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CHAPTER 1
INTRODUCTION

HA&L Enginecring, Inc. (HA&L) prepared a report in June 1990 addressing the Run-on
Contro!l System associated with Landfill Cells 10 through 15 at the Lone Mountain Facility. This
report was entitled “Comparison of Developed Vs. Predeveloped Conditions and Run-on Conveyance
Channel Design Lone Mountain Facility.” Since 1990, some modifications have been made to the run-
on control system. Safety-Kleen Corp. requested that HA&L update the Run-on Control System
portion of the previous study to account for these modifications.

The purpose and scope of this report are to address the hydrology, run-on control channels,
and run-on detention ponds associated with the Run-on Control System for Landfill Cells 10 through
15 at the Lone Mountain Facility, taking into consideration the current layout of the system.
Information presented previously regarding the run-on control and conveyance system is consolidated
herein. The information has been modified to reflect changes at the facility due to redirection of
drainage flows resulting from modifications to the drainage control facilities, and recent updated
mapping of the facility. The design information presented herein supersedes all previous information
submitted with regard to the design of the run-on control system associated with Landfill Cells 10
through 135.

Summarized within this report are the following sections: 1) Methodology used in evaluation
of the hydrology and the pond and channel designs, 2) Hydrology or the prediction of peak flow rates
to be used as the basis for the design of the run-on control system, and 3) A discussion of the design
of the run-on control system.

I-1
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CHAPTER 11
METHODOLOGY

This section presents the assumptions and methodology used to performi hydrologic and
hydraulic calculations for the run-on control system at the Lone Mountain Facility. The methodology
addresses hydrologic calculations used in the determination of peak runoff flow rates from a designated
precipitation event, hydraulic calculations used in designing channels and culverts, and riprap design
methods.

Storm water runoff volumes were evaluated using the Soil Conservation Service Curve Number
methodology. Runoff calculations to determine peak flow rates at designated locations were performed
using the Army Corps of Engineer's Flood Hydrograph Package HEC-1 computer model. Run-on
control channel design was accomplished using Manning's Equation for open channel flow.

Storm Water Runoff Volume

According to the U.S. Soil Conservation Service (1972), the algebraic and hydrologic relations
between storm rainfall, soil moisture storage, and runoff can be expressed by the equations:

Q = (P-0.25)
P + 0.85
and
S = 1000 - 10
CN
Where: Q = direct runoff volume {inches)
S =  watershed storage factor
P = accumulated precipitation (inches)

CN = runoff curve number (dimensionless)

The curve number (CN) designates the runoff potential for a watershed and depends on: (1)
Soil type, (2) Hydrologic Soil Group {HSG), (3) Vegetation type, condition, and hydrologic properties,
and (4) Professional judgement. The CN for each subwatershed area was determined using an area-
weighted average.

HEC-1 Hydrologic Computer Model

Hydrologic calculations were performed utilizing the HEC-1 Computer Model developed by
the Army Corps of Engineers. The HEC-1 model is a hydrologic model designed to simulate surface
runoff response from a river basin (or watershed system) to precipitation by representing the basin as
a system of hydrologic and hydraulic components. A component may represent a surface runoff entity
or basin, a stream channel, or a reservoir. HEC-1 calculates runoff volume, stream flow hydrographs,
and peak flows at desired locations within the drainage basin via a numerical modeling technique based
on the Soil Conservation Service curve number unit hydrograph modeling option. Hydrographs are

-1

HA&L



developed on a subwatershed basis with the input of area, watershed lag time, SCS curve number,
precipitation distribution, etc. Routing of hydrographs can be accomplished using various options.
The Kinematic wave option was used to route hydrographs in channels, and the storage routing
technique was used for routing hydrographs through the run-on control detention ponds.

Input variables to the HEC-1 model include:

® Precipitation Distribution, depth and duration

L] Storm Duration

L Return Period/Precipitation

* Drainage Basin Area

L SCS Curve Number

L Watershed Lag Time.

o For Kinematic Channel Routing - channel length, channel slope, Manning's n, channel
cross-sectional type, and channel shape characteristics.

® For Pond Routing - storage-elevation relationships of the sediment ponds, stage-
discharge relationships for the spillways, and storage volume at the beginning of the
storm.

Input values used in the model are shown on the HEC-1 model printouts and are explained in
the following text.

Precipitation Distribution, Storm Duration, and Return Period/Precipitation

A precipitation distribution is input to model the runoff hydrograph. The USDA-SCS Type il
24-hour storm distribution was used. The Type II storm distribution is a 24-hour distribution designed
for use in all areas of the western continental United States except for the coastal side of the Sierra
Nevada and Cascade Mountains (U.S. Soil Conservation Service, 1986).

A storm duration of 24 hours was used to model the watersheds for the run-on control system.

A precipitation amount is required for the appropriate return period. The 25-year 24-hour
precipitation depth of 6.0 inches was used in evaluation of the run-on control system. This
precipitation depth was determined from U. S. Weather Bureau Technical Paper No. 40 (1961).

Drainage Basin Area

The watershed areas for the drainages evaluated were determined by direct measurement from
a 1" = 300' scale map.

SCS Curve Number

The U.S. Soil Conservation Services Curve Number designates the runoff potential of an area.
Curve numbers were approximated based on hydrologic soil type, as well as type and amount of
ground cover. A representative curve number of 89 was selected (U.S. Soil Conservation Services,

-2
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1972) for undisturbed areas based on a 45% average herbaceous ground cover density and hydrologic
soil group D (U.S. Soil Conservation Service, 1968). A curve number of 92 was selected for disturbed
areas with high runoff potential, a curve number of 76 was selected as representative of rock riprapped
surfaces of closed landfill cells, and a curve number of 98 was selected for direct precipitation on
detention pond arcas assumwed to have ponded water at the beginning of the storm (i.e., Run-on
Pond 3).

Watershed Lag Time and Time of Concentration
The watershed lag time (L) and time of concentration (TC) may be estimated by several formulas. For

the input value into the HEC-1 model, TC was determined from the following equations (U.S. Soil
Conservation Service, TR-55, 1986):

TC =TI + ITT
Where: TC = time of concentration
TI = overland or sheet flow travel time
TT = travel time in a channel (channel length/velocity)
77 < 0007 +(a1)*
PzO.S * 50.4
Where TI = as defined above, in hours
n = Manning’s roughness coefficient, use 0.13 for range land
L = overland flow length in feet
P, = 2-year, 24-hour rainfall (3.3 inches)
S = slope (ft/ft)

For the gravel or rock surfaces of the closure caps for the landfill cells, TT was computed from
the following equation (Denver Regional Council of Governments, 1969):

_ 18(1.1-Cs)L%

T
5033
Where TI = as defined above, in minutes
C5 = coefficient (0.25 for gravel or rock surfaces)
L = overland flow length in feet
S = slope (%)
-3
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Watershed lag (L) is then determined from (SCS, 1972):

L =06+TC

Where: L = watershed lag
TC as defined above

Kinematic Channel Routing Parameters

Kinematic channel routing parameters include channel length, channel slope, Manning's
roughness coefficient (n), channel cross-sectional type, and channel shape characteristics. Channel
lengths and slopes were determined from 1" = 300" and 1" = 100’ scale maps. The Manning's
roughness coefficient (n} of 0.035 was assumed to be representative for an earthen lined channel with
some stones (Haan, et. al., 1994). The Manning's roughness coefficient (n) for riprap lined channels
was determined from the following equation (Haan, et. al., 1994):

n = 0.0395(D )

Where: n Manning's roughness coefficient
D, = the riprap diameter in feet such that 50% of the stones have a
diameter smaller than D,

Channel cross-sectional type and shape characteristics such as side slopes were as per the
channel design.

Spillway Stage Discharge Relationships

The stage-discharge relationships for outlet works for run-on detention ponds were evaluated
either as culverts (for Run-on Detention Ponds 1 and 2) taking into consideration inlet and outlet
conditions as defined by the U.S. Department of Transportation (1965), or as broad crested weirs

(Run-on Detention Pond 3).

Weir flow is determined by the equation:

Q = C+L+HY

Where: flow rate in cfs;
coefficient determined by entrance conditions;
length of the weir crest, in feet,

= head of water above the weir crest, in feet.

Q
C
L
H
The entrance coefficient C was determined from Brater and King (1976) to be 2.63 for a broad

crested weir with a minimum crest width of 15 feet.

o+
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Detention Pond Storage Elevation Relationships

Run-on detention pond storage capacity versus elevation relationships were determined by
measuring the area at designated contour intervals and then using the average end area method for
computing volume between contour intervals.

Channel Hydraulics

The run-on control channels were evaluated using Manning's Equation for open channel flow.
Side slopes for the channels were generally set at 2H:1V or 3H:1V. The slope of the bed was fixed
by design or determined from available mapping. Manning's Equation is as follows:

Q-1486 4p g1
n

Where: Q = Peak discharge from storm event (cfs)
n = Manning's roughness coefficient
A = cross sectional area of flow (ft%)
R = hydraulic radius (ft)
S = channel slope (ft/ft)

In earthen lined channels, a Manning's Roughness Coefficient of 0.035 was used which
represents an earthen lined channel with some stones (Haan et. al. 1994). In channels requiring a rock
riprap lining, Manning's Roughness Coefficient can be approximated from the equation referenced
previously.

Rock Riprap

Rock riprap for the channel beds was evaluated according to the safety factor methodology
developed by Colorado State University and as presented in Haan, et. al. (1994) as follows:

—  cosO tan
SF,, = - ¢
sind t+ 7 tand
= ds
F(SG - 1)D,,
Where: Foy = factor of safety against bed failure

angle of channel bed (degrees)
angle of repose for riprap (degrees)
stability parameter

= depth of flow (ft)

as gow
I
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= S = channet slope {fi/ft)

F = dimensionless critical shear stress
SG = specific gravity of rock
- Dy, = mean riprap size (ft)

An analysis of side slope stability was completed by applying the following equations:

— coso. tand

- SF,,.

n'tang Tt sina cosp

B = arct cosO
Zsing . sin6
ntand

nf:c.n

1 t+ sin(® +p)]
2

Where: SF factor of safety against bank (side) failure

arctan(1/side slope) (degrees)

stability parameter

0.76 for 2H:1V side slopes; 0.86 for 3H:1V side slopes.

(all other variables are as previously defined)

sides

R
o

O
i

Riprap linings were designed to have a minimum factor of safety of 1.3. It was assumed in the
design that the specific gravity of the rock was 2.65. "F" values (critical shear stress) were determined
based on data published by Wang and Shen (1983).

II-6
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CHAPTER III
HYDROLOGY

The watershed areas that are tributary to the Safety-Kleen Lone Mountain Facility, have been
modeled to predict peak storm water drainage flow rates from the 25-year 24-hour precipitation event
to be used as a basis for evaluation of the existing run-on control system. The run-on control system
has been designed to divert drainage from the area tributary to the site safely around the existing and
proposed RCRA hazardous waste landfill cells (Cells 10 through 15).

The HEC-1 watershed model and methodology referenced in Chapter II were used to mode!l
the fully developed condition at the Safety-Kleen Lone Mountain Facility (see computations in Exhibit
A).

Watershed Characteristics

The hydrologic subbasins associated with the Lone Mountain Facility are illustrated on
Drawing 1. A summary of the hydrologic characteristics for each subbasin used in the analysis is
presented in Table 1. Subbasin areas were named based on the first major run-on control channe! each
subbasin is tributary to (i.e., subbasin 3H is subbasin H tributary to Run-on Control Channel No. 3).
The runoff analysis was performed assuming that all landfill cells (Cells 10 through 15) are capped.
While a cell is active (open), all runoff from a storm up to a 25-year 24-hour event will be contained
within the cell as part of the runoff control plan. Once the cell is closed (capped), runoff from the cap
surfaces will be conveyed to the run-on control system, consisting of detention ponds, culverts, and
channels.

25-Year 24-Hour Peak Flow Rates

The estimated peak flow rates to each of the run-on control channels or detention basins from
storm water drainage from the 25-year 24-hour precipitation event are sumumarized in Table 2. Also,
included in Table 2 is a listing of the tributary subbasins to each of the run-on control features. Run-on
control feawres include run-on control channels designated as Run-on Control Channels No. 1
through 5 and D3H-1; run-on control detention ponds, designated as Run-on Control Detention Ponds
No. 1 through 3; and Run-on control culverts, designated as Culverts C2A-1 (outlet to Pond No. 2),
C3G-1 (upstream end of channel D3H-1), C3H-1 (located between Channel D3H-1 and Channel
No. 3}, C4B-1 (drop culvert into Pond No. 3}, and C5G-1 (located between the upper and lower
sections of Channel No. 5).

Two alternatives (Alternative 1 and Alternative 2) are referenced in Table 2. These two
alternatives have reference to alternative configurations for Run-on Detention Pond No. 1, and the
impact that these two alternatives have on estimated flows for downstream detention ponds, culverts,
and channels. As will be discussed subsequently, without Run-on Detention Pond No. 1, the existing
conveyance capacities of Culvert C3G-1, Channel D3H-1, and Culvert C3H-1 are inadequate to convey
the peak runoff flow rate from the 25-year 24-hour precipitation event.

HA&L
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TABLE 1

SUMMARY OF HYDROLOGIC CHARACTERISTICS FOR WATERSHEDS
AND BASINS TRIBUTARY TO RUN-ON CONTROL SYSTEM (CELLS 10 THRU 15)

LONE MOUNTAIN FACILITY
Sub-basin Sub-basin Time of Concentration Weighted
No. Area Hours Curve No.
Acres
1-A 2.82 0.31 76.0
1-B 3.02 0.17 89.2
1-C 6.34 0.23 92.0
2-A 16.19 0.32 81.5
2-B 7.70 0.30 71.5
2-C 1.86 0.17 83.1
3-A 9.67 0.11 89.8
3-B 10.64 0.35 83.8
3-C 6.15 0.33 92.0
3-D 1.92 0.25 92.0
3-E 6.40 0.13 92.0
3-F 7.35 0.08 92.0
3-G 17.25 0.23 91.6
3-H 23.38 0.29 90.4
3-1 27.81 0.31 84.8
3-] 7.06 0.14 91.3
4-A 156.30 0.35 90.1
4-B 3.06 0.31 89.0
4-C 12.03 0.30 96.5
4-D 16.14 0.33 88.0
4-E 27.62 0.32 81.9
5-A 11.53 0.14 89.0
5-B 0.95 0.22 88.1
III-2
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SUMMARY OF HYDROLOGIC CHARACTERISTICS FOR WATERSHEDS

TABLE 1 (cont.)

AND BASINS TRIBUTARY TO RUN-ON CONTROL SYSTEM (CELLS 10 THRU 15)

LONE MOUNTAIN FACILITY

Sub-basin Sub-basin Time of Concentration Weighted

No. Area Hours Curve No.
Acres
5-C 4.45 0.18 92.0
5-D 2.99 0.23 86.0
5-E 2.34 0.31 83.7
5-F 7.48 0.23 92.0
5-G 24.10 0.22 82.0
5-H 39.23 0.26 80.8
5-1 55.00 0.52 89.0
5-] I 1.52 S 0.28 76.0
-3
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TABLE 2

25-YEAR 24-HOUR PEAK FLOW RATES

RUN-ON CONTROL FACILITIES

RUN-ON CONTROL TRIBUTARY SUBBASINS 25YR 24HR
FEATURE FLOW RATE (cfs)
Channel No. 1 1A thru 1C 47
Detention Pond No. 2 (Inflow) 2A 55
Detention Pond No. 2 (Qutflow) 2A 37
Channel No. 2 2A thru 2C 61
Detention Pond No. 1 - 3A thru 3G, and 3J 274
Alternative No. 1 (Inflow)
Detention Pond No. 1 - 3A thru 3H, and 3J 368
Alternative No. 2 {Inflow)
Detention Pond No. 1 - 3A thru 3G, and 3] 93
Alternative No. 1 (Outflow)
Detention Pond No. 1 - 3A thru 3H, and 3J 206
Alternative No. 2 (Outflow)
Cliunnel D3H-1- Alternative 1 3A thru 3H, and 3J 165
Channel No. 3 - Alternative 1 3A thru 3J 261
Channel No. 3 - Alternative 2 3A thru 3J 304
Detention Pond No. 3 - Alternative 1 3A thru 3J and 4A thru 4C 937
(Inflow)
Detention Pond No. 3 - Alternative 2 3A thru 3J and 4A thru 4C 981
(Inflow)
Detention Pond No. 3 - Alternative 1 3A thru 3] and 4A thru 4C 616
(Outflow)
Detention Pond No. 3 - Alternative 2 3A thru 3J and 4A thru 4C 682
(Outflow)
Channel No. 4 - Alternative 1 3A thru 3J and 4A thru 4E 691
Channel No. 4 - Alternative 2 3A thru 3J and 4A thru 4E 758
Channel No. 5 (Upper Section) 1A thru 1C, 2A thru 2C, 5A thru 5G & 5] 342
Channel No. 5 {(Lower Section) 1A thru 1C, 2A thru 2C, 5A thru 5§ 633
Culvert No, C2A-1 2A 55
Culvert No. C3G-1 3A thru 3G, and 3] 93
Culvert No. C3H-1 3A thru 3H, and 3J 165
Culvert No. C4B-1 4B 12
Cuivert No. C5G-1 1A thru 1C, 2A thru 2C, SA thru 5G, 5I & 5] 522
-4
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Alternative 1 consists of constructing Detention Pond No. 1 upstream from Culvert C3G-1 as
illustrated on Drawings No. | and No. 2. This alternative would require significant excavation
upstream from Culvert C3G-1 in order to construct Detention Pond No. I. Culvert C3G-1 would be
the outlet to this detention basin under Alternative 1.

Alternative 2 consists of removing Culvert C3G-1 and evaluating the existing topography
upstream from Culvert C3H-1 as Detention Pond No. 1. This alternative would require no excavation
to construct Detention Pond No. 1, only the removal of Culvert C3G-1. Due to the flat gradient of
the channel (Channel D3H-1) upstream from Culvert C3H-1, Detention Pond No. 1 under this
alternative would include the existing area of Channel D3H-1 plus the existing expanded area upstream
from Culvert C3G-1. Culvert C3H-1 would be the outlet to Detention Pond No. 1 under this
alternative.

HA&L
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CHAPTER IV
RUN-ON CONTROL FACILITIES DESIGN

Runoff due to precipitation events on watersheds, which would be tributary to the area on
which Cells 10 through 15 are to be located, will be controlled and conveyed around the facility via
the run-on control system. The run-on control system surrounding the cells consists of six run-on
control channels, which collect storm water drainage from the tributary areas west of the landfill cells
or from the caps of the landfill cells upon closure, and which convey this collected flow around the
landfill cells to an existing channel located on the west side of the county road (see Drawing 1). Run-
on Control Channel No. 1 collects runoff from the drainage area to the south of Landfill Cell 11
(referred to as subbasins 1A through 1C on Drawing 1) and conveys this collected flow along the south
side of Cell 11 to discharge into Run-on Control Channel No. 5 on the east side of the cells which
bears northward. Run-on Control Channel No. 2 collects runoff from the side slopes and eventually
from portions of the caps of Landfill Cells 8, 10, 11, and 13 upon closure (subbasins 2A through 2C)
and conveys this collected flow along the south side of Cell 11 to Channel No. 5. Run-on Control
Channel No. D3H-1 conveys outflows from Run-on Detention Pond No. 1 to Run-on Control Channel
No. 3 in Alternative 1 for Detention Pond No. 1, discussed previously. In Alternative 2 for Detention
Pond No. i, Run-on Control Channel No. D3H-1 becomes part of Run-on Detention Pond No. 1.
Run-on Control Channel No. 3 diverts runoff from subbasins 3A through 3] (see Drawing 1) to
Detention Pond No. 3. Run-on Control Channel No. 4 is the outlet channel for Run-on Detention
Pond No. 3 and collects runoff from subbasins 3A thru 3J and 4A through 4E and conveys this
collected flow to the drainage confluence near the east quarter corner of Section 28 which is the
location where drainage waters have historically combined to exit the property. Run-on Control
Channel No. 5 receives flows from Channel No. 1, Channel No. 2, and subbasins 5A through 5J and
conveys these flows north to the confluence near the east quarter corner of Section 28,

Run-on Control Channel No. 1

Run-on Control Channel No. 1, located parallel to the containment dike on the south side of
Landfill Cell 11, collects and diverts tributary flows from the drainage area to the south of Landfill
Cell 11 (referred to as subbasins 1A through 1C on Drawing 1} and conveys this collected flow along
the south side of Cell 11 to discharge into the Run-on Control Channel No. 5 on the east side of the
cells, which bears northward.

Engineering design calculations and details for Run-on Control Channel No. 1 were submitted
in the HA&L 1990 study referenced previously. Plan and profile design details for Run-on Control
Channel No. 1 are presented in Exhibit B. Hydraulic design calculations for Channel No. 1 are
included in Exhibit A. The Channel No. 1 design calculations, presented in Exhibit A, are based on
a design flow rate of 155 cfs. As indicated previously, the 25-year 24-hour flow rates modeled with
the Army Corps of Engineers' watershed model (HEC-1) reflect changes at the facility to drainage
control facilities (thereby modifying tributary areas), modifications to the design return period, etc.
As noted in Exhibit A, due o these modifications, the design flow rate from the 25-year 24-hour
precipitation event for Channel No. 1is47 cfs. Therefore, since the channel was originally designed

HA&L
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for a larger flow rate than currently estimated; the channel, as designed, is adequate to convey the
current 25-year 24-hour flow rate.

Originally, the 60-inch diameter culvert at the upstream end of Run-on Control Channel No. 1
drained a subbasin area on the southwest side of Landfill Cell 10 and conveyed the runoff from that
area into Channel No. 1. However, the upstream end of this culvert has been intentionally sealed, and
the area southwest of Cell 10 has been diverted to the north into Run-on Detention Pond No. 3 via
Run-on Detention Pond No. 1, Channel No. D3H-1, and Channel No. 3.

Channel No. 1 was designed on a 0.7 % channel grade with a trapezoidal channel cross-section,
having a bottom width of 6 feet, a channel side slopes of 3H:1V, and a channel depth to the top of the
riprap of 4.5 feet. Geotechnical reports for the facility have classified the soils where this channel is
to be constructed as very stiff to hard clay and silt. Unlined channels constructed in colloidal stiff clays
have a maximum permissible velocity of about five feet per second (U.S. Department of
Transportation, 1979) before unacceptable scour takes place. Based on the original design calculations,
velocities in excess of five feet per second would be experienced in this channel on the channel grade
of 0.7%. Therefore, a riprap channel lining was placed in this channel from the exit of the 60-inch
diameter culvert to the confluence of Channel No. 1 with Channel No. 5. Riprap having a mean rock
diameter (D,;) of 14 inches was placed at the culvert outlet for a distance of 60 feet downstream to
dissipate the energy of flow released from the culvert into the channel. Riprap having a mean rock
diameter (D) of 4 inches was determined to be adequate with a safety factor in excess of 1.5 from the
point 60 feet downstream of the culvert to the major channel bend near the confluence with Channel
No. 5. Riprap having a mean rock diameter (D) of 6 inches was placed in the channel through the
channel bend in order to accommodate the increased shear stress concentrated on the riprap through
the bend. A 1-foot thick filter blanket was placed between the riprap and the natural ground subgrade
to prevent erosion of the subgrade due to a pumping action of water within the riprap. The filter
blanket is Type II, graded as specified in Table 3. Riprap gradations as per the specified Ds, are
presented in Table 4.

Run-on Control Channel No. 2 and Detention Pond No. 2

Run-on Control Channel No. 2 is actually the channel referred to as the "Runoff Control
Channel” in the engineering design report for Landfill Cells 10 and 11. Since runoff from the waste
inside the landfill cells will be totally contained inside the cells, there is no need to have a separate
runoff control system outside of the cells as was designed for Landfill Cells 10 and 11. Therefore, this
channel was converted from a runoff control channe! to a run-on control channel and was rerouted
from the southeast corner of Landfill Cell 11 toward the northeast to a confluence with Run-on Control
Channel No. 5. Design calculations presented herein are for the existing portion and the extended
portion of this channel. A 54-inch diameter culvert was instatled through the access ramp to Landfill
Cells 10 and 11 to provide drainage through the access ramp for Run-on Control Channel No. 2.

The area upstream from the 54-inch diameter culvert serves as a detention pond and is referred
to as Run-on Detention Pond No. 2. A headwater depth of 2.4 feet will be required to pass the peak
outflow from this detention pond of 37 cfs. The invert elevation of the culvert is 1388.3 feet and the
minimurmn elevation of the top of the dike along the southwest side of the pond is approximately
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1398 feet. This detention pond functions as a flood control pond, taking advantage of storage within
the pond to reduce the peak discharge of 55 cfs from the inflowing hydrograph to 37 cfs of the outflow
hydrograph (based on the HEC-1 routing routine).

TABLE 3

TYPE II GRANULAR FILTER BLANKET

U.S. Standard Sieve Size

Percent Passing by Weight

3 inches 90 - 100
3/4 inch 35-90
No. 4 0-30
No. 16 0-15
No. 200 0-3
TABLE 4
RIPRAP GRADATIONS
Intermediate Rock*
Riprap % Smaller Than Weight Dimension
Thickness Riprap Given Size Dy **
(Inches) Designation By Weight (Lbs.) Loy (Inches)
12 Type VL 100 150 11.6 6
50 30-50 6.8-8.1
20 20 5.9
18 Type L 100 350 15.4 9
50 70-125 9.0-10.9
20 30 6.8
24 Type M 100 1000 21.9 14
50 225-400 13.3-16.1
20 40 7.5
30 Type MH 100 1000 21.9 14
50 225-400  13.3-16.1
20 40 7.5
* Dimension based on volume of cube and SG=2.65
** D,, = Nominal particle size
V-3
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As indicated above, a 2.4-foot headwater depth is required for the culvert to convey the peak
outflow from the pond of 37 cfs. The containment dike controls the overall depth of the pond at the
inlet to the culvert, The top of the containment dike is approximately 9.7 feet above the 54-inch
diameter culvert invert to provide the required freeboard for Run-on Detention Pond No. 2, giving 7.3
feet of freecboard above the 25-year 24-hour design depth in Pond No. 2 upsiream from the culvert.

Engineering design calculations and details for Run-on Control Channel No. 2 were submitted
in the HA&L 1990 study referenced previously. Hydraulic design calculations for Channel No. 2 are
included in Exhibit A. The Channel No. 2 design calculations, presented in Exhibit A, are based on
a design flow rate of 152 cfs. As indicated previously, the 25-year 24-hour flow rates modeled with
the Army Corps of Engineers' watershed model (HEC-1) reflect changes at the facility to drainage
control facilities (thereby modifying tributary areas), modifications to the design return period, etc.
As noted in Exhibit A, due to these modifications, the design flow rate from the 25-year 24-hour
precipitation event for Channel No. 2 downstream from the 54-inch diameter culvert is 61 cfs.
Therefore, since the channel was originally designed for a larger flow rate than currently estimated;
the channel, as designed, is adequate to convey the current 25-year 24-hour flow rate.

The channel (from the culvert outlet to the southeast corner of Landfill Cell 11) has been
designed with 2I1:1V side slopes, a channel depth of 4.5 feet, a 0.7 percent channel slope, and a
bottom width of 10 feet. Without a channel lining, erosive velocities in excess of 5 feet per second
would result in the channel under the design flood event. Therefore, a riprap channel lining was
designed along the entire length of the channel. With the exception of a short channel segment at the
outlet of the 54-inch diameter culvert, a mean rock diameter (Ds,) of 4-inches was determined to
provide adequate erosion protection with a safety factor in excess of 1.5 for Channel No. 2 between
the 54-inch diameter culvert and the southeast corner of Cell 11. The mean rock diameter of the riprap
was increased to 14-inches for a distance of approximately 50 feet downstream from the 54-inch
diameter culvert to provide erosion protection at the outlet of the culvert.

Running from the southeast corner of Landfill Cell 11 to the confluence of the channel with
Run-on Control Channel No. 5, along the west side of the County Road, Run-on Control Channel
No. 2 was designed at a 0.88% slope with a single four-foot drop structure. Plan and profile design
details are presented in Exhibit B for Run-on Control Channel No. 2 from the southeast corner of Cell
11 to its confluence with Channel No. 5. A drop structure is necessary since the straight slope of the
channel between the southeast corner of Cell 11 and the confluence with the existing channel would
produce a Froude Number of approximately 1, which would result in flow in the channel being in the
unstable region around critical depth. Design procedures for loose riprap channel lining protection
recommend that the channel gradient be less than 0.7 times the critical slope (Froude Number less than
about 0.8) (SCS Technical Release No. 59, 1976). The channel was designed with a similar cross-
section to that of the upstreamn segment of the channel, i.e., a trapezoidal cross-section with a bottom
width of ten feet. However, the channel side slope was flattened from a 2H:1V to a 3H:1V.

It was determined that on the proposed 0.88% channel grade, velocities in excess of five feet
per second would be experienced during the design event which would be erosive. Therefore, a riprap
channel lining was designed and placed in Run-on Control Channel No. 2 from the southeast corner
of Cell 11 to the intersection with Run-on Control Channel No. 5. Riprap having a mean rock
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diameter (D) of 12 inches was placed for the channel bend of the extended channel at the southeast
corner of Cell 11, and a mean rock diameter (D,g) of nine inches was placed at the channel bend near
the confluence of the run-on control channel with the existing channel along the County Road and for
a distance of approximately fifty feet downstream from the bends. With the exception of the channel
at the four-foot drop structure, riprap having a mean rock diameter (Ds;) of six inches was determined
to be adcquate with a safety factor in excess of 1.5 for the straight segment of the channel between the
channel bends. Riprap having a mean rock diameter (D,,) of 14 inches was determined to provide
adequate erosion protection for a twenty-foot distance downstream and upstream from the drop
structure, The riprap thickness for the fourteen-inch riprap is two feet upstream from the structure and
three feet downstream from the structure. A 1-foot thick filter blanket was placed between the riprap
and the natural ground subgrade to prevent erosion of the subgrade to the rock due to a pumping action
of water within the riprap. The filter blanket is Type II, graded as specified in Table 3. Riprap
gradations as per the specified Dy, are presented in Table 4. Where a D, of 12 inches was found to
be adequate, the two-foot thickness of rock, which has a Dy, of 14 inches, was used.

Run-on Control Channel D3H-1 and Detention Pond No. 1

Run-on Control Channel D3H-1 and proposed Detention Pond No. 1 are new features to the
run-on control system since the preparation of the HA&L 1990 study. Subbasins 3A through 3G and
3J (see Drawing 1) were previously tributary to Run-on Control Channel No. 1 and Run-on Control
Channel No. 5. However, storm water drainage from these basins has been rerouted through existing
Channel D3H-1 into existing Run-on Control Channel No. 3 and Run-on Detention Pond No. 3. Two
existing culverts are located within this system, Culvert C3G-1 (a 7-foot square box culvert) located
at the upstream end of Channel D3H-1, and Culvert C3H-1 (two parallel 42-inch diameter CMP
culverts) located between Channel D3H-1 and Channel No. 3. Because of the extremely flat channel
grade of Channel D3H-1 (0.04 %) between the two culverts, Channel D3H-1 must be evaluated in
conjunction with Culvert C3G-1 as a single system with the headwater depth of Culvert C3H-1
influencing the tailwater depth of Culvert C3G-1. Without detention storage above Culvert C3H-1,
the existing conveyance capacities of Culvert C3G-1, Channel C3H-1, and Culvert C3H-1 are
inadequate to convey the peak runoff flow rate from the 25-year 24-hour precipitation event. Thus,
Detention Pond No. 1 is required (at some location upstream from Culvert C3H-1) to reduce the peak
flowrate through these facilities. Without Detention Pond No. 1, the two 42-inch diameter culverts
(C3H-1) would definitely be inadequate. However, considering the location of the potential overflow
upstreamn of Culvert C3H-1(should its capacity be exceeded), it is unlikely that adverse effects to the
landfill cells would occur.

As discussed in Chapter III, two alternatives have been evaluated for Detention Pond No. 1.
Alternative 1 consists of constructing Detention Pond No. 1 upstream from Culvert C3G-1 as
illustrated on Drawings No. 1 and No. 2. This alternative would require significant excavation
upstream from Culvert C3G-1 in order to construct Detention Pond No. 1. Culvert C3G-1 would be
the outlet to this detention basin under Alternative 1.

Alternative 2 consists of removing Culvert C3G-1 and evaluating the existing topography

upstream from Culvert C3H-1 as Detention Pond No. 1. This alternative would require no excavation
to construct Detention Pond No. 1, only the removal of Culvert C3G-1. Due to the flat gradient of
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the channel (Channel D3H-1) upstream from Culvert C3H-1, Detention Pond No. 1 under this
alternative would include the existing area of Channel D3H-1 plus the existing expanded area upstream
from Culvert C3G-1. Culvert C3H-1 would be the outlet to Detention Pond No. 1 under this

alternative.

Safety-Kleen can decide which of these two alternatives best meets their operational plans for the
facility. The hydraulic evaluation of these two alternatives is addressed below.

Pond No. 1 Alternative 1

The proposed configuration of Alternate 1 Detention Pond No. 1 is illustrated on Drawing 2.
It is anticipated that construction of this pond can occur during construction of the next phase of
Landfill Cell 15. Therefore, the material removed during excavation of the pond can be used as
embankment fill material. It should also be noted that the configuration of the pond may be modified
as desired by the Lone Mountain Facility as long as the elevation capacity relationship assumed in the
calculations is maintained. If the Lone Mountain Facility desires to modify the elevation capacity
relationship, then the new relationship should be evaluated prior to construction.

A headwater depth of 6.38 feet will be required to pass the 25-year 24-hour peak outflow from
Run-on Detention Pond No. 1 of 93 cfs. The invert elevation of the outlet culvert (C3G-1) is 1388.76
feet and the minimum top elevation of the dike between Detention Pond No. 1 and Detention Pond
No. 2 is 1398 feet. This detention pond functions as a flood control pond, taking advantage of storage
within the pond to reduce the peak discharge of 274 cfs of the inflowing hydrograph to 93 cfs of the
outflow hydrograph (based on the HEC-1 routing routine).

As indicated above, a 6.38-foot headwater depth is required for the culvert to convey the peak
outflow from the pond of 93 cfs. The containment dike controls the overall depth of the pond at the
inlet to the culvert. The top of the containment dike is approximately 9.2 feet above the 7-foot square
box culvert invert to provide the required freeboard for Run-on Detention Pond No. 1, giving 2.9 feet
of freeboard above the 25-year 24-hour design depth in Pond No. 1 upstream from the culvert.

Hydraulic design calculations for Channel No. D3H-1 are included in Exhibit A. Channel
D3H-1 was constructed with a low flow rectangular channel excavated into the mudstone formation
(having dimensions of 5 feet in width and 3 feet in height) and then a higher flow trapezoidal shaped
channel with 2H:1V side slopes above the low flow channel. At the 25-year 24-hour design flow rate
of 165 cfs, the flow velocity in Channel D3H-1 is only 1.7 fps. Therefore, erosion protection within
the channel will not be required. The required headwater depth in Culvert C3H-1 at the downstream
end of Channel D3H-1 is 6.33 feet. The channe! has sufficient depth to accommodate this head
requirement.

Pond No. 1 Alternative 2

The only excavation required for Alternative 2 Detention Pond No. 1 would be the removal
of Culvert C3G-1 (the 7-foot square box culvert). Also, a 75-foot section of the dike near the fuel pad
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would need to be raised a foot or less to maintain a 1398-foot top elevation for the dike around the
detention pond.

A headwater depth of 9.74 feet will be required to pass the 25-year 24-hour peak outflow from
Detention Pond 1 Alternative 2 of 206 cfs. The invert elevation of the twin 42-inch diameter outlet
culverts (C3H-1) is 1386.87 feet and the minimum top elevation of the dike between Detention Pond
No. 1 and Detention Pond No. 2 is 1398 feet. The top of the dike is approximately 11.1 feet above
the Culvert C3H-1 invert to provide the required freeboard for Run-on Detention Pond No. 1, giving
1.4 feet of freeboard above the 25-year 24-hour design depth in Pond No. 1 upstream from the culvert.

Hydraulic design calculations for the Channel No. D3H-1 portion of Pond No. 1 are included
in Exhibit A. Channel D3H-1 was constructed with a low flow rectangular channel excavated into the
mudstone formation (having dimensions of 5 feet in width and 3 feet in height) and then a higher flow
trapezoidal shaped channel with 2H:1V side slopes above the low flow channel. At the 25-year 24-
hour design flow rate of 206 cfs, the flow velocity in the Channel No. D3H-1 portion of Pond No. 1
is only 1.8 fps. Therefore, erosion protection within the channel will not be required. The required
headwater depth in Culvert C3H-1 at the downstream end of Pond 1 is 9.74 feet. The Pond has
sufficient depth to accommodate this head requirement.

Run-on Control Channel No. 3

Run-on Control Channel No. 3, which is located west of Landfill Cell 13, diverts runoff into
Run-on Detention Poad No. 3 from Run-on Control Channel D3H-1, the north half of Landfiil Cell 13,
the south half of Landfill Cell 14, and the maintenance yard area (see Drawing 1). Engineering design
calculations and details for Run-on Control Channel No. 3 were submitted in the HA&L 1990 study
referenced previously. Hydraulic design calculations for Channel No. 3 are included in Exhibit A.
Channel No. 3 has been designed in two reaches, referred to as the upper reach and lower reach
herein. The upper reach receives runoff from Subbasin 31. The Channel No. 3 upper reach design
calculations, presented in Exhibit A, are based on a design flow rate of 140 cfs. As indicated
previously, the 25-year 24-hour flow rates modeled with the Army Corps of Engineers' watershed
model (HEC-1) reflect changes at the facility to drainage control facilities (thereby modifying tributary
areas), modifications to the design return period, etc. As noted in Exhibit A, due to these
modifications, the design flow rate from the 25-year 24-hour precipitation event for the upper reach
of Channel No. 3 is 101 cfs. Therefore, since the upper reach of this channel was originally designed
for a larger flow rate than currently estimated; the upper reach of the channel, as designed, is adequate
to convey the current 25-year 24-hour flow rate.

The upper reach of Run-on Control Channel No. 3 was designed on a 1.4 % channel grade with
a trapezoidal cross-section, having a bottom width of 12 feet, side slopes of 3H:1V, and a channel
depth to the top of the riprap lining of 2.9 feet. It was determined that on the proposed 1.4% channel
grade, velocities in excess of five feet per second would be experienced during the design event, which
would be erosive. Therefore, a riprap channel lining was designed and placed in the upper reach of
Run-on Control Channel No. 3. Riprap having a mean rock diameter (D) of @ inches was determined
to be adequate with a safety factor of 1.4 for the channel, including the channel bend. The riprap
thickness is 18 inches. A t-foot thick filter blanket was placed between the riprap and the natural
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ground subgrade to prevent erosion of the subgrade to the rock due to a pumping action of water within
the riprap. The filter blanket is Type II, graded as specified in Table 3. Riprap gradations as per the
specified D,, are presented in Table 4.

The tributary area to the lower reach of Run-on Control Channel Na. 3 has been modified to
include the tributary areas to Channet No. D3H-1 referenced previously. The lower reach of Channel
No. 3 was originally designed for a flow rate of 205 cfs. However, with the additional tributary area
to the lower reach of Channel No. 3, the current 25-year 24-hour peak flow rate to the lower reach
based on Detention Pond No. 1 Alternative 1 is 261 cfs, and for Detention Pond No. 1 Alternative 2
is 304 cfs. Therefore, the calculations for the lower reach of Channel No. 3 have been modified to
reflect the larger flow rates (See Exhibit A). Plan and profile details for Channel No. 3 are included
in Exhibit B.

The lower reach of Run-on Control Channel No. 3 was designed on a 1.4 % channel grade with
a trapezoidal cross-section, having a bottom width of 15 feet, side slopes of 3H:1V, and a channel
depth to the top of the riprap lining of 2.9 feet. It was determined that on the proposed 1.4 % channel
grade, velocities in excess of five feet per second would be experienced during the design event which
would be erosive. Therefore, a riprap channel lining was designed and placed in the lower reach of
Run-on Control Channel No. 3. At the 25-year 24-hour peak flow rate of 304 cfs for Alternative 2,
riprap having a mean rock diameter (Dsp) of 12 inches was determined to be adequate with a safety
factor in excess of 1.5 for the channel, including the channel bend. Since the riprap is adequate at the
Alternative 2 flow rate of 304 cfs, it would also be adequate at the lower Alternative 1 flow rate of 261
cfs. The riprap thickness is 24 inches. A 1-foot thick filter blanket was placed between the riprap and
the natural ground subgrade for the reason indicated above. The filter blanket is Type II, graded as
specified in Table 3. Riprap gradations as per the specified Dy, are presented in Table 4 (the 2-foot
thickness rock was used which has a D, of 14 inches).

Run-on Control Channel No. 4 and Detention Pond No. 3

Run-on Control Channel No. 4 conveys the outflow from Run-on Detention Pond No. 3 to the
existing channel located on the west side of the county road (see Drawing 1). Subbasin areas tributary
to Pond No. 3 include Subbasins 3A thru 3J and 4A thru 4C. As presented earlier in the hydrology
section, runoff detention storage created by Run-on Detention Pond No. 3 reduces the peak 25-year
24-hour discharge at the head of Channel No. 4 to 616 cfs for Run-on Detention Pond No. 1
Alternative 1 and to 682 cfs for Run-on Detention Pond No. 1 Alternative 2. Storm water drainage
from Subbasins 4D and 4E enter Channel No. 4 along the length of the channel resulting in a combined
25-year 24-hour design discharge for Channel No. 4 of 691 cfs and 758 cfs for Run-on Detention Pond
No. 1 Alternatives [ and 2, respectively.

Engineering design calculations and details for Run-on Control Channel No. 4 were submitted
in the HA&L 1990 study referenced previously. Plan and profile design details for Run-on Control
Channel No. 4 are presented in Exhibit B. Hydraulic design calculations for Channel No. 4 are
included in Exhibit A. The Channel No. 4 design calculations, presented in Exhibit A, are based on
a design flow rate of 965 cfs. As indicated previocusly, the 25-year 24-hour flow rates modeled with
the Army Corps of Engineers' watershed model (HEC-1) reflect changes at the facility to drainage
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control facilities (thereby modifying tributary areas), modifications to the design return period, etc.
As noted above, due to these modifications, the design flow rate from the 25-year 24-hour precipitation
event for Channel No. 4 is 691 cfs and 758 cfs for Run-on Detention Pond No. 1 Alternatives 1 and
2, respectively. Therefore, since the channel was originally designed for a larger flow rate than
currently estimated; the channel, as designed, is adequate to convey the current 25-year 24-hour flow
rate.

Inflow into Run-on Detention Pond No. 3 is controlled via two inlet structures (in addition to
Run-on Control Channel No. 3), a pipe inlet (Culvert C4B-1) and a 14-foot vertical concrete drop
structure/energy dissipator. The pipe inlet will convey drainage from Subbasin 4B down into the pond.
The peak flow from the 25-year 24-hour event from Subbasin 4B (which is the design flow for this pipe
inlet) is only 12 cfs. The existing 30-inch diameter CMP pipe (Culvert C4B-1) will provide adequate
conveyance capacity for this pipe inlet. A riprap splash basin is provided at the outlet to the pipe to
control erosion in the bottom of the pond.

The 14-foot vertical concrete drop structure/energy dissipator conveys drainage from the major
subbasin (Subbasin 4A) which is tributary to the pond. Engineering design calculations and details for
this drop structure were submitted in the HA&L 1990 study referenced previously. Hydraulic design
calculations are included in Exhibit A. The drop structure design calculations, presented in Exhibit A,
are based on a design flow rate of 1133 cfs. As indicated previously, the 25-year 24-hour flow rates
modeled with the Army Corps of Engineers’ watershed model (HEC-1) reflect changes at the facility
to drainage control facilities (thereby modifying tributary areas), modifications to the design return
period, etc. As noted in Exhibit A, due to these modifications, the design flow rate from the 25-year
24-hour precipitation event for the drop structure is 613 cfs. Therefore, since the drop structure was
originallv designed for a larger flow rate than currently estimated; the structure, as designed, is
adequate to convey the current 25-year 24-hour flow rate.

Run-on Control Channel No. 4 was designed on a 1.17% channel grade with a trapezoidal
cross-section, having a bottom width of 18 feet, side slopes of 3H:1V, and a channel depth to the top
of the riprap lining of 5.0 feet along the straight sections of the channel and 5.1 feet through the curve
in the channel. Velocities in excess of five feet per second would be experienced on the 1.17 % channel
grade during the design event which would be erosive. Therefore, a riprap channel lining was
designed and placed in Run-on Control Channel No. 4. Riprap having a mean rock diameter (D) of
14 inches was determined to be adequate with a safety factor of 1.5 for the channel, including the
channel bend. The riprap thickness is 24 inches. A 1-foot thick filter blanket was placed between the
riprap and the natural ground subgrade to prevent erosion of the subgrade due to a pumping action of
water within the riprap. The filter blanket is Type II, graded as specified in Table 3. Riprap
gradations as per the specified Dy, are presented in Table 4.

Run-on Control Channel No. 4 is the outlet to Run-on Detention Pond No. 3. The original
design invert elevation to Channel No. 4 at the outlet to Pond No. 3 was 1380 feet. The outlet
elevation was subsequently raised by 3 feet to 1383 feet. Therefore, calculations in Exhibit A have
been modified to reflect this change. This has resulted in a steeper channel section for a short distance
at the outlet to Detention Pond No. 3. Since the original channel section and riprap were designed
based on the original channel grade of 1.17%, the riprap in this steeper section of channel should be
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grouted through the spillway portion and for a distance of 30 feet downstream from the change in
channel grade between the steeper section and the existing section at the designed channel grade of
1.17%. Other alternatives to grouting the inlet to Channel No. 4 would include:

1. Lower the invert to Channel No. 4 at the outlet to Pond No. 3 to the original design
elevation of 1380 feet, and grade the channel to the original design grade of 1.17%.

2. Flatten the channel grade, between the Pond No. 3 raised outlet elevation (1383 feet)
and the intersection of the raised channel section with the original channel section, to
a maximum of 5 percent and place riprap having a Dy, of 2 feet down the 5% channel
grade and for a distance of 30 feet into the original channe!l section beyond the 5%
sloped channel section.

Run-on Control Channel No. 5

Run-on Control Channel No. 5 has been designed in two reaches, referred to herein as the
upper reach and the lower reach. The upper reach of Channel No. 5 extends from the confluence of
Channel No. 5 with Run-on Control Channel No. 1 down to the junction of Channel No. 5 with the
culvert that conveys flow under the county road from Subbasin 5I. The lower reach of Channel No. 5
extends from the junction with the culvert under the county road down to the end of the channel where
it discharges into the existing channel near the northern edge of the facility boundary. The upper reach
of Run-on Control Channel No. 5 receives flow from Subbasins 1A through 1C, 2A through 2C, 5A
through 5G and 3J. The lower reach of Run-on Control Channel No. 5 receives flow from the upper
reach and from Subbasins 5H and 5I.

Engineering design calculations and details for Run-on Control Channel No. 5 were submitted
in the HA &L 1990 study referenced previously. Plan and profile design details for Run-on Control
Channel No. 5 are presented in Exhibit B. Hydraulic design calculations for Channel No. 5 are
included in Exhibit A. The Channel No. 5 design calculations, presented in Exhibit A, are based on
a design flow rate of 540 cfs for the upper reach and 1130 cfs for the lower reach. As indicated
previously, the 25-year 24-hour flow rates modeled with the Army Corps of Engineers' watershed
model (HEC-1) reflect changes at the facility to drainage control facilities (thereby modifying tributary
areas), modifications to the design return period, etc. As noted above, due to these modifications, the
design flow rate from the 25-year 24-hour precipitation event for Channel No. 5 is 342 cfs for the
upper reach and 633 cfs for the lower reach. Therefore, since the channel was originally designed for
larger flow rates than currently estimated; the channel, as designed, is adequate to convey the current
25-year 24-hour flow rates.

The upper reach of Run-on Control Channel No. 5 was designed on a 0.9 % channel grade with
a trapezoidal cross-section, having a bottom width of 16 feet, side slopes of 3H:1V, and a channel
depth to the top of the riprap lining of 4.3 feet. It was determined that on the proposed 0.9% channel
grade, velocities in excess of five feet per second would be experienced during the design event which
would be erosive. Therefore, a riprap channel lining was designed and placed in the upper reach of
Run-on Control Channel No. 5. Riprap having a mean rock diameter (D) of 9 inches was determined
to be adequate with a safety factor in excess of 1.5. The riprap thickness is 18 inches. A 1-foot thick
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filter blanket was placed between the riprap and the natural ground subgrade to prevent erosion of the
subgrade to the rock due to a pumping action of water within the riprap. The filter blanket is Type 11,
graded as specified in Table 3. Riprap gradations as per the specified Dy, are presented in Table 4.

The lower reach of Run-on Control Channel No. 5 was designed on a 0.6 % channel grade with
a trapezoidal cross-section, having a bottom width of 40 feet, side slopes of 3H:1V, and a channel
depth to the top of the riprap lining of 4.5 feet. It was determined that on the proposed 0.6% channel
grade, velocities in excess of five feet per second would be experienced during the design event which
would be erosive. Therefore, a riprap channel lining was designed and placed in the lower reach of
Run-on Control Channel No. 5. Riprap having a mean rock diameter (D) of 6 inches was determined
to be adequate with a safety factor in excess of 1.5. The riprap thickness is 12 inches. A 1-foot thick
filter blanket was placed between the riprap and the natural ground subgrade for the reasons indicated
above. The filter blanket is Type II, graded as specified in Table 3. Riprap gradations as per the
specified D, are presented in Table 4.

Culvert C5G-1 has been placed in Channel No. 5 at the upstream end of the lower section to
provide construction and operational access to the facility across Channel No. 5. Culvert C5G-1
consists of four 60-inch diameter culverts. Calculations for Culvert C5G-1 are included in Exhibit A.
These culverts can pass the 25-year 24-hour peak discharge or 522 cfs at a headwater depth of 5.6 feet.
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TWO ALTERNATIVES ARE PRESENTED FOR
CONSTRUCTION OF RUN—ON DETENTION POND
NO. 1.

1. ALTERNATIVE 1: INCLUDES CONSTRUCTION
OF THE POND UPSTREAM FROM CULVERT
C3G—1 AS SHOWN ON THIS DRAWING (NO. 1)
AND DRAWING NO. 2. THE CONFIGURATION
OF THIS POND CAN BE MODIFIED AS DESIRED
BY THE LONE MOUNTAIN FACILITY AS LONG
AS THE ELEVATION CAPACITY RELATIONSHIP
ASSUMED IN THE CALCULATIONS IS
MAINTAINED.

2. ALTERNATIVE 2: CONSISTS OF REMOVING
CULVERT C3G—1 AND EVALUATING THE
EXISTING TOPOGRAPHY UPSTREAM FROM
CULVERT C3H—1 AS DETENTION POND NO. 1.
DETENTION POND NO. 1 UNDER THIS
ALTERNATIVE WOULD INCLUDE THE EXISTING
AREA OF CHANNEL D3H—-1 PLUS THE
EXISTING AREA UPSTREAM FROM CULVERT
C3G—1 BELOW ELEVATION 1398 FEET. THIS
ALTERNATIVE WILL REQUIRE NO ADDITIONAL
CONSTRUCTION OTHER THAN REMOVAL OF
CULVERT C3G—1 AND SHAPING AND
EXTENDING CHANNEL D3H—1 THROUGH THE
AREA WHERE THE CULVERT IS REMOVED.

THE LONE MOUNTAIN FACILITY WILL DETERMINE Z =2/ P = Ve (117} * - _. W AN~ el ==
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HYDROLOGIC AND HYDRAULIC DESIGN CALCULATIONS
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LAIDLAW ENVIRONMENTAL SERVICES

LONE MOUNTAIN FACILITY
STORM DRAINAGE REVISIONS

64.63.100
April 24, 1998

SUBWATERSHED DRAINAGE AREAS

BASIN AREA
FT2 AC Mi2

1-A 122760 2.82 0.00440
1-B 1317580 3.02 0.00473
1-C 276210 6.34 0.00991
2-A 705189 16.19 0.02530
2-B 335627 7.70 0.01204
2-C 81065 1.86 0.00291
3-A 421291 9.67 0.01511
3-B 463451 10.64 0.01662
a.C 267841 6.15 0.00961
3-0 83700 1.92 0.00300
3-E 279000 6.40 0.01001
3-F 320153 7.35 0.01148
3-G 751208 17.25 0.02695
3-H 1018352 23.38 0.03653
3- 1211560 27.81 0.04346
3-J 307598 7.06 0.01103
4-A 6808311 156,30 0.24421
4-B 133223 3.06 0.00478
4-C 523824 12.03 0.01878
4-D 703081 16.14 0.02522
4-E 1203190 27.62 0.04316
5-A 502201 11.53 0.01801
5-B 302716 6.95 0.01086
5-C 193905 4.45 0.00686
5D 130432 2.99 0.00468
5E 101835 2.34 0.00365
5-F 325733 7.48 0.01168
5-G 1048608 24.10 0.03765
5-H 1706878 39.23 0.06130
5 2395800 55.00 0.085%4
5-J 66262 1.52 0.00238
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LAIDLAW ENVIRONMENTAL SERVICES

LONE MOUNTAIN FACILITY

STORM DRAINAGE REVISIONS
1.63.100

April 24, 1958
TIME OF CONCENTRATION (TC) AND LAG TIME (TL)

TC=aT+TT Refrence:SCS TR-55
Cverland Flow Travel Time Tl = {0.007(n*L) ~0.8/{P2"0.5*5 ~0.4)}
n = Manning's roughness coefficient
L = Overtand flow length
S = Channel slope
P2 = 2.yr 24-hr precipitation = 3.3 inches
Channet Travel Time TT = CHANNEL DISTANCE / VELOCITY
VELOCITY V = (1.49/n)* (R™0.67)*S7 05
R = hydraulic radius
5 = Channel slope
n = Manning's roughness coefficient

* For Gravel Surfaces of the Closure Caps
Use Denver Drainage Criteria Manual Method for Ti
Tl = {1.8(+.1-C5)L "~ 0.5)/(5 "~ 0.233) in minutes

L = Overtand flow length

& = Clopein %

CS = 0.25 for gravel

BASIN L S n Ti CHANNEL CHANNEL R ) n v 7T TC LAG
i3 tth hrs REACH LENGTH i it ips hrs hrs TIME
ft hrs
t-A 210 0023 . 0.28 1 200 05 0.006 0.035 207 .02 0.3t .18
1-B8 110 008 L) 0.15 1 110 05 0.006 0.035 207 Q.01
2 260 Q0.8 0.03 0.035 635 am 0.17 .10
1-C 100 oo 0.13 019 1 €00 0.8 0.01 0.035 AE7 Q.05 a.23 0.14
2-A 150 0.05 . Q.18 1 a70 0.5 0.005 0.035 1.8% 0.0%
2 850 2 0.002 0.035 ag o.08 o232 0.19
2-B 180 0.05 - 0.20 1 420 05 0,005 0.035 1.89 0.06
2 800 2 0.008 0.035 843 0.03 .30 0.18
2-C 110 0.08 b 0.15 1 110 0.5 0.006 0.035 207 0.01
2 270 o8 0.03 0.035 8.5 o0 047 0.10
3-A 100 0.08 0.12 0.09 1 300 a.5 0.5 0.035 18.92 0.00
2 400 1 €.03 0.035 7.37 0.02 011 0.07
3-B 230 Q.03 - 0.27 ] 130 a.5 0.005 0.035 1.89 g.02
2 650 1 0.004 0.035 268 0.07 0.35 0.21
3-C 250 0.02 013 0.30 1 700 1 0.028 0.035 742 0.03 0.23 020
3-D 200 0.02 0.13 0.25 1 130 1 0.028 0.035 7.25 0.00 0.25 0.15
3-E 100 0.25 0.13 0.05 1 1050 1 0.008 0.035 381 008 0.13 0.08
3-F 150 0.64 0.13 0.05 1 800 1 0.027 0.025 7.00 0.03 oo8 0.05
3-G 200 0.05 0.13 017 1 1020 2 0,008 0.035 4.79 0.06 0.23 0,14
3H 300 017 0.13 0.15 1 200 1 0.25 0.025 21.29 0.00
2 700 2 0.0004 0.035 1.35 0.14 0.29 0.18
3| 200 0.1 L 017 1 780 05 0,005 0.025 1.89 on
2 850 2 0014 0.035 801 0.03 0.31 0.18
3-J 100 0.04 0.13 0.11 1 1600 1 0.1 0.035 13,46 0.03 0.14 0.09
a4-A 300 017 0.13 0.15 1 600 0.2 03 0.035 793 0.02
2 3100 1 0.013 0.035 485 0.18 0.35 o.21
4-B 260 0.02 0.13 0.31 1 200 1 0.06 0.035 10.43 0.01 0.31 0.19
4-C  Pond-use TC = 1B min. = 0.30 0.18
4.0 200 0.02 0.13 025 1 800 05 0. 0.035 268 0.08 033 020
a-8 250 0.1 - 0.19 1 200 0,25 0.005 0.015 2.77 0.09
2 1600 b ] 0.0117 0.035 a8 005 032 0.19
5A 100 0.04 Q.13 o1 1 400 1 0.5 0.035 30.10 000
2 &00 1 0.0z 0.035 G602 003 0.14 0.08
=8 200 0.056 . Q.20 1 00 1 0.01 0.035 426 0.02 022 013
&C 100 0.02 0.13 0.14 1 500 0.5 002 0.035 378 0.04 0.18 .11
%D 165 0.056 - 0.18 1 170 05 0.005 0.035 1.89 002
2 800 1 0.05 0.035 9.52 002 .23 0.14
5E 230 0.03 - 0.27 1 170 05 0.005 0.035 1.89 0.02
2 200 1 0.003 0.035 am 111} 0.31 .18
&-F 100 oo 0.13 0.19 1 200 1 0.1 0.035 13.46 - 0.0t
2 800 a 0.004 0.035 562 .04 0.23 0.14
G 180 0.05 - 0.20 t 650 3 0.009 0.035 843 0.02 0.22 013
5H 200 0.1 - 017 1 2200 < | 0.006 0.035 688 Q.08 0.26 0.15
81 200 0.06 013 022 1 3200 1 0005 0.035 ao 0.30 0.52 0.31
5-J 210 ¢.023 - 0238 1 1] 3 0.005 0.035 628 0.00 0.28 017
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LAIDLAW ENVIRONMENTAL SERVICES, INC.
LONE MOUNTAIN FACILITY

STORM DRAINAGE REVISIONS

64.63.100

April 24, 1998
WEIGHTED CURVE NUMBERS

Use CN=89 for Undisturbed Areas, CiN=92 for Disturbed Areas,
CN = 76 for Rock Covered Cap areas, and CN = 98 for Pond Areas

BASIN UNDISTURBED DISTURBED ROCK RIFRAP POND TOTAL WEIGHTED

AREA AREA AREAS AREA AREA CN
AC AC AC AC AC

1-A 2.82 2.82 76.0
1-B 2.50 0.52 3.02 89.2
1-C 6.34 6.34 92.0
2-A 5.61 10.58 16.19 81.5
2-B 0.70 7.00 7.70 77.5
2-C 0.e3 1.03 1.86 83.1
3-A 7.20 247 9.67 89.8
3-B 522 5.42 10.64 83.8
3-C 6.15 6.15 92.0
3-D 1.92 1.82 92.0
3-E 6.40 6.40 92.0
3-F 7.35 7.35 92.0
3-G 2.06 15.18 17.25 91.6
3-H 12.40 10.98 23.38 90.4
3-l 15.26 12.55 27.81 84.8
3-J 1.57 5.49 7.06 ;N3
4-A 97.80 58.50 156.30 90.1
4-B 3.06 3.06 89.0
4-C 2.95 8.08 12.03 96.5
4-D 12.10 4.04 16.14 88.0
4-E 10.12 17.50 27.62 81.8
5-A 11.53 11.53 89.0
5-8 5.25 1.70 6.95 88.1
5-C 4.45 4.45 92.0
5-D 1.87 112 2.99 86.0
5-E 1.12 1.22 234 B3.7
5-F 7.48 7.48 92.0
5-G 8.97 15.13 24,10 82.0
5-H 11.89 27.34 39.23 80.8
5| 55.00 55.00 89.0

5-J 1.52 1.52 76.0




LAIDLAW ENVIRONMENTAL SERVICES

LONE MOUNTAIN FACILITY
STORM DRAINAGE REVISIONS

64.63.100
April 17, 1998

Revised September 19, 1999

DIVERSION CHANNELS - TRIBUTARY BASINS AND 25-YR 24-HR PEAK FLOWS

CHANNEL TRIBUTARY BASINS 25YR 24HR PEAK FLOW RATE
NO. ALTERNATIVE 1 | ALTERNATIVE 2
CFS CFS
RUNON NO. 1 1ATHRU 1C 47 47
RUNON NO. 2 2A THRU 2C 61 61
D3H-1 3A THRU 3H, AND 3J 165 206
RUNON NO. 3 3A THRU 3J 261 304
RUNON NQO. 4U |POND 3 OUTFLOW AND 4D 646 714
RUNON NO. 4L |POND 3 OUTFLOW AND 4D & 4E 691 758
RUNON NQO. 5U [1A-1C, 2A-2C, 5A-5G, AND 5J 342 342
RUNON NO. 5L [1A-1C, 2A-2C, AND 5A-5J 633 633

CULVERTS - TRIBUTARY BASINS AND 25-YR 24-HR PEAK FLOWS

CULVERT TRIBUTARY BASINS 25YR 24HR PEAK FLOW RATE
NO. ALTERNATIVE 1 | ALTERNATIVE 2

CFS CFS

C2A-1 2A 55 55

C3G-1 3A THRU 3G, AND 3J 93 *

C3H-1 3A THRU 3H, AND 3J 165 206

C4B-1 4B 12 12

C5G-1 1A-1C, 2A-2C, 5A-5G, 51 AND 5J 522 522

* Culvert C3G-1 is removed for Alternative 2.
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LAIDLAW ENRIVONMENTAL SERVICES, INC.
ONE MOUNTAIN FACILITY

HUNON DETENTION POND NO 2

' ELEVATION CAPACITY RELATIONSHIP

April 22, 1998
ELEV. AREA AVE VOLUME  VOLUME ACCUMULATED
FT FT2 AREA FT3 AC VOLUME
FT2 AC-FT
1388.3 0 0.0
1390 21080 10540 17918 0.41 0.41
1392 42470 31775 63550 1.46 1.87
1394 54560 48515 97030 2.23 410
1396 66262 60411 120822 2.77 6.87

1398 79360 72811 145622 3.34 10.21



LAIDLAW ENRIVONMENTAL SERVICES, INC.
LONE MOUNTAIN FACILITY

RUNON DETENTION POND NO 1 - ALTERNATIVE 1
ELEVATION CAPACITY RELATIONSHIP

April 24, 1998
ELEV. AREA AVE VOLUME VOLUME ACCUMULATED
FT FT2 AREA FT3 AC VOLUME
FT2 AC-FT
1389 66175 0.0
1390 70393 68284 68284 1.57 1.57
1392 78830 74611.5 149223 3.43 4,99
1394 87266 83048 166096 3.81 8.81
1396 95703 91484.5 182969 420 13.01
1398 117605 106654 213308 4,90 17.90

LAIDLAW ENRIVONMENTAL SERVICES, INC.
LONE MOUNTAIN FACILITY

RUNON DETENTION POND NO 1 - ALTERNATIVE 2
ELEVATION CAPACITY RELATIONSHIP

September 3, 1999

ELEV. AREA AVE VOLUME VOLUME ACCUMULATED
FT FT2 AREA FT3 AC VOLUME

FT2 AC-FT
1386.90 0.00 0.00
1388.00 1240.00 620.00 700.60 0.02 0.02
1390.00 5115.00 3177.50 6355.00 0.15 0.17
1392.00 8064.00 6589.50 13179.00 0.30 0.47
1394.00 24731.00 16397.50 32795.00 0.75 1.22
1396.00 74736.00 49733.50 98467.00 2.28 3.50
1398.00 227017.00 150876.00 301753.00 6.93 10.43

Mot Al berratore 2 pelades 7 The abhore /‘547;’”‘54’/‘
tHe run-on dedenton m chonnd AIH /i3ted

1 f’/l-b 7%//@//\ SA-UJ((?AL -SZZIJL ?/4' % 64—5-(0( et F
ftecnabrre | 7 )

REVISED SEP 3,1999
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* AIDLAW ENRIVONMENTAL SERVICES, INC.
ONE MOUNTAIN FACILITY

RUNON DETENTION IN CHANNEL D3H-1
ELEVATION CAPACITY RELATIONSHIP

April 23, 1998

ELEV.
FT

1386.87
1388
1390
1392
1394
1396
1398

AREA
FT2

0
1240
5115
6820
17570
25885
37355

AVE
AREA
FT2

620
3177.5
5967.5
12195

21727.5
31620

VOLUME
FT3

700.6
6355
11935
24390
43455
63240

VOLUME ACCUMULATED

AC

0.02
0.15
0.27
0.56
1.00
1.45

VOLUME
AC-FT
0.0
0.02
0.16
0.44
1.00
1.99
3.45

274
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Trapezoidal Channel Flow Calculations using Mannings Equation

Client
Project No.
Channel Section:

LAIDLAW/ECDC
64.63.100
RUNON CH NO. 3 UPPER (3-1 ONLY)

Date 24-Apr-98

Time : 04:32 PM

Compute  MEA

UNITS
GENERAL CRITERIA:  Design Flow: 101.00 cis
Bottom Width: 12.0 feat
Side Slopel: 3.0 1/m1
Side Slopez: 3.0 1/m2
Friction Factor:
Assumed D50: 0.75 faet
If X=1, n=0.0395(D50) ~ 1/6
If X=2, n=0.0456(D50*S) ~0.159
If X=3, n={D50" 1/6*(R/D50} ~ 1/6}/{3.82*{2.25+5.23*LOG(R/D50}|}
' AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
i ¥=4, n=0.39(5 ~ 0.38)(R ~-0.16)
If X=5, input n value
x: 3
Input n value for X=5: 0.030
Min, Bottom Slope: 0.0140 ft/ft
Max. Bottom Slope: 0.0140 ftift
Freeboard: 1.00 feet
CALCULATION: Depth (Min. S): 1.92 feet
{Channel Depth)
Q-1.48AR(2/3)S(1/2)/n= 0.000 Accuracy
Calc n Value 0.075
Required Depth: 2.92 feat
Area: 3417 ft2
Perimeter: 24.16 feat
Hydraulic Radius (R): 1.41 feet
Velocity: 296  fifsec
Froude Number: 0.43
CALCULATION: Depth (Max, S}: 1.92 feet
{Velocity Check)
Q-1.49AR(2/3)S(1/2)/n= 0.000 Accuracy
Celc n Value 0.075
Required Depth: 2.42 feet
Area: 4.7 ft2
Perimeter: 24.18 feat
HMydraulic Radius (R): 1.41 feet
Velocity: 2.96 ft/sec
Froude Number; 0.43
DESIGN CRITERIA: Bottom Width: 12.0 feet
Side Slope 1: 3.0 1/m1
Side Slope 2: a.n 1/m2
Min. Bottom Slope: 14 %
Max. Bottom Stope: 14 %
Min Channel Depth: 292 feet

H/
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Trapezoidal Channel Flow Calculations using Mannings Equation

Client LAIDLAW/ECDC Date 24-Apr-98
Project No. 64.63.100 Time 04:33 PM
Channel Section: RUNON CH NO. 3 UPPER (31 + INCR.) Compute MEA
UNITS
GENERAL CRITERIA:  Design Flow: 121.00 cis
Bottom Width: 12.0 {eet
Side Slopel: 3.0 1/m1
Side Slope2: 3.0 1/m2
Friction Factor:
Assumed D50; 0.75 feet
If X=1, n=0,0395{D50} ™~ 1/6
If X=2, n=0.0456{D50*S) "~ 0.159
I X=3, n={D50" 1/6*{R/D50) ~ 1/6}/{3.82*[2.25+5.23*"LOG(R/D50)}}
I AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
If X=4, n=0,39(5 "~ 0.38) (R ~-0.16)
If X=5, input n value
X: 3
Input n value for X=5: 0,030
Min. Bottom Slope: 0.0140 /it
Max. Bottom Slope: 0.0140 /st
Freeboard: 1.00 {eet
CALCULATION: Depth (Min. S): 2.08 feet
{Channel Depth)
Q-1.49AR{2/3)5(1/2)/n= 0.000 Accuracy
Calc n Value 0.073
Required Depth: 3.08 feet
Area: 38.05 f2
Perimeter: 25.18 feet
Hydraulic Radius (R): 1.51 feet
Veloeity: 3.18 fifsec
Froude Number; 045
CALCULATION: Depth {Max, S}: 2.08 {feet
{Velocity Check)
Q-1.49AR(2/3)S(1/2)/n= 0.000 Accuracy
Calc n Value 0.073
Required Depth: 2.58 feet
Area: 38.05 ft2
Perimeter: 25.18 feet
Hydraulic Radius (R): 1.51 feet
Velocity: 3.18 ft/sec
Froude Number: 045
DESIGN CRITERIA: Botiom Width: 12.0 feet
Side Slope 1: 3.0 1/m1
Side Slope 2: 3.0 1/m2
Min. Bottom Slope: 14 %
Max. Bottom Slope: 1.4 %
Min Channel Depth: 3.08 feet

/zt/



Trapezoidat Channel Flow Calculations using Mannings Equation

Ctient
Project No.
Channel Section:

LAIDLAW/ECDC
64.63.100

RUNON CH NO, 3 UPPER (3-1 + INCR.)

Date 24-Apr-98

Time 04:41 PM

Compute  MEA

UNITS
GENERAL CRITERIA:  Design Flow: 141.00 cfs
Bottom Width: 12.0 feet
Side Slope1. 3.0 1/m1
Side Slope2: 3.0 1/m2
Friction Factor:
Assumed D50: 0.75 feet
If X=1, n=0.0385{D50) "~ 1/8
If X=2, n=0.0456{D50*3) ~ 0.159
i X=3, n={D50" 1/6*(R/D50) ~ 1/6}/{3.82*[|2.25+5.23*LOG(R/D50)]}
‘ AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
It X=4, n=0.39{S "~ 0.38){R ~-0.16)
If X=5, input n value
x: 3
Input n value for X=5: 0.030
Min. Bottom Slope: 0.0140 /it
Max, Bottom Slope: 0.0140 ftiit
Freeboard: 1.00 feat
CALCULATION: Depth (Min. S): 2.23 feet
{Channel Depth})
Q-1.49AR(2/2)S(1/2)/n= -0.000 Accuracy
Calc n Value 0.071
Required Depth: 3.23 feet
Area: 41.74 ft2
Perimeter: 26.12 feet
Hydraulic Radius {R}): 1.60 feet
Velocity: 3.38 ftisec
Froude Number: 0.45
CALCULATION: Depth {(Max. S): 2.23 feet
(Velocity Check)
Q-1.49AR{2/3)S(1/2}/n= -0.000 Accuracy
Cale n Value 0.071
Required Depth: 2.73 feet
Area: 41.74 ft2
Perimeter: 2612 feet
Hydraulic Radius {R): 1.60 feet
Velocity: 338 ft/sec
Froude Number: 0.46
DESIGN CRITERIA: Bottom Width: 12.0 feet
Side Slope 1: 3.0 1/m1
Side Slope 2. 3.0 1/m2
Min, Bottom Slope: 14 %
Max. Bottom Slope: 14 %
Min Channel Depth: 3.23 feet

/
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Trapezoidal Channel Flow Calculations using Mannings Equation

Client
Project No.
Channel Section:

LAIDLAW/ECDC
64.63.100

RUNON CH NO. 3 UPPER (34 + INCR.)

Date 24-Apr-98
Time : 04:41 FM
Compute MEA

UNITS
GENERAL CRITERIA:  Design Flow: 161.00 cfs
Bottom Width: 12.0 feet
Side Slope1: 3.0 1/m1
Side Slope2: 3.0 1/m2
Friction Factor:
Assumed D50: 0.75 feet
if X=1, n=0.0395(D50} ~ 1/6
It X=2, n=0.0456(D50*S) ~ 0.159
If X=3, n={D50" 1/6*(R/D50) "~ 1/6}/{3.82*[2.25+5.23*LOG(R/D50}]}
' AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
if X=4, n=0.39(S "~ 0.38)(R"~-0.16)
If X=5, input n value
X: 3
Input n value for X=5: 0,030
Min. Bottom Slopae: 0.0140 ft/ft
Max. Bottom Stope: 0.0140 Mt
Freeboard: 1.00 feat
CALCULATION: Depth {Min. S): 2.37 feat
{Channel Depth)
Q-1.49AR(2/3)5{1/2)/In= 0.000 Accuracy
Calc n Value 0.070
Required Depth: 3.37 fest
Area: 45.26 ft2
Perimeter. 26.98 feet
Hydraulic Radius (R): 1.68 feet
Velocity: 3.56 ft/sec
Froude Number: 048
CALCULATION: Depth (Max. S): 2.37 feet
(Velocity Check)
Q-1.49AR({2/3)5(1/2)/n= 0.000 Accuracy
Cale n Value 0.070
Required Depth: 2.87 feet
Area: 45.26 ft2
Perimeter: 26.98 feet
Hydrautic Radius {R}: 1.68 feet
Velocity: 3.56 ft/sec
Froude Number: 0.48
DESIGN CRITERIA: Bottom Width; 12,0 feet
Side Slope 1; 3.0 1/m
Side Slope 2. 3.0 1/m2
Min. Bottem Slope: 14 %
Max. Botiom Slope: 14 %
Min Channel Depth: 3.37 feet

14/



Trapezoidal Channel Flow Calculations using Mannings Equation

Client 3 LAIDLAW/ECDC Date : 24-Apr-98
Project No, : 64.63.100 Time : 04:38 PM
Channel Section: RUNON CH NO. 3 UPPER {3-1 + INCR) Compute MEA

UNITS
GENERAL CRITERIA:  Design Flow: 181.00 cfs
Bottom Width: 12.0 feat
Side Slope1: 3.0 1/m1
Side Slope2: 3.0 1/m2
Friction Factor:
Assumed D50. 0.75 feat

If X=1, n=0,0395(D50) "~ 1/6

If X=2, n=0.0456(D50*S) ~ 0.159

If X=3, n={D50 "~ 1/6*{R/D50) ~ 1/6}/{3.82*{2.25+5.23*LOG(R/D50)]}
' AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY

if X=4, n=0.39(S " 0.38)(R " -0.16}

If X=5, input n value

X 3
Input n value for X=5; 0.030
Min. Bottom Slope: 0.0140 it
Max, Bottom Slope: 0.0140 firit
Freeboard: 1.00 feet
CALCULATION: Depth {Min. S): 2.50 feet
(Channel Depth)
Q-1.49AR(2/3)S{1/2)/n= -0.000 Accuracy
Calc n Value 0.069
Required Depth: 3.50 feat
Area: 48.65 ft2
Petimeater: 27.79 feat
Hydraulic Radius (R): 1.75 feet
Velocity: 3.72 ftisec
Froude Number: 0.49
CALCULATION: Depth {Max S): 2.50 feet
(Velocity Check)
Q-1.49AR{(2/3)S(1/2)/n= -0.000 Accuracy
Cale n Value 0.069
Required Depth: 3.00 feet
Area: 48.65 ft2
Perimeter: 27.79 feet
Hydraulic Radius (R): 1.75 feet
Velocity: 3.72 ft/sec
Froude Number: 0.49
DESIGN CRITERIA: Bottom Width: 12.0 feet
Side Slope 1: 3.0 1/m1
Side Slope 2: 3.0 1/m2
Min. Bottom Slope: 14 %
Max. Bottom Slope: 14 %

Min Channel Depth: 3.50 feet

Is7
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Trapezoidal Channel Flow Calculations using Mannings Equation

Client
Project No.
Channel Section:

LAIDLAW/ECDC
64.63.100

AUNON CH NO. 3 UPPER {3-1 + INCR.)

Data 24-Apr98

Time 04:37 PM

Compute MEA

UNITS
GENERAL CRITERIA:  Design Flow; 201.00 cis
Bottom Width: 12.0 feat
Side Slopet: 3.0 1/mi
Side Slope2: 3.0 1/m2
Friction Factor:
Assumed D50: 0.75 feet
1§ X=1, n=0.0305{D50) ~ 1/6
If X=2, n=0.0456(D50*S) ~ 0,159
If X=3, n={D50" 1/6*(R/D50) ~ 1/6}/{3.82*[2.25+5.23*LOG(R/DS0}]}
! AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
if X=4, n=0.39{S ~0.38)(R~ -0.16)
It X=5, input n value
X: 3
Input n value for X=>5: 0.030
Min. Bottom Slope: D.0140 ft/ft
Max. Bottom Slope: 0.0140 it
Freeboard: 1.00 feet
CALCULATION: Depth (Min. 8): 2.62 feet
{Channel Depth)
Q-1.49AR(2/3)S{1/2)/In= -0.000 Accuracy
Cale n Value 0.083
Required Depth: 3.62 feet
Area: 51.92 fi2
Perimeter: 28,54 feet
Hydraulic Radius {R}: 1.82 feet
Velocity: 3.87 ft/sec
Froude Number:; 0.50
CALCULATION: Depth (Max. S): 2.62 feet
{Velocity Check)
Q-1.49AR(2/3)S(1/2)/n= -0.000 Accuracy
Calc n Value 0.068
Required Depth: 3.12 feet
Area: 51.92 fi2
Perimeter: 28.54 feat
Hydraulic Radius (R): 1.82 feet
Velocity: 3.87 Hisec
Froude Number: 0.50
DESIGN CRITER!A: Bottom Width: 12.0 feet
Side Slope 1: 3.0 1/m1
Side Slope 2: 3.0 1/m2
Min, Bottom Slope: 14 %
Max, Bottom Slope: 14 %
Min Channel Depth: 3.62 feet

/6/
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Trapezoidal Channel Flow Calculations using Mannings Equation

Client
Project No.,
Channel! Section:

LAIDLAW/ECDC
64.63.100

RUNON CH NO. 3 UPPER (3-} + INCR.)

Date : 24.Apr-98
Time 04:37 PM
Compute MEA

UNITS
GENERAL CRITERIA:  Design Flow: 221,00 cfs
Bottom Width: 12.0 {eat
Side Slopet: 3.0 1/m1
Side Slope2: 3.0 1/m2
Friction Factor:
Assumed D50: 0.75 feet
It X=1, n=0.0395(D50} ~1/6
if X=2, n=0.,0456(D50*S) ~ 0,159
If X=3, n={D50 "~ 1/6*{R/D50} ~ 1/6}/{3.82*{2.25+5.23*LOG(R/D50)]}
! AT X=3 APPLICABLE FCR R/D50 > 0.5 ONLY
i X=4, n=0.39(S ~ 0.38}{R ™~ -D.16)
i X=5, input n value
X: 3
Input n vatue for X=5: 0.030
Min. Bottom Slope: 0.0140 ft/ft
Max. Bottom Slope: 0.0140 t/ft
Freeboard: 1.00 feat
CALCULATION: Depth (Min, S): 2.73 feat
(Channe! Depth)
Q-1.49AR(2/3)S(1/2)/n= -0.000 Accuracy
Cale n Value 0.067
Required Depth: 3.73 feet
Area: 55.09 f12
Perimeter: 29.26 feet
Hydraulic Radius (R): 1.88 feet
Velocity: 4.04 fifsec
Froude Numbetr: 0.51
CALCULATION: Depth (Max. S): 2.73 feet
{Velocity Check)
Q-1.49AR(2/3)S(1/2)/n= 0,000 Accuracy
Cale n Value 0.067
Required Depth: 3.23 feet
Area: 55.09 12
Perimeter: 29.26 feet
Hydraulic Radius {R): 1.88 feet
Velocity: 4.01 ftfsec
Froude Number: 0.51
DESIGN CRITERIA: Bottom Width: 12.0 feet
Side Slope 1: 3.0 1/m1
Side Slope 2: 3.0 1/m2
Min. Bottom Slope: 14 %
Max. Bottom Slope: 1.4 %
Min Channel Depth: 3.73 feet

17/
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Trapezoidal Channel Flow Calculations using Mannings Equation

Client LAIDLAW/ECDC Date 24-Apr-28
Project No. £64.63.100 Time 04:37 PM
Channel Section; AUNON CH NO. 3 UPPER (3-1 + INCR) Compute MEA
UNITS
GENERAL CRITERIA:  Design Flow: 241,00 cls
Bottom Width: 12.0 {eet
Side Slopel: 3.0 1/m
Side Slope2: 3.0 1/m2
Friction Factor:
Assumed D50: 0.75 feat
If X=1, n=0.0395(D50) ~ 1/6
If X=2, n=0,0456{D50*S5) ~ 0.159
If X=3, n={D50 " 1/6*(R/D50) ~ 1/6}/{3.82*[2.25+5.23*LOG(R/D50}]}
' AT X=3 APPLICABLE FOR R/DSD > 0.5 ONLY
If X=4, n=0.39(5 "~ 0.38}{R ~-0.16)
if X=5, input n value
X: 3
input n value for X=5: 0.030
Min. Bottom Slope: 0.0140 ft/ft
Max. Bottom Slope: 0.0140 et
Freeboard: 1.00 feat
CALCULATION: Depth (Min. 5): 2.94 feet
{Channel Depth)
Q-1.49AR{2/3)5{1/2)fn= -20.000 Accuracy
Cale n Value 0.068
Required Depth: 3.94 feet
Area: §1.19 ft2
Perimeter: 30.59 feet
Hydraulic Radius (R): 2.00 feet
Velocity: 3.894 ft/sec
Froude Number: 0.48
CALCULATION: Depth (Max. 8): 2.94 feat
{Velocity Check)
Q-1.49AR(2/3)S(1/2)/n= -20.000 Accuracy
Calc n Value 0.066
Required Depth: 3.44 feet
Area: 61.19 fi2
Petimeter: 30.59 feet
Hydraulic Radius {R): 2.00 feet
Velocity: 3.94 fi/sec
Froude Number:; 0.48
DESIGN CRITERIA: Bottom Width: 12.0 feet
Side Slope 1: 3.0 1/m1
Side Slope 2; 3.0 1/'m2
Min. Bottom Slope: 1.4 %
Max. Bottom Slope: 1.4 %
Min Channe! Depth: 3.84 feet

7



Trapezoidal Channel Flow Calculations using Mannings Equation

Cliant : LAIDLAW/ECDC Date 24-Apr-98
Project No. : 64.62.100 Time : 04:37 PM
Channel Section: RAUNON CH NO. 3 UPPER (3-1 + INCR.) Compuite MEA
UNITS
GENERAL CRITERIA:  Design Flow: 261.00 cis
Bottom Width: 12.0 feet
Side Slope?: 3.0 1/m1
Side Slope2: 3.0 1/m2

Friction Factor:
Assumed D50

It X=1, n=0.0395(D5S0) ~1/6

075

It X=2, n=0.0456(D50"S}~ 0.159
It X=3, n={D50" 1/6*(R/D50) ~ 1/6}/{3.82*[2.25+5.23*LOG(R/D50)]}
' AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
If X=4, n=0.39{3 ~ 0.38){R ~-0.18)

H X=5, input n value

feet

X: 3
Input n value for X=5: 0.030
Min. Bottom Slope: 0.0140 /it
Max. Bottom Slope: 0.0140 f/ft
Freeboard: 1.00 feat
CALCULATION: Depth (Min. S): 294 feet
(Channel Depth)
Q-1.49AR(2/3)S(1/2)/n= 0.000 Accuracy
Calc n Value 0.066
Required Depth: 3.94 feet
Area: 61.19 ft2
Perimeter: 30.59 feet
Hydraulic Radius (R): 2.00 feet
Velocity: 4.27 ft/sec
Froude Number: 052
CALCULATION: Depth (Max. S): 2.94 feet
{Velocity Check)
Q-1.49AR(2/3)S(1/2)/n= 0.000 Accuracy
Calc n Value 0.066
Required Depth: 3.44 feat
Area: 61.18 ft2
Perimeter: 30.58 feat
Hydraulic Radius {R): 2.00 feat
Velocity: 427 fifsec
Froude Number: 0.52
DESIGN CRITERIA: Botlom Width: 12.0 feet
Side Slope 1: 30 1/m1
Side Slope 2: 3.0 1/m2
Min. Bottom Slope: 14 %
Max. Bottom Slope: 14 %
Min Channel Depth: 3.94 feet
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Trapezoidal Channel Flow Calculations using Mannings Equation

Client
Project No.
Channel Section:

LAIDLAW/ECDC Date : 24-Apr-98
64.63.100 Time 04:40 PM
RUNON CH NO. 3 UPPER (3-1 + INCR.) Compute MEA

UNITS
GENERAL CRITERIA:  Design Flow: 281,00 cis
Bottom Width: 120 {eet
Side Slopet: 3.0 1/m1
Side Slope2: 3.0 1/m2
Friction Factor:
Assumed D50: 0.75 feet
If X=1, n=0.0395({D50) ~1/6
It X=2, n=0.0456(D50*S} "~ 0.159
¥ X=3, n={D50" 1/6*{R/D50) ~ 1/6}/{3.82*(2.25+5.23"LOG(R/D50}]}
' AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
If X=4, n=0.39(S " 0.38){R ~ -0.16)
1t X=5, input n value
X: 3
input n value for X=5: 0.030
Min. Botiom Slope: 0.0140 ftjft
Max. Bottom Slope: 0.0140 ff
Freeboard: 1.00 feet
CALCULATION: Depth {Min. S}: 3.04 {eat
{Channel Depth)
Q-1.48AR(2/3)S(1/2)/n= 0.000 Accuracy
Calc n Value 0.065
Required Depth: 4.04 feet
Area: 64.13 ft2
Perimeter: 321 feet
Hydraulic Radius (R): 2.05 feet
Velocity: 4.38  fifsec
Froude Number: 0.53
CALCULATION: Depth (Max. 8): 3.04 feet
{Velocity Check)
Q-1.49AR(2/3)S(1/2)}/n= 0.000 Accuracy
Calc n Value 0.065
fRequired Depth: 3.54 feet
Area: 64.13 ft2
Perimeter: 3121 feet
Hydraulic Radius (R): 2.05 {eet
Velocity: 4.38 ft/sec
Froude Number: 0.53
DESIGN CRITERIA: Bottom Width: 12,0 feet
Side Slope 1: 3.0 1fml
Side Slope 2: 3.0 1/fm2
Min. Bottom Slope: 14 %
Max, Bottom Slope: 14 %

Min Channel Depth: 4.04 fest

;w/



Trapezoidal Channe! Flow Calculations using Mannings Equation

Client 5 LAIDLAW/ECDC Date : 24-Apr-88
Project No. 64.63.100 Time 04:37 PM
Channel Section: RUNON CH NO. 3 UPPER (3-] + INCR.} Compute MEA

i N

UNITS
GENERAL CRITERIA:  Design Flow: 301.00 cfs
Botiom Width: 12.0 feet
Side Slope1: 3.0 1/m1
Side Slope2: 30 1/m2
Friction Factor:
Assumed DSO: 0.75 feet

If X=1, n=0.0395(D50) ~ 1/6

If X=2, n=0.0456(D50*S) ~ 0.159

If X=3, n={D50~ 1/6* (R/DS0) ~ 1/6}/{3.82*[2.25+5.23*LOG(R/D50}]}
' AT X=3 APPUCABLE FOR R/D50 > 0.5 ONLY

If X=4, n=039(S"0.38){(R " -0.16})

It X=5, input n value

X: 3
Input n value for X=5: 0.030
Min. Bettom Slope: 0.0140 /it
Max, Bottom Stope: 0.0140 ftfft
Freeboard: 1.00 feet
CALCULATION: Depth (Min. S): 3.13 {eet
(Channel Depth}
Q-1.49AR(2/3)S(1/2}/n= 0.000 Accuracy
Calc n Value 0.064
Required Depth: 413 feat
Area: 67.01 ft2
Perimeter: 31.81 feet
Hydraulic Radius {R}: 211 feet
Velocity: 4.49 ft/sec
Froude Number; 0.54
CALCULATION: Depth {(Max, S): 3.13 feet
(Velocity Check)
Q-1.49AR(2/3)S(1/2)/n= 0.000 Accuracy
Calc n Value 0.064
Required Depth: 3.63 feet
Area; 67.01 ft2
Perimeter: 31.81 feet
Hydraulic Radius (R): 2.11 feet
Velocity: 4.49 ftfsec
Froude Number: 0.54
DESIGN CRITERIA: Bottom Width: 12.0 feat
Side Slope 1: 3.0 1/mi
Side Slope 2: 3.0 1/m2
Min. Bottem Slope: 1.4 %
Max, Bottom Slope: 1.4 %
Min Channel Depth: 4.13 feet




Trapezoidal Channel Flow Calculations using Mannings Equation

Client
Project No.
Channel Section:

LAIDLAW/ECDC
64,63.100

Date : 24-Apr-98
Time 04:37 PM

FAIUNON CH NO. 3 UPPER (34 + INCR.}) Compute MEA

UNITS
GENERAL CRITERIA:  Design Flow: 321.00 cfs
Bottom Width: 12.0 feet
Side Slope1: 3o 1/m1
Side Slope2: 30 1fm2
Friction Factor:
Assumed D50: D0.75 feet
If X=1, n=0.0395{D50) ~ 1/6
If X=2, n=0.0456{D50*5) ~ 0.159
I X=3, n={D50 " 1/6*(R/D50) ~ 1/6}/{3.82*[2.25+5.23"LOG(R/D50)]}
' AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
If X=4, n=0.39(S ~0.38)(R " -0.16)
If X=5, input n value
X: 3
Input n value for X=5: 0.030
Min. Bottom Slope: 0.0140 fi/t
Max. Bottom Slope: 0.0140 ft/tt
Freeboard: 1.00 feet
CALCULATION: Depth {(Min. S): 3.22 feet
{Channel Depth)
Q-1,49AR(2/3)S(1/2}/n= 0.000 Accuracy
Calc n Value 0.064
Reguired Depth: 4.22 {eet
Area: 69.82 fi2
Perimeter: 32.38 feet
Hydraulic Radius {R): 2.16 feet
Veloeity. 4.60 ftisec
Froude Number: 0.54
CALCULATION: Depth (Max, S): 3.22 feet
{Velocity Check)
Q-1.49AR(2/3)5(1/2)/n= 0.000 Accuracy
Calc n Value 0.064
Required Depth: 3.72 feet
Area: £69.82 ft2
Perimeter: 32.38 {eat
HMydraulic Radius {R}: 2.16 feet
Velocity: 4.60 ftjsec
Froude Number: 0.54
DESIGN CRITERIA: Bottom Width: 12.0 feet
Side Slope 1: 3.0 1/mi
Side Slope 2: 3.0 1/me
Min. Bottom Slope: 1.4 %
Max. Boltom Slope: 14 %
Min Channel Depth: 4.22 feet
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Trapezoidal Channel Flow Calculations using Mannings Equation

Client
Project No.
Channel Section:

LAIDLAW/ECDC
64.63.100

Date 24-Apr-98
Time 04:37 PM

RUNON CH NO. 3 UPPER {3-1 + INCR) Compute MEA

UNITS
GENERAL CRITERIA:  Design Flow: 341.00 cfs
Bottom Width: 12.0 feet
Side Slopel: 3.0 1/m1
Side Slope2: 3.0 1fm2
Friction Factor:
Assumed D50: 0.75 feet
it X=1, n=0.0395(D50) ~ 1/6
i X=2, n=0.0456{D50*5) " 0,159
If X=3, n={D50 " 1/6*(R/DS0) ~ 1/6}/{3.62*|2.25+5.23*LOG({R/D50)]}
J AT X=3 APPLICABLE FOR R/DS50 > 0.5 ONLY
i X=4, n=0.39(S"0.38){A "~ -0.16)
It X=5, input n value
X: 3
Input n value for X=5: 0.030
Min. Bottom Slope: 0.0140 ft/ft
Max, Bottom Slope: 0.0140 ftjit
Freeboard: 1.00 feet
CALCULATION: Depth (Min. S): an feet
{Channet Depth}
Q-1.49AR(2/3)S(1/2)/n= 0.000 Accuracy
Calc n Value 0.0684
Required Depth: 4.31 feet
Area: 72.58 ft2
Perimeter: 3293 feet
Hydraulic Radius (R): 2.20 feet
Velocity: 4,70  f{t/sec
Froude Number: 0.55
CALCULATION: Depth (Max. S): 3.31 feet
{Velocity Check)
Q-1.49AR(2/3)S(1/2}/n= 0.000 Accuracy
Calc n Value 0.064
Required Depth: 3.81 feet
Area: 72.59 fi2
Perimeter: 3293 feat
Hydraulic Radius (R}: 2.20 {eet
Velocity: 4.70 ft/sec
Froude Number: 055
DESIGN CRITERIA: Bottom Width: 120 feet
Side Slope 1: 3.0 1/m1
Side Slope 2: 3.0 1/m2
Min. Bottom Slope: 14 %
Max. Bottom Slope: 14 %
Min Channel Depth: 4.31 feet
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Trapezoidal Channel Flow Calculations using Mannings Equation

Client
Project No.
Channel Section:

LAIDLAW/ECDC
64.63.100
CHANNEL D3H-1 (ALTERNATIVE 1)

Date 17-Sep-99
Time 02:21 PM
Computed MEA

UNITS
GENERAL CRITERIA: Design Flow:; 165.00 cis
Bottom Width: 5.0 feet
Side Slopet: 2.0 1fm1
Side Slope2: 2.0 1/m2
Friction Factor:
Assumed D50 0.00 feet
If X=1, n=0.0395{D50} ~1/6
If X=2, n=0.0456{D50*5} "~ 0.159
If X=3, n={D50 " 1/6*(R/D50} "~ 1/6}/{3.82*[2.25+5.23*LOG(R/D50)]}
' AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
If X=4, n=0.39(S "~ 0.38)(R "~ -0.16)
If X=5, input n value
X: 5
Input n value for X=5: 0.035
Min. Bottom Slope: 0.0004 fi/ft
Max. Bottom Slope: 0.0004 /it
Freeboard: 1.00 feat
CALCULATION: Depth (Min. S): 8.29 feat
{Channel Depth)
Q-1.49AR(2/3)5{1/2)}/n= -0.000 Accuracy
Cale n Value 0.035
Required Depth: .29 feat
Area: 97.33 ft2
Perimeter; 34.64 feet
Hydraulic Radius (R}: 2.81 feat
Velocity: 1.70 ftfsec
Froude Number: 0.19
CALCULATION: Depth (Max. S): B.29 feet
{Velocity Check)
Q-1,49AR(2/3)S{1/2)/n= -0.000 Accuracy
Calc n Value 0.035
Required Depth: 8.79 feet
Area: 97.33 ft2
Perimeter: 34.64 feet
Hydraulic Radius {R): 2.81 feat
Veloeity: 1.70 ftfsec
Froude Number: 0.19
DESIGN CRITERIA: Bottom Width: 5.0 feet
Side Slope 1: 2.0 1/m1
Side Slope 2: 2.0 1/fm2
Min. Bettom Slope: 00 %
Max. Bottom Slope: 0.0 %
Min Channel Depth: g.29 feet




Trapezoidal Channel Flow Calculations using Mannings Equation

Client
Project No.
Channel Section:

LAIDLAW/ECDC
64.63.100
CHANNEL D3H-1 (ALTERNATIVE 2}

Date 17-5ep-99
Time : 02:18 FM
Computed MEA

UNITS
GENERAL CRITERIA: Design Flow: 206.00 cfs
Bottom Width: 5.0 feet
Side Slopel: 2.0 1/m1
Side Slope2; 2.0 1/m2
Friction Facter:
Assumed D50: 0.00 feet
If X=1, n=0.0395(D50) ~ /6
It X=2, n=0.0456(D50*S} ~ 0.159
It X=3, n={D50~ 1/6*(R/D5D) ~ 1/6}/{3.82*[2.25+5.23*LOG(R/D50}]}
! AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
If X=4, n=0.39(S" 0.38{R ~ -0.16)
If X=5, input n value
X: 5
Input n value for X=5: 0.035
Min. Bottem Slope: 0.0004 fti
Max, Bottom Slope: 0.,0004 fi/ft
Freeboard: 1.00 feet
CALCULATION: Depth (Min. S): B.92 feet
{Channel Depth)
Q-1.49AR(2/3)S{1/2)/n= -0.000 Accuracy
Calc n Value 0.035
Required Depth: 9.92 feet
Area: 114.76 ft2
Perimeter: 37.48 feot
Hydraulic Radius (R}: 3.06 feet
Velocity: 1.80 fi/sec
Froude Number: 0.18
CALCULATION: Depth (Max. S): 892 feet
(Velocity Check}
Q-1.49AR{2/3)S(1/2}/in= -0.000 Accuracy
Cale n Value 0.035
Required Depth: 9.42 feat
Area: 114.76 ft2
Perimeter: 37.48 feet
Hydraulic Radius (R): 3.06 {eet
Velocity: 1.80 ft/sec
Froude Number: 0.19
DESIGN CRITERIA: Bottom Width: 5.0 feet
Side Slope 1: 2.0 1/mi
Side Slope 2: 2.0 1/m2
Min. Botiom Slope: 00 %
Max. Bottom Slope: 00 %
Min Channel Depth: 992 {eet
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Trapezoldal Channel Flow Calculations using Mannings Equation

Client : LAIDLAW Date : 17-Sep-99
Project No. 64.63.100 Time : 02:36 PM
Channel Section: CHANNEL NO. 3 LOWER(ALTERNATIVE 1) Computed MEA
SECTZIN O+ +» 770
UNITS
GENERAL CRITERIA: Design Flow: 261.00 cis
Bottom Width: 15.0 feet
Side Slopei: 3.0 1/mi
Side Slope2: 3.0 1/m2
Friction Factor:
Assumed D50; 1.17 feet

If X=1, n=0,0395({D50) ~ 1/6

If X=2, n=0.0456{D50*S) ~ 0.159

If X=3, n={D50 ~ 1/6*(R/D50) ~ 1/6}/{3.82*[2.25+5.23*LOG(R/D50}]}
' AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY

If X=4, n=0.39(5" 0.38)(R ™~ -0.16)

If X=5, input n value

X 1
input n value for X=5: 0.035
Min, Bottom Slope: 0.0140 fifft
Max. Bottom Slope: 0.0140 fifft
Freeboard: 1.00 feat
CALCULATION: Depth (Min. S): 2.09 feet
(Channel Depth)
Q-1.49AR(2/3}S(1/2)/n= -0.000 Accuracy
Calc n Value 0.041
Required Depth: 3.09 faet
Area: 44.37 fi2
Perimeter: 28.20 feet
Hydraulic Radius (R): 1.57 fest
Velocity: 5.88 fi/sec
Froude Number: 0.82
CALCULATION: Depth (Max. S): 2.09 feet
(Velocity Check)
Q-1.49AR(2/3)5(1/2)/n= -0.000 Accuracy
Calc n Value 0.041
Required Depth: 3,08 feat
Area: 44.37 ft2
Perimeter: 28.20 feat
Mydraulic Radius (R): 1.57 feat
Velocity: 5.88 ft/sec
Froude Number: 0.82
DESIGN CRITERIA: Bottom Width: 15.0 {eet
Side Slope 1: 3.0 1/mi
Side Slope 2: 3.0 1/m2
Min. Bottom Slope: 14 %
Max, Bottom Slope: 14 %

Min Channel Depth: 3.09 feet
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RIPRAP DESIGN - Using Safety Factor Methodology from Haan, Barfield and Hayes, 1994

Client
Project No.
Channel Section:

LAIDLAW Date 17-Sep-99
64.63.100 Time 02:36 PM

CHANNEL NO. 3 LOWER{ALTERNATIVE 1} Computed: MEA

DESIGN CRITERIA:

UNITS
Design Flow: 261.00 cis
Bottom Width: 15.00 fest
Side Slopet: 3.00 1/mi
Side Slope2: 3.00 1/m2
Friction Factor: 0,04
Min. Bottom Slope (S): 0.014 fi/it
Max. Bottom Slope (S): 0.014 fifit
Flow Depth {d) @ Min. S: 2.09 fest
Flow Depth (d) @ Max. S: 2.08 feet
Angle Repose {(Ar): 41 degrees
Specific Gravity (SG): 2.65
Reynolds No. = U*D50/v, where U=Shear Velocity, v=viscosity
U={gRS) "~ 0.5 for Smin 0.84
Reynelds No. for Smin 70386
U={gRS) ~ 0.5 for Smax 0.84
Reynolds No. for Smax 70386

T = G*d*S where G=unit weight of water

Nb = F*T/(G(SG-1)D50}
F=(1/0.047)=21.3 for flat slopes with Reynolds No. < 500
F=(1/0.062)=16.1 for 500 < Reynolds No. < 40,000
F=varies from (1/0.062)=16.1 for Raynolds = 40,000 to

(1/D.25)=4 for Reynolds No. = 500,000 or larger

F for Smin: 15.2

F for Smax: 15.2

SFb = (Cos a tan b)/{sin a + Nb tan b)

Tmax= K*G*d*S
Set K=0.75 for 1.5:1 slope, 0.76 for 2:1 slope, and 0.85 for 3:1 slope

K: 0.85

Ns = F*Tmax/(G(SG-1)D)

A = Atan(1/m})

B = Alan{Cos{An)/(28in{A)/NsTan)Ar)+ Sin{Ar}}

n = Ns{1+Sin{Ar+B)/2)

SFs = Cos{A)Tan{Ar)/(nTan(Ar) + Sin{A)Cos{B))

D50

T

Nb

Tmax

Ns

m Critical
A {m crit}
B8

Nsp

SFb
SFs

Smin Smax

1.17 117 feat

1.82 1.82 Ib/ft2

0.23 0.23

1.55 1.55 Ib/H2

.20 0.20

3.00 3.00

18.44 18.44 degrees
14.99 14.99 degrees
0.12 0.12

4,06 4.06

1.99 1.99
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Trapezoidal Channel Flow Calculations using Mannings Equation

Client
Project No,
Channel Section:

LAIDLAW
64.63.100

Date 17-Sep-09
Time : 02:40 PM

CHANNEL NO, 3 LOWER{ALTERNATIVE 2) Computed MEA

SECTZIN Orog o S+/0

UNITS
GENERAL CRITERIA: Dasign Flow: 304.00 cis
Bottom Width: 15.0 feet
Side Slope1: 3.0 1/m1
Side Slope2: 3.0 1fm2
Friction Factor:
Assumed D50: 117 feat
If X=1, n=0.0395(D50) "~ 1/6
It X=2, n=0,0456(D50*S) "~ 0.159
I X=3, n={DS0"~ 1/6*({R/D50) ~ 1/6}/{3.82*[2.25+5.23*LOG(R/D50)]}
! AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
if X=4, n=0,39(5 " 0.38){R " -0.16)
If X=5, input n value
X: 1
Input n vajue for X=5: 0.035
Min. Bottom Slope: 0.0140 ftit
Max. Bottom Slope: 0.0140 ftfit
Freeboerd: 1.00 feet
CALCULATION: Depth (Min. S): 2.27 feet
{Channel Depth)
Q-1.49AR(2/3)S(1/2)/n= -0.000 Accuracy
Calc n Value 0.041
Required Depth: 3.27 feat
Area: 49.40 ft2
Perimeter: 29.33 feat
Hydraulic Radius (R): 1.68 feet
Velocity: 6,15 ft/sec
Froude Number: 0.83
CALCULATION: Depth {Max. S): 2.27 feet
{Velocity Check)
Q-1.49AR(2/3)S(1/2}in= -0.000 Accuracy
Calc n Value 0.041
Required Depth: 3.27 feet
Area: 49.40 ft2
Perimeter: 29.23 feet
Hydraulic Radius (R): 1.68 feet
Velocity: 6.15 fi/sec
Froude Number: 0.83
DESIGN CRITERIA: Bottom Width: 15.0 feet
Side Slope 1: 3.0 1/mi
Side Slope 2: 3.0 1/m2
Min. Bottom Slope: 14 %
Max. Botiom Slope: 14 %
Min Channel Depth: .27 feet

ZHA S
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[ RIPRAP DESIGN - Using Safety Factor Methodology {rom Haan, Barfield and Hayes, 1994
L

( Client LAIDLAW Data 17-Sep-99
]~ Project No. 64.63.100 Time 02:40 PM
L‘, Channel Section: CHANNEL NO. 3 LOWER(ALTERNATIVE 2) Computed: MEA

DESIGN CRITERIA:

UNITS
Design Flow: 304.00 cfs
Bottom Width: 15.00 feet
Side Slopet: 3.00 1/m1
Side Slope2: 3.00 1/m2
Frictlon Factor: 0.04
Min. Bottom Slope (S}): 0.014 fi/ft
Max. Bottom Slope (S): 0.014 fi/ft
Flow Depth (d)} @ Min. S: 2.27 feat
Flow Depth (d) @ Max. 5: 2.27 feet
Angle Repose (Ar): 41 degrees
Specific Gravity (SG): 2.65

Reynolds No. = U*D50/v, where U=Shear Velocity, v=viscosity

U=(gAS) 0.5 for Smin 0.87
Reynolds No. for Smin 72816
U={(gRS) "~ 0.5 for Smax 0.87
Aeynolds No. for Smax 72818

T = G*d*S where G=unit weight of water

Nb = F*T/(G(SG-1)D50)
F=(1/0.047)=21.3 for flat slopas with Reynolds No. < 500
F=(1/0.062)=16.1 for 500 < Reynolds No. < 40,000
F=varies from (1/0.062)=16.1 for Reynolds = 40,000 to

{1/0.25)=4 for Reynolds No. = 500,000 or larger

F for Srin: 14.9

F for Smax: 14.9

SFb = {Cos a tan b)/(sin a + Nb tan b)

Tmax= K*G*d*S
Sat K=0.75 for 1.5:1 slopa, 0.76 for 2:1 slope, and 0.85 for 3:1 slope

K: 0.85

Ns = F*Tmax/(G{SG-1)D)

A = Atan{1/m)

B = Atan{Cos{An/(2Sin(A)/NsTan)Ar))+8Sin{Ar))

n = Ns(1+Sin{Ar+B)/2)

SFs = Cos{A)Tan{Arn/(nTan{Ar)+Sin{A)Cos(B))

D50

T

Nb
Tmax

Ns

m Critical
A {m crit)
B

Nsp

SFb
SFs

Smin Smax

1.17 117 feet
1.98 1.98 Ib/ft2
0.24 0.24
1.68 1.68 Ib/tt2
0.21 0.21
3.00 3.00

18.44 18.44 degrees

15.90 15,80 degrees
0.13 0.13
3.83 3.83
1.96 1.96



Trapezoidal Channel Flow Calculations using Mannings Equation

Client
Project No.
Channel Section:

LAIDLAW
64.63.100

Date : 17-Sep-99
Time 02:45 PM

CHANNEL NO. 3 LOWER{ALTERNATIVE 1) Computed MEA

SecrZoAdr FHo H FrR

UNITS
GENERAL CRITERIA: Design Flow: 261.00 efs
Bottom Width: 12.0 feet
Side Slope1: 3.0 1/m1
Side Slope2: 3.0 1/m2
Friction Factor:
Assumed D50; 0.75 feet
If X=1, n=0.0395{D50} " 1/6
If =2, n=0.0456{D50*S) " 0.159
if X=3, n={D50" 1/6*{R/D50) ~ 1/6}/{3.82*[2.25+5.23*LOG(R/D50)}}
* AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
It X=4, n=0.38(S "~ 0.38}{R ~ -0,16)
It X=5, input n value
X: 1
Input n value for X=5: 0.035
Min. Bottom Slopa: 0.0140 ftfft
Max, Bottom Slope: 0.0140 ftfit
Freeboard: 1.00 feet
CALCULATION; Depth (Min. S): 2.21 feet
{Channel Depth)
Q-1.49AR({2/3)S(1/2)/n= 0.000 Accuracy
Cale n Value 0.038
Required Depth: a1 feat
Area: 41.05 ft2
Perimeter: 25.95 feat
Hydraulic Radius {R): 1.58 feet
Velocity: 6.36 fi/sec
Froude Number; 0.88
CALCULATION: Depth (Max. S}: 221 feat
(Veloacity Check)
Q-1.49AR(2/3)5(1/2)/n= 0.000 Accuracy
Cale n Value 0.038
Required Depth: a feet
Area: 41.05 tt2
Perimeter: 25.95 feet
Hydraulic Radius (R}: 1.58 feet
Velocity: 6.36 ft/sec
Froude Number: 0.88
DESIGN CRITERIA: Bottem Width: 12.0 feet
Side Slope 1: 3.0 1/m1
Side Slope 2: 3.0 1/m2
Min. Bottom Slope: 14 %
Max, Bottom Slope; 14 %
Min Channel Depth: a2 feet

354/
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RIPRAP DESIGN - Using Safety Factor Methodology from Haan, Barfield and Hayes, 1954

Client
Project No.
Channel Section:

LAIDLAW Date 17-Sep-99
64.63.100 Time 02:45 PM
CHANNEL NO. 3 LOWER(ALTERNATIVE 1} Computed: MEA

UNITS
DESIGN CRITERIA: Design Flow: 261.00 cfs
Bottom Width: 12.00 feet
Side Slopet: 3.00 1fm1
Side Slope2: 3.00 1/m2
Friction Factor: 0.04
Min. Bottom Slope (S): 0.014 it
Max. Bottorn Slope (S): 0.014 ft/ft
Flow Depth (d) @ Min. S: 2.21 feet
Flow Depth (d) @ Max, S; 2.21 feet
Angte Repose (Ar): 41  degrees
Specific Gravity (SG): 2.65
Reynolds No. = U*DS0/v, whera U=Shear Velocity, v=viscosity
U={gRS)~ 0.5 for Smin 0.84
Reynolds No. for Smin 45243
U=(gRS} ~0.5 for Smax 0.84
Reynolds No. for Smax 45243
T = G*d*S where G=unit weight of water
Nb = F*T/{G{SG-1)D50)
F=(1/0.047)=21.3 for flat slopes with Reynolds No. < 500
F=(1/0.062)=16.1 for 500 < Reynolds No. < 40,000
F=varies from {1/0.062)=16.1 for Raynolds = 40,000 to
{1/0.25)=4 for Reynolds No. = 500,000 or larger
F for Smin: 16
F for Smax: i6
SFb = (Cos a tan b)/(sin a + Nb {an b)
Tmax= K*G*d*S
Set K=0.75 for 1.5:1 slopa, 0.76 for 2:1 slope, and 0.85 for 3:1 slope
K: 0.85
Ns = F*Tmax/{G(SG-1)D)
A = Atan{1/m)
B = Atan(Cos{Ar)/(2SIn{A)/NsTan)Ar})+ Sin{Ar))
n = Ns{1+Sin(Ar+B)/2)
SFs = Cos{A)Tan{Ar}/(nTan(Ar)+Sin{A)Cozs(B))
Smin Smax
D50 0.75 0.75 feet
T 1.93 1.93 Ib/ft2
Nb 0.40 0.40
Tmax 1.64 1.64 Ib/it2
Ns 0.34 0.34
m Critical 3.00 3.00
A (m crit) 18.44 168.44 degrees
B 24.85 24,85 degrees
Nsp 0.24 0.24
SFb 2.4 2.41
SFs 1.65 1.65
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Trapezoidal Channel Flow Calculations using Mannings Equation

— ——
[ S

{
' Client  : LAIDLAW Date : 17-Sep-99
Project No. : 64.63.100 Time 02:44 PM
Channel Section: CHANNEL NO. 3 LOWER(ALTERNATIVE 2) Computed MEA
SEC7ZoAr 2A/S 2 FFOO
E UNITS
GENERAL CRITERIA: Design Flow:; 304.00 cfs
Bottom Width: 12.0 feet
D Side Slopel: 30 1m
Side Slope2; 3.0 1/m2
Friction Factor:
Assumed D50. 0.75 fest

If X=1, n=0.0395{050) ~ 1/6

If X=2, n=0.0456(D50*S) ~ 0.159

If X=3, n={D50 " 1/6*(R/D50} ~ 1/6}/{3.82*[2.25+5.23"LOG(R/D50)]}
AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY

It X=4, n=0.39(S " 0.38){R ~ -0,16)

If X=5, input n value

|—--3 r——y
& il

X: 1
Input n value for X=5: 0.035
Min. Bottom Stope: 0.0140 ftftt
Max. Bottom Slope: 0.0140 /it
Freeboard: 1.00 feat
CALCULATION: Depth (Min. 8): 2.38 feet
(Channel Depth)
Q-1.49AR(2/3)S(1/2)/n= -0.000 Accuracy
Calc n Value 0.038
- Required Depth: 3.39 feet
l Area; 45.78 ft2
Perimeter: 27.11 feet
Hydraulic Radius (R): 1.69 feat
Velocity: 8.64 fijsec
Froude Number: 0,89
CALCULATION: Depth {Max. S): 2,39 feet
(Velocity Check)
Q-1.49AR(2/3)S{1/2)/n= -0.000 Accuracy
Cate n Value 0.038
Required Depth: 3.39 feet
Area: 45.78 ft2
Perimeter: 27.11 feet
Hydraulic Radius (R): 1.69 feet
Velocity: 6.64 ftisec
Froude Number: 0.89
DESIGN CRITERIA: Bottom Width: 12.0 feat
Side Slope 1: 3.0 1/m1
Side Slope 2: 3.0 1/m2
Min. Bottom Slope: 14 %
Max. Bottom Slope: 1.4 %

Min Channel Depth: 3,39 feet
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RIPRAP DESIGN - Using Safety Factor Methodology from Haan, Barfield and Hayes, 1894

Client : LAIDLAW Date : 17-Sep-89
Project No. : 64.63.100 Time 02:44 PM
Channel Section: CHANNEL NO. 3 LOWER(ALTERNATIVE 2) Computed: MEA

UNITS
DESIGN CRITERIA: Design Flow: 304.00 cls

Bottom Width: 12.00 feet
Side Slopet: 3.00 1/m1
Side Slope2; 3.00 1/m2
Friction Factor: 0.04
Min. Bottom Slope (S): 0.014 fi/tt
Max. Bottom Slope (S): 0.014 ft/it
Flow Depth (d) @ Min. S: 2.39 feet
Flow Depth {d) @ Max. S: 2.39 teet
Angle Repose (Ar): 41  degrees
Specific Gravity (SG): 2.65
Reynolds No. = U*D50/v, where U=Shear Velocity, v=viscosity
U=(gRS) ~ 0.5 for Smin 0.87
Reynolds No. for Smin 46743
U={gAS) ~0.5 for Smax 0.87
Aeynelds No. for Smax 46743

T = G*d*S where G=unit weight of water

Nb = F*T/{G({SG-1)D50)
F=(1/0.047)=21.3 for flat slopes with Reynolds No. < 500
F=(1/0.062)=16.1 for 500 < Reynolds No, < 40,000
F=varies from (1/0.062)=16.1 for Reynolds = 40,000 to

(1/0.25)=4 for Reynolds No. = 500,000 or larger

F for Smin: 15.9

F for Smax: 15.9

SFb == (Cous a tan b)/(sina + Nbtan b)

Tmax= K*G*d*S
Set K=0.75 for 1.5:1 sfope, 0.76 for 2:1 slope, and 0.85 for 3:1 slope

K: 0.85

Ns = F*Tmax/(G(SG-1)D)

A = Atan(1/m)

B = Atan({Cos(Ar)/(28in{A)/NsTan)Ar)) + Sin(Ar))

n = Ns{1+Sin{Ar+B)/2)

SFs = Cos{A)Tan(Ar)/{nTan{Ar}+Sin(A)Cos(B))

Smin Smax

D50 0.75 0.75 feet
T 2.09 2.09 Ib/it2
Nb 0.43 0.43

Tmax 1.77 1.77 Ib/tt2
Ns 0.37 0.37

m Critical 3.00 3.00

A (m crit) 18.44 18.44 degrees
B 26.49 26,49 degrees
Nsp 0.27 0.27

SFb 2.24 2.24

SFs 1.60 1.60
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Trapezoidal Channe! Flow Calculations using Mannings Equation

Client LAIDLAW/ECDC Date 05-May-98
Project No. 64.63.100 Time 11:35 AM
Channel Section: RUNON CHANNEL NO. 4 @ POND 3 OU Compute MEA
Alternetire | UNITS S ? " / e & //{M ar/"
GENERAL CRITERIA:  Design Flow: 61600 cfs cae Ve é« Py g
Bottom Width: 180  feet Ase 20 “Shue /rny O
Side Slopet: 30  1/ml 7( / 7 =y
Side Slope2; 3.0 1/m2 — 7""" P
Friction Factor: “
Assumed D50: 200 fest <= 2% gz
It X=1, n=0.0385(D50) "~ 1/6
If X=2, n=0.0456{D50"S) "~ 0.159
If X=3, n={D50" 1/6*{R/D50) ~ 1/6}/{3.82*{2.25+5.23*LOG(R/DS0)]}
: AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
If X=4, n=0.39(S ~ 0.38)(R " -0.16)
i X=5, input n value
X: 3
input n value for X=5: 0.030
Min. Bottom Slope: 0.0117 i/t
Max, Bottom Slope: 0.0500 fi/it
Freeboard: 1.00 feet
CALCULATION: Depth (Min. S): 4.95 feet
{Channe] Depth)
Q-1.49AR(2/3)5(1/2)/n= -0.000 Accuracy
Cale n Value 0.094
Required Depth: 5.95 {eet
Area: 162.68 ft2
Perimeter: 49.32 feat
Hydraulic Radius (R): 3.30 feet
Velocity: 3.79 {ifsec
Froude Number: 0.36
CALCULATION: Depth (Max. S): 3.67 feet
{Velocity Check)
G-1.49AR(2/3)S(1/2)/n= 0.000 Accuracy
Cale n Value 0.108
Required Depth: 417 feat
Area: 106.40 ft2
Perimeter: 41.20 feet
Hydraulic Radius (R): 2.58 feat
Velocity: 5.79 ftisec
Froude Number: 0.63
DESIGN CRITERIA: Bottom Width: 18.0 feat
Side Slope 1: 3.0 1/m1
Side Slope 2: 3.0 1/m2
Min. Bottom Slope: 12 %
Max, Bottom Slope: 50 %
Min Channel Depth: 5.95 feet




<6 g/

RIPRAP DESIGN - Using Safety Factor Methodology from Haan, Barfield and Hayes, 1994

Client
Project No.
Channal Section:

LAIDLAW/ECDC Date : 05-May-98
64.63.100 Time : 11:35 AM
RUNON CHANNEL NO. 4 @ POND 3 OU Computed MEA

UNITS
DESIGN CRITERIA: Design Flow: 616.00 cls
Bottom Width: 18.00 test
Side Slope1: 3.00 1m1
Side Slope2: 3.00 1/m2
Friction Factor: 0.03
Min. Bottom Slope (S): 0.012 ft/ft
Max. Bottom Slops (S): 0.050 ft/ft
Flow Depth (d) @ Min. S: 4.95 feet
Flow Depth (d) @ Max. S: 3.67 feet
Angle Repose {Ar): 41 degrees
Specific Gravity (SG}): 2.65
Reynolds No. = U*D50/v, where U=Shear Velocity, v=viscosity
U={gRS} "~ 0.5 for Smin 1.11
Reynolds No. for Smin 159255
U=(gRS) " 0.5 for Smax 204
Reynolds No. for Smax 291298
T = G*d*S where G=unit weight of water
Nb = F*T/G(SG-1)D50)
F=(1/0.047)=21.3 for flat slopes with Reynolds No. < 500
F=(1/0.062)=16.1 for 500 < Reynoclds No. < 40,000
F=varies from (1/0.062)=16.1 for Reynolds = 40,000 to
(1/0.25)=4 for Reynolds No. = 500,000 or larger
F for Smin: 12.5
F for Smax; 9.09
SFb = (Cos a tan b)/(sin a + Nb tan b)
Tmax= K*G*d*S
Set K=0.75 for 1.5:1 slope, 0.76 for 2:1 slope, and 0.85 for 3:1 slope
K: 0.85
Ns = F*Tmax/(G(SG-1)D)
A = Atan(i/m}
B = Atan(Cos(Ar)/(2Sin{A)/NsTan)Ar))+Sin{Ar))
n = Ns{1+Sin{Ar+B)/2)
SFs = Cos({A)Tan(Ar)/(nTan{Ar)+Sin{A}Cos(B))
Smin Smax
D50 2.00 2.00 feet
T 3.61 11.45 Ib/ft2
Nb 0.22 0.51
Trmax 3.07 9.73 Ib/ft2
Ns 0.19 0.43
m Critical 3.00 3.00
A {m crit) 18.44 18.44 degrees
B 14.33 29.79 degrees
Nsp 0.12 0.33
SFb 4.29 1.77
SFs 2.02 1.47
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Trapezoidal Channel Flow Calculations using Mannings Equation

Client
Project No.
Channel Section:

LAIDLAW
64.63.100
CHANNEL NO. 4 @ POND 3 OUT(ALT 2)

Date 17-5ep-99
Time 03:.03 PM
Computed MEA

Al berriahoe 2

UNITS
GENERAL CRITERIA:  Design Flow: 60200 cofs — o S st
Bottom Width: 180  feet e 15 /‘:' /
Side Slopet: 3.0 1/mi é(é_-(_ 24 P 4
Side Slope2: 30 1/m2 ’
Friction Factor: /lé) G reést 7
Assumed D50: 2.00 feet
If X=1, n=0.0395(D50) ~1/6
If X=2, n=0.0456{D50*S) ~ ¢.159
It X=3, n={D50 " 1/6*{R/D50) ~ 1/6}/{3.82*[2.25+5.23*LOG{R/D50)]}
' AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
If X=4, n=0.39(S ~ 0.38){(R "~ -0.16)
If X=5, input n value
X: 3
Input n value for X=5: 0.000
Min. Bottom Slope: 0.0117 ft/ft
Max, Bottom Slope: 0.0500 ft/ft
Freeboard: 1.00 feet
CALCULATION: Depth (Min. S): 5.17 feat
{Channel Depth)
Q-1.49AR(2/3)S(1/2)/n= -0.000 Accuwacy
Calec n Value 0.093
Required Depth: 8.17 feet
Area: 173.01 ft2
Petimeter: 50.67 feet
Hydraulic Radius (R): 3.4 feet
Velocity: 3.94 ft/sec
Froude Number: 0.37
CALCULATION: Depth (Max. S): 3.82 feet
(Velocity Check)
Q-1.49AR(2/3)S(1/2}/n= 0.000 Accuracy
Cale n Value 0.106
Required Depth: 4.82 feet
Area: 112.73 ft2
Perimeter: 42.19 feet
Hydraulic Radius (R): 2.67 feat
Velocity: 6.05 ftisec
Froude Number: 0.64
DESIGN CRITER!A: Bottom Width; 18.0 feet
Side Slope 1: 3.0 1/m
Side Slope 2: 3.0 1/m2
Min. Bottom Slope: 1.2 %
Max. Bottom Slope: 50 %
Min Channe! Depth: 6.17 feet

%E/
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RIPRAP DESIGN - Using Safety Factor Methodology from Haan, Barfield and Hayes, 1994

Client
Project No.
Channel Section:

LAIDLAW Data 17-Sep-99
64.63.100 Time : 03:03 PM

CHANNEL NO. 4 @ POND 3 QUT(ALT 2)  Computed: MEA

UNITS
DESIGN CRITERIA: Design Flow: 682.00 cfs
Bottom Width: 18.00 feat
Side Slopet: 3.00 1/m1
Side Slope2: 3.00 1/m2
Friction Factor: 0.00
Min. Bottom Slope (S): 0.012 ft/ft
Max. Bottom Slope (S): 0.050 ft/ft
Flow Depth (d) @ Min. S: 517 fest
Flow Depth (d) @ Max. S: .82 {eet
Angle Repose (Ar): 41 degrees
Specific Gravity (SG): 2.65
Reynolds No. = U*D50/v, whera U=Shear Velocity, v=viscosity
U=(gRS)~ 0.5 for Smin 1.13
Reynolds No, for Smin 162030
U={gRS)" 0.5 for Smax 2.07
HReynolds No. for Smax 296302
T = G*d*S where G=unit weight of water
Nb = F*T/{G(5G-1)D50)
F=(1/0.047)=21.3 for flat slopes with Reynclds No. < 500
F=(1/0.062)=16.1 for 500 < Reynolds No. < 40,000
F=varies from (1/0.062)=16.1 for Reynolds = 40,000 to
(1/0.25) =4 for Reynolds No. = 500,000 or larger
F for Smin: 12.5
F for Smax: 9.09
SFb = {Cos a tan b}/(sin a + Nb tan b}
Tmax= K*G*d*S
Set K=0.75 for 1.5:1 slope, 0.76 for 2:1 slope, and 0.85 for 3:1 slope
K: 0.85
Ns = F*Tmax/{G(8G-1)D)
A = Atan{1/m)
B = Atan(Cos{Ar)/(2Sin(A)/NsTan)Ar)) + Sin(Ar)}
n = Ns{1+Sin(Ar+B)/2)
SFs = Cos(A)Tan(Ar)}/(nTan(Ar) +Sin{A)Cos(B)}
Smin Smax
D50 2.00 2.00 feet
T 3.77 11.93 Ib/f2
Nb 0.23 0.53
Tmax 3.21 10.14 Ib/tt2
Ns 0.19 0.45
m Critical 3.00 3.00
A (m crit) 18.44 18.44 degrees
B 14.92 30.80 degrees
Nsp 0.12 0.35
SFb 4.13 171
SFs 2.00 1.44
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Trapezoidal Channel Flow Caleulations using Mannings Equation

Cllent LAIDLAW/ECDC Datle 30-Apr-98
Project No, 64.63.100 Time 09:39 PM
Channeal Sectlon: AUNON CHANNEL NO. 5 LOWER GCompuled MEA
UNITS
GENERAL CRITERIA:  Deslgn Flow: 522.00 cls
Botiom Width: 40.0 feet
Slde Slopel: 3.0 1/m1
Slda Slope2: 3.0 1/me
Frictlon Factor:
Assumead D50: 0.50 faet
It X=1, n=0.0395(D50) ~1/6
It X=2, n=0.0456(D50*S} ~0.159
Il X=3, n={D50~ 1/6*(R/D50) ~1/6}/{3.827[2.25+5.23* LOG(R/DS0))}
! AT X=3 APPLICABLE FOR R/D50 > 0.5 ONLY
It X=4, n=0,39(5"0,38)(R~-0.16)
it X=5, Input nvalue
X: 1
Input n vatue for X=5: 0.03¢
Min. Botiom Slope: 0.0080 it
Max. Bottom Slope: 0.0080 It/it
Freaboard: 1.00 feol
CALCULATION: Depth (Min. S): 2.21 feat
(Channel Depth}
Q-1.49AR(2/3)S(1/2)/n= -0.000 Accuracy
Calc n Valua 0.035
Raguired Dapth: 3.21 feet
Araa: 103.29 hi2
Parimatar: 54.01 feet
Hydraulic Radius (R): 1.91 feot
Velocity: 505 fifsec
Froude Number: 0.64
CALCULATION: Dapth (Max. S): 2.21 leat
{Vealocity Chack)
Q-1,48AR(2/3)5(1/2)/n= 40.000 Accuracy
Calc n Value 0.035
Requirad Daepth: 2N feet
Area: 103.29 fi2
Parimetar: 54.04 feet
Hydraulle Radius (R): 1.9 feat
Velocity: 5.05 It/sec
Froude Number: 0.64
DESIGN CRITERIA: Bottom Width: 40.0 feat
Side Slope 1: 3.0 1/mi1
Side Slope 2: 3.0 1/m2
Min. Bottom Slope: 06 %
Max. Boliom Slope: 06 %
Min Channel Dapth: 321 feat
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RECTANGULAR SECTION
HEAD L Q

H FT CFS
(/ FT

AVE H
FT

TRIANGULAR SECTIONS
L Q suM.Q SuMQ
=] CFs CFS 2 5IDES

CFS

TOTAL

CFS

LAIDLAW ENVIRONMENTAL SERVICES
LONE MOUNTAIN FACILITY
STORM WATER REVISIONS

£

April 30, 1998

L s

QUTFLOW FROM RUNON POND 3 - BROAD CRESTED WEIR

Q=C*L*H™1.5 C =263 L=18 ft for rectangular channel portion

Triangular channel sections of trapezoidal channelfotiow the same equation, but with H assumed to be the ave
Determmine triangular portion in 1-foct horizontal increments

RECTANGULAR SECTION TRIANGULAR SECTIONS
_ HEAD L Q AVEH L Q suM.Q suma | ToTAL
H Fr CFS FT cA CFS cFs  2508s| O
= FT crs | crs
) 8 )
| | 1 18 a7 0.3 1 2
05 1 1
_ 017 1 o 3 6 54
2 18 134 183 1 7
| | 1.5 " 5
1.18 1 3
0.83 1 2
B 05 1 1
0.8 1 0 18 3s 169
- a 18 246 283 1 13
25 1 10
218 1 8
183 1 7
15 1 5
1.18 1 a
o83 N 2
05 1 1
0.18 1 0 48 o8 344
4 18 am 5383 1 20
as 1 17
3.8 1 15
283 1 1a
25 1 10
2.18 1 8
1.83 1 7
15 1 s
1.16 1 a
083 1 2
05 1 1
0.16 1 0 101 201 580
& 18 896 5.3 1 a7
58 1 a4
5.18 1 3
483 1 28
s 1 25
418 1 22
383 1 20
as 1 17
3.6 1 15
283 1 13
25 1 10
218 1 8
183 1 F
15 1 5
1.16 1 a
083 1 2
0.5 1 1
0.16 1 0 278 556 1251




RECTANGULAR SECTION TRIANGULAR SECTIONS
HEAD L Q AVE H L Q 5UM.Q SUMO | TOTAL
H FT CFS FT DR CFS CFS 2 SIDES Q
) FT CFS CFS
] 18 1071 7.83 1 58
75 1 54
7.8 ] 50
6.83 1 a7
65 1 44
6.16 1 40
5.83 1 ar
55 1 34
5.18 1 AN
483 1 25
45 1 25
4.16 1 22
3.83 1 20
35 1 17
318 1 15
283 1 13
25 1 10
218 1 B8
1.83 1 7
1.5 1 5
1.18 1 3
.83 1 2
0.5 1 1
0186 1 0 571 1141 2212




e A rem—

ety

i e —e =

= liime

6-40

HANDBOOK OF HYDRAULICS

Table 5-3. Values of C in the Formula @ = CLH? for Broad-_
crested Weirs

Measured Breadth of crest of weir in feet
bead
Ie‘:t. 0.50,0,75{1,00(1,50{2,00/2.50(3.00[+.00 S.Dﬂllﬂ.ﬂﬁllﬁ.m

H T

0.2 2.80 2.75'2.092 82:2.5-! 2.38)2,34| 2.46} 285
0.4 2,02|2,80,2,72 2.0-Ir2.61 2.54|2.50] 2.58] 2.70
0.8 3.08|2,8012,752,684 2,61 2.69|2.70{ 2.70( 2.70
0.8 3.30:3,04[2,85)2.88 2.60| 2,08/2,68| 2.60 2.64
L.O 3.32/3,14{2,08[2.75 2.65| 2.67(2.68 %:GB 2,67
1.2 3.32/3.20/3.08|2,86:2.70 2,67)2,.66] 2.60] 2.64
1.4 3.32|3.26|3.20{2.92(2.77 2,65/2,65] 2.67( 2.64
1.6 3.32|3.29(3,28[3.07(2.89 2.66/2.65] 2.64| 2.63
1.8 3.32/3.32[3.31(3.07(2.88 2 GGF!.C\S 2.64| 2.63
2.0 3.32/3.31)3,30(3.03/2.85 2.68|2.05| 2.684) 2,63
2.5 3.32(3,32]3,31/3.28/3.07 2.7212,87] 2.64] 2.6
a.o 3,32]3.32(3.32{3.32]3,20 2.73|2.66] 2.64| 2,
.5 3.82|3.32 3.32'3.32 3.32 2,76]2,68] 2.64] 2.
4.0 3.32]3.32 3.32!3.32 3.32 2,7912,70] 2.64] 2.
4.5 3.32|3.32 3‘32|3‘32 3.32 2(2.8812.74] 2.64( 2.63
5.0 3.32[3.32|3.32 3.3213.32 3.07|2.79| 2.04| 2
5.6 3.32 3'323'32.3‘32 3.32 3.32|2.88| 2. 2.63 "

Table 5-4. Values of € in the Formula @ = CLH3 for Models
of Broad-crested Weirs with Rounded Upstream Corner

o S Head in feet, #
Y - )
Nm_:na th : ] .:i :‘: ]
T e 1 b
expermenter 120|258 l0.4]0.6}0.8[1.0[1.5]2.0/2.5/3.0]4.0[5.0
F5|elge |
25mE=E |
Bazin.......... 0.3312,62{2.45(2.0312.97]2.0513.01[3.0¢
Bazin, . 1veeess 0.336.56(2.46(2.70/2.82]2.572.88[2.02
u. 8. Deep |
Waterways. . . o.aslz.sz 4.57....|2.77]2.80]2.83 z.ozls.ou 3.08(3.173.34[3.50
. . D
W‘nterwaya.e?l.) D.33lﬁ.56|4.56 il i 2.83|2.83 2.83|2.52 2.B2(2.62(2.822.561
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LI IONE MOUNTAIN FACILTIES
g;:{‘h 3 GUBBASIN IV-B TO DETENTION BASIN NO. 3
I T
L-OUAL VARIED FLOW PROFILE IN CULVERT
TED METHOD (RES, HENDERSON, "OPEN CHANNEL FLO4* 1966,0. 128)
=

. D Y BETA THETA AREA TOP WID FRe p v E N So SFf  AVE SF DELTA E DELTA X SUM X
CFS FT  FT RADIANAADIANS F12  FT FT FPS F1 FI/FT FT/FT FT/FT FT FT FT

45 2.5 2.2 2,434 4.B68 4,575 1.625 1.867 6.085 9.836 3,782 9.82% .33 .83
43 2.5 215 2,375 4749 4,431 1,735 1.235 G5.93 10.020 3,709 @.924 0.333 0.938 0.037 0.007 0.€2 Q.02
5 2.5 2.12.319 4637 44062 1,833 1,352 G5.7% 10.223 3.723 Q.924 8.333 2.039 9,038 2.814 0.5 0.07
5 2.5 2.052.265 4.531 4,388 1.920 1.511 5.663 10.446 3,74 0.024 0,333 Q.4 @.040 @02 0.97 0.1%
43 2.5 2 2.214 4,423 4,238 2.000 1,686 5.536 10.5R% 3,774 0.624 0.333 0.343 9.042 0,930 0.1@¢ 0.23
5.6 1,852,165 4,338 4108 2,070 1,879 5.413 12.954 3.B13 @.02% 0.333 G.:5 .04 0,839 0G.14 .38
:E 2.5 1.92.1!8 42315 4803 2.135 2.8%4 5.29% 1l.242 3.B62 0,826 Q.333 0.048 Q.086 0.343 17 A5
45 2.5 1,85 2.971 4.143 3.895 2.193 2.335 S5.179 11,554 3.923 0.@24 0.333 0.051 0.3 d.081 @2 A7/
5 2.5 1,82.826 4,853 3.784 2.245 2.607 5.066 11,893 3.9% 9.92% 6,333 0.25%% Q.02 0.07% 0.2 1.3
15 2.5 1.751.982 3.965 3.57@ 2.291 2.915 4,936 12,260 4,084 9.02% 9.333 0.56 Q.6 Q.e8 6.3 .39
45 2.5 1.7 1.939 3.878 3.555 2.332 3.266 4.848 12,660 4.189 0,624 0.333 @.963 .81 0,105 @.36 1.73
45 2,5 1.651.857 3,793 3.437 2,363 3.669 4,74 13,893 4.312 0,824 0,333 0.8 0.866 @8.123 @.46 2,19
L]S 55 1.61.855 3.789 3.318 2,480 4.133 4.636 13.563 4.457 8.824 2,333 @075 .07l Q145 AE 274
ls 2.5 1.35 1.813 35.626 3.197 2.427 4.670 4.533 14,075 4,626 ©.024 @.332 0.062 3.678 90.170 Q.67 3.41
55 2.5 1.51.772 3.544 3.075 2.449 5.297 4.430 14,633 4,825 O.024 9,333 0.299 0Q.086 0.199 Q.81 4.2
5 2.5 1,45 1,731 3.463 2.952 2,468 6.032 4.329 15.243 5,038 9.02% 0,333 Q.12 2.095 0.233 9.58 3.20
| S 1.4 1,691 3.382 2.828 2,482 £.898 4,288 15,919 5,32 €.024 9,333 0.112 0.106 2.273 .22 6. 48
§5-2.5 1.35 165! 3.302 2,784 2.492 7.926 4.127 16.641 5.659 0.@2% 2,333 0.125 @.119 @3 .58 7.9
15 2.5 1.3 1.Blf 3.222 2.579 2.498 9.155 4027 17.446 6.026 @.€2% 0,333 @.:43 @135 0377 L.20 9,83
5 2.5 1.25 :.570 3.142 2,456 2.500 19.634 3.927 $8.335 6.470 0.8 9,333 0.163 .153 @445 2 47 12.26
“ls 2,5 1.2 $.551 3.062 2.329 2.498 12.429 3.807 19,318 6.995 @.824 0.333 0.:83 AQ.iT6 2527 334 L5683
45 2,5 1.15 149t 2,983 2.295 2,492 14.685 3.727 28.42 7.519 @.%6 9,333 2.2'8 9,203 2626 4,80 £2.49

S 2.5 1,03 LAT5 2,949 2.155 2.463 15.B6! 3.687 22,883 7.%702 3.22% 0.233 A2 @ 9,283 2.€2 22.00@

L5 2.5 t.11 1,439 2,617 2,105 2.484 16,747 3.6% 21,377 .22 ©.02% 9,333 Q.87 @239 0.3 323 25.23

£5 2.5 1,09 1.452 2.885 2.955 2.479 17,555 3.686 21,853 B.533 Q.08 33 J2e3 AW 0.&T 47 20, £9

5 2.5 .07 1426 2.833 2.086 2.474 19,276 5.566 22.433 8.885 9.924 0.333 9.2%: @272 243 877 35..7

15 2.5 1,05 1.4:0 2,82 1,957 2.468 20,722 3.585 23,299 2.264 0.22% 9,333 0.5 3.5 QIR 9,31 45,18
1

45 2,5 1,03 1.39% 2,788 1,997 2.46% 22,389 3.485 23,595 9.674 @924 9,333 .33 @.3:2 Q.41 13.0% 64,31
45 2.5 1,885 1,353 2,780 1.895 2.459 P2.73 3.475 23.748 9.782 @284 0.333 .39 AJ6 2108 13.%% 78.27



Ul JNNE MOUNTAIN FACTLTIES
. SUBBAGIN IV-B 7O DETENTION BASIN NO. B
\39° O .
L VARIED FLOW PROFILE IN CULVERT

r

3 METHDD (RES, HENDERSON, °OPEN CHANNEL FLOW® 1966,0. t28)
| D Y BETR THETA AREA TOP WID FR2 P N E N So §f  AVE Sf DILTA E DELTA X SUM X
'3 F7T  FT RADIANRADIANS FT2  FT Fr Fes FT FT/FT FT/FT  FT/FT Fi T FT
5 2.5 a2.2243 4.868 4,575 1.623 1,067 6.085 9.836 3.702 0.02% V.23 0.237
2,5 2.12.319 4637 4,462 1.833 1.352 5,796 10.283 3,723 0.024 0.230 9.Q33 8.038 0.62¢t 0,19 A.19
i 2,5 22,214 4.423 4,210 2,923 1.6B6 S5.536 10,689 3.774 0.02% 0.252 @.043 0.84 Q.03 8.23 835
] 2.5 1.92.018 4235 4803 2,135 2.€34 5.294 1l.242 3.862 Q.24 .20 9Q.848 O @45 0,289 @.43 ©.78
45 2.5 1.8 2,086 4.053 3.784 2,245 2.607 5.066 11.893 3.9% 0.924 0.200 8,354 2.851 9,135 .68 1.4
a5 {.7:.939 3878 3.555 233 3.866 4.848 12.650 4169 0.024 0,230 Q.63 0.%53 8.19% 1@ 247
25 1.61.855 3.709 3.318 2.400 4.133 4.636 13.563 4.457 0.92% 0.230 0Q.075 0.069 9,270 1,49 3.6
45 2.5 1.51.772 3.544 3.975 2.449 5.297 4.430 14,633 4.825 0.924 0.250 2.8%0 0.283 98.3711 2.2 &.18
2.5 1.4 1,691 3.382 2.828 2.482 6,898 4.228 15.919 5.3%0 .32 0.2 Q.12 8,121 .51 3.43 9.8l
25 1.31.611 3,222 2.579 2.4%8 9,155 4027 17.446 6.026 Q.04 2,250 .143 0. 128 9.783 5.75 15.35
Y 2.5 1.25 1,571 3.142 2.454 2.500 10.63%4 3.927 18.335 6.470 9.024 0,250 0.1&3 O 133 0,445 459 19.94
45 2.5 1.2 1.531 3.652 2,329 2.498 12,429 3.827 19.3i8 6.995 0.824 0.2°9 9.183 @.176 @527 7.07 27.8!
] 2,5 1.15 1.491 2,981 2.205 2.4%2 14,625 3.727 20.412 7.619 0.%24 @.258 0.213 0Q.203 8.626 13.25 £3.27
] 2,5 1.11.45% 2.991 2.88% 2,482 17.338 3.626 2:.622 &.366 ©.024 .25 @233 Q.23 2,749 5455 94,82
it
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RUN-ON CONTROL CHANNELS
PLAN AND PROFILE DESIGN DETAILS
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1.0 Introduction

Clean Harbors Lone Mountain, LLC (CHLM) has developed this Construction Quality Assurance
(CQA) Plan to ensure that its Lone Mountain Facility complies with the applicable EPA and
Oklahoma Department of Environmental Quality (ODEQ) regulations and demonstrates that the
regulatory requirements for the construction of the landfills and closure caps, including the inspection
of liners, will be met. The plan is intended as a reference for both construction and regulatory
personnel. The CQA Plan has been organized following the outline recommended in the EPA
Technical Guidance Document entitled "Quality Assurance and Quality Control for Waste
Containment Facilities." The plan first discusses the project organization, responsibilities, and
authority of the various personnel involved. It describes the qualifications of personnel involved in
the administration and implementation of the CQA Plan. The inspection activities associated with the
project are defined. The plan discusses meetings that should be held during the project. Finally, the
plan details the documentation required to provide evidence of adherence to this plan. When the
various components of this plan are combined, the resulting efforts will produce a well-constructed
and operational project.

This CQA Plan is devoted to Construction Quality Assurance. In the context of this document,
Construction Quality Assurance and Construction Quality Control are defined as follows:

e Construction Quality Assurance (COA) - A planned and systematic pattern of means and
actions designed to assure adequate confidence that materials and/or services meet
contractual and regulatory requirements and will perform satisfactorily in service.

e Construction Quality Control (CQQC) - Those actions which provide a means to measure and
regulate the characteristics of an item or service in relation to contractual and regulatory
requirements.

In the context of this document:

e CQA refers to means and actions employed by the CQA Consultant to assure conformity of
the Project "Work" with this CQA Plan, the Construction Drawings and Project Specifications;
and

e Construction Quality Control refers to those actions taken by the Contractor, Manufacturer,
or Geosynthetic Installer to verify that the materials and the workmanship meet the
requirements of this CQA Plan, the Construction Drawings, and the Project Specifications. In
the case of soil components, CQC is combined with CQA and is provided by the CQA
Consultant. In the case of the geosynthetic components and piping of the work, CQC is
provided by the Manufacturer and Geosynthetic Installer and the Contractor. CQA testing of
soil, pipe, concrete, and geosynthetic components is provided by the CQA Consultant.

This plan provides construction quality assurance activities for the construction of the landfill cells as
well as for the construction of the closure caps for the cells. Many of the activities described in this
plan are the same for both landfill cell construction and closure construction. In cases where landfill
cell construction and closure construction activities differ, the applicable inspection activities will be
clearly identified. Applicable inspection activities associated with both the construction of the landfill
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cell and the construction of the closure cap are described in the first table of the "Inspection
Activities" section of this plan.

Until approved by the ODEQ), a revised CQA Plan will not be in effect, and the current ODEQ
approved CQA Plan will remain in force. When approved by the ODEQ), a revised CQA Plan will be
implemented for the next cell or cap to be constructed; however, if approved during the time of
landfill cell or cap construction, the revised plan can be implemented immediately.

2.0 Organization, Responsibility, and Authority

Clean Harbors Lone Mountain, LLC (CHLM) is the operator of the Lone Mountain Facility. As such, it
recognizes that it is ultimately responsible for the design, construction, and operation of the land
disposal facilities at the site. CHLM recognizes that it is responsible for complying with the
requirements of the permitting agency in these activities, including providing the proper
documentation that the facility was constructed as specified in the CQA Plan. CHLM has the
authority and responsibility to determine what individuals or organizations will be responsible for the
design, CQA, and construction activities. CHLM also has the authority and responsibility for
determining the organizational structure for these activities.

2.1 Organization and Authority

CHLM has assigned the above-indicated responsibilities of overseeing all activities associated with the
design and construction of their hazardous waste landfills and closure caps, with specific emphasis to
the CQA program, to the Vice President, Technology (aka Engineering). The organizational structure
for the CQA program is illustrated in Figure 1. The solid lines on Figure 1 represent the lines of
authority; whereas, the dashed lines indicate lines of communication. As illustrated in Figure 1, the
Vice President, Technology, is ultimately responsible for all activities associated with the successful
construction of the waste landfill cells and closure caps. The construction quality assurance program
has been organized so that all individuals involved in construction will ultimately report to the CQA
Officer, who will be an employee and report to the Vice President, Technology.

The implementation of the CQA Plan occurs through the CQA Officer. Functioning under the CQA
Officer will be the Certifying Engineer. The CQA personnel will be responsible for ensuring that the
work items indicated above associated with the landfill are constructed in accordance with the plans
and the specifications defined herein. CQA personnel will be responsible for reviewing contractor
submittals, performing field observations, conducting the various tests and making observations as
specified in the CQA Plan, for documenting those tests, and for reporting and reviewing the test
results.

2.2 Responsibilities

The specific responsibilities of the various individuals or entities presented in the organizational chart
of Figure 1 are presented below.

Vice President, Technology. As indicated, the Vice President, Technology (aka Engineering) has
the responsibility for overseeing all aspects associated with the design and construction of the
landfills and closure caps at the Lone Mountain Facility. The Vice President, Technology assumes
the responsibilities of the facility owner. Thus, the responsibilities include ensuring that the design
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and construction of the cells and closure caps comply with the requirements of the permitting
agency as well as with operational needs. He has the authority to select and dismiss organizations
or individuals charged with the design, CQA, and construction activities.

Construction Manager. The Construction Manager is responsible for implementing the
construction and overseeing contractors. The Construction Manager may be a representative of
CHLM or a sub consultant.

CQA Officer. The Vice President, Technology has assigned the CQA Officer the specific
responsibility of overseeing the construction quality assurance aspects of the project. The CQA
Officer coordinates aspects of the CQA Plan with the Certifying Engineer; however, the CQA
Officer reports to the Vice President, Technology, and thus, functions independently from the
certifying and design engineers or the construction contractors. The CQA Officer has the
authority to stop any aspect of the work that is not in compliance with the CQA Plan. Work
would then be resumed with the approval of the CQA Officer once corrective action has been
approved and taken to correct any defective work. In the absence of the CQA Officer from the
work site, the duties and responsibilities of the CQA Officer shall be delegated to one of the CQA
personnel. The specific responsibilities of the CQA Officer include:

a.  Review the design documents and plans to ensure that the CQA Plan
can be implemented.

b.  Train CQA personnel on CQA requirements and procedures.
c.  Schedule and coordinate CQA inspection activities.

d.  Direct and support the CQA personnel by confirming that regular
calibration of testing equipment is properly conducted and recorded;
confirming that testing equipment, personnel, and procedures do not
change over time or by ensuring that any changes do not adversely
impact the inspection process; confirming that test data is accurately
recorded and maintained; and verifying that raw data is properly
recorded, validated, reduced, summarized, and interpreted.

e. On at least a monthly basis, provide to the Vice President,
Technology a summary report documenting the following:

. CQA activities completed during the preceding month.

. A summary of all non-conforming or suspected non-conforming
work and corrective actions taken during the preceding month.

. Identification of work that the CQA Officer has accepted.

e An indication that to the best of his/her knowledge and based
on the CQA activities completed to date, the construction is
being accomplished in accordance with the CQA Plan.

. An evaluation of the degree of reconciliation between non-
conforming work and the specifications as defined in the CQA
Plan, and the ability of the CQA program to meet the quality
objectives of the CQA Plan.
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f.  Verify that the CQA personnel are completing and properly
documenting all on-site observations and tests required to ensure
compliance with the CQA Plan.

g.  Approve specific corrective measures to be implemented during
construction where deviation occurs from the CQA Plan.

h.  Review, coordinate, and approve CQA activities to ensure that testing
and documentation are complete and accurate.

i. During the course of construction and following completion of the
project, maintain a project CQA file for maintaining and storing the
originals or copies of all data sheets and reports that are generated in
carrying out the CQA Plan as identified herein. A complete copy of
these reports will be maintained on-site.

j- Oversee preparation of the final construction report at the completion
of the project, which will be a compilation of all of the daily reports
generated during the course of construction, as well as a summary
report of all CQC and CQA activities.

Design Engineer. The responsibilities of the Design Engineer include those design activities that
occur during the construction of the project. The specific responsibilities include the following:

a.  Review and approve design changes to the landfill (including closure
cap) to meet the operational requirements of the owner and the
permitting requirements of the agencies.

b.  Coordinate design changes with the CQA Officer.

c.  Approve corrective measures to be implemented where deviation
occurs during construction from the design.

The Design Engineer has authority to work within the framework of the design and CQA Plan.
The Design Engineer does not have the authority to make any decisions that would alter the
design and the CQA Plan for the facility without the express approval of the CQA Officer (refer to
Section VI - Change Control Procedures) and the regulatory agency (ODEQ), where applicable.

Certifying Engineer. The responsibilities of the Certifying Engineer include certifying that
construction of the cell or cap was accomplished in accordance with the design documents and
CQA Plan. The specific responsibilities include the following:

a.  Review and approve the CQA documentation.

b.  Document corrective measures to be implemented where deviation
from the CQA Plan occurs during construction. Document action to
the CQA file.

The Certifying Engineer has the authority to work within the framework of the design and the
CQA Plan. The Certifying Engineer does not have the authority to make any decisions that would
alter the design and the CQA Plan for the facility without the express approval of the CQA
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Officer (refer to Section 6.6.6 - Change Control Procedures) and the regulatory agency (ODEQ),
where applicable.

Construction Quality Assurance (CQA) Personnel. The Construction Quality Assurance (CQA)
personnel will work under the direction of the CQA Officer and Certifying Engineer to ensure
that the CQA Plan is executed properly. The authority of the CQA personnel will be limited to
the performance of required testing, observation and documentation requirements of the CQA
Plan. The CQA personnel will have authority to stop work as per the directive of the CQA
Officer. Specific responsibilities of the CQA personnel include the following:

a. Perform on-site observation, testing, and documentation of the work
in progress to monitor/document compliance with the CQA Plan.
Verify that the equipment used in testing has been calibrated.
Conduct required testing as defined in the CQA Plan.

d.  Record results of all observations and tests daily. Work that fails to
meet the CQA Plan after corrective action has been taken should be
reported immediately to the Construction Manager so that alternate
corrective action can be determined. This reporting shall be included
in the daily construction reports.

e.  Verify that corrective action has been taken (where required) and
recorded on the daily construction reports.

O o

f. Prepare and assemble the required documentation of the results of
on-site observations, testing, and reviews conducted by CQA
personnel.

g. Provide the results of on-site observations, testing, and
documentation of the work in progress to the CQA Officer and
Certifying Engineer.

3.0 Project Meetings

Meetings should be held during the project to enhance communications between personnel
responsible for design, inspection, and construction of the project. These meetings will include a pre-
construction CQA meeting and monthly CQA meetings.

3.1 Pre-Construction CQA Meetings

Familiarizing each organization with the CQA Plan and their role relative to the CQA Plan.
Reviewing the responsibilities, lines of authority, and communication of each organization.
Discussing the procedures for observations and testing.

Discussing procedures for handling construction deficiencies, repairs, and retesting.
Reviewing methods for reporting and documenting testing and inspection activities.
Reviewing methods for distributing and storing documents and reports.

Identifying work areas and equipment and materials storage areas.

Identifying required submittals for the project.

PN W=
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9. Discussing procedures employed by soils contractor and/or geosynthetics installer to train
their operators and/or technicians to provide a quality work product.

3.2 Monthly CQA Meetings

Meetings should be held approximately once per month to discuss the progress of the project. Those
to attend should include the CQA Officer, the Certifying Engineer, a representative of the CQA
personnel, and a representative of the contractors (as needed). Items to be discussed in this meeting
should include, but not be limited to:

1. Discussing the CQA, and construction activities and accomplishments of
the previous month.

2.  Exchanging, reviewing, and discussing required documentation of
construction, observation, and testing activities.

3. Defining and discussing problems or deficiencies associated with the work
and CQA activities. Documenting problems or deficiencies discussed in

the CQA file.
4.  Reviewing alternative solutions.
5. Implementing corrective actions to resolve problems or deficiencies.

CQA personnel should prepare minutes of the meeting for distribution to all attending parties.
4.0 Personnel Qualifications

In order to ensure that the various individuals associated with the CQA Plan are properly qualified,
general qualifications have been developed for each position. This should ensure that participating
individuals are properly qualified for the performance of their assigned tasks. The following details
each position and the generally expected qualifications. Note that the qualifications listed below are
not absolutes. They are presented as a general guideline for the relative education, experience, and
knowledge of the personnel.

1.  CQA Officer

. Undergraduate technical degree, preferably in engineering, engineering
geology, or closely associated disciplines.
. Registered Professional Engineer.

*  Three years’ experience in the waste industry.

2. Design Engineer

. Undergraduate engineering degree.
. Professional Engineer registered in the state of Oklahoma.
. Three years’ experience in the waste industry.

3. Certifying Engineer

. Undergraduate engineering degree.
@) =NVIROTECH 6
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. Professional Engineer registered in the State of Oklahoma.
*  Three years’ experience in the waste industry.
4. Surveyor
. Registered land surveyor in the State of Oklahoma.
5.  CQA Personnel
. Previous experience in executing the required inspection activities or working
under the direct supervision of another CQA individual with previous

experience.
5.0 Inspection Activities

This section of the CQA Plan describes the inspection-activities (observations and tests) that will be
performed by the CQA personnel during the construction and installation of the work elements
associated with the project.

The major work elements that comprise the project, the specifications governing each work element,
and the CQA activities to be performed in a timely manner to ensure a quality outcome of each work
element are identified in Table 1 for landfill cell construction and closure. Table 1 identifies the
observations and tests to be conducted by the CQA personnel, the frequency of observations and
tests, the acceptance/rejection criteria that will be used in the evaluation of the tests, and how the
observations and tests are to be recorded and documented.

Measuring and testing equipment (M&T) used for critical items of construction must be controlled in
order to ensure the quality outcome of the project. M&T equipment used for critical items of
construction include the nuclear gage, scales, sealed single ring infiltrometer, two-stage boutwell test,
large-scale block sampling and testing etc., used by the CQA personnel associated with the testing of
the soils-related aspects of the project, surveying equipment used by the surveyor in checking and
controlling construction grades, pressure gages used in the non-destructive testing of the HDPE liner
welds, and tensiometers for peel and shear tests of HDPE welds. This equipment is to be calibrated in
accordance with manufacturer recommendations and annually at a minimum. At the beginning of
the project, Contractor will provide the CQA personnel with documentation confirming that the
equipment has been calibrated. This documentation will be included in the construction
documentation report at the completion of construction of the project.

6.0 Change Control Procedures

This section describes the procedure for initiating and approving minor changes in a timely manner
necessary to maintain or enhance quality during construction. As the need for minor changes occurs,
they must be controlled by both the permittee and by the regulatory agency. The types of changes
will be divided into two categories: (1) Change Control Procedures, and (2) Class | Permit
Modifications.
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In either case, mutual agreement between the regulatory authority and the permittee as to the
proposed change type will normally occur prior to submission of supporting documentation to the
regulatory agency for processing. Verbal communication of the proposed change will aid in this
determination, and the following procedures will be applicable to both types of changes:

1. Design engineering and construction changes will be initiated by, but not limited to,
CQA personnel, the CQA Officer, the Vice President, Technology, or other parties
which the Vice President, Technology designates.

2. All proposed design engineering and construction changes will be reviewed and
approved by the Design Engineer. If approved, the Design Engineer will provide
documentation to the CQA Officer indicating that the proposed change(s) will meet
the minimum quality requirements of the project.

3. The CQA Officer will review and approve or disapprove the proposed change(s)
based on the documentation and recommendation of the Design Engineer.

4. If the CQA Officer approves the proposed change(s), verbal notification of the
proposal should be made to the Oklahoma Department of Environmental Quality
(ODEQ). The scope of the proposal will be discussed to obtain a mutual
understanding and agreement as to the proper type of change action. If the decision
indicates a Class 1 Permit Modification, the appropriate application package format
will be assembled and submitted to the ODEQ for approval. The requirements of 40
CFR 270.42 will be followed in this scenario. If the determination allows a change
control procedure, then the documentation of the change should be submitted to the
ODEQ within 48 hours of verbal notification.

5. All documentation submitted to the agency regarding change(s) will be included in
the construction documentation report. As-built details of the project will be
prepared which will reflect approved changes.

7.0 Documentation

Documentation of construction and inspection activities associated with the CQA Plan will consist of
daily recordkeeping and a final report to be prepared under the direction of the CQA Officer. Daily
reporting procedures associated with the CQA activities are described based on specific work
elements in Table 1 of the inspection activities section and are to be performed in a timely manner.
The results of testing and observations as recorded on the daily construction reports will be reviewed
and accepted by the CQA Officer or his designee. Acceptance of the daily construction reports will
consist of either counter-signing the forms directly or having one of the CQA personnel sign the forms
indicating that they have been reviewed and accepted on behalf of the CQA Officer. During the
construction of the facility, the CQA Officer will be responsible for maintaining and storing the
originals or copies of all data sheets and reports that are generated in carrying out the CQA Plan as
identified herein. A complete copy of these reports will be maintained on-site during the course of
construction.

(@ ENVIROTECH 8
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The CQA Officer will direct the preparation of a final construction documentation report at the
completion of the project. The CQA report will provide a summary of CQA activities and will
demonstrate that the construction satisfied the CQA Plan and applicable State and Federal
regulations. The CQA report will provide an evaluation of the degree of reconciliation between non-
conforming work and the specifications as defined in the CQA Plan and the ability of the CQA
program to meet the quality objectives of the CQA Plan.

The CQA Report will also include an overall summary of construction activities associated with the
project. The Certifying Engineer will certify that construction within the inside edge of the anchor
trench was accomplished in accordance with the CQA Plan and any field design, engineering, or
construction changes were made in accordance with the change control procedure and/or a Class 1
Permit Modification.

The CQA Report will provide a summary of the soils observation and testing aspects of the
construction or closure project. The repo1t will certify that the soils poTtions of the cell or closure
cap were constructed in accordance with the CQA Plan and any field design, engineering, or
construction changes made in accordance with the change control procedure and/or a Class 1 Permit
Modification.

The CQA Report will include a summary of the geosynthetic liner observation and testing aspects of
the project. The report will certify that the geosynthetic liner portions of the cell are constructed in
accordance with the CQA Plan and any field design, engineering, or construction changes made in
accordance with the change control procedure and/or a Class 1 Permit Modification.

The Final CQA Report will be certified by the Lone Mountain Facility Manager and will be submitted
to the ODEQ within sixty (60) days of completion of the project. The completion of the project will
be defined as the date when the CQA Officer notifies the Facility Manager in writing that the project
is complete. The CQA Officer must certify that the CQA Plan has been successfully carried out, and
that the unit meets the requirements of 40 CFR 264.301 (c) or (d).

(@ ENVIROTECH 9
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TABLES
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TABLE 1

LANDFILL CELL CONSTRUCTION / CLOSURE INSPECTION CQA ACTIVITIES

WORK ELEMENT

SPECIFICATION

CONSTRUCTION QUAILITY ASSURANCE
(CQA)

CELL FOUNDATION PREPARATION

Review geotechnical investigation report to become familiar
with the expected site conditions.

CLEARING & GRUBBING: Remove vegetation, debris,
organic, or deleterious material from below areas to receive
embankment material. Soft and vyielding spots shall be
corrected by drying and recompacting the material or shall be
removed and disposed of as directed by the CQA Officer.
Material so removed shall be replaced with a suitable material
and shall be compacted to the density requirements.

Observe the clearing and grubbing operation. Document that
clearing and grubbing is complete and that vegetation, roots,
and highly organicsoilwithin appropriate areasis removed,

SCARIFICATION & COMPACTION: Foundation area-
Scarify to a depth of at least 8 inches. Moisten and compact
to at least 95.0% of the Standard Proctor density as
determined by ASTM D-698 with a moisture content of mins
H 2.0% to plus (+) 4.0% of the optimum moisture content.

Observe and document that required activities are performed.
Perform compaction testing on recompacted subgrade using
applicable methods indicated in Appendix A at a minimum
frequency of one per 12,000 sf. The location of the tests shall be
chosen on a random basis. Report any deficiencies to the
Construction Manager and confirm that deficient areas are
reworked and meet the specification. Obtain signature and
approval of geosynthetic subgrade acceptance from
Geosynthetic Installer, as appropriate.

Remove unsuitable material as required.

Foundation approval.

Identify soft and yielding areas of subgrade and report to
Construction Manager for over excavation and removal.
Identify areas of unsuitable material for removal from
project area. Observe and document that required
activities are performed. Perform compaction testing on
recompacted subgrade using application methods
indicated in Appendix A at a minimum frequency
presented in Table 2. Report any deficiencies to the
Construction Manager and confirm that deficient areas are
reworked and meet the specification. Obtain signature
and approval of geosynthetic subgrade acceptance from
Geosynthetic Installer, as appropriate.

BORROW PREPARATION

Remove vegetation, debris, organic, or deleterious material
from borrow areas

Observe the clearing and grubbing operation. Document
that clearing and grubbing is complete and that vegetation,
roots, and highly organic soil within appropriate areas is
removed.
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CELL EMBANKMENT, ROADWAYS,
AND RAMP

BORROW: Satisfactory embankment materials are defined
as those complying with the Unified Soil Classification of CL,
ML, SM, SC, or combinations of these materials.

Perform and document visual classification of borrow
source materials. Notify Construction Manager of soils not
meeting the specifications. Obtain laboratory moisture-
density relationship (Proctor) and classification tests on
every 10,000 cubic yards or change in material based on
the Unified Soil Classification System (see Table 2).
Applicable testing methods are referenced in Appendix A.

EMBANKMENT AND BACKFILL: Embankment and backfill
material will be placed with heavy construction equipment and
willbe compacted toat least 95% of the Standard Proctor density
as determined by ASTM D-698 with a moisture content of
minus(-) 2.0% to plus(+) 4.0% of the optimum moisture content.
Material compacted with hand operated tampers will be
compacted to 95% of the maximum dry density as determined by
ASTh1 D698 with a moisture content of minus (-) 2.0% to plus (+)
4.0% of theoptimum moisture content.

Perform and document compaction testing on
embankment and backfill using applicable methods
indicated in Appendix A at a minimum frequency of one
per 12,000 square feet per lift. These tests will be
performed on the roadways and ramps at a frequency of
one test per 300 linear feet per lift. The location of the tests
shall be chosen on a random basis. Report any deficiencies
to the Construction Manager and confirm that deficient
areas are reworked and meet the specification.

PLACEMENT: Backfill and fill shall be placed in uniform lifts.
A lift is defined as 8 inches or less in loose depth for material
compacted by heavy compaction equipment, and 4 inches
or less in loose depth for material compacted by hand-
operated tampers. In anchor trenches, the first lift shall be
placed not more than 12 inches in loose depth with
subsequent lifts placed 4 inches in loose depth. Where
backfill is placed around pipes, the first lift will be placed to
a depth slightly higher than the spring-line of the pipe, to
prevent displacement of the pipe.

When fill is to be placed and the work area is covered with
snow, the snow must be removed. If the top layer of the
embankment becomes frozen or if frozen material is
delivered to the embankment, the frozen material must be
removed.

Observe and document fill and backfill placement and
compaction operations. Report any deficiencies to the
Construction Manager and confirm that deficient areas are
reworked and meet the specifications.

Observe and document that snow is removed and that
conditions meet the specifications. Report any deficiencies
to the Construction Manager and confirm corrective
actions are implemented in deficient areas.

GRADING: In-place embankment materials and natural soils
shall be fine graded to the design elevation and typical
sections. Acceptable grading tolerance limits for finished
embankment surfaces shall be as follows:

Interior embankment slopes and the cell floor (subgrade for
the clay liner): zero to minus (-) 0.8 of a foot.
All other embankment slopes: + or — 0.2 of a foot.

Review certified as-built survey for compliance to CQA
Plan and design documents. Notify Construction Manager
of deficiencies. Review final survey data. Verify the
frequency of survey measuring points. Verify that the
surveyor certified that the construction is to the specified
line and grade.
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Perform survey measurement at completion by licensed
surveyor. Survey points shall be on at least a 60-ft grid and at
all control points. Surveyor shall indicate where the
embankment meets the design line and grade. Submit survey
data to design engineer, Construction Manager and CQA
Officer.

BORROW: Satisfactory clay liner or clay cap material is | Test compacted clay liner/cap material in accordance
defined as CL, CH, ML, and MH soils or combinations of | with minimum frequencies listed in Table 2. Observe and
these materials based on the Unified Soil Classification with | documentsamplinglocations and confirm thatsamples are
at least 80 percent passing the No. 200 sieve and having a | representative of source material. Notify Construction
compacted permeability of less than or equal to 1 x 107 | Manager of unacceptable material and observe and
cm/sec. document that this material is not utilized. Obtain
laboratory classification test every 1,000 cubic yards. For
every 10,000 cubicyards or change in material, based on
the Unified Soil Classification System, develop water
content ¢ density acceptance criteria, "Acceptable Zone",
based on EPA Technical Guidance Document
EPA/600/R-93/182. This procedure involves preparing
and compacting each sample with standard compaction
procedures (6 moisture density points each), testing each
compacted specimen per ASTM D5084, and plotting the
dry unit weights, molding water contents, and
permeability of each moisture density point. , Finally, the
"Acceptable Zone" will be determined based on hydraulic

CLAY LINER / CLAY CAP conductivity alone and will be ultimately determined by
the CQA Officer.
PROCESSING: These procedures are necessary to provide. | Observe and document processing operations, including but not
suitable material for limited to, deflocculant application rates, equipment used,
construction of the low permeable soil layer. clod size, uniformity of moisture content. Confirm that all
1. Mine satisfactory clay soil from the borrow area. soil mixing provides a homogeneous soil. Report any

2. If needed to achieve a permeability of I x 107 | deficiencies to the Construction Manager and confirm that
cm/sec., uniformly apply deflocculant to the claysoils | all deficient areas/soil are reworked and meet the
ata rate of atleast 3 pounds per 50 cubic feet of loose | specification.
clay soil, or at a lesser rate if approved by the Design
Engineer, the Certifying Engineer and the CQA
Officer.

3. Mix the deflocculant thoroughly into the clay soil using a
"Bombag-type" mixer.

4. Add moisture to the clay soil to bring it near the
optimum moisture content.

5. Mix and break up the material to maintain dry clod
sizes smaller than | inch. Continue to mix and break un




LONE MOUNTAIN RCRA/HSWA PERMIT RENEWAL
EPA ID No. OKD065438376

VOLUME 12, SECTION 6.6, TABLE 1

REVISED AUGUST 2020

N
leanHarbor

ENVIRONMENTAL SERVICES, INC.

the material tointroduce ahomogeneous material.

TEST FILL

Atest fill pad with plan dimensions of at least 60 by 75 feet
is to be constructed to establish the procedure to be used
during construction of the clay liner. In addition, the
contractor shall construct at least one additional large test
fill for Each additional process proposed for use during
placement and compaction of clay liner material using large
compaction equipment. A test pad with plan dimensions of
at least 5 by 5 feet is to be constructed for each process
proposed for use during placement and compaction of clay
liner material using small self-propelled or hand operated
compaction equipment. The test fills are to be
constructed and tested in accordance with the following
specifications:

I. Aminimum of three lifts of prepared clay shall be placed,
The first lift is defined as 12 inches or less of loose
material and subsequent lifts are defined as 6 inches or
less of loose material. With the additional stipulation
that the subsequent lifts cannot be greater than 2
inches thicker than the length of the feet on the
sheepsfoot compactor. In the small test fill, a lift is
defined as4inchesorlessof loose material.

2. Theclayisto be compacted by equipment proposed for
use during construction of the clay liner. In the large
test fill, a minimum of one pass of the sheepsfoot
compactor or soil disk will be required over the
previously compacted lift of soil to tie the new lift into
the preceding lift. Compaction of the test filis are to
be accomplished by at least four passes of suitable
compaction equipment.

3. The clay is to be compacted so that each
moisture/density test falls in the "Acceptable Zone"as
determined by the Project Engineer based on water
content- density criteria after EPA Technical Guidance
Document EPA/600/R-93/182.

4. Theclayisto be compacted to provide a permeability of
lessthanIx10-" cm/sec.

5. In the large test fill, a minimum of one pass of the
smooth-drum roller will be required on the final lift
to simulate finishing procedures.

6.  Procedures used to construct the test fills must be
reviewed and approved by the CQA Officer and
Certifying Engineer prior to allowing clay to be placed
inside the landfill.

Observe, document, and test the construction of the clay liner
test fills. Verify that the same orsimilarequipment will be used in
clay liner/cap construction. Perform field and laboratory testing
at the minimum frequencies in Table 2 for the Test Fill. Field
test locations shall be chosen on arandom basis.

Notify Construction Manager of unacceptable material and
observe and document that this material is not utilized. Report
any deficiencies to the Construction Manager and confirm
that all deficient areas/soil are reworked and meet the
specification.

Perform in-situ hydraulic conductivity test (sealed single ring
infiltrometer, or two stage borehole (Boutwell) test per ASTM
D6391 or large-scale block sampling (see Appendix A2) test
on each lift (one for small test pad). Test on each lift can
be performed after completion of the test fill by excavating
pads or utilizing deeper boreholes that encounter each lift.
Approval of clay test pad shall require three passing field
permeability test results. Prepare memorandum summarizing test
fill construction procedures and test results.
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CLAY LINER / CLAY CAP PLACEMENT

The clay liner/cap will be prepared, placed, and compacted using
the same equipment, and mixing and compacting procedures
thatwereapproved inthetestfill pads.

Observe, document and clay liner during placement and
compaction operations. Document that procedures used
follow the same procedures used to construct the test fill pads.
Report any deficiencies to the Construction Manager and
confirm that all deficient areas/ soil is reworked and meet
the specification.

Clay liner/ clay cap material will be constructed so that each
moisture/density test falls in the "Acceptable Zone" as previously
determined by water content-density criteria (EPA Technical
Guidance Document EPA/600/R-93/182). The probe hole from
density testing shall be filled with compacted bentonite by
filling the hole in approximately 3-inch loose lifts and
compacting each lift.

Observe, document and clay liner during placement and
compaction operations. Perform tests at minimum
frequencies presented in Table 2. Location of tests shall be
chosen on a random basis. Report any deficiencies to the
Construction Manager and confirm that all deficient
areas/soil are reworked and meet thespecification.

The depth of the first lift of uncompacted material shall be no
greater than 12 inches. The depth of subsequent lifts of
uncompacted material shall be no greater than 6 inches with the
additional stipulation that the subsequent lifts shall not be
greater than 2 inches thicker than the length of the feet on the
sheepsfoot compactor. The loose lift depth will be no greater
than 4 inches for hand operated compactors. A minimum of one
pass of the sheepsfoot compactor or disk will be required over
the previously compacted lift of soil to tie the new lift into the
preceding lift. Compaction of the clay liner is to be accomplished
by at least four passes of suitable compaction equipment.

To preventthe clay surface from drying, water will be applied to
the clay surface as necessary or as directed by the CQC/CQA
personnel.

When clay liner/clay cap material is to be placed and the

work area is covered with snow, the snow must be
removed.

Observe and document that compaction lift thickness
specifications and the requirement for passage of the
sheepsfoot compactor are met during clay liner/cap
placement/compaction operations. Observe clay liner surface
fordrying. Observe and document that corrective actions are
accomplished, as necessary.

No fill may be placed on frozen material. The frozen
material may be removed so that fill may be placed. No
frozen material may be incorporated in the fill.
The clay liner/clay cap material shall not
contaminated with other soils or debris.

become

Observe and document site conditions. Confirm that all deficient
areas/soil are removed and replaced or reworked to meet the
specification.

Observe soil conditions throughout excavation, stockpiling,
unloading, placementand

compaction. Notify Construction Manager of unacceptable
material and observe and document that this material is
removed and not utilized.

GRADING: During cell construction final grading of the
surface of the clay liner on the cell floor shall be zero (0) to
plus two (2) tenths of a foot above design grade, the surface

Review and approve survey data. Notify Contractor of
areas do not meet design specifications and requirements.
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of the clay liner placed on the interior slopes shall be zero (0)
to plus three (3) tenths of a foot above design grade provided
that no depression in the clay liner surface exceed one inch.
Clay liner beneath the leachate withdrawal pipes in sump
areas must be at design grade with no deviations. The
grading tolerance limits for the clay liner at the inside toe of
the embankment shall provide for a gradually rounded
surface rather than the strict 3H:1V slope. Final grading for
clay cap construction shall be greater than or equal to design
grade provided that no depression in the clay liner exceeds
one inch.

Conduct survey measurement at completion by a licensed
surveyor. Survey points shall be on at least a 60-foot grid and
at all control points. Surveyor shall indicate where the

clay liner/clay can meet design line and grade.

CLAY LINER / CLAY CAP PLACEMENT
(CONT.)

Final grading and finishing efforts on the surface of the clay
liner/clay cap shall leave the surface free of sharp objects and
deleterious material that might damage the overlying
geosynthetics. Finishing efforts on the surface of the
completed clay liner/clay cap shall be accomplished by at
least one pass of the smooth--drum roller and be relatively
smooth (i.e., a one-inch vertical drop). The surface shall
provide a firm foundation (i.e., remolded by strong finger
pressure). Rocks that can be seen are to be removed.
Desiccation cracks larger than one-fourth inch wide and one
inch deep shall be filled with dry powdered bentonite.

Observe, approve, and document final grading and finishing
efforts for compliance with specification. Report any
deficiencies to the Construction Manager and confirm that all
deficient areas are reworked and meet the specification.

GEOSYNTHETIC CLAY LINE (GCL)
BUFFER LAYER

BORROW: Prior to the placement of the Geosynthetic Clay Liner
(GCL), a layer of soil at least six (6) inches thick shall be placed
above the graded waste to provide a buffer layer between the
GCL and the waste. This soil layer will meet the same
specifications as the embankment material, except that it will also
have a maximum particle size of one inch.

Buffer material will be placed and compacted to2_95.0% ofthe
maximumdrydensity as determined by ASTM D-698 with a
moisture content of minus (-) 4.0%to plus (+)2.0 % of the
optimum moisture content

The feet on sheepsfoot compactors, if used to compact buffer
material, shall be less than or equal to 4 inches in length.

Test borrow source material in accordance with requirements
in Table 2. Applicable testing methods are referenced in
Appendix A. Review test results for compliance with
specificationsand approve material for use, asappropriate.

Observe and document placement operations for

compliance with specifications.

Perform and document in place density tests in
accordance with the requirements in Table 2. The location
of the tests shall choose on a random basis. Report any
deficiencies to the Construction Manager and confirm that
all deficient areas are reworked and meet the
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specification.

GRADING: In-place buffer material shall be graded to the
designed elevation and typical sections. Acceptable grading
tolerance limits for finished surfaces shall be plus two (2) tenths
(+0.2") to minus zero (0) tenths of a foot (-0.0').

Survey measurements shall be performed at completion by licensed
surveyor. Survey points shall be on at least a 60-foot grid and at
all control points. Surveyor shall

indicate where the buffer surface meets the design line and
grade.

Review survey data and verify that the survey documents
for the buffer layer meet the grading tolerances of the
CQA Plan, Notify the Construction Manager of any
deficiencies and confirm that all deficient areas are reworked
and meetthespecification.

PLACEMENT: A minimum of six (6) inches of compacted
buffer material is required. Placement of the buffer material is
to be done in such a- manner as to not incorporate the
underlying waste into the buffer material. The buffer material isto
be free of deleterious materials. The buffer soil will be graded to
conform to the planned final drainage patterns. The surface will
be shaped to avoid forming any depressions that might pond
water. The thickness of the buffer layer should be verified
through direct measurement on a grid no greater than 100 feet
square,

The buffer material shall be proof rolled to a smooth condition,
with no protrusions, ridge marks, or abrupt grade changes. Any
minor depressions, holes, etc., may be filled with soil or
bentonite. Buffer material shall not be saturated immediately prior
to the placement of the overlying GCL.

Observe and document placement of buffer zone. Review
measurement of buffer layer thickness notify Construction
Manager of deficiencies and confirm that all deficient areas
are reworked and meet the specification.

Observe and document proof rolling of buffer layer.

GEOSYNTHETIC CLAY LINER (GCL)

REQUIREMENTS PRIOR TO GCL PLACEMENT: Prior to
GCL installation, the liner contractor shall provide to the
CQC and CQA personnel:

1.  Quality Control Certificates: submit conformance
testing results in accordance with requirements of Table
3. Materials shall meet minimum requirements in Table
3. GCL whose certificates indicate material which does
not meet the specifications are to be marked
conspicuously and removed from construction area.

2. GCL Panel Placement Plan: The installer is to provide a
GCL panel placement plan to the CQA Officer prior to
the placement of the GCL.

3. GCL rolls shall be identified, handled, and stored in
accordance with ASTM D5888. Each roll shall be
identified and labeled with a unique identification
number.

Review required submittals for compliance with specifications.
Rejectrolls not meeting

the minimum specifications. Confirm that rejected rolls are
removed from the project area and are unused. Observe
and document material handling procedures and
equipment.

Review, comment and approve GCL panel layout as
appropriate. Observe panel installation for conformance
with panel layout plan.

GCL SUBGRADE SURFACE PREPARATION: The surface onto

Observe and document subgrade conditions prior to
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which the GCL is to be placed shall be free of sharp objects and
visible rocks in the surface. The surface shall be regular with no
abruptchanges in grade greaterthanaone (I) inch vertical drop.
Final rolling of the soil surface shall be by pneumatic tired
equipment, vibratory roller, or steel wheel roller. The soil
surface onto which the GCL is to be placed shall not have
standing water.

placement of GCL panels for compliance with specification.
Notify Construction Manager of deficiencies and confirm that
all deficient areas are reworked and meet the specification.

GCL PLACEMENT: The GCL panels are to be placed as closely as
practical to the GCL panel placement plan approved by the CQA
Officer. No GCL seams should be placed parallel to the direction
of toe on slopes greater than 5%. No equipment shall be allowed
on the surface of the GCL that will cause damage. GCL shall be
placed in general accordance with ASTM D6102.

The installation of GCL must start at the ridge line and proceed
down the slope with the upper end extending at least three feet
beyond theridge line. The GCLshall be covered by HOPE liner
the same working day that the GCL is placed. HOPE liner shall
extend at least one foot beyond the edge of the GCL.

Rolls of GCL are to be inspected for defects as they are
unwound. Defects may include, but are not limited to:
equipment damage, holes, thin spots, areas where the bentonite
does not adhere to the support fabric, or the support fabric has
become separated, signs of contamination by foreign material,
or areas where the GCL has become completely hydrated.

Defective areas in the GCL shall be repaired with an additional
piece of GCL placed over the area with a minimum overlap of
twelve (12) inches beyond the defective area.

Observe and document that panels are placed in general
accordance with the approved GCL placement plan and
specifications. Approve any minor alterations to the placement
plan prior to the change being made. Maintain an as built
drawing showing the general placement of the panels, Notify
Construction Manager of deficiencies and confine that all
deficient areas are reworked and meet the specification.
Document a!! corrective actions.

Observe condition of GCL rolls during deployment and identify
areasofdamage to Construction Manager.

Observe and document the repair of defective areas and verify
thatthe repair isin conformance with the specification item.

GCL shall be installed in a dry condition and shall be protected
from becoming wet. GCL that is allowed to become wet shall be
removed and replaced with GCL that is dry. GCL seams shall
maintain a minimum of six (6) inches of overlap along the
edges and twelve (12) inches at end joints at all times regardless of
shrinkage. Seams shall be free of foreign material. Seamsshall run
parallel with the greatest slope. For seams across the slope, the
uphill panelshould overlap thedownhill panel.

The GCL shall be installed so as to provide a surface with
minimal creases or irregularities.

Observe and document subgrade conditions meet the
specifications prior to GCL deployment. Identify any GCL panels
that have become wet for removal. Verify and document that
adequate overlap has been provided and maintained. Verify
that corrective actions have been taken where required.

Observe condition of GCL rolls during deployment. Identify areas
of damage, creasing, or irregularities to Construction Manager.
Verify that corrective actions have been

taken where required.

FLEXIBLE MEMBRANE LINERS

REQUIREMENTS PRIOR TO LINER PLACEMENT:

Review submittals for conformance with specification. Reject
any submittals that do not comply with specifications.
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Review manufacturer conformance testing frequencies and
resultsin accordance with Table 4. Reject rolls not meeting the
minimum  specifications. Confirm that rejected rolls are
removed from the project area and are unused.

The HDPE liner contractor shall provide a summary of
previous installations and previous warranty work, or if
the liner contractor has previously provided  their
services at the facility, the submittal of the above items is
not required since these will have been submitted for
previous projects.

Prior to HDPE liner installation, the liner contractor shall
provide the CQA and CQC personnel:

I) Conformance testing results in accordance with

2)

3)

4)

5)

requirements of Table 4. Materials shall meet
minimum requirements in Table 3. Rolls that do
not meet project requirements shall be marked
conspicuously and removed from the construction
area. Manufacturer shall submit a statement that
the following is true for the geomembrane to be
used for this project: No post-consumer resin is
used. The addition of reworked polymer (from the
manufacturing process) to resin shall be permitted if
it does not exceed 2% by weight, contains no
encapsulated scrim, and is performed with
appropriate cleanliness. Rolls shall not be deployed
until approval from the CQA Consultant has been
received.

Polymer Raw Material Certificates: The liner
manufacturer is to supply certification that the resin
meets the density specification defined in Table 4.

Welding Rod Certification: The welding rod
manufacturer is to provide certification that the
rod is of the same polymer as the sheet.

Resume  of Installation  Superintendent:
Installation superintendent is to have prior
experience supervising installation of a minimum
of one (1) million square feet of liner.

Resumes of Welding Technicians: There will be
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one welding supervisor designated per welding
crew. The welding supervisor is to have experience
welding a minimum of one (1) million square feet
of liner. Welding technicians shall not be allowed
to weld until approval has been received from the
CQA personnel indicating that the welding
technicians have been approved based on the
required submittals.

FLEX MEMBRANE LINERS (CONT.)

LINER SURFACE PREPARATION: The surface clay line/clay
cap or soil protective cover beneath the HDPE liner is to be
free of sharp objects and deleterious material that might
damage the overlying geosynthetics. Rocks that can be seen
in the liner are to be removed. The surface of the completed
clay line/clay cap or soil protective cover shall be generally
smooth (i.e., greater than or equal to a 1-in vertical drop).
The surface shall provide a firm foundation. Desiccation
cracks larger than one-fourth inch wide and one inch deep
shall be filled with dry powdered bentonite. No standing
water shall be allowed.

Prior to the installation of HDPE liner, two conditions must
be met, unless an alternative is specifically authorized by the
ODEQ:

1. A minimum of one-eight (1/8) of a cell/cap (or less
if the ODEQ on-site inspector agrees) must be
available for approval.

2. The ODEQ on-site inspector must be provided
with the required elevation data for the top of the
clay liner.

Note: the material properties sheet and quality control
certificates shall be signed by a responsible HDPE liner
manufacturer employee and shall be notarized.

Observe the subgrade for the HDPE liner for conformance
with specifications. Notify Construction Manager of any
deficiencies and document corrective actions have been
taken. Record findings of observations, review and actions
taken.

HANDLING OF HDPE LINER: Geomembrane rolls shall be
identified, handled, and stored in accordance with ASTM D4873.
Each roll shall be identified and labeled with a unique
identification number.

HDPE liner shall be labeled with manufacturer, thickness, and
roll number prior to shipment tothesite. When transported tothe
site, the HOPE liner shall be handled by appropriate means so that
no damage is caused to the liner. Transportation to the site shall
be the responsibility of the installer.

Observe and document material handling procedures and
equipment. Notify Construction Manager of any deficiencies.
Confirm and document that any damaged or improperly
labeled rolls are removed from the construction area.
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On-site unloading, storage, and- handling is the responsibility of
the installer. Liner materials shall be stored in a location away
from possible sources of deterioration. Appropriate handling
equipment shall be used to move HDPE liner. The liner shall not

be dragged on the gound.

LINER PLACEMENT: Prior to installation, the liner contractor
shall present to the CQA Officer a liner placement plan. The plan
shall indicate the panel configuration and location of seams.
Seams shall be oriented parallel to the line of the maximum slope.
Seams placed in high stress areas will be minimized (i.e., cell
comers, parallel with the top of the embankment, or at the tOe of
thesside slopes). Noseams shall be placed parallel to and within
3 feetofthe toe of the slope. To minimize the risk of damage by
wind during placement, adequate loading on the HDPE liner to
prevent uplift by wind shall be provided by sandbags or other
means which will notdamage the liner.

Liner placement shall not proceed at an ambient temperature
below 1° C (34° F) or above 35°C (95°F), unless approved by
the CQA Officer,

The liner is to be placed as closely as practical to the liner
placementplan. Theas- builtdrawing will reflect modifications
to the liner placement plan. Care shall be exercised to not
damage the HDPE liner during installation.

Review and approve the panel placement plan. Notify the
Construction Manager of any deficiencies.

Observe and document that the liner is placed in
accordance with the approved liner placement plan.
Review and approve any modifications to the proposed
placement plan during construction. If rejected, an
alternative plan must be proposed and accepted, or the
previously approved plan must be followed.

Rolls are to be inspected as they are unwound for
equipment damage, holes, blisters, thin sports, undispersed
raw materials, or any signs of contamination by foreign
material. Note: In several instances, visual defects (such as
blisters) are small enough that repair of a visual defect may
consist of placing a bead of extrudate from the extrusion
welding gun over the visual defect. Welding beads placed to
repair such visual defects are not considered extrusion
welding and therefore do not require vacuum testing. Any
form of hole or penetration through the liner must be
patched with a liner cap which must be vacuum tested.

Observe the rolls during handling and placement for
conformance to specifications. Notify Construction
Manager of any damage or deficiencies. Confirm and
document that corrective actions are performed, as
required.

WELDING: Field welding is to be accomplished by either
the fusion method or the extrusion welding method.

Prior to any welding (using either welding method) in both
the morning and afternoon, a pre-weld test will be run for
each technician/equipment combination. After cooling,
coupons will be taken and will be tested for peel and shear. If
any pre- weld test fails, then an additional pre-weld sample
will be made and tested. After any second pre-weld test

Observe and document welding procedures, including the
type of weld, welded date, and the welding technician for
each seam. Observe, document, and review test welds.
Approve test weld results and report deficiencies to
Construction Manager and observe and document
corrective actions.
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failure, two consecutive pre-weld samples must be made,
tested, and have passing results before that particular
technician/equipment combination is put into production
welding.

Shear testing stresses the top sheet in relation to the bottom
sheet in a direction away from the weld. A passing result will
occur when the upper or lower sheet fails. A failing result will
occur when the weld fails.

Peel testing stresses the top sheet in relation to the overlapped
edge of the lower sheet in an effort to peel away the weld. A
passing result will occur when the liner fails. A failing result
will occur when the weld peels.

FLEXIBLE MEMBRANE LINERS (CONT.)

Seams shall be clean, dry, and have adequate overlap
(minimum 3 inches) prior to welding. Overlap placement in
high stress locations, such as cell comers, parallel with the top
of the embankment, or at the toe of the side slopes, shall be
minimized. No overlaps shall be placed parallel to and
within 3 feet of the toe of the embankment. Seams must be
aligned with the fewest number of wrinkles or "fishmouths".

Observe the condition of the seam for conformance with
specifications and report deficiencies to Construction
Manager and observe and document corrective actions.

NON-DESTRUCTIVE SEAM TESTING: Geosynthetic Installer
shall perform non-destructive testing on all production fusion
welds in accordance with ASTM 05820 and on all extrusion
welds in accordance with ASTM 05641.

Observe and document all non-destructive testing. Where
defective results are obtained, require, and verify that the
seams are repaired in accordance with specifications for
repair and/or patching.

DESTRUCTIVE SEAM TESTING: Geosynthetic Installer shall
perform destructive testing at a minimum frequency of every
400 If (with a minimum of one sample per
equipment/welder combination each shift). Locations shall
be selected by CQA Consultant and shall be at non-critical
locations such as anchor trench locations or leachate
collection sumps whenever possible. Sample shall be a
minimum of 38 inches by 12 inches. Samples shall be
numbered consecutively. Remove two coupons of one-inch
in width from the sample for field testing in the peel and
shear modes. Field test strips for peel and shear with digital
field tensiometer capable of quantitatively measuring shear
and peel strengths. If one or more field test fail in either peel
or shear, implement procedures provided below. If the
samples pass the field test, divide the sample into three
approximately 12 inch x 12 inch samples (one portion to
Geosynthetic Installer’s independent laboratory for testing;
one portion for the Owner’s independent laboratory for
testing; and one portion to the Owner for archiving). One
sample shall be sent to an approved laboratory for peel and

Identify destructive sampling locations. Record locations
on liner placement plan. Collect two 12xI2 inch samples
from Geosynthetic Installer. Test one sample (minimum 5
replicate specimens) for seam strength and peel adhesion.
Archive remaining samples as directed by Owner. Review,
document, and approve seams. Notify Construction
Manager of any deficiencies and review and document
corrective actions.

Observe, review, and document all seam failures and
corrective actions. Review laboratory test results for
compliance with specifications and notify Construction
Manager of passing tests and failures.
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shear testing (ASTM D6392) by the Geosynthetic Installer. At
least five replicates shall pass seam strength and peel
adhesion criteria (Table 3).

If destructive test seam failure is identified, the following

procedures shall apply:

a. Reconstruct the seam between any two passes test
locations, or:

b. Retrace the welding path to intermediate location, at
10 ft minimum from location of failed test in each
direction and take samples for additional field tests. If
the second test passes, then seam shall be either
reconstructed or cap stripped between the two passes
locations. If any sample fails, the process shall be
repeated.

c.  The boundary samples shall be tested in the same
manner as the original sample. In any case, acceptable
seams shall be bounded by two pass test locations (i.e.,
above procedures shall be followed in both directions
from original failed location).

d. In the event that seam sample fails laboratory
destructive test, then above procedures shall be
followed considering laboratory tests exclusively.
Because final seam must be bounded by two passing
test locations, it may be necessary to take one or more
samples for laboratory testing.

e.  Each sample hole and coupon hole shall be patched,
along with the entire length of the defective seam.

Any sample holes in a fusion-welded seam shall be repaired
by sealing the air space between the wedge tracks at both
ends of the sample hole using a leister instrument and vice
grips. A patch will be welded over any sample holes using
the extrusion welding technique. Patches shall be circular or
oval in shape, be of the same HDPE material as the liner, and
extend a minimum of six (6) inches over the edge of the
sample hole. The comers of the patches will have a radius of
not less than three inches. Caps over seams shall also be
extrusion welded. The welds on the patches and caps shall be
non-destructivetested.

Confirm that seams for all patches and caps are clean, dry
and have adequate overlaps in accordance with
specifications prior to welding. Observe and document all
non- destructive testing on seams of all patches and caps.
Where defective results are obtained, require, verify, and
document that seams are repaired. Record all repair
locations on the liner placement plan.

DRAINAGE NET

REQUIREMENTS  PRIOR  TO  DRAINAGE NET
INSTALLATION: Prior to installation, the manufacturer shall
provide the CQA personnel quality control certificates
pertaining to the drainage net. The material properties of
testing performed to demonstrate compliance with

Review and approval required submittals for compliance
with specifications. Approve and document materials
meeting  project specifications.  Notify ~Construction
Manager of any deficiencies and confirm that all failing
rolls are moved from the construction area.
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specifications are presented in Table 5. A QC certificate
must be provided in accordance with the minimum MCQ
frequencies presented in Table 5. A certificate must be
provided for each roll that is not produced consecutively.
Each roll must have a unique manufacturing identification
number.

DEPLOYMENT: Prior to deployment of the drainage net, the
underlying HDPE liner is to be cleared of soil or debris. The
drainage net shall then be covered and maintained free from
blowing sand or soil material. Sand or soil material in the
drainage net, whether placed by machine or weather related,
shall be removed from the drainage net.

Observe and document drainage net placement. Observe
HDPE liner prior to drainage net placement for dust and
debris. Observe drainage net prior to placement of
overlying HDPE liner or filter fabric for compliance with
the requirement that the drainage net be maintained free
of blowing sand and other soil material. Report
deficiencies to Construction Manager and confirm and
document any corrective actions.

The drainage net shall be installed by hand to prevent
damage to the underlying surface(s). Adjacent rolls shall be
joined by overlapping the edges by a minimum of four
inches. The upslope net is to overlap the downslope net,
where possible. Adjacent rolls shall be connected by spot
welding or tying adjacent net rolls together. If tying material
is used, the tying material shall be a polymer cable ties of a
different colored material than the drainage net. The edges
of the net shall be tied or secured at no greater than five-foot
intervals along the sides of the nets and two-foot intervals
along the ends of the rolls.

Observe placement for compliance with specifications and
damage to drainage net or other geosynthetic materials.
Observe and document that overlapping and tying or
welding meets the project specifications. Report
deficiencies to Construction Manager and confirm and
document any corrective actions.

FILTER FABRIC

REQUIREMENTS PRIOR TO FILTER FABRIC
INSTALLATION: Prior to installation, the manufacturer shall
provide the CQA Consultant quality control certificates
pertaining to the filter fabric and receive approval from the
CQA Consultant. The material properties of testing
performed to demonstrate compliance with specifications
are presented in Table 6. A CQ certificate must be at the
minimum frequencies presented in Table 6. A certificate
must be provided for each roll that is not produced
consecutively.

Geotextile rolls shall be identified, handled, and stored in
accordance with ASTM D4873. Each roll be identified and
labeled with a unique identification number.

Review required submittals for compliance with
specification. Observe and document the condition,
handling, and storage of filter fabric materials. Notify
Construction Manager of any materials that do not meet
the project specification. Confirm and document that
rejected rolls/material is removed from the construction
area.

DEPLOYMENT: The filter fabric shall be installed by hand to
prevent damage to the underlying surface. The rolls of
geotextile filter fabric shall be placed to provide a minimum
width of 12 inches of overlap for each joint, or the overlap
shall not be less than 3 inches for joining the adjacent sheets
by either the sewing or the fusion weld methods. The

Observe and document filter fabric placement,
overlapping, and joining for conformance with
specifications.  Report  deficiencies to  Construction
Manager and confirm and document any corrective
actions.
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overlap shall be glued together or otherwise fastened or
secured. The fabric shall be placed such that the upslope
fabric will overlap the downslope fabric, if possible.

SOIL PROTECTIVE COVER

Satisfactory soil protective cover materials for the cell liners
(floor) are defined as those complying with the Unified Soil
Classification of SM, SP, or SW materials, or combination
thereof.

Satisfactory soil protective cover materials for the closure cap
linear are defined as those complying with the Unified Soil
Classification of SM, SC, SP, or SW materials, or combination
thereof.

Collect and sample soil sample in accordance with
requirements of Table 2. Notify Contractor of acceptable
materials. Applicable testing methods are referenced in
Appendix B.

PLACEMENT: The size of equipment shall be limited to
ensure that the bearing pressure of the equipment does not
exceed the bearing capacity of the underlying system.
Equipment used during the placement of the soil protective cover
shall be restricted to:

1. Rubber tire dozer tractors pressures not to exceed
40 psi.

2. Track-type tractor/dozer with ground pressures
not exceeding 8 psi.

3. Three & one-quarter yard bucket (or smaller)

4. Wheel loaders with tire pressures not to exceed
40 psi.

5.  Three and one-quarter yard bucket (or smaller)
track-type loaders with ground pressures not to
exceed 10 psi.

6. Motor graders with tire pressures not to exceed
40 psi.

7. Track-type  excavators/backhoes — with  tire
pressures not to exceed 10 psi.

8. Wheel-type  excavators/fbackhoes ~ with tire
pressures not to exceed 40 psi.

9. Trucks that do not exceed maximum highway
wheel loads specified by AASHTO for an HS20
truck.

10. Smooth-drum rollers with a ground pressure not
to exceed 8 psi.

Observe and document equipment used to place
protective cover soil. Report deficiencies to Contractor and
confirm and document any corrective actions.
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Material Type

TABLE 2

EARTHWORK CONFORMANCE TESTING

Test Method

MIN CQA Frequency

1 per 12,000 square feet (sf)

Foundation/Subgrade Nuclear Density/Moisture Content | ASTM D6938
Recompaction Standard Proctor ASTM 698 1 per material type
Nuclear Density/Moisture Content | ASTM D6938 1 per 1,000 cy (min 1 per lift)
1 per 12,000 sf per lift, or 1
Compacted Soil/Engineered Fill Standard Proctor ASTM D698 per 300 linear feet (If) per lift
on roadways and ramps
Visual Classification ASTM D24gg | | Per 10,000 cy (min 1 per
material type)
Standard Proctor ASTM D698 ! per >,000 cy (min T per
material type)
Atterberg Limits ASTM D4318 1 per 5,000 cy (min 1 per
material type)
Clay Liner/Cap Borrow Source Sieve Analysis ASTM D422 1 per ?,OOO cy (min 1 per
material type)
Visual Classification ASTM D24gs | | Per 1,000 cy(min T per
material type)
Laboratory Hydraulic Conductivity' | ASTM D5084 6 per 5,000 cy
Nuclear Density/Moisture Content | ASTM D6938 ! per 1.’500 sf per lift (or min
1 per lift for a small test pad
Clay Liner/Cap Test Fill Field Hydraulic Conductivity ASTM D5126 Min 1 per lift (min 1 fora
small test pad)
Laboratory Hydraulic Conductivity' | ASTM D5084 Min 1 per Ilft)(mm 1iora

small test pad

(@ ENVIROTECH
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TABLE 2 Continued

EARTHWORK CONFORMANCE TESTING

Material Type Test Method MIN CQA Frequency
Nuclear Density/Moisture Content | ASTM D6938 1 per 8,000 sf
Compacted Clay Liner/Cap :
Grain Size Analyses ASTM D422 ! per.10,000 ¢y (min 1 per
material type)
Nuclear Density/Moisture Content | ASTM D6938 1 per 12,000 sf per lift
GCL Buffer Layer Standard Proctor ASTM D698 ! per.10,000 cy (min 1 per
material type)
Visual Classification ASTM D2488 ! perj0,000 cy (min 1 per
material type)
Visual Classification ASTM D2488 ! per 10,000 cy {min 1 per
material type)
Soil Protective Cover Standard Proctor? ASTM D698 1 per 10,000 cy (min 1 per

material type)
Nuclear Density/Moisture Content | ASTM D6938 See Note 2
Minimum 3 tests per

Rip-Rap Visual Classification See Appendix A.1 construction project
1 per 1,000 cy for material
. . P . on steep slopes and 1 per
Type I and Type Il Granular Filter Visual Classification See Appendix A.1 500 cy for material on
slopes 10% or flatter.
Notes:

1) Laboratory hydraulic conductivity testing (ASTM D5084) shall be performed at confining stress
as directed by the Design Engineer at variable moisture content and density conditions to be
determined by CQA Consultant to determine acceptable range of compaction criteria to
obtain an as-compacted hydraulic conductivity of no greater than 1x107 cm/s.

2) Soil protective cover testing for field compaction is only required for cap shoulder construction
(one per 300 linear feet) and for cell ramps (minimum 2 tests per lift) and leachate riser
trenches (minimum one test per 30-ft of pipe).

(@ ENVIROTECH
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TABLE 3

MATERIAL PROPERTIES AND CONFORMANCE TESTING
FOR GEOSYNTHETIC CLAY LINER

Bentonite Content? Minimum [b/ft? 0.75 ASTM D5993 5,000-yd3 100,000-ft2
Hydraulic Index Flux? Maximum Cm?3/cm?-s 1x10° ASTM D5887 30,000-yd3 400,000-ft2
Bentonite Swell Index Minimum mL/2g 24 ASTM D5890 | 50 metric ton -

Bentonite Fluid Loss Maximum mL 18 ASTM D5891 50 metric ton -

Notes

1) All values represent minimum average roll values (i.e., any roll in a lot should meet or exceed the
values in this table).

2) Hydraulic flux testing shall be performed under an effective confining stress of 5lbs per square inch.

3) Measured at a moisture content of O percent; also known as mass per unit area.

4) Material requirements and manufacturer conformance testing frequency are based on the most recent
version of GRI Specification GCL-3.

(@ ENVIROTECH
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TABLE 4
MATERIAL PROPERTIES AND CONFORMANCE TESTING FOR HDPE LINER

MQC
Frequency

80 Mil
Textured

60 60 Mil 80
Mil Textured Mil

ASTM Test
Method

CQA

Units
Frequency

Qualifiers

Properties

Physical Properties

days, -or-
High Pressure OIT -
% retained after 90
days

Thickness Average Mils 54 54 72 72 ASTM D5199 Per Roll 100,000-ft?
Minimum
Carbon Black Range % 2-3 2-3 2-3 2-3 ASTM D1603 20,000-Ib 100,000-ft?
Content
Carbon Black N/A None Note Note 2 Note Note 2 ASTM D5596 | 45,000-Ib 100,000-ft2
Dispersion 2 2
Density Minimum g/cc 0.94 0.94 0.94 0.94 ASTM D792 200,000-1b 100,000-ft?
Method A or
ASTM D1505
Mechanical Properties
Tensile Properties
(each direction)
1 Tensile Break Minimum | Ib/in 228 90 304 120 ASTM D638 | 20,000-lbs | 100,000-ft?
Strength % 700 100 700 100
. Ib/in 126 126 168 168
2. Elongatlor'] at Break % 12 12 12 12
3. Tensile (Yield)
Strength
4. Elongation at Yield
Tear Resistance (min Minimum Ib 42 42 56 56 ASTM D1004 45,000-Ibs 100,000-ft2
ave.)
Puncture Resistance Minimum Ib 108 90 144 120 ASTM D4833 | 45,000-Ibs 100,000-f%?
Stress Crack Minimum hr 300 300 300 300 ASTM D5397 Per GRI- -
Resistance GM10
Oxidative Induction
Time Minimum | Minutes 100 100 100 100 ASTM D3895 200,000-1b -
Standard OIT, -or- Average 400 400 400 400 ASTM D5885
High Pressure OIT
Oven Aging at 85° C
Standard OIT - % | Minimum % 55 55 55 55 ASTM D5721
retained after 90 Average Per Each -
80 80 80 80 ASTM D5885 | Formulation

(@ ENVIROTECH
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TABLE 4 Continued

MATERIAL PROPERTIES AND CONFORMANCE TESTING FOR HDPE LINER

REQUIRED GEOMEMBRANE SEAM PROPERTIES®

Properties  Qualifiers Units

Mil | Textured

60 60 Mil 80 80Mil  ASTM Test MQcC (6(0).
Mil  Textured Method Frequency Frequency

Shear Strength ©

Fusion Minimum Ib/in 120 120 160 160 ASTM D6392 N/A 500 linear feet

Extrusion Minimum Ib/in 120 120 160 160 ASTM D6392 N/A 500 linear feet

Peel Adhesion

FBM @ Visual .
Observation 500 linear feet
Fusion Minimum Ib/in 91 91 121 121 ASTM D6392 N/A 500 linear feet
Extrusion Minimum Ib/in 78 78 104 104 ASTM D6392 N/A 500 linear feet
Notes:

1. Material requirements, manufacturer conformance testing frequency and minimum seam
properties are based on the most recent version of Geosynthetic Research Institute (GRI)
Specifications GM13 and GM19.

2. Minimum 9 of 10 in Categories 1 or 2; 10 in Categories 1, 2, or 3.

3. Also called “Bonded Seam Strength”.

4. FTB = Film Tear Bond means that failure is in the parent material, not the seam. The
maximum seam separation is 25 percent of the seam area.

5. Four of five specimens per destructive sample must pass both the shear and peel strength
tests.

(@ ENVIROTECH
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TABLE 5

MATERIAL PROPERTIES AND CONFORMANCE TESTING FOR DRAINAGE NET

m
PROPERTIES QUALIFIERS  UNITS Spf/il:ll;lg TEST METHOD FREI(\;SECNCY FRESS;E\NCY
| Resin Density | Minimum | glcc | 094 | ASTMD7920rD1505 | 100,000-f2 |  200,000-ft2 |
Carbon Black Content Range % 2.0-3.0 ASTM D1603 or D4218 100,000-ft? 200,000-ft?
Thickness Minimum mils 205 ASTN D5199 100,000-ft? 200,000-ft?
Transmissivity @ Minimum m?/sec 5x10* ASTM D4716 100,000-ft? 200,000-ft?
Notes:

1) All values (except transmissivity) represent average roll values.

2) Transmissivity shall be measured using water at 68°F with a gradient of 0.1 under a confining
pressure as directed by the Design Engineer. The geonet shall be placed in the testing device
between 60 mil HDPE smooth geomembrane. Measurements are taken one hour after
application of confining pressure.

(@ ENVIROTECH
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TABLE 6

MATERIAL PROPERTIES AND CONFORMANCE TESTING FOR FILTER FABRIC

SPECIFIED @ TEST MQC

PROPERTIES QUALIFIERS  UNITS CQA FREQUENCY

VALUES METHOD FREQUENCY

Mass Per Unit Area Minimum oz/yd? 8 ASTM D5261 130,000-ft? Not Required

Grab Tensile Strength Minimum Ibs 200 ASTM D4632 130,000-ft? 1 test per 200,000-ft?
Puncture Resistance Minimum Ibs 120 ASTM D4833 130,000-ft? 1 test per 200,000-ft2
Permittivity Maximum s’ 1.3 ASTM D4491 540,000-ft 1 test per 200,000-ft?

Apparent Opening Maximum U.S.

- _f2 g2
Size Standard Sieve 70 ASTM D4751 540,000-ft 1 test per 200,000-ft

(@ ENVIROTECH
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TABLE 7

RIP-RAP GRADATION SPECIFICATIONS

o z s : o—
Rip-Rap Thickness Rip-Rap Type T{:aSnm(a;lil‘lle:;:1 Intermediate Rock Weight Dimension Dy, **
(Inches) Typical Designation Size By Weight (Lbs) (Inches) (Inches)
70-100 43 8
50-70 18 6 4
6 Type V 35-50 5.3 4
2-10 0.7 2
0-1 Y,
100 150 11.6
12 Tvpe VL 50 30-50 6.8-8.1
P 20 20 59 6
0-1 3/4
100 Embankments | Channels
50 350
18 Type L 20 70-125 9 1_61$ 5 9 (1)5314(&) 9 J
01 30 A 68
3/4 3/4

*  Dimension based on volume of cube and SG=2.30 for Type V and Type L rip-rap used on
cell caps and outer embankments, and SG=2.65 for Type VL and Type L rip-rap used in

channels.

** D50 = Nominal particle size.
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TABLE 8

TYPE | GRANULAR FILTER GRADIATION SPECIFICATION

3/8 inches 100
No. 4 95-100
No. 16 45-85
No. 50 5-30

No. 100 0-10
No. 200 0-3
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TABLE 9
TYPE 11 GRANULAR FILTER GRADATION SPECIFICATIONS

. . Percent Passing by Percent Passing by Weight,
Percent Passing by Weight, as Weight, as Specified for as Specified for Steep

U.S. Standard e
. . Specified for Steep Closure Cap .
Sieve Size Slopes (2.5H: 1V — 3H: 1V) 10 Percent or Less Exterior Embankment
Closure Cap Slopes Slopes (2.1H: 1V)
3 Inches 90-100 90-100 90-100
%4 Inches 35-70 35-80 35-90
No. 4 0-20 0-35 0-30
No. 16 0-3 0-15 0-15
No. 200 0-1 0-5 0-3
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A.1 Soil Testing Methods
Soil testing methods are outlined in the following table.

Description Test Method*
Nuclear Density/Moisture Content (Rapid Method) ASTM D6938
Moisture Content of Soil by Microwave Oven Method ASTM D4643
Soil Classification ASTM D2488
Particle — Size Analysis of Soils ASTM D422
Test Method for Material Finer than the No. 200 Sieve ASTM D1140
Test Method for Atterberg Limits ASTM D4318
Moisture — Density Relationship (Standard Proctor) ASTM D698
Moisture — Density Relationship (Modified Proctor) ASTM D1557
Thin-Walled Tube Sampling of Soils ASTM D1587
Laboratory Permeability Testing of Soils ASTM D5084
Field Permeability Testing of Soils by Sealed Single Ring Infiltrometer See Appendix A.2
Two-Stage Borehole (TSB, i.e.; “Boutwell”) Tests ASTM D6391
Large Scale Block Sampling and Testing See Appendix A.2
Particle — Size Analysis of Natural and Man-Made Rip-Rap Materials Independent Visual

Evaluation by CQA**

Note: Calibration of testing equipment must meet the requirements of the applicable standards.

*  Most Current Published ASTM Method

k%

Independent visual evaluations must yield acceptable (i.e., material meets specifications)

results prior to placement of rip-rap. If either independent evaluation determines rip-rap does not
meet the specification on Table 7, material must be rejected and not used on the cells. To
adequately evaluate the fine material fractions of the rip-rap, sample(s) if rip-rap must be spread
out in a layer having an average approximate thickness of the applicable D50 size material (see
Table 7). Minimum sample size required for visual rip-rap gradation evaluation is as follows:

Type L: 7,000 pd.
Type VL: 3,000 pd.
Type V: 860 pd.
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A.2 Sealed Single Ring Infiltrometer Field Permeability Test

Note: This procedure describes the methodology for utilizing a sealed single ring apparatus
provided by Trautwein Soil Testing Equipment. Other SSRI equipment may have different set-ups
and procedures.

1. Equipment

(@) Infiltrometer. Metal square (24-in. x 24-in.) frame with Plexiglas top and no bottom.

(b) Small Garden Shovel or Tool. An approximate 2-in.-wide trench will need to be excavated
in a square such that the Infiltrometer fits into the trench approximately 4 to 5-in. deep with
1-in. of open space on each side of the Infiltrometer sides.

(c) Nuts, Washers, and Bolts. These attach the Infiltrometer to the Plexiglas.

(d) Seals (2). The seals prevent leaking and are placed on the bottom and top of the Plexiglas.

(e) Granular Bentonite. Used to seal the Infiltrometer to the ground surface.

(f) Marriotte Bottle. Bottle used to measure the amount of water that moves into the
Infiltrometer, therefore measuring the amount of water the infiltrates through the soil.

(g) Stand. Holds the Marriotte Bottle above the Infiltrometer to provide head.

(h) Tubing. Approximately 2-ft of Tygon® plastic tubing to connect the Marriotte Bottle to the
Infiltrometer. Approximately 6-in. of tubing that provides a release for water at the high end
of the Infiltrometer. Approximately 6-in. of tubing to provide an air release for the Marriotte
Bottle.

(i) Tubing Clamps (4). Placed on the tubing to restrict flow into or out if the Marriotte Bottle
and the Infiltrometer.

(j) Shovel or Plate. Allows water to fill the Infiltrometer without disturbing the ground surface.

(k) Level. Measures the low corner of the Infiltrometer identifying which corner of the Marriotte
Bottle should be located.

() Plastic or Visquin. This material should be placed around the Infiltrometer to keep the
ground surrounding the test area from desiccating.

(m) Cinder Blocks. These keep the Infiltrometer from raising out of the ground.

1. Equipment Setup and Procedure
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(@) Place the Infiltrometer on the ground surface where the test will be conducted. Trace the
outer perimeter of the Infiltrometer on the ground. Excavate a 2-in. wide, 5 to 6-in. deep
trench around the perimeter tracing.

(b) Place the Infiltrometer into the trench. Ensure a void space exists on both sides of the
Infiltrometer. Establish a low corner using the level. Remove the Infiltrometer from the trench.

(c) Place a thick 1-in. lift, or layer, of granular bentonite in the bottom of the trench. Tamp the
bentonite to prevent air voids. Add water. Place the Infiltrometer into the trench and
continue to add bentonite in 1-in. lifts with water on the outside of the Infiltrometer until the
bentonite is even with the ground surface.

(d) Add bentonite and water in 1-in. layers to the area on the inside of the Infiltrometer until
even with the ground surface. Be sure that no bentonite is on the ground surface inside the
Infiltrometer as it will affect the permeability of the soil.

(e) Place a shovel or plate inside the Infiltrometer and add water by pouring onto the flat part of
the plate or shovel until the water level reaches the top of the Infiltrometer.

(f) Place a seal, then the Plexiglas, another seal, and finally the metal square on top of the
Infiltrometer. The Plexiglas needs to be orientated such that the connections for the tubing
are on the low and high corners. Attach the seals and the Plexiglas to the Infiltrometer using
the nuts, bolts, and washers.

(g) Attach the Marriotte Bottle to the Stand. It should be between the Marriotte Bottle and the
Infiltrometer; attach 6-in. of tubing to provide a release for water at the high corner of the
Infiltrometer; and finally, attach 6-in. of tubing to provide an air release for the Marriotte
Bottle.

(h) Allow the Infiltrometer to sit overnight so that the bentonite establishes a seal.

(i) Fill the Marriotte Bottle until the water level reaches approximately 30-cm. When finished,
be sure that all the clamps are closed except for the one between the Marriotte Bottle and
the Infiltrometer. This clamp should be left open to allow the volume in the Marriotte Bottle
to adjust with the rate of infiltration. Place concrete cinder blocks on top of the Infiltrometer
to prevent uplift movement.

(j) Measure the distance from the bottom of the tube inside the Marriotte Bottle to the ground
test pad surface (this measure is the head of water placed on the test section.) Take your first
reading from the Marriotte Bottle (read the water level in the bottle.) Be sure to check the
tubing connecting the Marriotte Bottle to the Infiltrometer for bubbles. Tap on the tubing to
move the bubble through the Marriotte Bottle.

(k) Saturate the ground around the Infiltrometer and cover with plastic or Visquin.

() Continue taking readings approximately every hour for the rest of the workday. For the next
workday, take readings approximately every two hours. For the third workday, take
approximately three to four readings throughout the course of the day. Continue this until the
permeability stabilizes. Refill the Marriotte Bottle, as required.

(m) Once the Infiltrometer is removed, measure the wetting front. This is done with a spade and
a visual inspection. Utilize a tape for the actual measurement.
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Documentation and Data Recording

(@) Test Number (e.g., SSRI-T)

(b) Description (location, lift, etc.)

(c) Area of the Infiltrometer (cm?) — measured once during the test.

(d) Marriotte Bottle Calibration (ml/cm) — measured once.

(e) Head (cm) — measured once at the beginning when starting to take readings.

(f) Wetting Front — measured at the end of the test.

(g) Date and Time — taken at each reading.

(h) Infiltrometer Reading — taken at each reading.

(i) From (g) and (h) above, the test time (days), the interval time (seconds), the volume (ml), the
cumulative volume (ml), the infiltration (cm/s), and the permeability (cm/s) can be calculated.

Volume (ml) = [Infiltrometer Reading (cm)] * [Marriotte Bottle Calibration (ml/cm)]
Infiltration (cm/s) = [A (Volume (ml))] / {[Interval Time (s)] * [Area of the Infiltrometer (cm?)]}

Permeability (cm/s) = [Infiltration (cm/s] / {[Head (cm) + Wetting Front (cm)] / [Wetting Front
(cm)l}

A.3 Procedure for Obtaining Large Scale Block Samples

This procedure is intended for guidance only. Actual procedures may be modified by the Project
Manager and CQA Engineer. This procedure is based on an approximately 12 to 14-in. diameter
block sample.

Step 1. Put the sample ring on the ground where block sample will be carved. (Fig. 1)
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Figure 1.

Step 2. Carefully dig soil around the sample ring to a depth of 10 to 16-in., leave about 14 to 15-in.
soil core. (Fig. 2)

Dig soil out
around the
sample ring

/

'

Figure 2.
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Step 3. Use a small knife or spatula to carefully trim soil about 1-in down around the bottom edge of
the sample ring and then push the ring down. (Fig. 3)

7 Use small knife Trim about
1" down and then slowly
push the ring down

Figure 3.
Step 4. Continue step 3, until soil fits inside the sample ring. (Fig. 4, 5)

Continue Trim about 1"
down and then slowly
push the ring down

Figure 4.
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Note: Steps 3 and 4 may be combined into a single alternate step whereby the trimming process may
be eliminated and instead the ring may be carefully pushed to its full depth in one step to yield the
configuration shown below. (Fig. 5)

Figure 5.

Step 5. Put 2 layers of plastic sheet on top of the sample ring, and then use duct tape to wrap it
around the ring. (Fig. 6)

Tweo layers of plasiic sheet

Duct Tape

RN

Y

Figure 6.

Step 6. Use a shovel dig soil at the bottom of the ring for whole around sample ring.
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Use a shovel to carefully dig
around the ring.

/

Figure 7.

Step 7. Carefully move the sample ring with soil out of the pit, flip over and carefully trim soil at the

bottom end.

Move the ring with soil out of the
pit and carefully trim bottom end

Sample ring

Duct tape

Plastic sheet

Figure 8.
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Step 8. Put 2 layers of plastic sheet on to the sample ring, and then use duct tape and wrap it around
the ring. (Fig. 9)

Plastic sheet

Duct tape \

Sample ring

Figure 9.

Step 9. Finally pack and bolt the sample ring between two boards (see below), or using other packing
methods, to keep the sample secure and protected for shipping.
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B. HDPE TESTING METHODS
HDPE testing methods are outlined in the following table.
PROPERTIES TEST METHOD
Thickness ASTM D5199
Carbon Black Present ASTM D1630
Carbon Black Dispersion ASTM D5596
Density ASTM D792 Method A or ASTM D1505
Tensile Properties ASTM D6693
Tear Resistance ASTM D1004
Puncture Resistance ASTM D4833
Stress Crack Resistance ASTM D5397
Oxidative Induction Time ASTM D3895
Oven Aging at 85°C ASTM D5885
Standard OIT - % retained after 90 days, -or- ASTM D5721
High Pressure OIT - % retained after 90 days ASTM D5885
GEOMEMBRANE SEAM PROPERTIES
Shear and Peel Strength Properties ASTM D6392
Pressure Air Channel Evaluation ASTM D5820
Vacuum Testing ASTM D5641
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APPENDIX C

GEOSYNTHETIC CLAY LINER TESTING
METHODS
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C. GEOSYNTHETIC CLAY LINER TESTING METHODS

Geosynthetic Clay Liner testing methods are outlined in the following table.

Description Method

Bentonite Mass Per Unit Area ASTM D5993

GCL Index Flux ASTM D5887

Bentonite Swell Index ASTM D5890

Bentonite Fluid Loss ASTM D5891

(@ ENVIROTECH

ENGINEERING & CONSULTING, INC



LONE MOUNTAIN FACILITY

—H -
(leanHarbors EPAID No. OKDOGS495375
VOLUME 12, SECTION 6.6 CONSTRUCTION QUALITY ASSURANCE PLAN

ENVIRONMENTAL SERVICES, INC.
REVISED AUGUST 2020

APPENDIX D

GEOTEXTILE FILTER FABRIC TESTING
METHODS
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D. GEOTEXTILE FILTER FABRIC TESTING METHODS

Geotextile filter fabric testing methods are outlined in the following table.

Description Method

Mass Per Unit Area ASTM D5261

Grab Tensile Strength ASTM D4632

Puncture Resistance ASTM D4833

Permittivity ASTM D4491

Apparent Opening Size ASTM D4751
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1.0 Introduction

In 1993, the Safety-Kleen (Lone and Grassy Mountain), Inc. (SKI) Lone Mountain Facility began
discussions with the EPA and ODEQ concerning the recycling of leachate as dust suppression water
within the active landfills. In an interoffice memorandum dated May 23, 1996, EPA concluded that
the leachate recycling activity was allowed under the RCRA statutes and regulations. Currently, the
Lone Mountain Facility is permitted under and operated by Clean Harbors Environmental Services
Inc. On April 16, 1999, the Lone Mountain Facility proposed numerical constituent concentration
limits to the ODEQ above which the recycling efforts would cease. On May 20, 1999, the ODEQ
approved the proposed limits, which have been incorporated into this SOP in Section 2.0.

This SOP outlines the operational requirements to be followed when using leachate for dust
suppression water in the open landfill from which the leachate was originally generated.

2.0 Recycling Constituent Concentration Standards

To provide timely detection of a constituent increase and to observe trends, the Lone Mountain
Facility will analyze weighted composite leachate samples monthly for the constituents in the
following table. As an alternative to composite samples, individual quadrant or subcell samples may
be analyzed.

The numerical standards in the table represent the maximum concentrations of constituents in
leachate which can be recycled. Once the concentration of a constituent in leachate exceeds any
one of the numerical standards, the leachate from that cell, or subcell, or quadrant could no longer
be recycled and would be managed as hazardous waste (i.e., FO39) at either an on-site or off-site
treatment, storage, and/or disposal facility until such time as all the constituents are equal to or below
the numerical limits.

Table 1
Leachate Constituent Recycling Limits
Constituent Recycling Limits
TOC 15,500 mg/L
TOX 25 mg/L
Arsenic 5.0 mg/L (TCLP)
Barium 1.0 mg/L (TCLP)
Cadmium 1.0 mg/L (TCLP)
Chromium 1.5 mg/L (TCLP)
Lead 1.0 mg/L (TCLP)
Nickle 30 mg/L (TCLP)
Selenium 5.0 mg/L (TCLP)
Silver 1.0 mg/L (TCLP)

TOC = Total Organic Carbon

TOX = Total Organic Halogens
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3.0 Leachate Management Plan

The Lone Mountain Facility will utilize the recyclable leachate requirements in this section to ensure
the proper management of leachate when used as dust suppression water in the open landfill from
which the leachate originated.

3.1 Storage and Accumulation

To ensure conformance with ODEQ interpretations, recyclable leachate will remain in the cell and
be used soon after its collection as dust suppression water within the landfill from which it originated.
Therefore, no land disposal restriction (LDR) placement, storage, or accumulation requirements are
applicable.

3.2 Methods of Collection and Application

Leachate is typically collected in a tanker-type highway truck. For recycling purposes, an off-road,
non-highway type water wagon may also be employed. The truck will be located within the open
landfill before pumping begins. After collection of the leachate, the truck will move around the
landfill for application of the leachate water to the surface of the waste in the landfill. Alternately, the
truck may transfer the leachate (within the cell) to another truck more appropriate for landfill travel.

To ensure appropriate application of the leachate, the Lone Mountain Facility will not apply leachate
during high wind conditions (e.g., >25 mph) or when the surface of the landfill is already adequately
wetted. The recycling activity can only be performed when there is a bona fide need to control the
potential for dust emissions.

The application of leachate will likely be in a manner identical or very similar to that currently
employed for clean dust control suppression water, which can best be described as sprayed or
sprinkled. Slight modifications to the orientation, aperture size, pressure, etc. of the spray system may
occur to further minimize the effect of wind. In these regards, the application equipment would be
located closer to the landfill surface, produce larger size droplets of leachate, and be operated at a
lower pressure. Using these factors will all serve the purpose to reduce the potential effects of wind
dispersal of leachate from the landfill.

Leachate will not be applied in close proximity to the cell edge, especially in the downwind direction
when the cell is level-full or in the mound-building phase. Prior to being level-full, the effect of the
wind is of much less concern. Even after the cell is level-full or in the mound building phase, the run-
off control ditches around the perimeter of the cell will prevent the water trucks from operating too
close to the cell edge.

To ensure that leachate is not accidentally applied to the facility roadways, wither a truck will be
dedicated to leachate collection and recycling or the RCRA-empty tank truck will be decontaminated
with one load of clean water. This load of clean water will also be applied to the surface of the open
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landfill. Once the tank truck has been decontaminated in this manner, it may be filled with clean
water for dust suppression on the facility roadways.

Another alternative application method is to pump leachate directly into a sprinkler type system
within the cell. The system would be equipped to produce relatively large size droplets and be
located close to the landfill surface to reduce potential wind dispersal. This system would also be
placed a safe distance from the cell edge.
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1.0 Subpart AA

Process Vents. As noted in the Waste Analysis Plan, the 40 CFR Part 264, Subpart AA regulations
appear to apply to the Wastewater Treatment System because: 1) it manages waste containing
greater than 10 ppmw total volatile organic compounds (VOCs) as determined by SW-846 Methods
8260 and 8270, 2) the U.S. EPA Region 6 believes that an evaporator meets the definition of a
distillation unit, and 3) the evaporators have associated process vents.

As noted in the Waste Analysis Plan, the Lone Mountain Facility will ensure that the volatile organic
compound emissions from the evaporator vents associated with the Wastewater Treatment System
do not exceed 3.0 pounds/hour and 3.1 tons/year.

As noted in the Waste Analysis Plan, records are kept which identify the process vents, the annual
throughput and operating hours of the affected units, and the calculated emission rates for the
process vents. The calculated emission rates are performed in accordance with the Waste Analysis
Plan and the conditions established by the DEQ.

2.0 Subpart BB

Equipment Leaks. As noted in the Waste Analysis Plan, the 40 CFR Part 264, Subpart BB
requirements could potentially apply to the Wastewater Treatment System and to the management
of hazardous waste fuels. Each of these is described further below.

Wastewater Treatment System. Influent hazardous wastes to the Wastewater Treatment System are
limited to less than ten percent (<10%) total organic carbon (TOC), and up-to-date analyses and/or
the supporting information to ensure that the Wastewater Treatment System is not subject to the 40
CFR Part 264, Subpart BB requirements is recorded in the facility operating record.

Hazardous Waste Fuels. Hazardous Waste fuels may be managed in two (2) tanks — Tanks D1 and
D2 if constructed. Should other permitted storage tanks for the management of hazardous waste
fuels be constructed, the requirements of the Waste Analysis Plan and this section will also apply to
the tanks,

Because these tanks store hazardous waste fuels, the waste is automatically assumed to contain
>10% TOC and be in light liquid service. The equipment associated with Tanks D1 and D2 and any
future tanks will be marked in such a manner that it can be readily distinguished from other pieces of
equipment. The recordkeeping requirements of 40 CFR 264.1064 will be maintained in the facility
operating record as noted.

3.0 Subpart CC

Tanks and Containers. As noted in the Waste Analysis Plan and in accordance with 40 CFR
264.1084, at this time the VOC concentration of hazardous waste is accepted at the Lone Mountain
Facility for storage in tanks will be less than five hundred parts per million by weight (<500ppmw),

1
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unless the tank is fully-equipped with emissions controls or is subject to an exemption as stated in the
regulation (e.g., meets organic LDR standards, etc.). Up-to-date analyses and/or the supporting
information will be recorded in the facility operating record to document that the hazardous waste
which enters tanks contains <500 ppmw VOCs or is exempt.

The same limitations and exemptions apply to management of waste in containers, with some
additional exemptions (e.g., container has capacity <0.1 m’, etc.). As noted in the Waste Analysis
Plan and in accordance with 40 CFR 264.1086, hazardous waste which contains > 500 ppmw VOCs
may also be accepted at the Lone Mountain Facility for storage in containers. These hazardous
wastes will be managed by direct landfill or shipment off-site, if the waste does not qualify for an
exemption. Up-to-date analyses and/or supporting information will be recorded to document the
VOC concentration of waste received in containers.
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