5)

Photo Documentation of Test Fill Construction
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H Spreading a loose lift on the surface of the test fill with a dozer blade at | B|endlng/m0|sture conditioning by adding water directly to drum of

a thickness of 8 - 9 inches

putvamixer

J Compaction of the loose lift with the
Caterpillar 815C compactor

Prepared for
Program Manager for

Rocky Mountain Arsenal
Commerce City, Colorado

Prepared tg/
Harding Lawson Associates

Figure B-1 (3 of 5)

Photo Documentation of Test Fill Construction
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K. Smooth drum roliing test fill surface

It

L. Tarp covenng test fill hfi to prevent dessication

To prevent desiccaton of the test fill, the
surface was wetted and topsoil was
spread on the test pad except n the

12 x 12 foot area sealed with a tarp for
solid double-nnig nfitrometer installatlon

Prepared for
Program Manager for

Rocky Mountain Arsenal
Commerce City, Golorado

Prepared bc?'
Harding Lawson Assoclates

Figure B-1 (4 of 5)
Photo Documentaton of Test Fill Construchon
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U Y.

4
7 P

O Measuring the distance between the inner nng and the swell measurement

N Applying grout to the inner SDRI ning installation
guides

7
.
#

NS

P Completed test fill with sealed
double-nng infittrometer and two-stage
borehole installation

Prepared for Figure B-1 (5 of 5)
Program Manager for
Rocky Mountain Arsenal Photo Documentation of Test Fill Construction
Commerce City, Colorado

Prepared b

Harging Lawson Associates
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Appendix C
TESTFILL CONSTRUCTION EQUIPMENT



Soll Compaclors

Spaeclilcations

i),

il

MODEL 8188 825C
Flywhasl Powst 161 AW 218 hp 218 kW
38 h
Opoisting Walght 20015 kg 44 1181 32 400 % ] Ml'lb
Engine Madsl 2304 Ji0s
Nated Engine RFM 2200 2100
No ( ylindes [] []
Dsplacamen 10stL s30 tn' 14
Sty ot 452 In*
Forwaid 4 ]
Reveire 4 4
Tuining Circle with Sisde 123m °Ir 142 m “He
Fuel Tonk Reiti Capactty 4621 12209 get
TAMPING FOOT WHEELS ' ot e e
Ea+h Orum Widih 978 mm Je” 1118 mm
[]
Déameisin oves feel 142 m X 1&0m :6"
oM drum 19m 348 tzem 43
Fosl por Wheo! 0 [ 1]
Foet par Row 12 13
Rows of Fest [ ] [}
Fool Lengih 168 mm (] ] 220 men
[ R4
End Aiea Pat Fool 125 cm’ a1 Int 183 cm’ 204 1a*
Wikith of Two Pass Covetege 13m 143 400m 160"
OENERAL DIMENBIONS
Helght #op of AOPSB) IMIm 1"y 39
tm 12 10~
Herght {sitippad top) 1Mm 10" 200m .
Whest Dare 38 m ' e 36Im 1mr
Overah Lengit whth Dozer 80 m 24 Tédm 282
Width oves Drum IM4m 108 385 m nn
Ground Cleaiance 200 rven " 234 mm .2
STRAIGHT BULI DOZER
Yyicith d716m 12 483 m 110"
Mg 880 m 210" 104 m 38"
Operating Welghl Inclodes coolasl vbikcants boidors iy AOPS
'Vﬂhw P(m m ; MM ROPS enhevst, sl Ncm olbu' sty M"W l“m“ :‘n':n“ s

Compaction Fundamentals

COMPACTION FUNDAMENTALS

The folowing discussion applles to eol compartion
only For Infornmtlon on refusn compnaction ace
Waste Disposnl — Section 23 of this book

Definitlon

Compaction la the proces of physteally densifying
or packing the sofl  resulting In an increase in
mrghl per unli volume. It Is ganerally accopted that
the strength of i soil can be increased by denslfica
tlon Three important factors affect compaction

~— Material giadation

— Moisturs content

~ Compactive effort

Material Gradation — refers to the distribution (%
by weight) of tha different sizes of particles within
a given soll sample. A sample ls described as wall
graded i it contains a good, even distribution of par
ticle slzes. If a soll sample Is composed of
predominantly one size perticle, it is snld to be
poorly graded In terms of compaction, & well graded
ol wllrcomput more easlly than one that le poorly
graded In well graded material the amaller partt
cles tend to Nl the empty spaces between the larger
particles, leaving (ewer volds after compaction

MATERIAL GRADATION

Poorly graded Woll graded

Moisture Content — or the amount of water pres
ont in a soll, [n very Important to compaction Water
lubricates soll particles thus heiping them elide Into
the most dense position Water aleo creates clay par
ticle bending, glving cohesive matorlals thelr sticky
qualities.

Soll Compactors

Experlence hes shown that it s very difficult, If
not impossible, to achleve proper compactlon in
materlala that are too dry or too wet Soil experts
lvavo dotormined that in practically every soll thore
ls an amount of water, celled optimum molsture con
tent, at which [t {s possibla Lo obtain maximam den
sity with a given amount of compactive effort The
curve balow rhows this rolntionship botwesn dry den
sity and molsture content 1t is callsd n compnctton
curve meisture donsity curve or Proctor curve

MOISTURE CONTENT
< 1
A Maximum
E Density
¢ Optimum
Molsture

Molsture Content >

Corpactive Effort — refers to the mothod employed
by a compactor to Imparl ensrgy into the soil to

s 1, P tion C p N re d |U d o ueo
one or a combination of the following types of com
pactive effort

— Statie woight (or pressure)

~ Kneading actlen (or manipulation)

— Impact (or sharp blow)

— Vibratlon (or shaking)




Soll Compactors

COMPACTOR TYPES

Compaction equipment can ba grouped generally
into nine difforent Lypes or clnssificationa

(1) shoopsfoot

(2) grid or mesh

(3) vibratory

(4) smooth steol drum

(6) multi tired pnoumntic

6) heavy pneumatic

(7) towed tamping foot

(8) high spead tamping fool

(0) chopper wheels (ese Land(ill Compactor sect lon)

COMPACTOR 20NES OF APPLICATION

1004 100%
CLAY Bl}.'l' 8AND
«SHEEPSFOOT l
PLciiloR
JIBRATORY

MULTE TIRED PNEUMATIC

VIBRATORY
TAMPING FOOT

| <TOWED TAMPING FOOT l

Types and Appitcations

SMOOTH STEEL DRUM!
<HEAVY PNEUMATIC

Combinatkons of thess Lypes are also avaiiable,
such as & vibrating omootrn ateel drum

For ense of compatison, Lha (irst alght Lypes of com
pactors havo boan placed on the Zonen ef Applica
tion Chart shown below This chart contains a range
of matorial molaturea from 100% clay Lo 100% sand,
plus a rock zone Sach Lype has heon positioned (n
what {8 conaldarod Lo he its maost effective and eco
nomical zone of application However, it Is not
uncommon to find thom working out of thalr 2ones.
Exact posltioning of the zones can vary with diiTer
Ing matorial conditions

COMPACTIVE METHOD

ROCK

e ————— Gtati Weight, Kneading
e Bistlo Walghl Kneading
Blatlo Weight, Vibration
= = e e~ o e S0 Wo'lght

............ Siatic Weighv Kreading
............. Statio Welghi Kneading

----------- — 8islic Weight Knesding
------ Staic Weipht Kneading, Impect, Vbration

——--~Gtalo Weight, Kneading Impacl, Vib-aion

HiQH SPEED TAMPING FOOT
CATERPILLAR CATERPILLAR
' TAMPING FOOT - JAMPING FOOT |
t

COMPACTOR PRODUCTION

Compacter production is expressed In compacted
cuble metera (Cm?® or compacted cubic yards (CCY)
per hour Moterinl In its natural or bank stete le
massured In bank cuble meters or ya-ds (B~ ov
BCY) Whon i is romeved or plnced tn a fill, it {s
meagared fn loose cuble molora or yards (Lm? or
LCY)

Whan the looso material is worked inlo a com
pacted state, the rolationship of compacted matertal
to bank material ls shown as the shrinkags factor
BF)

BF = Compacted oubic meters {Cm')
Bank cublc moters (Bm?)

8F = Compacted cuble yards (CCY)
Bank cublc yards (BCY)

The construction Industry hes developad the fol
lowing formutla (or use In estimating compactor
production. This formula glves the voluma of mate-
rlal which a glven machine can compast in a
80 minute hour

Melric Method
WxBxL
P

Cm? =

W = Compacted width per pasas, In melers
(For Caterpitlar Compactors It [s recom
mondod that W = Twico the width of one
wheel )

8 = Average speed, In kilometers per hour

L = Compacted thicknees of HRL. In mil
timaters.

P = Number of machine pasees to azhieve
compection (can only be determined
by festing the deneity of the com
paocled material on the-job),

Estima'ing Production
¢ Example Problem

Soll Compactors

English Method

mmr_WxSxPLxlca

W = Compacted width per pass, in feet (For
Caterpillar  Compactora it is recom
mended that W = Twico Lhe width of one
whoal )

8 = Average apood, in milos per hour
L = Compactod thicknosa of IHY, in inchea.
18 8 = Converalon constant, equale 5280 feet +
12 inches + 27 cuble feot

P = Numbsr of machine pasess to a-hleve
compsction (oan onlv be determined
by testing the densily of the com
pacted materlal on the job)

Example problem (Metric)

Datermine production for an 818B operating under

the following conditions
P =5, 8=10 kmh, L = 100 mm

Refor to 8168 in the production table on the next
page. Read down Lhe firal cotumn until reaching sec
i for 5 passss Within this sectlon In the sccond
column, find the spesd closest to 10 km/h Resd
across this line Lo the 100 mm compacted HR Read
the production figure glven.
Answor: 377 Cm*h (Since the machine's specd of
10 knvh la stightly faetor than the B 6 of Lhe table,
production mey bs Interpolated slightly higher — say
388 Cmh )




Soll Compactors Production Table

Example problem (Erglish)

Datormine produetion for nn A26C apornting under
the follewing conditions
I"od, 8 Amph L~ 8luchos
Rafor to the production estimating table bolow
Thie table cuntaing estimates for the 8168 and 825C
Conipactors using vatious speods |ift thicknosses
and number of passes. Theso flgurcs were calculated

PRODUCTION TABLE

ualtyg tha formula disrussed on this page. The figures
tegre:onl 100% efNclency W=Twlce the width of one
whed

In the B26 portion of thia table, rand down tho first
column until reaching tho section for four passes.
Within thin gectlon {n the sorond eolwrn, find the
Hne for 8 mph Rond across this Hine 1o the it thick
ness column for 6 inches Road the production fig
ure given
Answor: 1444 CCYhr

MODIL AND AVERAGE COMPACTED LIFT THICKNESS
MACHIHE SPEED 100 mm 4 160 mvm sl 200 twm otn 289 mm toln
PASSES® km/h  mph m'*h m7h yd'te m'th yd'ht m'th yarhe
8188 » (1] 4 4 1213 (23] [11] " (1711 -
113 ] (] 012 42 1232 1288 1043 -
Hne o “? 1098 1268 1943 1878 2194 -
4 (1] 4 34 411 an ae 828 022 -
1} ] L] (1] 108 m (13 nn -
190 ] " " 42 1232 1256 1809 -
s (1] 4 7] m anr "m 502 (13 -
[T S| m " [ 739 84 (11 -
120 [ ] 802 (1] 184 {1 1) 1005 1314 -
8 " 4 0"t 74 a4 411 419 s —
11} ] M a1 an ot ”e 822 -
130 8 4" " o (111 "W 1088 -
8258C 2 (1} 4 400 2 D " (1] 1203 1219 1804
[T 2} 73 " 080 1444 1428 " 178t 2408
S¢ H 78 a6 -G53 1543 %50 £268 fadw 200
4 (1] 4 38 491 [-1) 722 i 1 " [ 1{] 1203
113 (] [X7] 122 802 1083 1069 (1T 1330 1004
(LX) [ ] tell "0 1097 1444 148 1928 [ ] 2400
3 e 4 Mm 8 € m [ m 78 (]
o5 & o 817 (7]} " 855 1185 1089 iy
130 [ (L] m L} ] 1183 "o 1840 1483 1928
| o 86 [} 4 a2 st " e (3] ] 002
.8 [ e an (57} 122 "3 "2 [11] 1203
190 ¢ ] “2 1] 962 918 1209 1219 1004

Tha pomder of Machns pS1481 14U I8 dependent on sall iyps meltture content dosirad compaciion snd maching waight




Specifications I Road Reclalmer/Soll Stablilzer

Road Recialmer/Soll Stabitizer Foalures
AR 280 Pestures. d 3 =
The IR 260 la a heavy duty single rovor cold In & £ 1)) 2438 men (8 f1) wide cutting drum dolivers MODEL RR 250 88 250
placa raclaiming machine that utllizes a ewtting mnxdmum production Fiywhas] Powet 250 kW 338 p 250 kW 28 hp
mamtrol that pulverizen and mixes asphaltic pnve Opaising Welgh 18053 kg 3000 1b 13517 kg 29 380 th
meont and base materials The machine is utllized ¢ Large hood and adjustable rear door enable Engine Mods' 34020 24060
for mechanricnl stablilzation of doterkorated road aur operntor to generate most uniform mix ::"g::"' APM H.W 2100
facen ahd fir camplolo roclaimation with the midi . L] .
e af naptinlLic emulslons or ather bintling ngentx m:";‘g%lm":' (‘:‘T‘v:’ ‘::r:;’l;“;:ém In) on 53-250 Bowe 137 mm [ X] 137 mm 4"
1w RR 260 cun ho equippod with altuelureids Uit Skate 105 mm a8 185 mm 8s
accurately fifect liquid additives diroctly Into the * Itotor and machina travel direction are the Dhsplacemnt 148t 0 In' et 83 '
mixing hood Optional rotors can be inerallod to con snme. Rotor trp cuts assuring maximum blanding Orive Sysiema Folor 3 speed Mechaniest 3 spead Mechanicsl
vorl the HR 260 Into a soll atabllizer ‘1 ho internally of sull moterinle and maximum onglio and rotor Oround 3 speed Hydrostaifo 3 spasd Hydroslalio
mounted bronker bar nlds In matorinl slzing drive IHe Conafstent mixing and blending capa Opaaiing Dimansions Heigh 2000 mm ses 2600 mim vss
bility reducea number of passas required Lo echiove Voidth 2821 mm 97 2921 mm 4
58 280 spocified mixing Ioto- can also bo ordered in the Lengih 8550 mm n1 8560 mm ®1
Tho 83-260 la n heavy duty single rotor soll atnbili down cu! mode. Width of Cul 2438 mm eo" 2438 mm "0
zation machine. The machine euts, mixes and pul Depit of Cul Max ) 9098 mm 12 457 v )
vorizes native In place solle or solect materials, with ¢ Inlerchrngenble rolors allow the machine to Raiot Boesd Trewe  Drve  Speed Tiens  Urive  Spesd
o without additives It modifios and stabilizes the adapt to the fob for best performance. Low Low 123 epm Low Low 123 spen
soll obtaining a strong bass. * Heavy duty mechanleal rotor drive I protected Low High 108 spm Low High 168 1pm
Both the RR & 88 280 feature automatlc depth with proven shear pin deslgn T Redivs: Stendard u":.:‘ Low ’: tpm High Low 284 ipen
trol and engirs load sensing. Minkmom Turming o m ¢ 219 m 400
con ¢ Heavy duty chaines on each side of rotor are veith optionsl resr sheer 809 m 20°0 809 m 00"
oncloacd In ofl and dust tight cases. Travsl Spesd w) 193 loméh 12 mph 193 ket 2 mph
Gross Grades {wiil vary wiih condiions) L2, N
* dspoed hydrostatla transmission provides Bisndurd Tives: Erom 238 % 25-48 ply Lug Type &2 201524 19 PR Lug
smooth operation and travsl speeds o 165 x 268 ply Lug Type L 2 Y40 %248 PR Lug
* 3usable rotor speeds for matching materiale and Fusl Capacity 8L 11008 gal oL 11008 ol
required gradation Cualing Oyriem eiL 1Us gal ML 18U8 goi
Cravicare ML QU8 gal HL $US gol

¢ Automntic dopth control

¢ Engine load senaing.

¢ Optlona! Asphalt Spray System avallable for
nR 260

¢ Optlonnl Water Spray Systom avallable for
RR 250 end 8S 250

¢ Hydraulically adjusted rear door for gradation
control |

¢ Oplional rear whes] stesring for a 6008 mm (20
) turning radius,

* Optiosial light package for night applications




Road Reclalmer/3oll Stablllzer

Optiona! Equipment

Production Eslimating

OPTIONAL EQUIPMENT

o Roll Ovor Protoctive Structure (ROPS)

+ Poot per minule indicater (available in watrlel
s Working light package

o Cub with hoater and dofroster

Automuted Asphait Motering and lujeetun
System (English o, Motikc) Inchudes n foot por
minule indicator

o Waler spray nystem with 76 mm (3 kn) tn llne flow
moler (English or Metrle)

¢ flanr Whoel Stoering for 6 1 m (20 {t) turning
1indiun

o { nbh with Al Comilitionor

Rolor Options for RA 2560 & 8S 260

Marimum He of Oltection
Rotor Ospth of Watk BitsiToots of Cul
Croick Changs Tool WBlom 8 [0 ] Up
Btsndard Mix Chopped 381 min "8 »AH MWLH Up
Brandad Mix Blsight Tool 408 mm 8 (] Up
Deep Mix Choppar S mm 10" WRH WLH Down
Deep Mix Biraigh Tool mm 1 18 Oown
RR 250 Reciamation Rotor
Conp Tool Milidrum omm 13 188 Quick Change Up
Cartide Tigped
Bresiaway Hivide Rolor 330 mm 13" 188 Casbide BNe Up

PRODUCTION ESTIMATING

The atandard Cat Soll Stabilizer and Reclaimor nve
capablo of cutting nnd mixing to deptha of 16 in® and
9 in respoctively In addition, the cutting width of
thelr rotora fu 8 foet 1he follawing formulas aflow
you lo dotermine tho productlon {n equnre ynls
{ydhnliiwe or cublc yards (yd"Wrilr i'e
Praduction In square yards (yd") por ininuwe

u FPM of teavel apoed
1120

yd¥min

9 Riyd?

= hi ‘
BT Cotling width ) 125 (This ls & constan

value for an eight foot
wide rotor)

Gallons of sdditive (for unite with pump and
motering additive system)

arM
Simin B

Or, Ifrequired additive nmounts are known, you can
dotarmine necossary (ravel apoed ne shiown

H
UM yamin, ydtimin x 1 125
wnliyd! o smin
Moduction in Cuble Yards (yd?) per minulo

Cutting or mixing
FI'M of Lravel speed X depth In inches  _ yd?
1128 36 min

Productionin Tons per Minute
Wt of Material

ydmin x _perydinlbs = tonemin
2000 tbiton

*Optional 18 in
Abbreviations

FPM = Feot Por Minute
GPM= Unllons Por Minute

Welght of Materlals
Stabllizatlon/Rsclamation Production

Road Reclalmet/Soll Stabilizer

WEIGHT OF MATERIALS

teosyd? Ihatyd
Mstertsd . {Loose) _ {IH PLACE)
Clsy - Doy 2500 3100
-~ Wel 2000 3500
Clay and Oreval ~ Dey 2400 2800
- Wat 2600 300
Sand sad Grave!  — Dvy 2800 3250
~ Wel 3400 3760
8snd — Dry 2400 2700
— Damp 2050 00
- Wel 3100 3500
Earh ~ Dry Packed 25%0 3200
~ Wi Excavated 2100 200
~ Top Soll 1600 2300
~ Lomm 2100 2600
Concrele — Wh Chunks (25% Veaiin 2925
— Comparied 3500

STABILIZATION/RECLAMATION PRODUCTION
To eliminate field calculations the following chert lists produciion I Square Yards per Minute (yd/min) and Cuble
Yards per Minute (yd*imin) The Information is based on varlous fravel speeds and culling depihs for the
Calerplifar RR 250 and S8 250 aquippsd with a 2438 mm (8 1) cutting rotor

vt | vt | v ] owetr | vt ] v | vt ] oweh | v ) vy | oy ) vt | va | v | ovel | ve
mn

o 5 [ 1 20 1] [X 9" 30 39 N 8¢ ar [ e 4 (1) 49
2l 1M e 178 L 178 49 179 st 170 4 17e 14 e " [11) (1]

‘30 W a8 8?2 (1] L. 44 1L N " L L1 217 " w7 ne N7 e
e R EN R e N EN N EORD
lso ws 170 as ] ee | s [Tiza s [Tvn | wis | wo | was 1ies | W [ we | ws | 223

oo e [ s | 8¢ | ve | 24 | s | 824 | ue | 54 | w1 | 3¢ | 2 ) 94 | 27 | sae | 27
1ol w23 [oe {82y e { a2a | ws | e23 | 20 | @3 | 238 | 823 | 230 | w23 | 217 | @23 | a1z
wof 712 [ore | 7z | vse | 12 | we | sv2 | 27 | ra | 227 | riz | 2ee | riz | ave | 1z | e
o] w01 | 134 a0t | ire | w1 | 224 | w1 | w2 | wr | 2y | w1 | 333 | wr | 3se | w1 | w0




Appendix D
SDRI AND TSB DATA



SDRi data

SDRI Data Table | [ |
Project Tltle Rocky Mountain Arsenal Task 83-03, Solls Feasibiity
Project Number- 21807 207040
Test Slte RMA Test Fiil #1 N
Bag 1 Bag 2
interval Initiat Final Initial Finat Flow Avg Day Infittr
Date On Date OHf Time On Time Off {t) welght welght welght welght (Q) Number (U]
[ sec gm gm gm gm mi cmisec
B8/10/04 81104 1334 600 66360 3759 w578 4222 3750 3 0 4 24E-07
8/11/94 8/12/94 958 755 79020 3678 3355 3750 3678 05 2 2 1SE-07
| 8/12/84 8/13/04 920 828 83280 3355 3301 3578 3260 372 3 1 92E-07
8/13/04 8/15/04 933 745 166320 3301 3048 3260 2074 541 4 1 40E-07
8/15/94 8/16/04 822 1055 95580 3048 3015 2074 2760 245 6 1 10E-07
8/16/94 8/19/94 1418 718 234000 3664 3273 3541 3332 600 8 1 10E-07
8/19/04 8/22/04 750 740 258600 YK 3273 3332 2028 404 11 8 73E-08
8/22/94 8/26/04 845 730 341100 3805 2379 1426 14 1 80E-07
6/28/04 0/2/94 73% 1216 621600 3900 3242 658 19 4 56E-08
©/2/94 0/28/94 1220 1553 2250180 3748 2197 1549 35 2 95E-08
0/28/04 10/13/04 1568 965 1274340 B14 3196 318 58 1 07E-08
10/13/04 11/1/04 968 16 20 1664840 3568 3160 309 72 1 OGE-08
Start Water Start Water End Water End Water Avg Water Start Water | End Water| Temp. Est. Flow % of
Reading Depth Reading Depth Depth Temp, Temp Change | Dueto Temp. | Total Flow
In In In In In F F F
3 15 204 1144 147 72 70 2 34 8 48
294 1144 288 1138 114 70 685 05 835 224
2688 1138 288 138 1138 695 67 25 M7 772
288 1138 288 1138 1138 67 87 0 0 000
288 1138 308 1166 1147 67 87 0 0 000
308 1156 204 1144 180 67 855 15 2506 620
294 11 44 265 1115 1130 655 66 05 835 059
265 1115 204 1144 1130 66 6 1 187 254
288 11.38 25 11 1119 &5 61 4 688 431
25 11 282 1132 1116 61 52 9 1503 4728
282 11.32 25 11 1116 52 485 25 475 1048
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Swell data

SDRI Swell Data Table B | |

Praject Title Rocky Mountain Arsenal Task 93-03, Soils Feasibility

Project Number- 21907 207040]

Test Site RMA Test Fill #1

Date | Time | TestDayNo | Sweli#1 Swell #2 Swell #3 Swell#4 | Ave Swell

810/84 | 910 0 834 98 4 437 56 000
8/11/84 | 10:20 1 825 g78 434 559 048
812/94 | 937 2 93.2 o8 1 436 562 010
81384 | 937 3 831 8978 431 558 038
8/15/84 | 830 5 93 883 435 557 025
8/16/94 | 1315 3 931 832 433 558 153
8/19/194 | 800 9 927 88.2 431 56 038
8/22/194 | 850 12 929 284 437 585 000
8/26/194 | 7-35 16 917 75 422 85 1.28
0/2/34 | 7.30 2 835 992 443 566 -052
9/20/94 | 13220 40 93.2 898 442 564 -052
9/28/94 | 1555 43 2.3 887 435 55 050
105/84 | 835 S5 921 98 6 436 551 028
1077194 | 1105 57 2.4 986 438 557 025
101394 | 10-00 63 927 885 437 557 023
10/20/94 | 810 70 915 888 44 558 035
111/94 | 16.22 81 932 99 1 449 567 -0 60
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Tensio data

w

'SDRI Tensiometer Data Table | | | 1
Jroject Title Rocky Mountam Arsenal Task 83-03, Soils Feasibility
Project Number: {21807 207040
Test Spte* RMA Test Fill #1
Note {All readings in Centibars
Depth 6 inches Depth 12 inches Depth 18 nches Average Readings
Date Time | DayNo | Group 1| Group 2 | Group 3| Group 1 | Group 2 | Group 3 | Group 1 | Group 2| Group 3 | Group 1 | Group 2 |Group 3
8/10/94 810 0 2 28 z7 26 22 3 40 20 24 26 24 28
8/11/34 | 1020 1 24 36 30 26 23 2 38 18 25 30 24 27
8/12/84 937 2 21 34 2 2 26 23 37 16 25 26 24 26
8/13/194 837 3 18 29 19 20 26 23 37 17 26 2 23 27
8/15/94 830 B 13 19 14 20 25 22 35 17 26 15 22 26
8/16/84 [1315 6 14 14 9 19 24 20 30 14 20 12 21 21
8/19/94 800 98 9 11 8 23 2 20 32 17 22 9 22 24
822/34 | 850 12 10 7 5 21 18 17 28 11 17 7 19 18
8/26/94 730 16 8 6 6 20 18 18 28 16 19 7 19 21
8/2/34 730 2 6 4 4 18 14 14 -] 16 17 5 15 19
9/6/94 1430 26 9 4 4 15 11 12 22 14 14 6 13 17
9/12/94 | 12.00 32 8 4 5 14 11 12 24 14 14 6 12 17
9/16/34 1235 36 8 4 4 14 11 11 23 14 15 5 12 17
8/20/94 [ 1330 40 7 1 4 13 10 11 23 15 13 4 11 17
9/23/84 | 1520 43 7 2 4 13 10 10 23 14 14 4 1" 17
8/28/34 1555 48 6 2 3 12 10 10 23 15 12 4 1 17
10/5/94 835 55 4 2 2 0 10 12 26 17 0 3 7 14
10/7/94 $45 57 4 2 2 6 9 10 25 13 0 3 8 13
10/13/84 | 1000 63 4 1 2 8 8 11 26 18 18 2 9 21
10/20/84 | 810 70 2 2 2 6 8 10 26 20 20 2 8 2
11184 | 1622 81 3 2 2 6 9 10 25 18 20 2 8 21
Wetting Front Depth Based on Tensiometer Data
Elapsed Time (days)
0 10 20 40 50 60 70 80 90
0% ;
1 )
2
3
4
¥ 5
€ s
£ .l
2 o
% o
T 11
§ 12
i 13-
14 -
15 +
16
17
18
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K calculation

SDRI Hydraulic Conductsvity Calculation Table

|

Project Title. | Rocky Mountamn Arsenal Task §3-03, Soils Feasibility

Project Number 21807 207040

Test Site RMA Test Fill #1

TestDayNo | Infittraton | Water Depth | Wettng Front | Gradient | Hydraufic Conduchvity
4] Depth (H) Depth (D) U] K
cm/sec n m cmisec

0 424507 075 1.00 42407
2 2.15E-07 147 175 75 285608
3 1.82E-07 1141 2 6.71 287E-08
4 1 40E-07 1138 275 514 2.73E-08
6 110E-07 1138 4 385 2.87E-08
8 110E-07 1147 55 309 358E-08
1 6 73E-08 1150 65 277 2.43E08
14 1 80E-07 1120 675 267 6.73E-08
19 456E-08 1130 75 251 1.82E-08
s 295E-08 1119 99 213 1 3BE08
56 107E08 1116 112 200 53BE-09
72 1 03E-08 1116 135 183 5 65E-00
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SDRI Data

SDRI Data Table | | .
E!o]ecl Title Rocky Motntain Arsenal Task 63-03, Soils Feas|piity
Project Number: 21907 207040
Test Site, RMA Test Fitl #2
T Bag 1 Bag 2
L Interval Initial Final inktal Final Flow Avg Day Infiitr
Date On Date Off Tima On Thme Off {t) welght welght welght welght (}) Number {0
a sec gm gm gm am ml cmisec
8/10/84 8l11/4 1338 800 66120 3600 2701 2528 2874 553 Y 3 60E-07
}_811 1/94 8112/04 952 800 79680 2842 2481 3006 20874 512 2 2 77EQ7
8/12/94 81304 927 832 83100 3282 2892 3174 2892 672 3 3 48E-07
8/13/94 8/15/04 938 748 166320 3600 3228 3741 3269 1044 4 2 70E-07
8/165/94 8/16/94 828 1100 95640 3228 2874 3260 3219 404 6 1 82E-07
N4 8/18/84 848 725 164040 3282 3037 3608 3448 485 8 1 J0E-07
8/19/94 8/22/94 755 747 268720 3037 2019 3446 3087 477 11 7 ©4E.08
8/22/94 8/28/94 848 1% 342420 38965 2760 11365 14 1 43E-07
8/26/04 9/2/94 80 1110 616200 3882 3106 777 19 5 43E-08
9/2/94 o284 1120 16 15 2264100 3804 1689 2115 3B 402E-08
9/28/04 10/13/64 1817 1012 1274100 3528 3006 432 56 1 46E-08
10/1304 111104 1016 16 40 1664640 3759 3314 445 72 1 15E-08
Start Water Start Water End Water End Water Avg Water Start Water End Water | Temp, Est Flow % of
Reading Depth Reading Depth Depth Temp. Temp Changie | Due to Temp Total Flow
In in n in In F F F
276 1025 | 281 | 113 1078 70 705 05 8% 163
281 103 275 125 1078 705 70 06 835 124
275 1025 275 1 125 1076 70 67 3 S04 480
275 1025 275 125 1075 67 68 -1 -167 -413
263 1013 25 1" 1067 68 876 05 8% 169
25 10 238 1088 1044 875 68 18 2505 525
238 088 206 1056 1022 66 68 0 0 000
208 966 3 16 1053 66 66 0 0 000
3 105 265 1115 1083 66 61 5 835 365
3 106 284 1144 1097 61 53 8 1336 3083
294 10 44 25 1 1072 53 505 25 475 9.38
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Swell data

SDRI swell Data Table {

—

I

Project Title Rocky Mountam Arsenal Task 93-03, Soils Feasibility
Project Number (21907 207040|
Test Site RMA Test Fill #2

Date | Time | TestDayNo | Swell#1 | Swell#2 | Swel#3 | Swel#4 | Ave Swel
8/10/34 | 1045 0 538 585 198 86 000
811/84 | 1005 1 533 574 181 81 085
8/12/84 | 955 2 542 5 187 81 042
8/13%4 | 850 3 549 584 18 86 005
3/1584 | 837 5 542 582 187 85 027
81994 | 815 5 544 502 191 91 028
8/22/54 | 900 12 543 583 194 ] 007
8654 | 800 16 529 581 183 73 103
o2/84 | 730 2 554 593 203 82 088
8/20/94 | 1350 40 54 589 197 5 023
9/28/54 | 1615 48 541 582 196 85 007
10/5/94 | 905 55 54 577 192 34 035
107/84 | 1115 57 542 578 19 86 027
1011394 | 10'16 63 536 58 1895 384 045
10/20/94 | 830 70 541 584 195 82 013
11/1/84 | 1640 81 546 593 185 94 053
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Tensio data

ISDRI Tensiometer Data Table [ 1 1 |

Project Title. Rocky Mountan Arsenal Task 93-03, Sails Feasibility

Project Number (21907 207040

Test Site RMA Test Fill #2

T
Note |All readings in Centibars
Depth 6 inches Depth 12 mches Depth 18 inches Average Readmngs
Date Time | DayNo | Group 1 | Group 2 | Group 3 | Group 1 | Group 2 | Group 3 | Group 1 | Group 2| Group 3 | Group 1 | Group 2 | Group 3
8/10/84 | 1045 0 43 18 46 28 0 38 38 30 35 36 2 34
8/11/34 | 1005 1 40 P 48 32 26 42 30 30 32 39 33 31
812/84 | 855 2 38 33 42 34 26 40 30 32 30 38 33 31
8M13/94 | 850 3 31 31 33 34 27 40 32 34 30 33 34 32
815/94 | 830 5 2 24 24 30 26 37 35 35 33 23 31 34
8/19/94 | 815 9 10 12 11 24 2 34 37 34 37 11 27 36
82234 | 900 12 9 2 7 21 19 30 35 34 38 6 23 36
8/26/34 | 800 16 8 0 4 20 18 30 35 30 338 4 23 34
9/2/84 | 730 2 6 0 0 15 15 23 33 25 35 2 18 3
9/6/34 | 1430 26 7 0 2 14 13 18 32 23 35 3 15 30
9/12/34 | 12:00 32 6 0 4 12 11 14 30 20 34 3 12 28
9/16/94 | 1237 36 6 0 1 12 10 10 29 20 33 2 11 27
9/20/34 | 1350 40 6 0 1 1 9 S 27 18 32 2 8 26
Q/23/34 | 1530 43 6 0 0 10 S 4 27 18 32 2 8 28
9/28/94 | 1515 48 6 0 2 10 8 4 26 18 32 3 7 25
10/5/84 | 905 55 2 0 0 0 6 0 24 17 26 1 2 2
10/7/84 | 10.35 57 2 0 0 0 5 0 22 17 24 1 2 21
10113/94 | 1016 63 3 0 0 10 3 2 22 14 P 1 5 19
10/20/94 | 830 70 1 0 0 8 3 3 20 13 32 0 5 2
11/1/34 | 1640 81 2 0 0 8 1 1 18 12 32 1 3 21
Wetting FFront Depth Based on Tensiometer Data
Elapsed Time (days)
0 10 20 30 40 S0

60 70 &80 90

Wetting Front Depth(inches)
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K cailculation

SDRI Hydraulic Conductivity Calculation Table

l

Project Title. | Rocky Mountam Arsenal Task 93-03, Soils Feasibilty

Project Number: 21907 207040

Test Site RMA Test Fill #2

Test DayNo | Infiftraton | Watter Depth | Wetting Front | Gradent | _ Hydrauhc Conductvity
[0} Depth (H) [ Depth (D) 0] K
cm/sec m m cm/sec

0 3 60E07 05 1.00 380E-07
2 Z.77E07 1078 1 1178 235E08
3 348E07 10.78 15 819 425E-08
4 2.70E-07 1075 25 520 5 10E-08
3 182E-07 1075 35 407 447E08
8 130E-07 1057 45 335 S88E-08
11 7.94E-08 1044 625 267 297E-08
14 14307 02 7 2.46 5.80E-08
19 5 43E-08 1053 775 296 230E-08
E3 402E-08 1083 11 1.8 2.03E-08
55 1 46E-08 1057 138 179 8 13E00
72 115808 1072 17 163 7 0BE-08
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Borehole Parmeameter Stage 1 Calculations

Project
Test Location®
Test Number $

Test Dimensions and Equations’

RMA 93 03, 21807 207030
RMA, Section 25, Test F 1

dm 127 Ky = Rt Gy LN(H1/H2)/(t2 - 11)
D= 1016 G, = 0043
Zm 3302
Ry= 692
by = 58 42
Z+Ry+bym 0838
ty = 06/17/94 08 00
Date Time Atm Test Unit TEG C= H2=
2-t1{ R | M H2 | Ro| RI jRf-Ro] H2-C| T | T | Rt | (H1H2) K1 Cum Hrs
(sec) | fem){ fomd | fcm) [{em)i{em) fem) | {em) | {F) | {C} jracioi {ch/sec) | {hws) Remarks
08/17/94 08 00 0] 205 1189 5] 726] 225] 093
08/17/94 0802] 120] 91] 1189] 1075} 305) 305 00} 1076} 725] 225| 093 111] 336E-05 003
08/17/94 08 04 221] 1075] 1205/ 306] 305 00| 1205| 727| 226] 093 089 0 07|Refll
08/17/94 080s] 120] 106] 1206] 1000] 305] 305] 00} 1090] 727] 226] 083 141] 334E-05 010
08/17/34 08 09 248] 1000{ 1232|305/ 305] o00] 1232 727] 226 093 088 0 15{Refil
08/17/94 0813] 240 127] 1232] 111l 305] 305 oof 1111] 727] 226] 093 111] 172E-05 022
08/17/94 08 15 290] 1111] 1274]305] 305] 00f 1274} 727} 226} 003} 087 0 25| Refill
08/17/94 0825] 600] 80| 1274] 1064305/ 304 -01] 10685| 728] 227| 063 120{ 119E-05 042 "
08/17/94 08 27 260] 1064] 1273]304] 304] 00| 1273] 729] 227] 093] 084 0 45]Refill
08/17/94 08 44] 1020] 40| 1273] 1024] 304] 304] oo] 1024| 732] 229] 093 124] 854E-08 073 "
08/17/94 08 45 201] 1024] 1275[304f a04] o00] 1275| 732] 229] 093] 0860 0 75[Reflil
08/17/04 0008] 1260] 64)] 1275] 1048]204] 302] -02] 1050] 734] 230} 093] 121] B616E-06 110 “
06/17/94 09 06 207| 1048 1261]302] 302] 00| 1281] 734] 230] 0983 082 1 13| Refill
08/17/94 0936] 1680] 08| 1281] 1082]302] 300] -02| 1084} 739] 233] 093 118] 3 G8E.08 160
08/17/94 1002 278] 1082 1263[300]{ 300] oo0] 1263] 741{ 234] 0931 086 2 03[Reft
08/17/94 1037] 2100 127} 1263] 1111|300} 208] -02f 1113{ 743] 235] 091 113] 236E-06 262
08/17/94 1039 268 1111] 1272]208] 298] 00] 1272] 743] 235| 091 087 2 65| Refi
08/17/94 1138] as40] 92 1272 1076]208] 206] -03] 1079] 747] 237 081 118] 182E-08 363
08/17/94] 1140 291] 1076 1275| 205] 205] o00] 1275] 747) 237 0 084 3 87| Refif "
08/17/94 1437| 10620] 82| 1275 1086] 205] 209 04 1082| 756] 242 091 120]  674E-07 6 62
08/17/94 1438 208 1086 1282 209] 209] 00 1282] 756] 242 091 083 6 63} Refll “
08/17/94 1622 6240] 216] 1282] 1200} 269] 304] 05| 1185| 759} 244] 091 107] 441E-07 837 i
08/17/94 16 24 208] 1200 1282| 304] 304 00] 1282] 7592439 091 094 8 40| Refil i
08/18/94 0835| 658380 137] 1200] 1121/ 304] 303] -01] 1122] 745| 2361] 091 107] 451E-08 24 58 [
08/18/94 08 40 204 1282 1278]304] 203 -01] 1270| 745;2361] 0&1 100 24 67{Refll
08/19/94 07 58] 83880 171] 1278] 1155/ 303] 301} -02] 1157| 734] 23| 095 110] 485E-08 47 97 "
08/19/94 1552] 28440] 142} 1155] 1126]301) 297] -04] 1130] 754] 2411) 091 102] 301E-08 55 87 i




Date Time Ao Test Unit TEG _C= | H2=
2-11] R H1 H2 | Ro| RIJRf-Roj H2-C} T | T Rt | (H1H2) K1 Cum Hrs
{sec) | (cm)! (cm) | (cm) (cm_) (cm)| {cm) | (ecm) | {F) | (C) |Factor (cmisec) {hrs) Remarks
08/19/94 1555 209 1126] 1283]287] 207 00] 1283] 754]2411] 091 088 §5 92| Refili
08/20/94 09-50] 64500] 197] 1283 1181{ 297} 201 -06f 1187| 709]12161] 086 108| 493E-08 7383
08/20/84 1030] 2400] 193] 1181] 1177| 291] 200 -01] 1178} 743} 235] 091 100} 4 15E-08 74 50
08/20/84 1031 205] 1477) 12791200} 280] 00} 1279} 743] 235] 09 092 74 52)RefHl
08/21/24 0932| 82860] 210] 1279} 1194| 290; 280 00) 1194} 714]2189] 095 107] 339E-08 97 63
08/22/94 16 09]110220] 128] 1194] 1112] 260] 200 00] 1112|748/ 2378] 091 107] 263E-08 128 15
08/22/94 16 11 300f 1112 1284|290 200 00] 1284| 748] 2378 091 0867 128 18| Refil
08/23/94 1103] 67920) 227| 1284] 1211} 290| 283] -07] 1218| 743] 235 091 1 05| 304E-08 147 05
06/23/24 1104 299] 1211} 1283] 283} 283 00] 1283) 743] 235; 081 0984 147 07| Refiil
08/24/94 0937| 81180 234| 1283§ 1218| 283] 287 04 1214} 74512361] 0N 108) 267E-08 169 62
08/24/94 0938 300f 1218} 1284|287 287 00| 1284} 745/ 2361} 091 095 168 63| Refil
08/26/94 14 36/100680§ 150] 1284] 1134] 287| 276 11] 1145] 752] 24| 091 112f 235E-08 222 60 “
08/26/94 1437 289] 1134] 1273|276| 276] 00| 1273/ 752 24| 091 089 222 62|Refil I
08/27/94 0952] 69300 238 1273] 1222} 276] 273] -03] 1225) 764)2411] 091 104 2197E-08 241 87 i
08/28/84 1105] 60760 177] 1222] 1161| 273| 278 05| 1156| 706] 2139} 091 106)] 239E-08 267 08 i
I 08/29/84 09 03] 79080 124] 1161| 1108| 278] 279 01] 1107} 712]2178| 0898 1 05] 254E-08 288 05
i 08/30/24 0752] 82140} 75| 1108 1059| 27 0f 281 02] 1057{ 705{2139] 088 105] 242E-08 311 87 “
Il 068/31/94 1415/109380] 18] 1058 1002/ 281| 281 00] 1002] 720] 2222 088 106] 213E-08] 342 25 i
- Time walghted average for K1 = 8 06E-08 B



Borehole Permeameter Stage 1 Calculations

Project  RMA 93 03, 21907 207030
Test Locat RMA, Section 25, Test Fili 1

Test Num B1B

Test Dimenglons and Equations®

(cm)
dm 127 Ky Rt G, LN(HIM2)/12 - 11)
D= 1018 O,= 0043
Z= 3302
Ram 692
by = 58 42
4+ Ra+by= 9738
tom 8/17/9416 30
Date | Time| At= Test Unit TEG C= | H2= 1
t2-t4] R | H1 | H2 | Ro| Rf [Rf-Ro| H2-C| T | T | Rt | (HIH2) K1 Cum Hrs
{sec) | lem)] lem) | {em) | {em); {om)) {em) | (cm {F} § (C) jFactor (cmisec) (nrsj Remarks
08/16/94] 08 15| 56700| 292 126 6 303] 303] o963| 741| 23] 091 000 1575
| o8n8/m4] 0845 1800] 200] 12686] 1284] 303] 303] 00| 1264) 745] 24] 0601 100] 3 44E-08 1825
it oanso4| oa1s| 1600 207 1264| 1261] 303| 303] o00f 1281] 747 24 0891 100 517E-08 1676
[ osnse4] 1015 3600f 282| 1281} 1256] 303| 300] 03| 1258| 756] 24] 0891 100 173E-08 1775
" 08/18/94] 1215] 7200] 276 1266] 1250] 300] 208] -02] 1252| 763] 25| oeg| 100 170E-08 1975
08/16/94] 1615| 14400] 27 0] 1250] 1244] 208) 304] 06| 1238) 763) 25| 089 101} 268E-08 2375
I 08/19/04] 0759| 56840] 178] 1244} 1152| 304} 301] -03] 1155{ 734] 23| 083 108} 524E-08 3948
08/19/94| 1557] 28680| 142] 1152| 1116] 301| 207] 04] 1120} 754] 24] 091 103] 384E-08 4745
08/19/94] 1605 300] 1116] 1274] 207/ 207] o00] 1274] 754] 24] 091 088 47 58] Refit
08/20/94] 0951] 63960] 204] 127 4] 1178] 207] 201] -06] 1184 709] 22| 095 108] 4 68E-08 65 35
08/21/94] 0933] 85320{ 137{ 1178 1111] 2011 200 -01] 1112] 714 22| 095 106] 276E-08 89 05
08/21/94] 0935 299] 1111] 1273] 200] 200] 00| 1273| 714] 22| 095 067 89 08]Reflll
08/22/04] 16 13[110280] 203] 1273] 1177] 200] 290] 00| 1177] 714] 22| 085 108] 291E-08 11972
08/22/94] 1614 200| 1177] 1273 200f 200] 00| 1273[ 748] 24] 091 092 119 73|Refil
08/23/04] 1106] 67920] 23 6] 1273] 1210] 200] 263] 07| 1217) 743] 24| 091 105]  259E-08 13860
08/23/4] 1107 206] 1210] 1270] 263] 283] 00] 1270 743] 24| 091 095 138 62| Refil
[oai4ioa] 00 46| e1540] 234| 1270 1208] 283] 287] 04| 1204] 745] 24| 091 105] 2 56E-08 161 27 |
(I_06/24/94] 0947 200] 1208] 1273] 287[ 287] 00| 1273| 745 24| o091 085 161 28| Refil I
[ oa26/e4] 14 38| 180260] 156] 1273 1130] 287] 276] -11] 1141] 752| 24| 091 112]  225€-08 21413 Il
|| 08r26/4] 1439 208] 1130f 1272] 276{ 276] 00 1272| 752| 24| 091 0 89| 214 15]Refil “
[{ oer27/e4] 09 53] 69240| 242 127 2] 1216 276| 273] -03] 1219 754f 24] 091 104] 241E-08 233 38
[ oar2ero4] 1105[159960] 184] 121 6] 1158] 273| 278] 05| 1153| 759) 24] 091 105 1 30E-08 258 58
i 0oer2o/04] 0506][1699680] 138] 1158] 1112] 278} 279 01} 1111} 712) 22} 095 104] S96E-09 280 60
[ 0a/0/04] 0754] az080] 03[ 1112[ 1087] 278] 281] 02| 1085] 705| 21f 097 104]  220E-08 303 40
(o314 1417]109360] 32| 1067] 1006] 261] 261] 00} 1006] 720] 22] 095 106]  220E-08 33378
- Time welghted average for K1 = 2 20E-08



Borehole Permaameter Staga 1 Calculations

Project RMA 83 03, 21907 207030
Test Locatlon® RMA, Section 25, Test Fifl 1

Test Number B1C

Test Dimensions and Equations

(cm)
d= 127 Ky = Rt G LN(H1/H2)y/{12 - t1)
D= 1018 Gy= 0043
Z= 3302
Ra= 602
b, = 58 42
Z+Ro+hym 07 48
to= 08/18/84 1220 . -
Date Time M Test Unit TEG C= | H2=] | | | —
t2-t1] R H1 H2 | Ro| Rf |[Rf-Ro|] H2-C| T T Rt (H1/H2) K1 Cum Hrs
(sec) | (em)] (cm) | (cm) | {em)] (cm)| (cm) {cm) | {F) | (C) |Factor (cnvsec) (hrs) Resnarks
08/18/9 1434] 8040] 203 117 8 305 306 873} 789] 261 087 000 22
08/18/84 14 36 120] 101] 117 8} 107 6| 305] 306 00| 107e6] 789] 261] 087 109] 2 82E-05 227
08/18/64 1438 23 3] 107 6] 1208] 305] 305 00] 1208] 7898} 261] 0867 0 69 2 30| Refil
08/18/94 1442 2401 79| 1208] 1054] 305} 305 00| 1054| 788] 261] 087 115 2 13E-05 237
08/19/94 07 43 203] 1054) 1268] 305] 301 -04] 1272} 734| 230] 093 083 19 38| Refill
08/18/94 0813 1800| 279 126 8| 1254 301{ 300 .01] 1255] 734] 230] o093 101 2 29E-07 1988
08/19/84 08 44] 1860 26 5] 126 4] 1240] 300] 299 -01] 1241] 736| 231] 093 101 2 24E-07 20 40
08/19/94 09 44} 3600] 236) 1240} 1211] 209] 299 00] 1211] 743] 235] 091 102 257E-07 21 40
08/19/94 1144] 7200] 184 121 1] 1159] 209] 299 00] 1159] 748] 238] 091 104 2 9E-07 2340
08/19/94 1544] 14400 83| 1159} 1058] 209] 297 -02] 1080] 754} 241] 091 109 2 43E-07 27 40
08/19/94 1607 206] 1058| 1271] 297} 297 00| 1271] 754} 241} 091 083 27 78| Reflif
08/20/94 0952] 63900f 00| 1271] 975] 297] 291 06 8814| 708] 216] 095 130 45 53| Water drained, rodents
08/20/94 0958 300} 975] 1275| 2901] 291 00] 1275|709} 216 095 076| 45 631 Refiil
08/21/94 0936 85080 00| 1275] 975] 291| 290 -01 976] 714] 219} 095 131 69 27]Water drained, rodents
08/21/94 08 37 304 975] 12708] 290} 280 00] 1279} 714} 219 095 076 69 28| RefM
08/22/94 16 201110580 66) 127 9] 1041) 290| 290 00f 1041] 748] 238} 091 123 7 29E-08 100 00
08/22/94 1622 300] 1041] 1275) 200{ 290 00] 1275} 748} 238] 091 082 100 03| Refiii
08/23/94 1109] 67620] 182} 1275] 1157] 200f 283 07] 1164] 743} 235] 091 110 5 27E-08 11862
08/23/94 1110 288] 1157} 1273] 283} 283 00] 1273) 743) 235} 091 091 11883
08/24/94 0952| 81720 21 1| 127 3| 1186] 283] 287 04| 1182] 745} 236] 081 108 3 55E-08 141563
08/24/84 09 53 302| 1186] 1277| 287| 287 00] 1277] 745} 236 091 093 141 55| Refi
08/26/84 14 40] 190020] 13 2] 127 7] 1107} 287| 276 -11] 1118]) 752 240} 091 114 2.74E-08 194 33
08/26/94 1441 30.3] 1107] 1278| 276] 276 00] 1278) 752] 240] 091 087 194 35|Refll
08/27/94 09-64] 69180} 233] 1278| 1208| 276} 273 03] 1211] 754] 241] 091 106 3 05E-08 21357
08/28/84 11-06] 90720] 160] 1208} 1135| 278} 273 06 1140] 759] 244] 091 106 2 S0E-08 23877
06/26/84 0807 101y 1208] 076] 273] 279 06] 1070] 712] 218] 095 113 2.92E-08 260 78




Date Time Atm Test Unit TEG C= | H2= T
2-t4) R | H1 | H2 [ Ro | R [RI-Ro| H2-C| T | T | Rt | (HiM2) K1 Cum Hrs
— {sec) { (cm}] (cm} | (cm) | (cm)| (cm){ (cm) | (cm) I) (C) jFactor {cm/sec) — (hrs) Remarks
08/30/94 07 55] 82080] 52| 107 6] 1027] 27 9] 281 02] 1025] 705] 214] 068 105 461E08] 28358
08/30/94 07 58 295] 1027] 127 0] 281] 281 00| 1270] 705] 214] 098 081 283 60 Refitl I
08/31/94 14 18] 109380} 188] 1270] 116 3] 281| 281 00] 1163] 720] 222] 095 109 313E08] 31398 i
Time welghted average for K1 = 4 47E-08




Borehole Permeameter Stage 1 Calculations

Project RMA 93 03, 21907 207030

Test Location
Test Number* B1D

Test Dimenslons and Equations*

RMA, Section 25, Tast Fiit 1

(cm)
d=a 127 Ky® Rt G, LN(HIH2)/(12 1)
D= 1016 G,= 0042
Z= 3302
Ram 584
by = 58 42
Z+Ry+byo 0742
ty = 08/18/84 12 20 _
Date Time Atw | TestUnit TEG C= | H2=
2-¢1] R ! H1 | HZ { Ro| RI [RI-Rof H2-C| T | T Rt | (H1H2) K1 Cum Hrs
~(sec) | (cm)| (em) | (cm) | (cm)] (cm)f {em) | (em) | (F) | (C) |Factor {cm/sec) (hrs) Remarks
08/18/9 1448] 8880] 301 1275 305] 305] B70)j789) 281) 087 000 247
08/18/84 1542] 3240] 282{ 1275]| 1256] 305] 305 00| 1256| 761] 245] 089 102 1 77E-07 337
08/19/84 07 48] 57840} 157] 1256} 113 1] 305} 301 04| 1135} 734] 230] o093 111 7 00E-08 1943
08/19/94 0816/ 1800 156] 1131} 1130] 301] 300 01} 1131] 734] 230] 093 100 1993
08/19/94 08 46] 1800} 153] 1130 1127] 300] 2008 .01} 1128} 736f 231] 093 100 3 93E-08 20 43 |
08/18/84 0946| 3600 150f 1127] 1124} 299] 289 00] 1124| 743] 235] 091 100 2 90E-08 2143
08/19/94 1148 7200] 149} 1124] 1123] 209} 299 00] 11223} 748] 238] 001 100 4 84E-09 23 43
08/19/94 15 48] 14400} 131] 1123} 1105] 209f 287f -02] 1107 754] 241] 091 101 3 80E-08 2743
08/19/84 16 10 208 1105] 1272| 297] 297 00] 1272} 754] 241} 091 087 27 83|Refli
08/20/94 09 51| 63660] 223] 1272] 1197] 207| 291} -06] 1203| 709| 216] 085 106 3 58E-08 4552 FJ
08/21/84 09 43} 85920] 154{ 1197} 1128] 201] 200{ -01] 1129] 714} 218] 095 106 2 78E-08 6938
08/21/94 09 45 306] 1128| 1280) 290} 290 00] 1280] 714] 218] 095 088 69 42 Refli
08/22/94 16 15{109800] 220] 128 0] 1104] 290| 280 00| 1194| 748] 238] 091 107 2 48E-08 99 92
08/22/84 16 16 209 1194] 1273] 290] 290 00| 1273| 748} 238{ 091 094 99 93{Refl
08/23/94 11 14] 68280] 236| 127 3| 1210] 290| 283] -07] 1217] 743] 235) 0919 105 2 58E-08 118 90
08/23/94 1115 202] 1210] 1266) 283] 283 00f 12686) 743] 2351 091 098 118 82)Refl
08/24/94 0949 81240) 237] 1266] 121 1] 283} 287 04f 1207] 745| 236] 091 105 2.30E-08 141 48
08/24/94 09 50 301§ 1211} 1275} 287] 287 00] 1275] 745) 236] 091 085 141 50}Refit
08/26/84 1442]190380{ 178{ 1211} 1152] 287} 276] -11] 1163} 752 240] 091 104 8 31E-09 194 37
08/26/94 1443 295] 1162 1269} 276] 276 00] 1269| 752] 240} 0091 091 194 38| Refll
08/27/94 09 54] 69060] 24 9] 126 9] 1223]) 276] 273] 03] 1226) 754] 241} 0.9 104 1 95E-08 21357
08/28/84 11:06] 90720] 196} 1223| 1170] 273 278 05| 1165] 759 244] 091 105 2 10E-08 23877
08/20/94 0908 79320] 153] 1170} 1127] 278 279 01] 1126 712| 218] 085 104 1 97E-08 260 80
08/30/94 07 56) 82080} 116} 1127] 1080} 279] 281 02] 1088} 705} 214} 098 104 1 81E-08 283 60
08/31/94 14-20}108440f 25| 1090| 899] 281| 281 Q0] 999| 720] 222| 0.95 109 3 09E-08 31400




Date Time A= Test Unit TEG C= H2=
t2-t11| R H1 H2 | Ro| Rl [Rf-Ro] H2-C| T T Rt (H1/H2) K1 Cum Hrs
(sec) | (cm)] (cm) | (cm) | (cm)| (cm}] (em) | {cm) | (F) | (C) |Factor {cnvsec) (ws) | Remarks
- Time welghted average for K1 = 2 45E.08 B



Borehole Permeameter Stage 1 Calculations

Project RMA 93 03, 21907 207030

Test Location, RMA, Section 25, Test Fil 1

Test Number: B1E

Test Dimenslons and Equations:

(cm)
d= 127 Ky = RE Gy LN(H1/H2)/(t2 - t1)
D= 1016 Gy» 0043
Z= 3302
Ra= 602
by = 58 42
Z+Ry+by= 9748
ty = 06/18/8412 20
Date Time A= Test Unit TEQ C= H2=
t2-t1] R | H1 | H2 [ Ro| Rf |[Rf-Ro| H2-C} T | T Rt (H1H2) K1 Cum Hrs
' (sec) | (cm)] (cm) | (cm) | {em)] (cm)| (em) | (em) | (F) | (C) |Factor (cm/sec) (hrs) Remarks
i 08/16/94 1445 0700] 204 1269 305] a305] o64] 760} 261] o087 000
08/18/94 1523] 2280] 276} 12609] 1251] 305} 305 00] 1251] 761} 245] 087 101 2 34E-07 305
08/19/94 07 45| 68920] 167 1261 1132} 305] 301 04| 1136} 734 23] 093 110 6 55E-08 19 42
08/19/84 08 16] 1800{ 156| 1132] 1131] 301| 300 -01} 1132{ 734} 23] 093 100 0 0OE+00 19 92
08/19/94 0845] 1800] 153 1131] 1128] 300] 298 01] 1129] 736] 231] 093 100 3 93E-08 20 42
08/18/94 0045] 3600] 148] 1128] 1123} 299| 209 00] 1123] 743} 235] 08¢ 100 4 B3E-08 21 42
08/19/94 1145] 7200{ 141} 1123] 111 6] 209] 299 00] 1116] 748] 238] 091 101 3 40E-08 2342
08/15/94 1545] 14400{ 123]| 1116} 1098| 298] 297 -02] 1100} 754] 241 091 101 3 93E-08] 27 42
08/19/84 16 09 297] 1098 1272| 207} 287 00] 1272} 754| 241} 091 0 86} { 27 82|Refill
08/20/94 0952| 63760 183] 127 2| 1158} 207) 281 06] 1164] 709) 216] 095 109 5 66E-08 4553
08/20/94 1035] 2580} 179] 1158] 1154] 201] 280f -01] 1155] 743] 235] 091 100 3 B4E-08 48 25
08/20/94 10 36 303 1154| 127 8] 290] 290 00] 1278] 743] 235] 091 090 48 27| Refill
06/21/94 0938| 82920{ 00| 1278] 975] 290] 290 00] 975|714 219] 095 131 1 33E-07 69 30
08/21/94 09 41 298] 976 1273] 200] 280 00y 1273} 714] 218 085 077 69 35|Refill
08/22/94 1617} 110160] 1586| 127 3] 1131{ 200] 290 00] 1131) 748] 238] 091 113 4 20E-08 9995
08/22/94 16 19 301} 1131] 127 6] 290] 200 00] 1276] 748] 238] 091 0 89) 99 98| Refi¥l
08/23/94 1111] 67920] 21 7f 1276] 1192| 200{ 283] -07| 1198| 743| 235 091 1 06 3 59E-08 118 85
08/23/94 1112 27 9] 1192] 1254] 283] 283 00] 1254] 743} 235] 081 095 118 87|Refit
08/24/94 0957] 81900] 204) 1254] 117 9] 283] 287 04] 1175] 745} 236} 091 107 311E-08 141 82
08/24/94 0958 300]| 1179) 1275] 287] 287 00] 1275] 745] 236] 091 092 141 63| Refill
08/26/94 14 44} 188960] 149 1275] 1124] 287f 276] -11] 1135] 752] 24] 091 112 2 40E-08 194 40
08/26/94 1445 305| 11241 1280} 276| 276 00] 1280| 752( 241 091 088 194 42| Refil
08/27/84 0955 69000] 244] 1280] 1219] 276] 273] -03] 1222] 754} 241] 091 105 2 63E-08 21358
06/28/94 11 07] 90720} 183) 1219] 1158} 27 3] 278 05) 1153] 759} 244} 091 108 2 40E-08 23378
08/28/94 09-09] 79320] 128] 1158| 1103 278| 279 01] 1102} 712} 218} 085 105 2 43E-08 260 82
08/31/94 1421]191520f 63| 1103| 1038} 27.9} 281 02} 10386] 72.0) 222| 095 106 4 10E-08 31402
Time welghted average for K1 = 4 13E-08




Borehole Permeameter Stage 1 Calcutations

Project’ RMA 93 03, 21907 207030
Teast Location® RMA, Section 25, Test Fitt 1

Test Number* B2A

Test Dimensions and Equations®

{cm)
d= 127 Ky = RUG; LN(H1/H2)/(t2 - t1)
D= 1018 G,= 0043
Z= 3302
Ra= 602
by = 58 42
Z+Ra+byu 6746
to = 08/17/94 08 33
Date Time AMm Test Unit TEG Cm= H2=
t2-t1] R H1 H2 | Ro| Rf IRf-Ro] H2-C| T T Rt (H1/H2) K1 Cum Hrs "
il (sac) | (cm)] (cm) | (cm) | (cm)] (cm)| (cm) | (em) | (F) | (C) |Factor (cmv/sec) (hrs) | Remarks I
| 08/17/84 08 33 0} 235 1210 208 1210} 774 252 000 000
08/17/84 08 34 60f 98] 1210} 107 4] 268| 268 00] 1074] 774] 2562] 089 113 7 61E-05 002
08/17/24 08 35 300} 107 4] 1275} 268] 268 00] 1275} 774] 252] 089 0 84 0 03]Refll
08/17/84 08 37 120] 61] 1275} 1036 268} 268 00] 10386] 774] 2521 080 123 6 62E-05 007
| 08/17/94 0838 236) 1036} 121 1] 268| 268 00] 1211]) 774) 262 089 088 0 08]Refiil
I 08/17/94 0840] 120] 45| 121 1] 1020} 268| 268 00] 1020} 774] 252 089 119 5 48E-05 012
08/17/94 08 41 26 4] 1020] 1259] 268| 268 00f 1259] 774] 252} 088 081 0 13|Refill
08/17/84 0848] , 420] 113} 1259} 1088] 268| 268 00} 1088] 774] 252] 089 116 1 33E-05 025
| 08/17/94 08 49 29 1] 1088] 1266] 268] 268 00{ 1266] 774} 252| 088 086 0 27|Refll
08/17/94 0851 120] 143| 1266] 1118] 268] 260[ -08{ 1126] 772] 251] 089 112 3 74E-05 0 30}
'— 08/17/94 08 53 279] 1118] 1254] 260] 268 08] 1246} 772] 251] 089 0 90 0 33| Refill
08/17/84 0as6l 1801 1221 12541 1097] 2681 264 00 10071772, 284] 088 114 2 84E-GS G356
08/17/94 098 00 300] 1097] 127 5} 268] 268 00f 1275] 772] 251] 089 086 0 45]Refil
08/17/84 0803] 180 42| 1275 1017} 268 268 00] 10171772] 2511 069 125 4 81E-05 0 50
08/17/94 09 10 251 1017] 1226] 268] 267] -01] 1227| 772] 261§ 089 083 0 62] Refit
08/17/94 0914] 240} 65) 1226] 1040} 267] 267 00] 1040} 772] 251} 089) 118 2 82E-05 068
08/17/94 0917 24 4] 1040 1219] 267] 267] 00| 1219] 772] 251] 089 085 0 73|Rofil i
08/17/94 0920{ 180 91| 1219] 1086] 267] 267 00] 1086} 774 262 089 114 2 85E-05 078
08/17/94 08 33 266] 1066] 1241] 267| 267 00] 1241] 774} 252 089 0 86 1 O0jRefil
08/17/84 0941| 480] 56| 1241} 1031] 2687] 267, 00| 1031} 772] 251) o088 120 1 48E-05 113
08/17/94 10 34, 276] 1031] 1251| 267 287 00] 1251| 770} 250] 089 082 2 02| Refill I
08/17/94 14 28| 3240f 28] 1251| 1003] 267} 263 -04] 1007) 770] 250{ 088 124 2 56E-06 292
08/17/94 1233 238] 1003] 121 3] 263} 285 02] 1211]j766| 248] 089 083 4 00] Refll
08/17/84 16 33| 18300] 203| 121 3] 1178| 265} 262 -03] 1181} 766} 248] 089 1 03] 5 59E-08 8 00
08/17/84 16 34 298] 1178} 1273] 262| 262 00] 1273| 766] 248] 089 093] 8 02{Refiil
| 08/18/94 14 17| 78180] 183] 127 3] 1158] 262| 282 00 1158] 730] 228] 095 1140 4 95€-08 2973
08/18/24 08 31 301 1168| 127 6| 262{ 264 02| 1274| 730| 228] 093 091 23 97{Reflll




Date Time Me Test Unit TEG C= H2=
t2-t1] R | H1 | H2 { Ro| Rf [Rf-Ro| H2-C| T | T Rt (H1/H2) K1 Cum Hrs
— (sec) | (cm) m {cm) | {cm} (cm)]| {em) | (em) | (F) | (C) |Factor (cmlsech “"fL Remarks

08/19/94 07 55| 84240] 126} 1276} 1101} 264| 260 -04f 1105f 730[ 228] 0893 115 6 83E-08 47 37
08/18/94 16 12| 20820] 96| 1101} 107 4] 260] 268 -02] 1076| 743] 235] 091 102 3 02E-08 55 65
08/19/84 16 13 207] 107 4] 1272| 258f 258 00] 1272 743| 235] 091 084 55 67|Refli
08/20/94 09 47] 63240] 188 1272| 1163] 258} 252| -06( 11698} 707} 215] 085 109 5 46E-08 7323
08/20/94 1045] 3480} 184] 1163] 1159] 252) 250f -02] 1161} 712| 218] 095 100 2 02E-08 7420
08/20/94 10 47 300| 1159] 1275] 250] 250 00] 1275 712] 218] 095 091 74 23|ReMi
08/21/84 09 15} 80880] 21 2| 127 5] 1187 250] 251 01] 1186) 714] 219] 095 108 3 66E 08 8670
08/22/94 16 31) 1E+05] 134 1187} 1109] 251} 251 00| 1109] 738] 233] 0863 107 2 42E-08 127 97
08/22/94 16 32 209] 1109 127 4] 251] 251 00] 1274} 739] 233] 083 087 127 98| Reflll
068/23/84 10 42] 65400] 232| 1274] 1207] 251] 245] -06] 1213] v32| 229 0983 105 3 00E-08 14815
08/23/94 10 59 301]| 1207] 127 6] 245] 245 00{ 1276] 734] 230} 093 095 148 43| Refth
08/24/94 10 05] 83160] 236} 1276| 121 0] 245] 246 01] 1208] 745} 236] 091 108 2 54E-08 169 53
08/24/84 10 08 2081 121 0] 1273] 246{ 246 00} 1273) 745] 236] 0091 095 169 55{Refill
08/26/94 14 55| 2E+05) 16 7] 127 3| 1142] 246] 243] -03] 1145) 748} 238/ 091 111 2 18E-08 22237,
08/26/94 14 56 204) 1142] 1269] 243] 243 00} 1268] 748] 238] 001 090 222 38| Refif
08/27/94 09 57{ 68460} 236} 1269] 121 3] 243} 242] -01] 1214] 758] 244] 001 105 2 53E-08 241 40
08/28/94 11 00] 80180] 183} 121 3] 1168] 242| 241] -01] 1159] 7598] 244] 0091 105 1 98E-08 266 45
08/20/84 0911] 79860] 133] 1158] 1108{ 241} 243 02| 1106] 716] 220) 085 105 235E 08 288 63
08/30/94 07 45| 81240} 92 1108{ 106 7] 243] 247 04f 1063] 709} 216] 095 104 2 09E-08 311 20
08/31/94 14 25] 1E+05)] 40] 106 7] 1015] 247f 246] -01] 1016] 723] 224 0895 105 181E-08] 34187

Time welghted average for K1 = 8 20E-08




Borehole Permeameter Stage 1 Calculations

Project:
Test Location:

Test Number: 82B

Test Dimenslons and Equations:

RMA 83 03, 21907 207030
RMA, Section 25, Test Fil 1

{cm)
d= 127 Ky = Rt G, LN(H1/H2)/(12 - t1)
D= 1016 Gy= 0043
Z= 3302
Ra™ 602
by = 58 42
Z+Ry+by= 0746
t, = 08/18/94 10 15
Date Time Atm Test Unit TEG C= H2=
t2-t1| R [ HI [ H2 [ Ro | Rf [Rf-Ro|] H2-C| T | T | Rt | (H1H2) K1 Cum Hrs
(sec) | (cm){ (cm) | (cm) | (cm}] (em)}} (cm) ] (cm) | (F) | (C) |Factor {em/sec) (hrs) Resnarks
F 08/18/94 14 22] 14820] 25 4 1229 262 1229] 74 3] 235 000 412
08/16/94 1432  600f 187[ 1229] 1162 262] 262] 00 1162 743] 235 001 106 3 66E-06 428
08/19/94 07 40 200] 1162] 1274] 262] 260 -02[ 1276] 730] 228] 003 001 21 42
08/19/94 0812 1920] 28 1] 127 4] 1256] 260] 260] 00| 1258} 720] 227] 093 101 21 95[Rodents chawed fili fine
08/19/94 08 42| 1800] 266[ 1256] 1241| 260[ 260 00| 1241] 730] 228] 093 101 22 45[Rodents chewed il lina
08/19/94 00 42| 3600] 244] 1241] 1219] 260] 258]  -02] 1221[ 732] 229 093 102 23 45]Rodents chewad fif tine
08/19/94 1142| 7200] 210} 121 9] 1185] 258] 258] 00| 1185] 741] 234] 093 103 25 45|Rodents chewed fill fina
08/19/94 15 42| 14400] 158] 118 56| 1133] 258] 258] 00| 1133] 743] 235 091 105 29 45[Rodents chewed fil line
08/19/94 1815 2990|1133 127 4] 258] 258 00| 1274] 743] 235 091 089 30 00| Refil
" 08/20/94 0947] 63120] 109] 127 4] 1084 258] 252| 06| 1090] 707] 215] 085 117 47 53|Rodents chewed fill iine
08/20/94 1048| 3660[ 103] 1084[ 1076} 252] 250 -02| 1080[ 712} 218 095 100 48 55|Rodents chewed i fine ||
i 08/20/94 10 50 303f 1076] 1278} 2501 250] 00l 1278l 712] 218l 095 084 48 58/ Rafil
08/21/94 0917 oof 1278] 975 250] 251]  01] 974 714] 219] o095 131 74 03[Rodents chewed il line
" 08/21/94 09 19 305] 8751280 251] 2511 oo 1280] 714] 219] 095 076 71 07|Rodents chewed fill line
08/22/94 16 29 00[ 1280] 976 251] 251 o0o0f  975] 739] 233] 093 131 102 23] Rodents chewed fi fine
il 08/22/94 16 30 302] 975[1277] 251] 251] 00| 1277| 739] 233] 093 076 102 25| Refti
lr 08/23/94 1047] 658201 43| 1277] to1e] 251] 245] 06| 1024] 732| 229 083 125 1 34E-07 12053
08/23/94 10 49 295] 101 8] 1270] 245] 245]  00] 1270] 732| 229] 093 080 120 57} Reflil
I 08/24/94 1008] 83940] 59| 1270] 1034] 245] 246] 01| 1033 745] 236] 091 123 9 63E-08 14388
i 08/24/84 1009 303| 1034] 1278] 246] 246] 00] 1278] 745] 236 001 0 61 143 60{Refil
il 08/26/94 1458 00] 1278] 975[ 246 -246] 1221 -18 105 198 72| Rodents chewed fill line
IF 08/26/94 1459 201] o75] 1266] 00 243  243] 1023 748] 238 001 095 198 73[Refil
08/27/34 09 59| 68400] 11 0] 1266} 1085| 243] 242]  -01] 1086[ 759] 244 001 117 B 78E-08 21573
| 08/27194 10 01 301] 1085] 1276] 242] 242] 00| 1276| 759] 244] 091 085 215 77|RefM
| 08/28/94 1100 89940 77| 1276] 1052] 242] 241]  -01] 1053] 750] 244] 091 121 8 36E-08 24075
i 08/20/94 09 14 285] 1052} 1280] 241] 243] 02| 1258] 746] 22] 085 084 262 08| Refii
H__ 08/30/04 07 46] 81120] 81] 1260] 1056] 243] 247]  04] 1052 709] 218 085 120 9 09E-08 285 52




Date Time Atm TEG C=
2-t1 Rt (H11H2) K1 Cum Hrs
(sec) {cm) ({cnvsec) (hrs)
08/30/94 07 49 247 083 28557
08/31/94 110280 2486 124 8 04E-08 316 20
Time walghted average for K1 = 8 00E 08




Borehole Permeameter Stage 1 Calculations

Prolect,

RMA 93 03, 21907 207030

Test Locatlon® RMA, Sectlon 25, Test Fiif 1

Test Number* B2C

Test Dimensions and Equations

(cm)
d= 127 Ky = Rt Gy LN(H1H2)/(12 - t1)
D= 1016 Gy= 0043
Z= 3302
RA-642
by = 58 42
Z+Ro+hy= 0788
to ™ 03/18/94 10 15
Date Time Atm Test Unit TEG C= H2=
t2-t1| R | Hi | H2 [ Ro | Rf [RI-Ro] H2-C| T | T | Rt | (H1H2) K1 Cum Hrs “
(sec) | {cm)] (cm) | (em) | (cm)] (cm)]| (em) | (cm) | (F) | (C) |Factor (ci/sec) (hrs) | Remarks ||
08/18/84 14 13] 14280] 267 124 6]{om) | 262 124 6] 743] 235] 091 ]
08/18/94 1431] 1080] 104] 1246] 1083} 262] 262| 00 1083] 743] 235 091 115 5 08E-06 427
06/19/94 07 39 300] 1083] 1279] 262] 260] -02] 1281] 730] 228] 003 085 21 40[Refil
| 08/19/94 0812 1080} 2886] 1270] 126 7] 260} 260] 00| 1267] 728] 227] 003 101 1 90E-07 2195
i 08/19/94 08 43| 1860] 280] 1267] 1250] 260] 260] ~ 00] 1259] 730} 228] 083 101 1 36E 07 2247
(l 08/19/94 0943 3800] 268] 1259] 1247] 260f 258] -02] 1249] 732] 229] 083 101 8 86E-08 2347
08/19/94 1143] 7200] 252|124 7] 123 1] 258] 258] ~ 00[ 1231] 741] 234] 083 101 717E-08] 2547
" 08/10/94 15 43| 14400] 227] 1231] 1206] 258] 258] 00| 1206] 743} 235 091 102 5 58E 08 2947
| 08/19/94 1616 207| 1206] 1276] 258] 258] 00| ~1276] 743] 235] 091 095 30 02| Refil
08/20/94 09 48] 83120] 197] 1276] 1176] 258] 252] 06| 1182] 707] 215] 095 108 4 05E-08 47 55
08/21/94 09 20| 84720} 103} 1176/ 1082] 252 251] 01| 1083} 714] 219] 085 109 3 97E-08 7108
08/21/94] 09 22 303) 1082 1262] 2511 251] 00l 12821 714} 2191 095 084 71 12IRefll
08/22/94 16 27{111900] 190] 1282| 11690] 251] 251] 00 1169] 739] 233] 093 110} 330E-08] 10220
08/22/94 16 28 200] 1189] 1278] 251] 251]  o00] 1278] 739] 233] 093 091 102 22
08/23/94 1050] 66120] 228] 1278] 1207] 251] 245] -06] 1213] 732] 220] 093 105 316€-08] 120 58| "
08/23/94 1100 302| 1207| 1281] 245 245 00| 1281] 734] 230] 083 094 120 75|Refil
I 08/24/94 1012] 83520] 230] 128 1] 1200] 245 246] ~ 01| 1208] 745] 236] 091 106 275E-08] 14395
08/24/94 1013 301} 1208] 1280] 246] 246] 00| 1280] 745| 236] oot 094 143 07| Refil
It 08/26/94 1500] 190020] 17 0] 128 0] 1149] 246] 243] .03] 1152| 748} 238] 091 111 217E-08] 19675
L 08/26/94 1501 301] 1149] 1280] 243 243] 00| 1280] 748| 238] o091 090 196 77|Refdl
IL 08/27/94 1002 68460] 237[ 128 0] 121 6] 243] 242] 01| 1217] 759] 244] o091 105 289E-08] 21578
08/28/94 11 02| o0000] 171] 121 6] 1150] 242 241 01| 1151] 759] 244] o091 106 239E-08] 24078
"; 08/29/94 0914 00| 1150] 979 241] 243] 02| 977] 716] 220] o095 118 262 98] Rodsnts chewed fil ine
08/29/94 0515| 60| 288] o70| 1277 243] 243] oo 1277[ 71 6] 220] 085 077 263 00]Refl
"‘ 08/30/94 07 47| 81120 221] 1277| 1200} 243} 247] 04} 1196] 709] 216] 065 107 314E-08] 28553
It 08/31/94 14 26]110340] 128] 1200] 1107| 24 7] 246] -01] 1108| 723] 224 095 108 375E-08] 31618
' Time welghted average for K1 = 380E 08



Borehote Permeameter Stage 1 Calculations

Projact RMA 93-03, 21807 207030
Test Locatlon® RMA, Sectlon 25, Test Fiil 1

Test Number* B2D

Test Dimensions and Equations

(cm)
d= 127 K= Rt Gy LN(H1/H2)/(t2 - t1)
D= 1018 Gys 0043
Z= 3302
Ra= 612
b; a 58 42
Z+RA+b1“9756
to = 06/17/94 16 30
Date Time At = Test Unit TEG C= H2=
t2-t1] R H1 H2 | Ro{ Rf |Rf-Rojf H2-C| T T Rt | (H1H2) K1t Cum Hrs
(sec) | (cm)| (cm) { (cm) | {cm)| (cm)] (em) | (cm} | (F) | (C) |Factor (cni/sec) (hrs) Remarks
08/18/94 07 55] 55500] 205 1271 265 730] 228] 093
08/18/94 08251 1800) 262} 127 1] 1238} 265} 264 -01 1239} 730] 228{ 093 103] S67E-07 16 92
08/16/94 0855] 1800 232] 1238) 1208] 264] 263 01 1209] 732| 229] 093 102] 527E-07 16 42
08/18/24 0965] 3600] 188{ 1208] 1164] 26 3] 26 1 02| 1166] 739] 233] 093 104] 393E-07 17 42
08/18/24 1000 289] 1164} 1265} 261] 261 00] 12685] 7368} 233] 093 092 17 S0iRefil
08/18/94 1200] 7200] 156] 1265] 1132| 261| 258 -03] 1135} 747] 237] 091 111} 590E-07 19 50
08/18/94 1201 300] 1132} 1276] 258} 258 00] 1276) 747] 237] 091 089 19 52| Refill
08/18/24 1801] 14400] 1865] 1276} 1141) 258} 262 04] 1137] 745] 236] 091 112] 314E-07 2362
08/18/94 16 03 208| 1141} 127 4] 262| 262 00] 1274] 745] 236] 091 080 23 55} Refill
08/19/94 07 49] 56760] 6 4) 127 4] 1040] 262| 260 02f 1042| 730] 228] 093 122] 1 42€-07 3932
08/19/94 07 53 301] 1040} 1277) 260] 260 00f 1277] 730] 228} 083 081 39 38} Refl
08/19/94 16 17} 30240] 23 8] 1277| 1214} 2680| 258 02 1216] 743|] 235] 093 105] 647E-08 47 78
08/19/94 1618 302} 121 4] 1278] 258] 258 00] 1278} 743] 235 093 085 47 80} Refti
08/20/94 09 46] 62880] 191] 1278} 1167] 258] 252 06] 1173] 707] 215] 095 109] 557E-08 6527
08/20/94 1042f 3360 186| 1167] 1162| 252| 250 02 1164) 712| 218] 095 100] 313E-08 66 20
08/20/04 10 44 302| 1162} 1278] 250] 250 00] 1278] 712] 218] 095 091 66 23} Refill
08/21/94 09 24| 81600] 18 5| 127 8] 116 1] 250} 251 01 1160} 71 4] 219] 095 110{ 465E-08 88 90
08/21/94 09 26 300{ 1181} 1276] 251] 251 00] 1276} 714] 219] 085 09t 88 93|Refill
08/22/94 16 251 111640| 159 127 6] 1136] 251] 251 00] 1135| 739] 233] o063 112] 420E-08 119 92
08/22/94 16 26 209] 1135 1275| 251] 251 00} 1275] 739] 233] 093 089 119 93| Refill
08/23/24 1052] 68360] 210} 127 5] 1186] 2561] 245 08| 1192} 732{ 229 093 107] 406E-08 138 37
08/23/94 1056 30 3] 1186] 1279] 246] 245 00] 1279] 734] 23| 093 093 138 43| Refll
08/24/94 10 14| 83880] 208 127 9| 1184] 245] 246 01| 1183] 745| 236] 093 108] 372E-08 16173
08/24/94 1015 60} 300| 1184} 1276] 246) 246 00} 1276] 745] 236} 093 083 161 75)Refth
08/26/94 15'02| 190080| 125| 127 6] 1101] 246} 243 03] 1103| 748| 238 091 116] 2.89E-08 21463
08/26/94 1503 298] 1101} 127 4] 243] 243 00] 1274} 748] 238] 061 086 214 55| Refi
08/27/94 1003} 688400] 23 5] 127 4} 121 11 243} 242 011 1212} 759]) 2441 095 105! 297E-08 23355




Date Time Atm

t2 - t1 Ro T T Rt | (H1/H2) K1 Cum Hrs

(sec) (cm) iF) (C) |Factor (cw§2c' (hr_s) Remarks
08/28/94 11 02| 89940 242 7591 244 091 108] 240E-08 258 53
08/25/94 09 15| 79980 24 1 716] 22 095 105 256E-08 280 75
08/30/04 07 50| 81300 243 709 216] 085 105] 236E 08 30333
06/31/24 14 28 110280 247 723| 224] 095 106] 201E-08 33397

Tima welghted average for K1 = 4 52E-08




Borehols Permeameter Stage 1 Calcuiations

Project: RMA 93 03, 21907 207030
Test Location® RMA, Sactlon 25, Test Fit 1

Test Number* B2E

Test Dimmensions’

(cm)
de 127 K, = Rt G; LN(H1/H2)/(t2 - t1)
D= 1016 Q= 0043
Z= 3302
RA='582
by, = 5842 -
Z+Ry+bhy= 9726
ty= 08/17/94 16 30
[ Date Time Atm Test Unit JEG C= | H2=
t2-t4 R H1 ] H2 | Ro ] Rf |RI-Ro] H2-C] T T Rt | (H1/H2) K1 Cum Hrs
(sec) }(cm)| {em) | em) | (cm) } fem)] (em) | (cm) | (F) | (C) Factor! {cm/sec) (hre) Remarks
08/18/94 07 45 54900] 300 1273 285 265 1008} 730} 228] 093 000
08/18/94 08 15 1800] 24 7] 127 3] 1220f 265] 264 01 1220} 730] 228{ 093 104] 936E-07 1675
08/18/84 (8 45 1800} 21 5] 1220f 1188] 284 283 01 1189) 732{ 229] 093 103| 572E-07 16 25
08/18/94 09 45 36001 180{ 1188] 1133] 283| 261 -02] 1135| 739] 233| 093 105] 507E.07 1725
08/18/84 09 50 263| 1133] 1268] 261| 261 00| 1266] 739] 233] 093 089 17 33|Reflll
06/18/94 1150 7200] 186 1266f 1159] 261] 268 03] 1162| 747] 237] 091 108] 466E-07, 1933
08/18/94 1155 294 1159) 1267] 258] 258 00] 1267 747] 237 091 091 19 42|Refil
08/18/94 1555 14400] 133]| 1267] 1106} 258| 262 04] 1102] 745] 236] 081 115] 379E-07 23 42
08/18/94 1557 208] 1106 1271] 262} 262 00] 1271] 745] 236] 091 087 23 45| Refll
068/19/94 07 48 57060] 07] 1271] 980] 262 260 02 982| 730] 228] 093 128] 181E-07 3930
08/19/04 07 51 298] 980) 1271] 260] 260 00} 12714) 730} 228] 083 077| 39 35iRefld
08/19/94 1619 30480] 196] 127 1] 1169 260} 258 02 1171] 743] 236 081 109] 10SE 07 47 82
08/19/94 16 20 302 1169} 1275] 258{ 258 00} 1275] 743} 235 091 092 47 83| Refll
08/20/04 00470 62820] 156 1275) 112¢9] 258] 252 -06] 1135 707] 2156] 095 112] 757E-08 65 28
08/20/84 1038 3080{ 150f 1129} 1123] 2521 250 02] 1125] 712| 218] 095 100 474E-08 66 13
08/20/94 10 41 302| 11233 1275] 250 250 00] 1275] 712[ 218{ 095 088 88 18] Refit}
08/21/94 09 27 81960} 150] 1275] 1123] 250] 251 01 1122| 714] 219] 085 114] 637E-08 8895
08/21/94 09-29 303| 1123} 1276] 251] 251 00] 1276{ 714] 2198] 085 088 88 98} Rafill
08/22/94 16 23] 111240{ 137] 1276/ 1110f 251| 251 00| 1110} 739} 233] 093 115] 501E-08 11988
08/22/94 16 24 300{ 1110] 1273| 251] 251 00] 1273) 739} 233] 083 087 119 80{Refil
08/23/94 1056 66720] 203| 1273] 1176} 251| 245 -06] 1182| 734| 230] 093 108] 445E-08 138 43
08/23/94 1057 300} 1176] 1273] 245] 245 00] 1273] 734] 230} 093 092 138 45| Reflii
08/24/94 10017 84000] 205]) 1273] 1178] 245] 2486 01] 1177] 745] 236] 091 108] 365E-08 16178
08/24/94 1018 300) 1178) 1273] 246] 246 00] 1273} 745] 236] 091 093 161 80} Refl
06/26/94 15-04] 189960] 136} 1273] 1109] 246] 243 03] 1112| 748] 238] 0.95 114 291€E-08 21457
08/26/84 16 05 2071 1109] 1270{ 243] 243 00l 1270] 748 238 0.95 087 214 58} Refill
08/27194 10-03 68340] 2371 12701 121 Q] 2431 242 -01 12111 759 244; 091 105, 272e-08 233 55




Date Time Ae Test Unit TEG C= H'2m=
©2-41 [ R | A1 | H2 | Ro | Rf JRi-Ro| H2-¢| T | T [ Rt | Hm2)| &1 | cum Hrs
{sec) (cT) {cm) | {em) | (cm) | {cm)] {cm) | {cm) _(F) (C) [Factor (cmls_eﬂ (hrs) | Remarks
[ 06/26/04 1103]  90000] 178] 1210] 1151 242] 241] -01| 1152] 750] 244] 091 105 214E-08] 258 55
08/20/94 0917| 60040] 00| 1151] 973] 241] 24a2] 01| o72| 716| 220 085 7118 280 78]Rodents chewed fil fine
08/29/94 0918 206] 073] 1259] 242] 243] 00| 1259] 716] 220{ 095 077 260 80| Refil
08/30/94 0751] 81180 228] 1259] 1201] 242 247] 05| 1106| 711| 217 095 105| 246E-08| 30335
08/31794 14 20| 110260] 16 4] 1201] 1137] 247| 246] 01| 1138| 723| 224] 095 106] 190E-08] 33308

Time welghted average for K1 = 5 16E-08




Borehole Permeamster Stage 2 Calculations

Project’
Test Location®
Test Number* B1A

Test Dimensions and Equations

RMA 93 03, 21907 207030
RMA, Section 25, Test Fit {

(cm)
d= 127 L= 1550 GE = 11865
D= 1018 t2Le 175 Gi= 3350
Z= 3302 b= 5067 Gl= 2 265
Ry= 602 4b,/D= 1995 Fu 0948
by = 58 42 LD= 153 G2= 0018
Z+Ra+by= 9838 a= -1 K2 = RG2 LN(HI/HZ)(t2 - 1)
to = 09/01/94 08 31
i Date Time Atm Test Unit TEG c= | H2'=
t2-t1| R | Hit H2 | Ro Rt |Rf-Ro] H2-C| T | T | Rt |(HIH2)] K2 Cum Hrs
(sec) | (cm)| (cm) | (cm) J(em){ (cwm) | (em) | (cm) | (F) | (C) |Factor {cn/sec) (hrs) | Remarks
09/01/94 08 31 0] 302 1286 278 682] 201 1
08/01/94 0904] 1980] 208] 1286 1282|278 277] -01] 1283} e85 203 1 100] 183E 08 055
09/01/94 0931] 1620] 298] 1282 1282|277 276] -01] 1283|689 205] 098] 100
l 09/01/94 1035]  3840] 203] 1282] 1277[ 276 272]  04] 1281] 696] 209 098] 100] 309E-09 207
09/01/94 1234]  7140] 285 127 7] 1289 272 272 oo] 1289] 708] 214] 088 101] 134E-08 405
" 09/01/94 1534 10800] 2685 1269] 1249 272 279l 07| 1242] 716] 220] 095] 102] 294E-08 705
it 09/02/84 09 45] 65480] 120 1249 1104|278 274] -05] 1109/ 687 204 1 113] 282E-08 2523
f 09/02/94 1636] 24660] 108] 1104 1092] 274 271] -03] 1095] 716] 220] 085  101] 490E-09 3208
Il 09/02/94 18 37 200] 1092 1274 271 271 00| 1274 716] 220 095 086 Reflli
I 09/03/94 0905] 59280} 217] 1274] 1201] 271 278 07] 1194 709 2168} 065 107] 161E-08 48 57
Il 09/03/94 09 06 00| 1201] 1284|278 278] 00| 1284[ 709] 218] 095 0094 Refil
1 09/06/94 1443 279420] 76] 1284] 1060] 278 265) -13) 1073} 720f 222] 0985 120] ©48E-09] 12620
it 09/06/94 14 44 300] 1080] 1284] 265 265 00 1284] 720] 222 095 083 Refll
i 09/09/94 09 37| 240780| 109 1284 1093 265 270f 05| 1088] 712 218 0es] 118] 102E-08] 19310
[ 09/12/94 11 39 00] 1093] 984|270 262] .08] 992| 727] 226} o0@3 110 Water level below scals
i 09/12/94 1154 900 302 ©984] 1286|262 262 00| 1286|727 226] 083] 077 Refill
(t 09/14/94 13 22| 178080 147] 1286 1131|262 265] 03] 1128] 725] 225] 093] 114 106E-08] 31685
09/14/94 1327 300] 286] 1131] 1270] 265 265] 00| 1270 725 225 093] o089 Refil
" 09/16/84 1050] 163380] 74] 1270] 1058} 265 263] -02] 1060] 671] 195 1 120] 1726-08] 36232
B Time welghted average for 2= 1 27E-08




Borehole Permeameter Stage 2 Calculations
Project RMA 93-03, 21907 207030
Test Location., RMA, Section 25, Test FIll {
Test Number®* BiB

Test Dimenslons and Equations

(em)
d= 127 L= 1500 Gs= 1157
D= 1016 tizL= 750 GA= 3260
Z= 325 b= 5144 G3= 2217
Ra= 692 4b/D= 2025 F= 0044
by = 58 94 LD= 148 G2= 0016
Z+Ra+by= 0838 as - K2 = RiG2 LN(H1HZ)}(2 - 1)
to = 09/01/94 08 33
ll’ Date Time M= Test Unit TEG C= | H2'=
t2.t4| R | H1 H2 | Ro Rf JRf-Ro] H2-C| T | T | Rt |(HUH2)| K2 | Cum Hrs
{sec) {{cm)i {em) | {cm) jlem)] (cm) {cin) | {cm) | {F) | (C} |Facior {cm/sec) (irsj Remarks
09/01/94 0833 206 1280 278 682 201 1
00/01/94 0905] 1620] 207] 1280 1281|278 277]  01] 1282) 686 203 1 100 053
09/01/94 0932 1620] 300] 1281 1284|277 276] 01| 1285]689f 205 098] 100 098
09/01/94 1037]  3900] 209] 1284] 1283] 278 272] -04] 1287/ 696] 208 098] 100 207
09/01/84 1235] 7080{ 201| 1283] 1275|272 272] ool 1275{ 709 216] 095 101] 132E-08 403
{ 09/01/94 1535 10800] 270f 1275] 1254|272 279]  07] 1247] 716] 220] 085 102] 308E-08 703
Il 09/02/94 0048] 65460] 128 1254] 1112|279 274 05| 1117] e87] 204 1 112| 279E-08 2522
i 09/02/94 1638] 24720{ 116] 1112 1100] 27 4 271 03] 1103} 716 220{ 095] 101] 493E-09 3208
it 09/02/04 1839 60] 202 1100] 1278] 271 271] oo} 1278} 716 220] 095] 086 Refill
i 09/03/94 0007] 69260] 210] 1276 1194] 271 278] 07| 1187] 709] 216] 085 108 183E-08 4857
09/03/94 0908 60 305] 1194] 1289 278 278] 00 1289]709] 216 095] 083 RefiY
" 09/06/94 1447] 278540] 65| 1289] 10489] 278 265] 13| 1082] 720] 222] 085] 121] 104E-08] 12623
i 09/06/94 14 48 60] 305 1049 1289] 265 265] 00] 1289] 720] 222] 085] 081 Refi
i 09/09/94 0938] 240600] 89| 1289] 1073 285 270] 0S| 1088| 712] 218] 095] 121] 117E-08] 19308
09/12/94 1140 266520} 00| 1073} e84l 270 262 -08] 992| 727| 226] 093] 108 Water lave! below scale
09/12/04 1165  900] 204] ©984] 1278] 282 2862] 00| 1278] 727 226 093] 077 Refi
09/14/94 13 23] 178080] 00| 1278 984| 262 265 03] 981| 725] 225 093] 130 Waler lavel below scale
09/14/94 1329]  360{ 304| 984] 1288|265 265] 00| 1288} 725] 225] 093] 076 Refil
{L 09/16/94 1052] 163360] 00] 1288] ©84]265] 263] -02] 986] 671 195 1 131 Water level below scalo
~ Tlme welghted average for K2= 1 34E-08




Borehole Permeameter Stage 2 Calculations

Project, RMA 93-03, 21907 207030
Test Locatlun RMA, Sectlon 25, Test Fii 1
Test Number., BIC
Test Dimenslons and Equations
(cm)
d= 127 L= 1700 G5 = 1188
D= 1018 12L= B850 G4= 3623
Z= 335 b= 4944 G3= 2402
Ra= 682 4byD= 1948 F= 0959
by = 57 94 uo= 167 G2= 0015
Z+Ry+b,=u 0836 am -1 K2 = RG2 LN(H1/H2)/(2 - t1)
to = 09/01/94 08 34
Date Time Atm Test Unit TEG G= H2'=
" 2-1| R| H H2 | Ro Rf |Rf-Rol H2-C| T | T | Rt [(HIH2)] K2 | Cum Hrs
(sec) |{cm)| (cm) | (cm) |(cm)] (cm) {cm) | (cm) | (F) | (C) {Factor (cmisec) (hrs) Remarks
i 09/01/94 08 34 209 128 3] 299 278 682] 201 1 ]
i 09/01/94 0906] 1920] 300] 1283] 1284] 278 277 _-01] 1285] 685] 203 1] 100 053 It
i 09/01/94 0933] 1620 302 1284] 1286] 277 276 -01] 1287/ 688} 205 088 100 098 It
0%/01/94 1038] 2900] 302 1286) 1286|276 272] -04] 1290} 698 209 ©088] 100 207
09/01/84 1236] 7080] 204] 1286] 1278] 272 272] oo] 1278] 709] 216] 085] 101] 124E-08 403 "
09/01/94 1636] 10800 274] 1278] 1258] 272 279] o7] 1261] 716] 220] 0es] " 102] 279E-08 703
09/02/94 0947 65460] 105] 1258 1089] 279 274] -05] 1094]687] 204 1 115] 317E-08 2522
09/02/94 1640[ 24780] 85 1089] 1089] 274 271] -03] 1072[ 718] 220 09s]  102] ao06E-00 3210
| 09/02/94 16 41 202] 1069] 1276] 271 271] 00| 1276 716 220 095  0e4 Refil I
i 09/03/94 0909 59280] 209] 1276] 1193] 271 278] 07| 1186[ 709] 216 085] 108 174E-08 48 58 il
i 090394 0310 300] 1193] 1284} 278 278] oo0] 1284] 709 216] 085 093 Refl il
i 09/06'94 14 49| 279540] 94 1284] 1078] 278 265] -13] 1091]720] 222 o065] 118 B22E-09] 126825
] 09/06/94 1450 302] 1078) 1286] 265 265] 00| 1288] 720] 222] 085] 084 Refid 1l
i 09/09/94 0939] 240540] 72| 1286 1056] 265 270 05| 1051| 712] 218] o095]  123] 118E-08] 19308 |
i 09/12/94 11 40| 268460] 00| 1056] @84 270 262] 08| 992] 727] 226 093] 106 Water tevel below scale W
i 09/12/94 11 56 294 84| 1278] 262 26.2] o0o0] 1278] 727] 226] 093] 077 Refil
i 09/14/94 13.24] 178080f 123] 1278 1107} 262 265( 03] 1104] 725] 225 093 116] 114E-08] 31683
09/14/94 1331 300] 1107 1284] 265 265] 00| 1284] 725 225 083] 086 Refll
" 09/16/94 10-58] 163620] 108] 1284] 1093] 265 263] 02 1095|671} 195 1 117] 1456-08] 36240
i 09/16/94 10-59 298] 1093 1282] 263 263 00| 1282] 671] 185 1 085 362 42|Reflll
i 09/20/94 1412] 357180] o00] 1282 984|263 261] 02| 986] 696] 209] 085]  130] 104E-08] 46163
il 09/20/94 1413 300] 984 1284] 261 261 00| 1284] 696] 209] 085 077 481 65| Refil
09/25/04 1550] 437820] 2.3 1284] 1007] 261 266] 05| 1002| 628] 171] 4108] 128 909E-09] 58327
M 09/23/94 15 51 208] 1007 1282] 286 268] 00| 1282] 628] 171] 108} o079 535 28| Refill
] 09/25/94 15 13| 170520] 100] 1282 1084] 266 263] -03] 1087|630] 17.2] 108 118] 1556-08] 58265
Time weighled average for K2= 1 04E-08



Borehole Permeameter Stage 2 Calculations

Project
Test Locatlon’
Test Number *

RMA 93 03, 21907 207030
RMA, Section 25, Test FI 1

B1D

Test Dimensions and Equations:

{cm)
d= 127 L= 1650 GB= 1179
D= 1016 12L= 825 G4= 3531
Z= 33 b,= 5018 Gim 2358
Ram 692 4b, iD= 19076 Fo 0056
by = 58 44 ub= 162 G2= 0015
Z+R,+hy= 0838 ao -1 K2 = RiG2 LN(H1/HZ)/(t2 - t1)
t, = 09/01/94 08 38
Date Time Am Test Unit TEG Cw H2' =
2-t11| R H1 H2 | Ro Rt |Rf-Ro] H2.¢c] T 1 T 1 Rt [ {442y 2 Cum Hrs
I (sec) j{em)] (em) | (cm) f{cm)] (em) fem) | (cm) § (F) | (C) |Factor _{cmisec) | {hrs) Remarks
09/01/94 08 38 206 1279 209 278 662 201 1
08/01/94 0807] 1740] 206] 1279] 1280] 278 277} 01} 1281} 685] 203 1 100 0 48
u 09/01/94 0934 1620] 301] 1280] 1286|277 276] -01] 1286] 688 205] 098 100 093
09/01/94 1039] 3900] 302 1285] 1286 276 272] -04] 1200] 696] 208] 008 100 202
09/01/94 1237] 7080 300] 1286] 1284 272 272] 00 1284] 709] 218] 0895 100] 315E-09 398
" 08/01/04 1536] 10740 287] 1284} 1271} 272 278] 07| 1264] 716} 220] 095 102] 209E-08 697
09/02/94 0947] 65460 150] 1271] 1134{ 279 274 -05 1139|687 204 1 112| 253€E-08 2515
IL 09/02/94 1642] 24900] 156] 1134} 1140] 274 271] -03] 1143] 716] 220] 085 099 3207
08/02/94 16 43 302| 1140/ 1286] 271 271 00| 1286] 716 220] 085 089 Refllf
1 09/03/94 0912] 69340] 231] 1286] 1215} 271 278] 07| 1208] 708] 216] 085 108] 151E-08| 48 57
u 09/03/94 0913 303] 1215f 1287|278 278] 00| 1287] 709] 2168] 085 094 | Refill
i 00/06/94 1451] 279480] 138; 1287 4123{278 285]  -13] 1136 720] 222} 095 113] 6 40E-08 126 22
09/06/94 1452 300] 1123] 1284] 265 265] 00| 1284] 720} 222 085 087 Reflll
" 09/09/94] 09 40| 240480} 122] 1284] 11086] 285 270] 05[] 1101} 712 218] 095 117] 9 16E-09 193 03
09/12/94 11 41] 266460] 00| 1106] 984] 270 262| 08| 992 727f 226] 093 111 Water level below scale
l’ 09/12/94 1157 300] ©84] 1284|262 262] 00| 1284] 727 226] 083 077 Refil
09/14/04 13 24] 178020] 179] 1284] 1163} 282 265 03] 1160] 725] 225 093 111] 800E-09 31677
": 09/14/94 1334 287] 1163] 1271|285 265 00} 1271] 725] 225| 093] 082 Refil
09/16/94 11 02| 163680] 91 1271] 1075] 285 2683] -02| 1077] 871] 195 1 118] 153E-08] 36240
Time welghted average for K2= 8 27E-09




Borehole Permeameter Stage 2 Calcuiations
Project RMA 83 03, 21907 207030
Test Location: RMA, Section 25, Teslt Fity 1
Test Number: B1E

Test Dimensions and Equations

(cm)
d= 127 L= 1800 G6= 1200
D= {016 12L= 9800 G4 = 3 806
Z=a 33 b= 4944 Gim 2 481
Ra= 692 4h/D= 1946 F= 0 965
by = 58 44 L/D = 177 G2rm 0014
Z+Rp+by= 90838 am -1 K2 = R,G2 LN(HI/H2)/(t2 - t1)
to ™ 08/01/94 08 37
Date Time Atm Test Unit TEG Cu H2' =
12-t4] R H1 H2 Ro Rt Rf-Ro] H2-C} T T Rt | (H1H2") K2 Cuin Hrs
(sec) |(cm)] (cm) fem) f(em)] (cm) | (em) | (cm) | (F) | (C) [Factor {cm/sec) (hrs) Remarks
09/01/94 08 37 300 12841 299 278 682 201 1
09/01/94 09 08 1860 300| 1284} 1284] 278 277 -01] 1285 685} 203, 1 1 00 052
09/01/84 09 35 1620] 304] 1284| 1288) 277 278 01] 1289] 689] 205] 098 100 097
09/01/04 10 40 3000] 305] 1288] 1289] 276 272 -04 1203] 696] 209 088 100 2 05
08/01/94 1238] 7080} 299 1289] 1283]j 272 272 00] 1283) 709] 218] 095 100] 9 05E-09] 402
05/01/94 1637] 10740 283] 1283) 1287] 272 279 07] 1260 7168] 220] 0895 102] 231E-08 700
09/02/94 0948! 65460{ 140] 1267 1124} 279 274] -05] 1129} 687] 204 1 112 255E-08 25 18
09/02/94 16 44] 24960] 127F 1124 1111[ 274 271 03| 1114] 7116] 220] 095 101] 492E.09 3212
09/02/94 16 45 300] 1111 1284 271 271 00] 1284] 716/ 220} 095 0 87, Refil
08/03/94 09 14| 69340} 235] 1284| 1219 271 278 07} 1212/ 709] 216 085 106] 134E 08 48 62 il
09/03/94 09 15 296} 1219] 1280] 278 278 00] 4280} 708) 216} 095 095 Refil
006/06/94 14 53] 279480] 139] 1280] 1423} 278 265] 193] 1136} 720} 222} 095 113} 587E-09 12827
098/08/94 1454 300] 1123] 1284] 285 265 00] 1284| 720| 222| 095 087 Refi}
09/09/94 09 41| 240420| 130f 1284| 1114|265 270 05| 1109] 712| 218] 095 116] 837E.09 193 07
ll 09/12/94 11 42) 266460 00] 1114 984} 270 262 -08 092| 7271 226/ 093 112 Water lavel below scale
09/12/94 1157 303 984] 1287|262 262 00] 1287| 727| 226] 093 076 Reflt
I 09/14/94 1325] 178080] 00| 1287] 984|262 265] 03] e81] 725] 225] 093] 131] 205E-08] 31680
‘ 09/14/94 1332 302 994] 1286} 265 285 00] 1286] 725] 225 093 077 Refil
09/16/94 11 00| 163680] 130] 1286] 1114] 265 263 -02f 1116] 671} 195 1 115 125E-08 36238
" 09/16/94 1101 300] 1114] 1284]283 263 00| 1284| 671| 195 1 087 362 40
|| 09/20/94 1401} 356400 31 1284] 1015] 263 281 -02] 1017] 696] 2098] 098 126] 927E-09 461 40
B Time welghted average for K2= 9 42E-09



Borehole Permeameter Stage 2 Calctilations

Project

Test Locatlon®
Test Number *

RMA 23 03, 21907 207030
RMA, Saclion 25, Test Flll 1

B2A

Test Dimenslons and Equations,

(cm)
d= 127 L= 1600 G8a 1172
D= 1016 12L= 800 G4= 3440
Z= 33 b= 6044 G3= 2312
Ra® 692 4b,/D= 19886 F= 0952
by = 58 44 uD= 157 G2= 0015
Z+Ry+by= 0836 a= - K2 = RG2 LN(H1/H2)/(2 - t1)
, to ™ 09/01/94 08 30
Date Time Atm Test Unit TEQ C= H2'=
‘r 2.1 R | H H2 [Ro| Rf |Rf-Ro| H2-C| T | T | Rt |(HIH2)| K2 | Cum Hrs
] {sec) j{cm)] (cm) § (cm) jiem)] {cm) {cy § {cm) | (F) | (C) jFactor {cir/sac) (hrs) | Remarks |
Ir 00/01/94 08 30 207 1261] 209 243 687] 204 1 1
09/01/94 0900[ 1800| 304] 1281] 1288[ 243 242]  -01] 1289| 693] 207] 097 093 0 50| Erroneous reading It
f  09/01/94 0930]  1800] 305] 1288] 1289 242 242] 00| 1289] 696] 2098] 097] 100 1 00| Erroneous reading I
] 08/01/94 1032]  3720] 308] 1289] 1293] 242 238] -04] 1207| 705] 214] 097] 089 2 03| Erronsous reading
09/01/04 1230] 7080 314] 1203] 1298] 238 236] 02| 1300] 709] 216] 095] 099 4 00| Erroneous reading ‘"
“ 00/01/94 1538 11280] 207] 1208] 1281[ 236 243] 07| 1274|712 218] 095] 102 241E-08 713 i
[ 00/02/94 0940] 64920 137| 1281] 1121] 243 238] -05] 1126] 693] 207] 097]  114] 295E-08 2517 Il
00/02/94 1647] 25620] 161 1121] 1145] 238 238] 00| 1145 720] 222] oos] o098 32 28| Erroneous reading
09/02/94 16 48 301| 1145] 1285] 238 238] 00| 1285| 720] 222[ 095 089 Refill
09/03/94 0916] 59280] 1968] 1285] 1182] 238 242] 04| 1178 720] 222] 095 109] 213E-08 4877 “
it 09/03/94 0917 303 1182] 1287242 242]  00] 1287] 720| 222] 095 092 Refli i
it 09/06/94 1456] 279540] 220] 1287] 1204] 242 230] -12] 1216] 727] 226] 0983l 106l 289E-08] 12643 It
il 08/06/94 1457 301 1204] 1285[230 230] 00| 1285]727] 226] 093] 094 Refil
it 09/09/94 09 59| 241320f 120{ 1285] 1104[ 230 228] -02[ 1106} 730] 228] 093] 116 BB85E-09] 19348 "
Il 09/12/94 1147| 265680] 22| 1104] 1006] 228 225 03] 1009| 734] 230{ 093] 109] 482E-09] 26728
u 09/12/94 1150 207] 1006] 1281] 225 225] 00| 1281]734] 230 093] 079 Reft] "
09/14/94 13 38| 179260] 205] 1281] 1189] 225 226] 01| 1188| 725 226] 093] 108] 598E-09] 31713 It
lr 09/16/94 1107] 163740] 60| 1189] 104 4] 226 223| 03] 1o47|e8s5] 203] 1]  114] 119E-08] 36262 I
09/16/94 1108 300{ 1044] 1284] 223 223 00f 1284] 685] 203] 1 081 Refil il
L oov0/4 1414 356760] 97| 1284] 1081f 223 222  -01] 1082] 707] 215 o085 119] 698E08] 46173 It
Time welghted average for K2= 8 00E-09



Borehole Permeameter Stage 2 Calculations

Project RMA 93 03, 21907 207030
Test Location® RMA, Section 25, Test Filt 1

Test Number© B2B

Tes! Dimenslons and Equations:

(cm)
de= 127 L= 1600 Glie 1172
D= 10186 2L e 800 G4no 3 440
Z= 33 b,= 5044 Glnm 2312
Ra= 692 4b,/D= 1988 F= 0952
by = 58 44 LD= 157 G2= 0015
Z+Ry+by= 9838 acs -1 K2 = RG2 LN(H1/HZ)/(2 - t1)
t, = 09/01/94 08 32
Date Time Ata Test Unlt TEG Cs | H2'm= I
2-11] R H1 H2 Ro Rf Rf-Roj H2-C}| T T Rt | (HU/H2Y) K2 Cum Hrs
{sec) J{cm)| (cm) | (cm) ff{cm)] (em) | (em) | (cm) | (F) | (C) [Factor {cmi/sec) (hrs) Remarks
08/01/94 08 32 303 1287| 299 243 687] 204 1
09/01/84 09 01 1740] 311} 1287] 1295}243 242 -01] 12081 693] 207] 097 099 0 48] Erroneous reading
09/01/94 09 31 1800f 316] 12065] 1300|242 242 00] 1300] 696] 209 097 100 0 98| Erronecus reading
09/01/94 1032 3660] 318] 1300/ 1302 242 238 -04] 1306} 705 214] 097 1 00| 2 00} Erroneous reading I
09/01/84 1232] 7200 317] 1302 1301|238 236] -02| 1303] 709] 216] 095 100 4 00|Erroneous reading It
08/01/84 1538] 11160{ 307{ 1301{ 1201§ 236 243 07| 1284} 712 218} 095 101] 171E-08 710 il
08/02/94 09 40] 64920] 170] 1291] 1154} 243 238 05] 1159] 693] 207] 097 111] 247E-08 2513 I
09/02/94 1649] 25740] 170f 1154} 1154] 238 238 00] 1154] 720] 222] 085 100 32 28] Erroneous reading "
09/02/24 16 50 204 1154] 1278{ 238 238 ool 1278[ 720] 222 095 080 Refif
09/03/94 09 18] 60280] 229] 1278f 1213] 238 242 04] 1209} 720} 222] 095 108] 1 36E-08 4877
08/03/94 09 19 207] 1213] 1281) 242 242 00] 1281] 720] 222| 095 085 Reflll
08/06/94 14 48] 278940] 179f 1281 1163} 242 230 -12f 1175} 727{ 226{ 0963 108] 441E-09 126 27
08/06/84 14 59 302] 1163] 1286] 230 230 00| 1286| 727| 226] 093 090 Refill
09/09/94 1000} 241260 147] 1286} 1131]230 28 02 1133] 730] 228} 0963 114] 7 47E-09 193 47
09/12/84 1146) 265560] 37] 1131] 1021) 228 225] 03] 1024] 734} 230 093 110} S533E-08 26723
08/12/94 11 60, 302 1021] 1286} 225 226 00] 1286] 734] 230f 093 079 Refill
09/14/94 1338] 179280] 204] 1286 11886} 225 2286 01} 1187} 725] 225 093 108] 636E-09 31710
08/16/24 11°09) 163860} B85] 1188] 1068) 226 223 03] 1072] 685] 203 1 111] 960E-08 362 62
09/16/94 1110 303] 1069] 1287223 223 00f 1287} 685 203 1 083 Refiil
09/20/24 14 16] 356760] 108] 1287} 1003] 223 222 -01] 1094} 707f 215 0965 118] 6 62E-09 46173
08/20/94 1417 302} 1287| 1286] 223 222 -01| 12871707} 215] 095 100 461 75|Refill
09/23/94 1602] 265560 102] 1093| 1086|222 219 -03] 1089] 649| 183] 088 100] 207E-10 535 50
Time welghted average for K2= 6 34E 09



Borehole Permeameter Stage 2 Calculations
Project RMA 93 03, 21907 207030
Test Location® RMA, Saction 25, Test Fit 1
TestNumber® B2C

Test Dimensions and Equations:

(cm)
d= 127 L= 1575 Gt = 1169
D= 1016 t2L= 788 G4= 3395
Z= 33 by 5057 G3= 2289
Ra= 692 4b,/O= 1991 F= 0950
by = 68 44 LD~ 155 G2= 0015
Z+Ravby= 0838 a= -1 K2 = R,G2 LN(H1/H2)/(t2 - t1)
to = 09/01/94 08 34 _
[ Date Time Atm Test Unit TEG _C= | H2'= - "
t2-t1] R | H1 H2 | Ro Rf |Rf-Ro| H2-C| T | T | Rt |(H1H2)| K2 Cum Hrs
(sec} f(cm){ (cm) | (cm) {{cm}| (cm) fcm) | (cm} | (F) | (C) ]Factor {cvsec) | (hrs) Remarks
09/01/94 08 34 304 1288] 299 243 687 204 1
09/01/84 0901] 1620 312] 1288{ 1296|243 242 -01f 1207{603] 207[ 097] o099 045
09/01/94 0932] 1860 316] 1206] 1300] 242 242 00| 1300] 696] 209 097] 100 097 4'
i 09/01/94 1033] 3660] 318 1300 1302] 242 238] -04] 1306{ 705/ 214] 097] 100 198 I
09/01/84 1233]  7200] 317] 1302] 1301] 238 236] .02] 1303] 709] 216] 095 100 398 I
09/01/94 1538] 11100{ 300] 1301] 1284( 238 243  07] 1277/ 712] 218] 0095 102] 246E-08 707 I
09/02/84 0941] 64980 118] 1284] 1102] 243 238] 05| 1107]693] 207] 087] 118] 341E-08 2512
09/02/94 1651] 25800] 116] 1102] 1100|238 238] 00| 1100f 720 222} 095 100f 103E-09 3228 "
09/02/94 16 52 301 1100] 1285|238 238 oof 1285|720 222f 095 086 Reftt
09/03/94 0922 59400] 221] 1285] 1205[ 238 242]  04] 1201] 720 222] 095] 107[ 167E-08 48 80 "
09/03/24 09 23 302] 1205] 1286] 242 242] 00] 1286] 720] 222] 085 094 Refil 1
09/06/94 15001 2794201 1161 1286] 11007242 230, 421 1112]727] 228 083]  146] T740E-09) 12643 i
08/06/24 15 01 300] 1100] 1284[230 230 00| 1284] 727| 226] 093] o086 Refil i
09/09/04 1000} 241140] 35| 1284] 10190[230 228] 02} 1021} 730 228] 083] 126] 136E-08] 19343 l
09/09/94 1002 300| 1019 1284|228 225] 03] 1287]| 734] 230] 093] 079 Refil
09/12/94 11 46| 265440 72| 1284] 1056} 225 225 00f 1056f 734] 230[ 093]  122] 108E-08] 26720
09/12/94 1151 304] 1056] 1288 225 226] 01 1287| 734] 230] 093 082 Refii
09/14/94 1339 178280] 160] 1288] 1144 226 223  -03f 1147] 725] 225 1 112] 907E-09| 31708
09/14/94 13 40 306] 1144 1200) 226 223] 03] 1283| 725] 225 1 088 317 10{Refil
09/16/94 1111] 163860] 00 1290 984 223 222] -01] o8sie85] 203[ 095] 131] 241E-08] 36262
Time welghted average for K2= 1 205 08



Borehole Permeameter Stage 2 Calculations
Project RMA 93 03, 21907 207030
Test Location RMA, Sectlon 25, Test Fiit 1
Test Number B2D

Test Dimensions and Equations:

(cm)
d= 127 L= 1750 GE= 1193
D= 10186 1R2L=a 875 G4n 3714
Z= 33 b= 4969 Gl=n 2 448
Ra= 892 4b,i/D= 1858 Fu 0962
by = 58 44 LD= 172 G2 = 0015
Z +Ry+ bym 9836 am - K2 = R,G2 LN(HIMH2)(2 - t1)
to = 09/01/94 08 36
Date Time Atwm Test Unit TEG Ca H2'=
2-1] R H1 H2 Ro R Rf-Ro} H2-C| T T Rt [ (H1H2') K2 Ccum Hrs
{sec) {{cm)| (cm) | (cm) |{cm)] (cm) (cm) | (cm) | (F) | (C) |Factor (cisec) | (hrs) Remarks
09/01/94 08 38 308 1202] 289 243 687 204 1
09/01/94 08 02 1560) 310] 1202f 1204} 243 242 01 12095} 633] 207 087 100 043
09/01/94 09 32 1800] 314] 1204] 1208|242 242 00] 1208] 696] 209] 097 100 093
09/01/94 1033 3660] 314 1298] 1208] 242 238 -04] 1302 705] 214] 097 100 1905
09/01/94 1233 72000 31§ 1208 1205|238 236 02| 1207| 709f 216] 095 100} 149E 09 395
09/01/94 1539] 11160] 207] 1295f 1281{ 236 243 07] 1274 712 218] 095 102| 204E-08 705
09/02/94 0941] 64920] 124 12811 1108] 243 238 -05] 11131 693] 207 097 115] 3 0BE-08 2508
09/02/94 1653] 25920| 147] 1108f 1131|238 238 00| 1131 720 222] 095 0 98} 32 28| Erroneous reading
09/02/94 16 53 300 1131] 1284{ 238 238 00] 1284] 720} 222] 085 088 Refilf
09/03/94 0024] 69460] 230] 1284] 1214] 238 242 04f 1210] 720] 222] 085 106| 139E-08 48 80
09/03/94 09 25 302] 1214] 1286] 242 242 00f 1286 720] 222] 085 094 Refill
09/06/94 1502] 279420] 159] 1286] 1143] 242 230 -12] 1155] 727] 226} 083 111] 524E-09 126 43
09/06/94 1503 2071 1143 12811 230 230 00] 1281} 727] 226} 093 089 Reflll
09/09/94 1003| 241200] 142] 1281] 1126] 230 228 -02] 1128] 730] 228] 093 114) 719E-09 193 45
09/12/94 11 45| 265320] 05 1126 08 9| 228 225 -03 992| 734] 230] 093 114] 651E-09 267 15
09/12/94 1152 300] 989 1284 225 225 00 1284| 734} 230] 093 077 Refili
" 09/14/94 1341] 179340| 194] 1284] 1178} 225 226 01] 1177) 724} 224] 093 109| 662E-09 31708
" 09/16/94 1114) 163080] 60| 1178] 1044| 226 223] .03 1047| e85| 203 1|  113] 10se-.08] 38263
09/16/94 1115 304| 1044] 1288[ 223 223 o0o0] 1288] €85 203 1| 081 362 65| Refill
] 058/20/84 1420] 3s6700] 86| 1288 1070] 223 222| 04| 1071] 707 215] 005 120] 720E-09] 46173
Time welghted average for K2= 8 14E-09




Borehole Permeameter Stage 2 Calculations

Project RMA 93 03, 21907 207030
Test Location: RMA, Section 25, Test Flil 1
Test Number©  B2E

Test Dimensions and Equations

(cm)
d= 127 L= 2050 G6= 1238
D= 1018 12L= 1025 G4=o 4270
Z= 33 by= 4819 G3= 2690
Ram= 692 4h,/D= 1897 Fe= 0976
by = 58 44 up= 202 G2= 0014
Z+Ry+b,= 0836 ax= -1 K2 = RG2 LN(H1/HZ)/(12 - t1)
1o = 09/01/94 08 38
i Date Time Atm Test Unit TEG C= | H2'e
2.1 RT H1 H2 [ Ro Rf (Rf.Rol H2.CT T | T | Rt J(HiH2Z)] «z Cum tirs
(sec) | (cm)] (cm) cm) |{em)}| (cm) {cm) | (cm) F) | (C) |Factor {cm/sec) (hrs) Remarks
09/01/94 08 38 302 1286] 299 243 687] 204 1
09/01/94 0903] 1500] 306] 1286] 1200] 243 242 -01| 1201} 693] 207] 097 100 042
09/01/94 0933] 1800] 31 0] 1200f 1204] 242 242] o00] 1204] 696] 209 007 100 092
09/01/94 1043] 4200 309] 1204] 1293242 238 .04 1207] 705] 214[ o097 1 00 208
It 09/01/94 1234] 6660] 303] 1203] 1287 238 236] 02| 1289] 708] 216] 095 100] 599E-09 393
09/01/94 1540] 11160{ 287] 1287] 1271] 236 243] 07 1284 712 218] 095 102] 208E-08 703
08/02/94 0942] 64920] 151] 1271] 1135] 243 238] 05| 1140[692] 207] o097 111] 220E-08 2507
09/02/94 1654] 25920] 145] 1135] 1129|238 238] 00| 1129 720 222 095 101] 263E-09 3227
09/02/94 16 55 301] 1129] 1285] 238 238] 00] 1285] 720 222| 095 088 Refill
09/03/94 0929] 59840] 227] 1285 1211] 236 242 04 1207} 720] 222] o085 106] 1 35E-08 48 85
] 09/03/94 09 30 209 1211] 1283] 242 242| 0ol 1283] 720] 222] 095] 094 Refill
it 05/06/54 15 04] 276240] 129] 1263] 1113 242 230] 12| 1125] 727} 226] 093] 114 593E-00] 12843
it 09/06/94 1505 302 1113] 1286] 230 230] o0o0f 1286] 727] 226] 093] o087 Refi
i 09/09/94 1004] 241140] 139] 1286] 1123] 230 228) 02| 1125| 730] 228 093] 114] 699E-00] 19343
| 09/12/94 1143 265140 02] 1423] 986|228 225| -03] 9801 734 230] 093] 114] 604E-08] 26708 “
1 09/12/94 1153 209 98e6] 1283] 225 225]  oo] 1283] 734] 230 093 077 Reftl
] 09/14/94 1342] 179340] 183] 1283] 1167] 225 226 01| 1186| 725] 225] 093 110] 672E-09] 31707 ]I
09/14/94 1343 01| 1167 1285] 226 226] 00{ 1285] 725] 225 1 09 Reflll
" 09/16/94 1116] 163980] 134] 1285 1118]226]  223] -03] 1121] 685 203 1 115] 113E-08] 36263 "
T Time welghted average for K2= 8 15E-09






