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Project No.: 083-91887 Made By: RH 
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Objective: 
To estimate and evaluate the soil loss due to surface water erosion from the proposed final closure 
cover slopes of Landfill B-18. 

Given: 
The proposed final closure cover slopes of Landfill B-18 will generally consist of benches every 50 
vertical feet (maximum) with 3.5H:1V (horizontal:vertical) slopes between benches. Therefore, the 
worst case cover slope with regard to soil erosion is: 

Slope Inclination = 3.5H:1V 
1 

Slope = - = 28.6% 
3.5 

Slope Vertical Height = 50 feet 
Slope Horizontal Length = 50 x 3.5 = 175 feet 
Slope Length = ";502 + 1752 = 182 feet 

This worst case cover slope was analyzed as described below. 
Based on guidance from the United States Environmental Protection Agency (USEPA, 1989), the 
soil erosion loss should be less than 2 tons/acre/year (t/aclyr), as shown in Attachment #1 . 

Method: 
In order to estimate the amount of soil loss on the Landfill B-18 cover due to water erosion, the 
Revised Universal Soil Loss Equation (RUSLE) was used. The RUSLE was developed by the 
United States Department of Agriculture, Natural Resources Conservation Service (NRCS) to 
estimate sheet-rill (both rill and inter-rill) erosion and it considers soil and vegetation type as well as 
physical and climatic features of the landfill area. The RUSLE is expressed mathematically as: 

a=rxkxlxsxcxp 

where: 
a = daily soil loss due to erosion (units of tons/acre/day); 
r = rainfall and runoff erosivity factor; 
k = soil erodibility factor; 
I = slope length factor; 
s = slope steepness factor; 
c = cover-management factor; and 
p = supporting practices factor. 

The daily values of soil erosion loss ("a" values) are summed over an entire year to calculate the 
estimated annual soil erosion loss (in t/aclyr). These soil erosion calculations are best made using 
a computer program. 
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The RUSLE - Version 2 (RUSLE2) computer program, developed by the NRCS, was used to 
calculate the potential soil erosion loss from the Landfill B-18 worst-case cover slope described 
above. The RUSLE2 program was downloaded from the following URL: 

http://fargo.nserl.purdue.edu/rusle2_dataweb/RUSLE2_lndex.htm 

Assumptions: 
Climate: The default climate "CA_Kings_R6" was selected from the Kings County climate zones in 
RUSLE2 as most accurately representing the climate at the Kettleman Hills Facility. The 
CA_Kings_R6 climate has an annual precipitation of 6.9 inches. For the period of July 1948 
through December 2001 , the mean annual precipitation for the site was 6.82 inches according to 
data obtained from the Western Regional Climate Center data base for the Kettleman Climatological 
Station (see Attachment #2). 

Soils: The NRCS has identified three types of soils at the Kettleman Hills Facility. These soils are: 
Kettleman Loam (5-15% slopes), Kettleman Loam (15-30% slopes), and Kettleman-Cantua 
Complex (30"50%slopes); The properties of these three soil types; as listed intheRUSLE2 i 

program files, are as follows: 

Soil Property Kettleman Loam Kettleman Loam Kettleman-Cantua 
(5-15% Slopes) (15-30% Slopes) (30-50% Slopes) 

Sand Content 40% 40% 40% 
Silt Content 38% 38% 38% 

Clay Content 23% 23% 23% 
Erodibility Factor (k) 0.37 0.37 0.37 

RUSLE2 Soil No. #127 #128 #129 

Based on the similarity of the above-listed soils at the Kettleman Hills Facility, Kettleman Loam (15-
30% Slopes, RUSLE2 Soil No. 128) was selected to model the Landfill B-18 cover soil. Sensitivity 
analyses indicated that the three soil types listed above result in the same calculated soil loss if all 
other variables are held constant 

Calculations: 
The soil erosion calculations were performed using the RUSLE2 computer program downloaded 
from the above-listed URL The calculations were performed for two scenarios: 

1) Bare Slope - the final cover slope was modeled as a construction site with bare ground. 
2) Vegetated Slope - the final cover slope was modeled as having permanent ground cover 

consisting of warm season grass that is not harvested. The amount of grass canopy was 
reduced 50% from the default (base) value, which increased the amount of calculated I ( 

I erosion. 
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Results: 
The results of the RUSLE2 calculations are shown in Attachment #3, which contains the RUSLE2 
Worksheet Erosion Calculation Record sheets for each of the two scenarios analyzed. A summary 
of the results is given in the table below: 

Final Cover 
Computed Soil 

Scenario Erosion Loss 
Slope Inclination (tlac/vr) 

Bare Ground 3.5H:1V 9.2 
Vegetated Ground 3.5H:1V 0.97 

Conclusions: 
Once vegetation is established on the Landfill B-18 final cover slopes, the amount of soil erosion 
loss is estimated to be approximately half of the recommended maximum of 2 t/ac/yr (USEPA, 
1989). As discussed in the RUSLE2 program documentation, the results obtained from RUSLE2 
are to be used as guides in evaluating soil erosion potential and mitigation measures for soil 
erosion. As shown in the current case for Landfill B-18, maintaining vegetative cover on the final 
landfill sides lopes is essential for limiting soil erosion loss to an acceptable amount. 

Commenta!)£: 
Golder has been providing engineering services at the Kettleman Hills Facility for over 20 years, 
including over 10 years of annual post-closure inspections. During this period, several landfill units 
have been closed. Unit B-13, Unit B-15, and the Combined Closure Area (totaling over 100 acres) 
were closed in the early- to mid- 1990's. Based on observations of the final cover slopes of these 
areas, soil erosion does not appear to be a problem at the Kettleman Hills Facility when vegetation 
is present. 

Reference: 
United States Environmental Protection Agency, "Technical Guidance Document: Final Covers on 
Hazardous Waste Landfills and Surface Impoundments," EPN530-SW-89-047, July 1989. 
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Table 2. synopsis of Minimum 

Layer Thickness 

Top Layer 

vegetation 

OR 

Surface Armor 5-10 in. 
(13-25 cm) 

ON 

Soil .? 24 in. 
(.? 60 cm) 

Drainage Layer 

Soil .? 12 in. 
(.? 30 cm) 

OR 

Geosynthetic "variable 

Low-Permeability Layer 

FML > 20 mils 
(.? 0.5 rom) 

ON 

Low-Perme- .? 24 in. 
ability Soil (.? 60 cm) 

Gas Vent Layer .? 12 in. 
(.? 30 cm) 

Biotic Barrier animal or 

Slope 

3-5% 

.? 3% 

.? 3% 

.? 3% 

.? 3% 

.? 2% 

9 

Guidance for Covers 

Requirements 

Persistent, 
drought- resistant, 
adapted to local 
conditions. 

Cobbles, gravel. 

Erosion rate j 
<2 ton/acre/yr ~ 
(5.5 MT/ ha/yr). ~ 

SP (USCS) soil 
K > 1 X 10-2 cm/s; 
gravel toe drain. 

Performance equi­
valent to soil, 
hydraulic transmis­
sivity > 3 x 10-5 

m2/sec. -

In EPA Report No. 
EPA 600/2-88-052. 

In-place 
K < 1 X 10-7 cm/ s 
and test fill. 

Similar to 
drainage layer. 

Large materials, 
e.g., cobbles . 



2. 

The Agency recommends a top layer for a 
landfill cover syst~m (Figure · upper component should be 
vegetation or other surface designed to impede erosion 
but allowing surface runoff maJor storm events ... The Agency 
believes that, in most cases, veoetation underlain by soil, -at 
least part of which is topsoil, 11 best accomplish these 
Objectives. However, in some the. prevailing climate may 
inhibit the establishment and of vegetation, or a 
planned alternative use of the may preclude vegetation. In 
those cases, an armored without vegetation (Figure 2), 
and underlain by fill soil, t be used if it will minimize · 
erosion and abrasion of the and allow, to the maximum 
practicable extent, surface off the cover. 

2.1 DESIGN 

top 
The Agency recommends 

layer meet the 

0 Locally adapted 

0 Resistant · to 

0 Roots that will not 
layer. 

0 Capable of thriving 
nutrient addition. 

0 Sufficient plant 
erosion to no 

the vegetation component of the 
ifications: 

plants. 

and temperature extremes. · 

the low-permeability 

low-nutrient soil with minimum 

2 tons/acre/year (5.5 ~ 
MT/ha/yr) , ca 

ity to m~n~mize cover soil 3 
~cu~a,.e~ using the USDA Universal Soil 

Loss Equation. 

0 Capable of surv and functioning with little or no 
maintenance. 

In landfill situations the environment or other 
considerations make it in,aI)plro'~ria for maintaining sufficiently 
dense vegetation, armoring may be substituted as the 
upper component of the top or in rare cases the whole 
layer. It is recommended that . material possess the following 
characteristics: 
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o 

o 

o 

o 

capable of remaining in place and minimizing erosi"on 
of itself and the underlying soil component during 
extreme weather events of rainfall and/or wind; 

capable of accommodating settlement of the underlying 
material without compromising the purpose of the 
component; 

surface slope approximately the same as the underlying 
soil (at least 3 percent slope); and 

capable of controlling the rate of soil erosion from J 
the cover to no more than 2

i
tons/acre/year. (5.5 . * 

MT/ha/yr), calculated by us ng the USDA Un~versal So~l 
Loss Equation. 

Agency-recommended specifications for the lower soil 
component of the top layer include the following: 

o for vegetation support, a minimum thickness of 60 cm 
(24 in.) including at least 15 cm (6 in.) of topsoil 
(soil of lower quality may be used beneath an armored 
surface); greater total thickness where required, 
e.g., where maximum frost penetration exceeds this 
depth, or where greater plant-available water storage 
is necessary or desirable; 

o medium texture to facilitate seed germination and 
plant root development; 

o final top slopei after allowance for settling and 
SUbsidence, of at least 3 percent, but no greater than 
5 percent, to facilitate runoff while minimizing 
erosion; and 

o minimum compaction to facilitate root development and 
SUfficient infiltration to maintain growth through . 
drier periods. 

The owner or operator of the landfill should prepare a 
separate section specific to monitoring construction of the top 
layer to be included in the construction quality assurance (CQA) 
plan. 

2 . 2 DISCUSSION 

2.2.1 Upper Component of Top Layer 

As noted in the design recommendations above, the upper 
component of the top layer may be vegetation (Agency-preferred 
where possible) or other erosion-impeding materials. These are 
discussed separately below. 
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and, in general, increase the . l maintenance of the cover 
system. Owners and operators final slopes based on 
site-specific conditions should determine that the slopes will 
not result iwthe fo~ation of rills and gullies and will 
limit total erosion to less 2.0 tons/acre/year ·(5.5 
MT/ha/yr). .The U.S. · Department Agriculture's Universal Soil 
Loss Equa.tion (USLE) is as the tool for use in 
evaluating erosion potential ( 1982a). The Agency believes 
that a maximum erosion rate of .0 tons/acre/year (5.5 MT/ha/yr) 
is realistically achievable for a wide range of soils, climates, 
and vegetation. The Agency als ~ believes that reliance on this 
criterion will minimize gully and cover maintenance. 
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KETTLEMAN STN, CALIFORNIA (044536) 
Period of Record Monthly Climate Summary 

Period of Record : 7/111948 to 1213112001 

Jan Feb Mar Apr May Jun lui Aug 

Average Max. Temperature (F) 55.2 61.9 67.3 75.1 84.3 93.1 99.2 97.1 

Average Min. Temperature (F) 38.5 43.3 45.8 50.0 56.2 63.3 69.2 67.9 

Average Total Precipitation 
1.42 1.37 1.13 0.61 0.29 0.05 0.01 0.03 

(in.) 

Average Total SnowFall (in.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Average Snow Depth (in.) 0 0 0 0 0 0 0 0 
Percent of possible observations for period of record. 
Max. Temp.: 60.6% Min. Temp.: 60.1 % Precipitation: 97.2% Snowfall: 97.4% Snow Depth: 97.4% 
Check Station Metadata or Metadata graphics for more detail about data completeness. 

Western Regional Climate Center, wrcc({iJdri. edu 

Sep Oct Nov 

91.3 80.7 66.6 

63.7 56.2 46.8 

0.19 0.28 0.64 

0.0 0.0 0.0 

0 0 0 

Dec Annual 

55.9 77.3 

39.5 53.4 

0.80 6.82 

0.0 0.0 

0 0 
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~'I A NRCS :::::; :~ (O"_ .. .n..,. 
~tni(,. 

RUSLE2 Worksheet Erosion Calculation Record 

Info: Kettleman Hills Facility - Landfill Unit B-18 
3.5H:1V, 50-foot-tall final cover slopes (bare) 

InDuts: 
Owner name 

Waste Manaaement, Inc. CalifornialKin 's R6 

Location Soil 

California\Kings 128 KETTLEMAN LOAM, 15 TO 30 PERCENT 
County\CA Kings R6 SLOPESIKETTLEMAN loam 85% 

-_ .. _ ...... 
Management Contouring Strips/ Diversionlterrace, Soil loss erod. 

barriers sediment basin portion, t/aclyr 

Bare ground 
a, rows up-and-

(none) (none) 9.2 
down hill 

Slope length Avg. slope 
Jhoriz) steepness, % 

182 28.6 

Soil detachment, Cons. plan. soil Sed. delivery, 
t/ac/yr loss, t/ac/yr t/ac/yr 

92 92 9.2 
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\A,~ ~'io'.rt.\ I J. NRCS ... "''' !!IIlIriIiiiii (Dn~~ r~tll>1I 
_ ~1J1(r 

RUSLE2 Worksheet Erosion Calculation Record 

Info: Kettleman Hills Facility - Landfill Unit 8-18 
3.5H:1V, 50-foot-tall final cover slopes (vegetated) 

Inouts: 
Owner name 

Waste Mana!lement, Inc. CalifornialKin 

Location Soil 

California\Kings 128 KETTLEMAN LOAM, 15 TO 30 PERCENT 
County\CA_Kings_. R6 SLOPES\KETTLEMAN loam 85% 

o .... _ ........... 
Management Contouring Strips/ Diversionlterrace, Soil loss erod. 

barriers sediment basin portion, t/ac/yr 

Warm season grass; a. rows up-and-
_ not harvested down hill 

(none) (none) 0.97 
-

Slope length Avg. slope 
(horiz) steepness, % 

182 28.6 

Soil Cons. plan. Sed. 
detachment, soil loss, delivery, 

t/ac/yr t/ac/yr t/ac/yr 

0.97 0.97 0.97 
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~ 
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APPENDIX J.1 PHASES I AND II HYDROLOGY AND DESIGN
CRITERIA

APPENDIX J.2 PHASES I AND II RUN-ON CONTROL
APPENDIX J.3 PHASES I AND II RUN-OFF CONTROL AND

RUN-OFF CONTROL FOR PHASE IIIA
APPENDIX J.4 FINAL CLOSURE DRAINAGE
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TABL£ 6 
RUNOFF COEFFrC lENT FOR 10- YEAR* RETURtl PERIOD 

f,§I/5'1 
--------------------------------------------------~--
1. LAND USE 

Nonaoricultural 
Business 

Downtown 
Nei ghborhood 

Residential 
Single-family 
Multi-units, detached 
Multi-units, attached 

Resi denti a 1 (suburban lots > 1/2 acre) 
Apartment dwelling 
Industri a 1 

Light 
Heavy 

Parks, cemeteries 
Pl aygrounds 
Ra il road ya rd 
Unimproved 

Agricultural/Open Space 

Hydrologic Soil Group 
(See Table 2 and Fig. 2) 

A 
B 
C 
o 

II. SURFACE TYPE 
Character of Surface 

Pavement 
Asphaltic and Concrete 
Brick 

Roofs 
Lawns. sandy soil 

Flat, 2 percent or il ess 
Average, 2 to 7 percent 
Steep, 7 percent or more 

Lawns, heavy soil 
Flat. 2 pel"Cent 
Average . 2 to 7 percent 
Steep, 7 percent 

Cul ti vated 

0.20 
0.40 
0.45 
0.50 

Pasture 

0.15 
0.35 
-0, 40 
0.45 

Coefficient C 

0.70 to 0.95 
0.50 to 0.70 

0.30 to 0.50 
0.40 to 0.60 
0.60 to 0. 75 
0.25 to 0.40 
0.50 to 0.70 

0.50 to 0.80 
0.60 to 0.90 
0.10 to 0.25 
0.20 to 0.35 
0.20 to 0.35 
0.10 to 0.30 

Oak Timber 
and Brush 

0.10 
0.30 
0.35 
0.40 

Coefficient C 

0.70 to 0.95 
0.70 to 0.85 
0. 75 to 0.95 

0.05 to 0.10 
0.10 to 0.15 
0.15 to 0.20 

0.13 to 0.17 
0.18 to 0.22 
0.25 to 0.35 

*For other return periods, determine runoff coefficient from Figure 10. 

17 
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Figure 4-28 Inlet control nomograph tor corrugated steel pipe culverts. The manu­
facturers recommended keeping HWID to a maximum of 1.5 and preferably to no 
more than 1.0. 
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Table 2 

MINIMUM RUNOFF COEFFICIENTS FOR BUILT-UP AREAS 

RESIDENTIAL AREAS: C = 0.55 to 0.70 

HOTEL-APARTMENT AREAS: C ~ 0.70 Ie 0.90 

BUSINESS AREAS: C ~ O.SO to 0.90 

INDUSTRIAL AREAS: C - O.SO to 0.90 

The type of soil, the type of open spac~ and ground cover and 
the slope of the cround shall be considered in arriving at reason~ 
able and acceptable runoff coefficients. 

APPROXIMATE AVERAGE VELOCITIES OF RUNOFF 
FOR CALCULATING TIME OF CONCENTRATION 

TYPE OF FLOW 

OVERLAND FLOW: 
Woodlonds 
Pastures 

Cultivated 
Pavements 

OPEN CHANNEL FLOW: 
lmprD'W'ec! Channels 

Natural Chennel­
(nat we tI defined) 

VELOCITY IN FPS FO R SLOP ES 
(in percent) INDICATED 

0-3% 4-7% 8-11% 12-15% 
1.0 2.0 3.0 3.5 
1.5 3.0 4.0 ~.S 

2.0 4.0 S.O 6.0 
5.0 12.0 15.0 18.0 

~.....-mine V.loclty by Manning's Fonnulc 

. 1.0 3.0 S.O 8.0 

·These valut!s vary with the chDnne1 size rma other- coruli1iot1s 
so tbat the ones riven 1lTt: the llVt!rD.gcs 0/11 wide Tange. WheTe'­
ever possible. maTt' IlccuraU 4etermiflations sbould be made fOT 

particular conditions by !ria.rming~ s jonnula. 

Table 3 

15 
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110 UNIFORM FLOW 

TABLE 5-6. VAI,UES OF THE ROUGHNESS COEFFICIENT n 
(Boldface figures are values generally recommended in design) 

Type of channel and description 

A. CLOSED CONDUITS FLowmo PARTLY FULL 
A-I. Metul 

a. BfflSS, smooth 
b. Steel 

1. Loekbar and welded 
2. Riveted and spiral 

c. Cast iron 
1. Coaled 
2. Uncoated 

d. Wrought iron 
1. Black 
2. Galvanized 

e. Corrugated metal 
1. Sub drain 
2. Storm drain 

A-2. Nonmetal 
a. Lucile 
b. Glass 
c. Cement 

1. Neat, surface 
2. tlortar 

d. Concrete 
1. Culvert, straight and free of debris 
2. Culvert with bends, connections, 

and somc debris 
3. Finished 
4. Sewer with manholes, inlet, etc., 

straight. 
5. Unfinished, steel form 
6. Unfinished, smooth wood form 
7. Unfinished, rough wood form 

e. 'Yood 
1. Stave 
2. Laminated; treated 

f. Clay 
1. Common dra.inage tile 
2. Vitrified sewer 
3, Vitrified sewer with manholes, inlet, 

etc. 
4. Vitrified subdrain with open joint 

g. Brickwork 
1. Glazed 
2. Lined with eement mortar 

h. Sanitary sewers coated with sewage 
slimes, with bends and connections 

i. Paved invert, sewer, smooth bottom 
j. Rubble mflBOnry, cemented 

Minimum I Normal I Maximum ---_.- ._---- -_. __ .. 

0.009 

0.010 
0.013 

0.010 
0.011 

0.012 
0.013 

0.017 
0.021 

0008 
0.009 

0.010 
0.011 

0.010 
0.011 

0.011 
0.013 

0.012 
0.012 
0.015 

0.010 
0.015 

0.011 
0.0l1 
0.013 

0.014 

0.011 
0.012 
0.012 

0.016 
0018 

0.010 

0.012 
0.016 

0.013 
0.014 

0.014 
0.016 

0.019 
0.024 

0.009 
0.010 

0.01l 
0.013 

0.01l 
0.013 

0.0l2 
0.015 

0.013 
0.014 
0.017 

0.012 
0.017 

0.013 
0.014 
0.015 

0.016 

0.013 
0.015 
0.013 

0.019 
0.025 

0.013 

0.014 
0.017 

0.014 
0.016 

0.015 
0.017 

0.021 
0.030 

0.010 
').013 

0.013 
0.015 

0.013 
0.014 

0.014 
0.017 

0.014 
0.016 
0.020 

0.014 
0.020 

0.017 
0.017 
0.017 

0.018 

0.015 
0.017 
0.016 

0.020 
0.030 

EXh 
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TABLE 5-6. VALUES OF THE ROUGHNESS COEFFICIENT n (continued) 

-
Type of channel and description Minimum Nonnal Maximum 

B. LINED OR BUIVl'--UP CHANNELS 

B-l. Metal 
a. Smooth steel surface 

1. Unpainted 0.011 0.012 0.014 

2. Painted 0.012 0.013 0.017 

b. Corrugated 0.021 0.025 0.030 

B-2. Nonmetal 
a. Cement 

1. Neat, surface 0.010 0.011 0.013 

2. MartaI' 0.01l 0.013 0.015 

b. Wood 
1. Planed, untreated 0.010 0.012 0.014 

2. PInned, creosoted 0.011 0.012 0.015 

3. Unplaned 0.011 0.013 0.015 

4. Plank with battens 0.012 0.015 0.018 

5. Lined with roofing paper 0.010 0.014 0.017 

c. Concrete 
1. Trowel finish 0.011 0.013 0.015 

2. Float finish 0.013 0.015 (0.016 

3. Finished, with gravel on bottom 0.015 0.017 0.020 

4. Unfinished 0.014 0.017 0.020 

5. Guuite, good section 0.016 0.019 0.023 

6. Gunite, wavy section 0.018 0.022 0.025 

7. On good excavated rock 0.017 0.020 
8. On irregular excavated rock 0.022 0.027 

d. Concrete bottom float finished with 
sides of 

"-0.017 1. Dressed stone in mortar 0.015 0.020 
2. Random stone in mortar 0.017 0:020 0.024 

3. Cement rubble masonTJ': •• plB:S_tered 0.016 0020 0.024 

4. Cement rubble masonry 0.020 0.025 0.030 
5. Dry rubble or riprap 0.020 0.030 0.035 

e. Gravel bottom with sides of 
1. Formed concrete - 0.017 0.020 0.025 

2. Random stone in mortar 0.020 0.023 0.026 

3. Dry rubble or riprap 0.023 0.033 0.036 

f. Brick 
L Glazed 0.011 0.018 0.015 

2. In cement mortar 0.012 0.016 0.018 

g. Masonry -
1. Cemeo ted rubble o.im 0.025 0.030 

2. Dry rubble 0.023 0.032 0.035 

h. Dressed ashlar 0.013 0.015 0.017 

i .. Asphalt 
1. Smooth 0.013 0.013 
2. Rough 0,016 0.016 

j. Vegetal lining 0.030 ..... 0.500 

I 

,/;7 

~ 
\11 

..... '" '-. 
V) 

,l;:) 



CORD OF CONVERSATIONMETHOD OF CALCULATION 

Project Number: 083-91887
MADE BY: PM

CHECK BY: RH

REVIEW BY: RH

Date: 8-1-2011

Project Name: Kettleman Hills B-18 Phase IIIA SHEET 1 OF 3

RE: TEMPORARY PHASE IIIA STORMWATER BERM AND CAPACITY OF NE
B-18 CONTAINMENT BASIN DURING PHASE III CONSTRUCTION

1.0 OBJECTIVES
� Design the height of the proposed Phase IIIA temporary stormwater containment berm.

This berm is required to be designed to function without failure to capture and retain the 
volume from the 24-hour, Probable Maximum Precipitation (PMP) storm event on the 
north side of the berm (i.e., this berm will contain stormwater run-off from the lower 
portion of the interim Phase IIIA waste slope and the surrounding areas).

� Evaluate the capacity versus demand of the existing NE B-18 Containment Basin during 
construction of Phase III.  During the Phase III construction (i.e., before the South 
Containment Basin comes online), an outlet control system will be required during the 24-
hour, PMP storm to prevent overtopping of the existing NE B-18 Containment Basin.

2.0 METHODOLOGY
The SCS Runoff Curve Number method was used to calculate the Phase IIIA interim drainage berm 
retention volume demand for the 24-hour, PMP storm event. This was compared to the proposed storage 
capacity of the Phase IIIA temporary basin to evaluate if the proposed berm is tall enough.

HEC-HMS modeling software (USACE) was used to evaluate the required outlet control peak flow rate to 
prevent overtopping of the existing NE B-18 Containment Basin during the Phase III construction.

3.0 ASSUMPTIONS
� The 24-hour PMP rainfall event equals 10.3 inches

� SCS Type 1 rainfall synthetic distribution was used

� SCS Curve Number (CN) of 81 was used for all basins

4.0 INTERIM PHASE IIIA DRAINAGE BERM CALCULATIONS

4.1 Storage Capacity
The interim Phase IIIA drainage berm will be constructed 10 feet high and have a maximum storage 
capacity of 52,100 cubic feet on its north side. This storage capacity assumes a freeboard of 1 foot (i.e., 
the 52,100 cubic feet of storage capacity is for a 9-foot depth of water contained by the berm on its north 
side).

It should be noted that stormwater run-on contained by the interim Phase IIIA drainage berm on its south 
side will be clean stormwater and will have a maximum depth of approximately 2 feet during the 24-hour 
PMP.  This maximum depth corresponds to the elevation difference between the toe of the south side of 
the berm and the local high point on the Phase IIIB lined “floor bench” that lies to the south.  It follows that 
the south side of the interim Phase IIIA drainage berm has an unlimited stormwater run-on storage 
capacity since the top of this berm is much higher than the local high point to the south.
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4.2 PMP Volume Calculation
The SCS Curve Number method was used to evaluate the runoff volume from the 24-hour, PMP storm 
event for the north side of the Phase IIIA interim drainage berm.  This interim drainage berm will capture
0.85 acres of storm water (see Figure 1). A Curve Number, CN, of 81 was used.

Q = (P – 0.2S)2 / (P + 0.8S)

Where: Q = runoff, in

P = rainfall (10.3 in)

S = potential maximum retention after runoff, in

Where: S = 1000/CN - 10

The estimated runoff was calculated to be 7.94 inches over the 0.85-acre drainage basin.  The minimum 
required volume for the Phase IIIA interim drainage basin to contain the 24-hour PMP is therefore 24,500
cubic feet.

5.0 EXISTING NE B-18 CONTAINMENT BASIN CALCULATIONS
The existing NE B-18 Containment Basin is approximately 25 feet deep with a capacity of approximately 
30 acre-feet.  A HEC-HMS analysis was performed using the existing conditions of the basin. If the 24-
hour, PMP storm event was to occur during the Phase III construction (i.e., before the South Containment 
Basin is online), it is predicted that runoff to the NE B-18 Containment Basin will exceed capacity by 
approximately 14 acre-feet. Therefore, an outlet control device will be used to prevent overtopping of this 
basin during the 24-hour, PMP storm event. Excess water will be conveyed through the outlet and into a
gravity pipe that will convey the overflow to the site’s existing East Retention Basin located approximately 
2,000 feet to the north.

5.1 Outlet Control System
HEC-HMS modeling software was used to calculate the peak flow rate required for an outlet control 
device set approximately 3 feet below the top of the existing NE B-18 Containment Basin embankment. 
Using a 21-inch orifice outlet device, it was calculated that a peak flow of 17 cfs was sufficient to prevent 
the basin from overtopping during the 24-hour PMP.

A preliminary minimum pipe size was calculated to convey the required 17 cfs from the NE B-18 
Containment Basin. Pipe calculations were performed using the Federal Highway Administration software 
program Hydraulic Toolbox 2.1.   A pipeline with a minimum slope of 1% and a Manning’s coefficient of 
0.010 was used to calculate the minimum size required to convey the required flow rate of 17 cfs.  A 
minimum 21-inch inside diameter pipe is needed to convey the flow rate of 17 cfs.

6.0 CONCLUSIONS
The stormwater run-off volume from the 24-hour, PMP storm event captured on the north side of the 
proposed interim Phase IIIA drainage berm was calculated to be 24,500 cubic feet. The proposed interim 
Phase IIIA berm will be constructed to a height of 10 feet and will have a capacity of 52,100 cubic feet
(assuming 1 foot of freeboard). Therefore, the proposed interim Phase IIIA drainage berm will have 
sufficient capacity to contain the flows from the 24-hour, PMP event with a freeboard greater than 1 foot.

The existing NE B-18 Containment Basin has a capacity of approximately 30 acre-feet. If the 24-hour, 
PMP storm event occurs during the construction of Phase III (i.e., before the South Containment Basin 
comes online), it is predicted that runoff to the existing NE B-18 Containment Basin will exceed its 
capacity by approximately 14 acre-feet. A 21-inch orifice outlet set approximately 3 feet below the top of 
the existing NE B-18 Containment Basin berm will prevent overtopping of this basin during the 24-hour, 
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PMP event. The peak flows from the orifice outlet will be 17 cfs. The excess water from the outlet system 
will be conveyed by gravity pipe to the site’s existing East Retention Basin located approximately 2,000 
feet to the north.

7.0 REFERENCES
Hydraulic Toolbox [computer software] 2011 Federal Highway Administration (FHWA), Version 2.1

Ernest F. Brater and Horace H. King 1976.  Handbook of Hydraulics, 6th edition.  McGraw-Hill Inc. 

U.S Department of Commerce, National Oceanic and Atmospheric Administration, U.S. Army Corps of 
Engineers. 1999. Hydrometeorological Report No. 59 Probable Maximum Precipitation for California.

HEC-HMS Hydrologic Modeling System [computer software] US Army Corps of Engineers Version 3.1.0

8.0 ATTACHMENTS
Figure 1:  Watershed Area for Phase IIIA Temporary Stormwater Berm

Attachment 1:  HEC-HMS Kettleman B-18 Basin Schematic

Attachment 2:  HEC-HMS NE B-18 Containment Basin Outlet Control Discharge Results

Attachment 3:  NE B-18 Containment Basin Conveyance Pipe Calculation Results
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Attachment 1

HEC-HMS Kettleman B-18 Basin Schematic
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Attachment 2

HEC-HMS NE B-18 Containment Basin Outlet Control Discharge Results



Project: Kettleman_B 18_Rev2 
Simulation Run: PMP24hr-Outlet Control Reservoir: NE B-18 Basin 

Start of Run: 

End of Run: 
Compute Time: 

01 Feb2020, 01 :00 

02Feb2020, 13:00 
1 OAug2011, 10:15:53 

Basin Model: 

Meteorologic Model: 
Control Specifications: 

Volume Units: AC-FT 

computed Results 

Peak Inflow: 65.7 (CFS) Date/Time of Peak Inflow: 
Peak Outflow: 17.2 (CFS) Date/Time of Peak Outflow: 

Total Inflow : 43.8 (AC-FT) Peak Storage: 

Total Outflow: 19.9 (AC-FT) Peak Elevation: 

B-18 Cover-Outlet Control 

LocalPMP24hr 
1 Hr36Hr 

01 Feb2020, 08:00 

02Feb2020, 01 :00 

28.3 (AC-FT) 

769.1 (FT) 



Reservoir 'NE B·18 Basin' Results lor Run 'PMP24hr·Outiet Control' 
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765.67 

761.33 

§: 
757.00 ~ 

iii 

752.67 

748.33 

06:00 12:00 

01 Feb2020 

18:00 00:00 

I 
06:00 12:00 

02Feb2020 

...... Run:PMP24h,-OuUel Control ElementNE B·18 BASIN ResultSIo13ge 

-- Run:PMP24h,-OuUel Control Elemenl:NE B·18 BASIN ResultOutflow 

RunPMP24hl-Outlel Control ElementNE B·18 BASIN ResultP'" Elevalioo 

- - - Run:PMP24hl-Outlel Control ElementNE B·18 BASIN ResultCombine<i Fow 



Project: Kettieman_B18_Rev2 
Simulation Run: PMP24hr-Outiet Control Reservoir: NE B-18 Basin 

Start of Run: 01 Feb2020 , 01 :00 
End of Run: 02Feb2020, 13:00 
Compute Time: 1 OAug2011, 10: 15:53 

Date Time Inflow 

(CFS) 

01 Feb2020 01 :00 0.0 

01 Feb2020 02:00 0.0 

01 Feb2020 03:00 1.3 

01 Feb2020 04:00 7.4 

01 Feb2020 05:00 14.9 

01 Feb2020 06:00 22.7 

01 Feb2020 07:00 32.4 

01 Feb2020 08:00 65.7 

01 Feb2020 09:00 44.1 

01 Feb2020 10:00 33.0 

01 Feb2020 11 :00 27.6 

01 Feb2020 12:00 25.0 

01 Feb2020 13:00 23.3 

01 Feb2020 14:00 21.4 

01 Feb2020 15:00 20.7 

01 Feb2020 16:00 20.2 

01 Feb2020 17:00 19.8 

01 Feb2020 18:00 19.4 

01 Feb2020 19:00 19.0 

01 Feb2020 20:00 18.6 

01 Feb2020 21:00 18.3 

01 Feb2020 22:00 18.0 

01 Feb2020 23:00 17.7 

02Feb2020 00:00 17.5 

02Feb2020 01:00 17.1 

Basin Model: B-18 Cover-Outlet C 
Meteorologic Model: LocalPMP24hr 
Control Specifications: 1 Hr36Hr 

Storage Elevation Outflow 

(AC-FT) (FT) (CFS) 

0.0 746.0 0.0 

0.0 746.0 0.0 

0.1 746.2 0.0 

0.4 747.2 0.0 

1.3 749.3 0.0 

2.9 751.7 0.0 

5.2 754.2 0.0 

9.2 757.8 0.0 

13.7 761.1 0.0 

16.9 763.1 0.0 

19.4 764.6 0.0 

21.6 765.8 0.0 

23.6 766.8 0.0 

25.0 767.6 8.9 

25.9 768.0 11.9 

26.5 768.3 13.5 

27.0 768.5 14.6 

27.4 768.7 15.4 

27.7 768.9 16.0 

27.9 769.0 16.5 

28.0 769.0 16.8 

28.1 769.1 17.0 

28.2 769.1 17.1 

28.2 769.1 17.2 

28.3 769.1 17.2 
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Date Time Inflow Storage Elevation Outflow 
(CFS) (AC-FT) (FT) (CFS) 

02Feb2020 02:00 4.3 27.8 768.9 16.2 

02Feb2020 03:00 1.0 26.7 768.4 14.0 

02Feb2020 04:00 0.2 25.7 767.9 11.4 

02Feb2020 05:00 0.1 24.9 767.5 8.5 

02Feb2020 06:00 0.0 24.3 767.2 5.6 

02Feb2020 07:00 0.0 24.0 767.0 2.6 

02Feb2020 08:00 0.0 23.9 767.0 0.0 

02Feb2020 09:00 0.0 23.9 767.0 0.0 

02Feb2020 10:00 0.0 23.9 767.0 0.0 

02Feb2020 11 :00 0.0 23.9 767.0 0.0 

02Feb2020 12:00 0.0 23.9 767.0 0.0 

02Feb2020 13:00 0.0 23.9 767.0 0.0 
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CORD OF CONVERSATIONMETHOD OF CALCULATION 

Attachment 3

NE B-18 Containment Basin Conveyance Pipe Calculation Results



Pipe Flow Results 

Project Data 
   Project Title:   Kettleman B-18 Phase IIIA  

   Designer:  Golder   

   Project Date:  Wednesday, August 10, 2011   

   Project Units:  U.S. Customary Units       

Channel Analysis: 18" Pipe - 10 cfs

Input Parameters 
   Channel Type:   Circular   

   Pipe Diameter: 1.5000 (ft)   

   Longitudinal Slope: 0.0100 (ft/ft)   

   Manning's n: 0.0100   

   Flow: 10.0000 (cfs)   

Result Parameters 
   Depth: 0.9533 (ft)   

   Area of Flow: 1.1848 (ft^2)   

   Wetted Perimeter: 2.7680 (ft)   

   Hydraulic Radius: 0.4280 (ft)   

   Average Velocity: 8.4402 (ft/s)   

   Top Width: 1.4438 (ft)   

   Froude Number: 1.6419   

   Critical Depth: 1.2188 (ft)   

   Critical Velocity: 8.8096 (ft/s)   

   Critical Slope: 0.0054 (ft/ft)   

   Critical Top Width: 1.1709 (ft)   

   Calculated Max Shear Stress: 0.5949 (lb/ft^2)   

   Calculated Avg Shear Stress: 0.2671 (lb/ft^2)   



Channel Analysis: 21" Pipe - 18 cfs

Input Parameters 
   Channel Type:   Circular   

   Pipe Diameter: 1.7500 (ft)   

   Longitudinal Slope: 0.0100 (ft/ft)   

   Manning's n: 0.0100   

   Flow: 18.0000 (cfs)   

Result Parameters 
   Depth: 1.2668 (ft)   

   Area of Flow: 1.8647 (ft^2)   

   Wetted Perimeter: 3.5614 (ft)   

   Hydraulic Radius: 0.5236 (ft)   

   Average Velocity: 9.6531 (ft/s)   

   Top Width: 1.5647 (ft)   

   Froude Number: 1.5583   

   Critical Depth: 1.5441 (ft)   

   Critical Velocity: 9.6806 (ft/s)   

   Critical Slope: 0.0069 (ft/ft)   

   Critical Top Width: 1.1278 (ft)   

   Calculated Max Shear Stress: 0.7905 (lb/ft^2)   

   Calculated Avg Shear Stress: 0.3267 (lb/ft^2)   



APPENDIX J.4 

FINAL CLOSURE DRAINAGE 



Sl,tbject Kettleman Hills Made by PM Job 083·91887 

Landfi ll- B·18 Cover Checked by ~i-l Date 1112112008 

Approved by 

&r// 
Sheet 1 of 2 Hydrologic & Hydraulics 

OB.TECTIVE: 
The cover system and drainage control systems for the existing Landfill B·l 8 are required to be designed to function 
without failu re when subjected to capacity, hydrostatic and hydrodynamic loads resulting from a 24· hour, Probable 
Maximum Precipitation storm [CCR 22, 66264.25]. Design surface water conveyance channels and bench channels, 
design the proposed retention pond (Reservoir I) and analyze the existing retention pond (Reservoir 2) for the Kettleman 
Hills B· 18 Landfill cover configuration. All runoff from the B-1 8 Landfill configuration is to be routed to the proposed 
retention pond (Reservoir I) located on the southeast section of the landfill or to the existing retention pond (Reservoir 2) 
located on the northeast section of the landfill. 

METHOD: 
The local PMP (Probable Maximum Precipitation) storm event resu lts in a higher precipitation intensity and thus higher 
peak channel flow, the 6·hour PMP, was used to evaluate all channels. The 24-hour rainfall event for the PMP was used 
for evaluating retention volume. The 6-hour and 24-hour PMPs were derived from the Hydrometeorological Report No. 
59 (Reference Attachment C). The surface water parameters as described below were used to model the Kettleman Hills 
B·l 8 Landfill. Figure 1 presents the watershed delineation map for sub·basin boundaries. Figures 2 & 3 present typical 
drainage channel geometries. Basin areas and curve numbers (eNs) were entered into HECfiHMS modeling software 
(USACE) and routed to calculate the peak flows for each basin. Kinematic wave transform methodology was used to 
develop hydrographs for each sub· basin except for offsite sub-basins Offsite 3, Offsite 4, and Offsite 5 which were 
modeled using the SCS unit hydrograph method. The peak flows were then used to size the landfill perimeter and bench 
channels, assuming normal depth. All model output can be found attached in this appendix. 

ASSUM r TIONS: 
• The 6·hour rainfall event for the local PMP equals 6.5 inches (used for designing channels). Ref. Attachment C. 

• The 24·hour rainfall event for the PMP equals 10.3 inches (used for checking retention volume). Ref. Attachment C. 

• SCS Type I rainfall synthetic distribution. 

• Landfill final cover SCS Curve Numbers (eN): 

Location , ·~ Soi1 "Hydrologic Assumed Cover SCSCN 
Typ, Soil Group · 

Landfill Final Cover Mercey C Herbaceous: fair cover 81 
Loam 

Natura! Terrain (south) Mercey C Herbaceous: fair cover 81 
Loam 

Natural Terrain (west) Mercey C Herbaceous: good 74 
Loam cover . • Mannmg s n for routrng and channel deSIgn: 

Channel Lin in" ::Manning's ·n for Stability Manning's n'for Oa acity 
Grass 0.030 0.035 
Turf Reinf. Mal 0.030 0.Q35 
Ripfirap 0.035 0.040 
Asphalt 0.016 0 .016 

• Grass Immg was used With veloc1t1es up to 7 fps, turfremforcement mat was used with velocities up to 10 ips or at 

directional changes in grass I ined channels, and hard lined (asphalt or shotcrete) or riprap for velocities higher than 10 

fps. Given the short term nature of the peak velocity during the conservatively assumed Local PMP. these velocities 

are considered acceptable. 



Subject Kettleman Hills Mllde by PM Job 083-91887 

Landfill - B- J 8 Cover Cheeked by pi Ollte 1112112008 

Hydrologic & Hydraulics Appl'OIIed by s_, 2 of 2 -I 

CA LCULATIONS: 
The HEC-HMS modeling software (USACE) was used to ca l culate flows at design points and the retention volume. All 
channel calculations were performed using a spreadsheet to calculate normal depth for both stability and capacity and 
FlowMaster to evaluate road/ditch sections. 

CONCLUSIONSfRESUL TS: 
The proposed retention pond (Reservoir 1) and the existing retention pond (Reservoir 2) have the capacity to contain the 
PMP (Probable Maximum Precipitation) flows. Subbasin de l ineation can be found in Figure 1. Attached are spreadsheet 
and other calculations. A summary of subbasins can be found in Table 1, times of concentration can be found in Table 2, 
flow results from HEC-HMS in Table 3. Also attached are pond sizing calculations, HEC-HMS input & routing 
diagrams, and Flowmnster calculations for channels. 

Based on the calculations, the maximum velocity for the benc h channel on the landfill is 6.1 feet per second. This is below 
the design criteria of 7 feet per second for grass-lined chann e ls. The closure access road wil l contain stormwater flows 
within the asphalt lined channel. The peak velocity within the asphalt-lined channel during a PMP, 6-hour event will be 
23.4 feet per second which is below the maximum allowable velocity of25 fee! per second. The perimeter road channel 
will exceed thc flow capacity of the roads ide asphalt- lined channel. The peak PMP, 6-hour stormwater flows will be 
contained within the roadway. Velocities within the channel "Will be less than the maximum allowable 25 feet per second. 
During the 24-hour PMP, it is predicted that run-offto the ex i sting retention basin (Reservoir 2) located on the north side 
of the proposed landfill will exceed capacity by approxi mate l y 2 AC-FT. In the event of a PMP storm event, the exces~ 
stonnwater wii! have to be pumped to the proposed retention basin (Reservoir 1). 

REFERENCES: 
HEC-HMS Hydrologic Modeling System [computer software] US Army Corps of Engineers Version 3.1.0 

Bentley FlowMaster [computer software] 2005 Bentley System s Inc. Service Pack 3 

Natural Resource Conservation Service. 1986. Technical Release 55: Urban Hydrology for Small Watersheds. Un ited 
States Department of Agriculture. 

U.S. Bureau of Reclamation (US BR). 1977. Design o/small dams r ed Washington D.C. : United States Government 
Printing Office. 

Ernest F. Braler and Horace H. King 1976. Handbook of Hydraulics, 6111 edition. McGraw-Hili Inc. 

U.S Department of Commerce, National Oceanic and Atmosp h eric Administration, U.S. Anny Corps of Engineers. 1999. 
Hydrometeorological Report No. 59 Probable Maxim um Precipitation for California. 
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TABLE 3 
FLOW RESULTS FROM HEC·HMS 

Ketlh,man B-18 Hydrology 
Project Number; Q83~11S87 

HEC-HMS Basin 
HEC.HMS Met. 

HEC-HMS c~.~'S .. <" 

Pa"" 1 011 
Golder As.oclale, 

1112412008 



TABLE 3 
FLOW RE5UL T5 FROM HEC-HMS 

I<,ttllmlln B-18 Hydrology 
Proj,ct Number: OB3-91801 

HEC-HMS 
HE.C-+lMS Control 
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Golder Asloc:iales 



K"Weman 8·18 Hydrology 
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Atta.:;rlmerlt B 
HEC-HMS Screen Captures and Inputs 

~EC-H~saa5~Mod~Sche:m:.:":c ____________________________________________________________________________________________________________________________________________ ~ 
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YtgUI'e 13..21. California local-storm PMP precipitation estimates for 1 mf, J hour (inches). 

Dashed lines are drainage divides. Same as Figure 9.23. 

Figllr& \3.21 from HMA No. 59 is used to derive!ht 6 hour PMP. 
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Project: Kettleman_Final_' 0-08 
Simulation Aun; PMP24hr Reservoir: Reservoir-1 

Start of Run: 01 Feb2020, 01 :00 Basin Model: Final Cover 
End of Run: 02Feb2020, 13:00 Meteorologic Model: localPMP24hr 
Compute Time: 03Nov200B, 09:31 :12 Control Specifications: 1 Hr36Hr 

Volume Units: AC-FT 

I-Corrputed Results 

I Peale Inflow : 47.1 (Of'S) DatefTime of Peak Inflow : 
i Peak Outflow : '0:0 (CFS) 

I Total Inflow : 31..8,{Ac..FT} 

DatelTime of Peak Outflow; 0-1Feb2020,i:01 :00 
Peak S10rage (~~PO<.",) ~ 6 _(AC-Flj 

L.:~:ow: ,0,0 (AC.FT~ Peak Elevation : 'fJSr .-,a (FT) 



Project Kettleman_Final_1o-08 
Simulation Run: PMP24hr Reservoir: Reservoir-2 

Start of Run: 01 Feb2020, 01 :00 Basin Model : 
End of Run: 02Feb2020, 13:00 Meteorologic Model: 
Compute Time: 03Nov200B, 09:31 :12 Control Specifications: 

Volume Untts: Ae·FT 

r Col1l'uted Results .-._- .-

Peak Inflow : 
PeakOutf\ow : 
Total Inflow : 
Total Outflow: 

52.0 (CPS) 
19.0 (CFS) 
34.1 (AC-FT) 

2.2 (AC-FT) 

DaterTime of Peak. Inflow : 
Daternme of Peak OutfloVi : 
Peak storage: 

Peak. Elevation: 

Final Cover 
LocalPMP24hr 
1 Hr36Hr 

01 Feb2020, 08:00 
02Feb2020,01:00 
32.5 (AC-FT) 

771.0 (FT) 



Worksheet for Cover Road Reach 1 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Manning Formula 

Normal Depth 

0+00.0 

1)+02.0 

0+37.0 

0+40.0 

0+45.3 

0+52.3 

Roughness Segment DefinHlons 

Results 

Normal Depth 

Start Station 

(0+00.0, 820.00) 

(0+02.0, 818.00) 

(0+37.0, 816.00) 

(0+45.3, 818.00) 

0.08000 ftNI 

19.0 It'ls v' 

Elevation (tt) 

Ending Station 

620.00 

BI6.00 

818.00 

816.50 

818.00 

820.00 

(OT02.C, 8Is.aO) 

(0+37.0,818.00) 

(0+45.3, 818.00) 

(0+52.3, 820.00) 

0.7:3 ft 

Elevation Range 816.50 to 820.00 ft 

Flow Area 1.48 ft' 

Wetted Perimeter 4.32 ft 

Top Width 4 .04 ft 

Normal Depth 0.73 ft 

C ritical Depth 1.54 ft 

Critical Slope 0.00671 ftIft 

Ve locity 12.85 "Jo c/ 

Roughness Coefficient 

0.030 

0.030 

0.016 

0,030 

Bentley Systems, 1m::. Hustad Methods Solution Center B\tnlley FlowMuter (08.01 .066.ooJ 
111112008 1:15:42 PM 21 Slemons Comp;lny Drfve Sulle 200 W Watertown, CT 06195 USA +1 ·203-155-1666 Pege 1 of 2 



Results 

Velocity Head 

SpecifIC Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstr9Bm Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critica l Slope 

11I3l20081:111:42 PM 

WDrksheet fDr CDver RDad Reach 1 

Supercrtllcal 

2.57 It 

3.30 It 

3.75 

0.00 ft 

0.00 ft 

o 

0.00 ft 

0.00 ft 

Infinity ftI. 

Infinity ft/, 

0.73 ft 

1.54 • 
0.08000 ftIft 

0.00671 ftIft 

Bentley Systems, In;. Hustad Method, Solution eenlel'" B&nlley FlowMllter [08.01.066.001 
27 Slemons Comp"rIy Drive Soltl 200 W Wllertown, CT 06195 USA +1·203·755-1666 P. ge 2. of 2. 



Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Nonnal Depth 

Discharge 

Cross Section Image 

820.00 t 
619.50 \ 

e1S.00 I 

\ 5 816.50 

i 11 
~ 816,0(] 

817 ,50 

817.00 

816 .50 

""'" 0+10 

1113120061:15:53 PM 

r 
• 

Cross Section for Cover Road Reach 1 

0+20 

Manning Formula 

Normal Depth 

I 

;/ 
, 

• 

V I 
0+'0 0+40 0.50 

.Sia1ian 

0.08000 ftIft 

0.73 fI 

19.0 ft'/s 

Bentley SY'tenI$,lnc. Haestad Methods Solution Center Bentley FlowMuter" [08.01.066.001 
:u Stemons Company OriYe Suite 200 W Watertown, Cl 0&7115 USA +1·20J..7SS-1666 P198 1 of 1 



Worksheet for Cover Road Reach 2 

Project Description 

Friction Metnod 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ftl 

Roughness Segment Definitions 

Manning Formula 

Normal Depth 

0+00.0 

0+02.0 

0+37.0 

t}l-40.0 

0+45.3 

0+52.3 

0.08000 

103.9 

ElevaUon (ft) 

ftIft 

ft'fs .,/ 

820.00 

818.00 

818.00 

816.50 

818.00 

820.00 

Start Station Ending Station 

Results 

Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

Critical Slope 

Velocity 

(0+00.0, 820.00) 

(0+02.0, 818.00) 

(0+31.0,818.00) 

(0+45.3,818.00) 

816.50 to 820.00 fI 

(0+02.0,818.00) 

(0+37.0,818.00) 

(0+45.3,818.00) 

(0+52.3, 820.00) 

1.64 ft 

12.30 It' 

44.57 ft 

43.93 ft 

'.04 ft 

1.92 ft 

0.00512 ftlft 

8.45 ftI' V 

Roughness Coefficient 

0.030 

0.022 

0.016 

0.030 

Bantley Systoms, In~. Hallstad Methods Solution Canter Bentley FlowMlsilr [08.01.066.00] 

1113120081:16:10 PM 27 Slemone C:omp~ny Drive Suite 200 W Wahtrtown, CT 06795 USA +1-203.755-1666 Page 1 of 2 



Results 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Up&tream Depth 

Profi le Oescription 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

ermcal Depth 

Channel Slope 

Critical Stope 

t1/l1Z0DB 1:1&:10 PM 

Worksheet for Cover Road Reach 2 

Supercrllical 

1.11 II 

2.75 tt 

2.81 

0.00 n 
0.00 fI 

o 

0.00 • 
0.00 • 

Infinity "" Infinity '1> 
1.64 • 
1.92 ft 

0.08000 11111 

0.00812 filii 

B~1ey S~bllTIIiI, Inc. Hallslad MethO<ts SDlution Center Bentley FlowMaster [08.01.066.00) 

27 Siemonl Company On .... Suite 200 W W.terto .... n, CT 06195 USA . ' ·203.155.1666 P.ge 2: 01 2: 



Project Description 

Friction Metlwd 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

820.00 

,\ , 

o \ 
I 

0 , 

819.50 

619.0 

!:i 818.5 

~ 816.0 

, 
817.50 

817.00 

816 .50 
, 

, 

I 

Cross Section for Cover Road Reach 2 

! 

~ 

• 
, 

Manning Formula 

Normal Depth 

, 

, I 
I .. 

I V 

I 
I 
I 

0.08000 ftIft. 

1.64 It 

103.9 fills 

0+00 0+10 0+20 0+30 0+40 0+50 
Station 

Bentley Systems, Inc. Haestad Methods Solution Center Bentley FlowMester [06.0 t .0&6.00] 

1113120061:16:22 PM 27 Slemons Compilny Drive Suito 200 W Watertown. CT 06195 USA +1.203·155·1666 Page 1 ot 



Worksheet for Perimeter Road Reach 3 

Project Description 

Friction Method 

Solve For 

Input Data 

Charmel Slope 

Discharge 

Section Definitions 

Station (ttl 

Manning Formula 

Normal Depth 

0,+-00.0 

0+08.0 

0+10.0 

0+35.0 

0+38.0 

0+40.0 

0+43.0 

0+50.0 

Roughness Segment Definitions 

Results 

Start Sialion 

(0+00.0, 820.00) 

(0+10.0,817.00) 

(0+35.0, 816.50) 

{0+43.0, 616.50) 

0.06000 

42.3 

Elevation (ft) 

Ending Station 

1tI. 
fl"ls V 

820.00 

816.00 

817.00 

816.50 

814.50 

814.50 

816.50 

818.50 

(0+10.0, 817.00) 

(0+35.0,816.50) 

(0+43.0,816.50) 

(0+50.0,818.50) 

0.85 • Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

614.50 to 820.00 ft 

2.77 If 

5.06 • 
4.54 ft 

0.85 • ,/ 1.66 ft 

Bentley Systems, Inc. Haestad Methods Solution Center 

Roughness CoeffICient 

0.035 

0.035 

0.016 

0.035 

Bentley FlowMasler [08.01.066.001 

111261200811:13:52 AM 27 Slemons Company Drive Suitu 200 W Watertown, CT 06796 USA +1·203·765·16&6 Page 1 of 2 



Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF 1nput Data 

Downstream Depth 

Length 

Number or Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

1112GI200811:13:52AM 

Worksheet for Perimeter Road Reach 3 

Supercritical 

0.00447 

15.25 

3.61 

ftIfI 

fIj. v' 
ft 

4.46 ft 

3.44 

0.00 ft 

0.00 ft 

o 

0.00 ft 

0.00 ft 

trlfinlty ft/. 

Infinity ft/. 

0.85 ft 

1.66 ft 

0.06000 ftIfI 

0.00447 ft/ft 

Benlley Systems, Inc. Haestad Methods SoLution Center Bentley FlowM8aw [08.01.066.(10] 

27 Slemons Company Drive Suitt 200 W Watertown, CT 06195 USA, +1-203-155·1666 Page 2 of 2 



Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross:Section Image 

::: \ 619.00 ' -, 

81B.50 

81B.00 \ 

.~ 817.50 .\ 

] 817.00 'I , 
816.50 

' v 816.00 

Cross Section for Perimeter Road Reach 3 

Manning Formula 

Normal Oepth 

I 

0.06000 ftIft 

0.85 fl 

42.3 ft'/s 

015.50 r 
815.00 

" u 814 .SO '----'---____ .:...,_~ __ "__J 

0+00 0+10 0+20 0+30 OHIO 0+50 
Stetion 

Bentley Systems, Inc. Hillestad Methods Solution Centor ~nUey FlowMastet [08.o1.066.00} 

1112612008 11:14:10 AM ZT Slemons Company Drive Sull:lt 200 W Watertown, Cl 06195 USA +1.2(13.755-1666 Page 1 of 1 



Worksheet for Perimeter Road Reach 4 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

SectiM Definitions 

Station (ft) 

Manning Formula 

Normal Depth 

0+00.0 

01-08.0 

0+10,0 

0+35,0 

0+38,0 

0+40.0 

0+43.0 

0+50.0 

Roughness Segment Definitions 

Results 

Start Station 

(0+00.0, 820.00) 

(0+10.0, 817.00) 

(0+35.0, 816.50) 

(0+43.0, 816.50) 

0.02600 ftJlt 

176.4 ft'/s 

Elevation (tt) 

Ending Station 

820.00 

816,00 

817.00 

816.50 

814.50 

814.50 

816,50 

818.50 

(0+10.0, 817.00) 

(0+35.0, 816.50) 

(0+43.0, 816.50) 

(0+50.0, 818.50) 

2.67 ft Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

814.50 to 820.00 ft 

29.43 
., 

41.52 ft 

39.70 ft 

2_67 ft 

2.78 • 

Roughness Coefficient 

0.035 

0.035 

0.016 

0.035 

Bentley Systems, Jnc. Haestl;d Methods Soh.rtlon Ctntor Bentley FlowMaster [08.t11.066.00] 

11126120081:25:16 PM 27 Siemons Company Drive Suite 200 W Waten OWfl , CT0619S USA +1.203.166.1666 Page 1 of 2 



Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Frouds Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Sleps 

GVF.Output Data 

Upstream Depth 

Profile Description 

prome Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Crttical Depth 

Channel Slope 

Critica l Slope 

11126120001:25:16 PM 

Worksheet for Perimeter Road Reach 4 

Supercrilical 

0.01656 fIIft 

5.99 It" v' 
0.55 It 

3.23 ft 

1.23 

0.00 It 

0.00 ft 

o 

0.00 It 

0,00 It 

Infinity fII' 
trlflnity fII, 

2.67 It 

2.78 It 

0.02600 fIIn 

0.Q1656 fIIft 

Bentley Systems, Inc. Hustad Mettlods Solution Center Bentley FlowMaGter IOa.Ol.066.00] 
21 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-155.1666 Page 2 of 2 



Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

820.00 
\ 

819.50 

\ 819.00 

618.50 

\ 818.00 
c 
.0 817 .50 .. 
~ 817.00 \ 816 .50 

816.00 

615.50 

615.00 

614.50 

""'0 0+1 0 

11126120081:25:33 PM 

Cross Sect ion for Perimeter Road Reach 4 

" 

0.'" 

Manning FormlJla 

Normal Deptn 

!-

0+30 O··AO 
station 

I 

~ 

0.50 

0.02600 ftlft 

2.67 ft 

176.4 ft"/s 

Bentley $ysmms, Inc. Hsestad Methods Solution Canter Befltley FlowMntar [08.01 .0;6.00] 
21 Slemons Company Orlve Suite 200 W Watertown, Cf 06795 USA +' -2D3-755-1666 Page 1 of 1 



Worksheet for Perimeter Road Reach 5 

Project Description 

Friction Method 

Solve For 

Input Data 

Cnannel Slope 

Discharge 

Section Definitions 

Station (ft) 

Manning Formula 

Normal Depth 

0+00.0 

0+08.0 

0.10.0 

0+35.0 

0+38.0 

0+40.0 

0+43.0 

0+50.0 

Roughness Segment Definitions 

Results 

Normal Depth 

Start Station 

(0+00.0, 820.00) 

(0+10.0,817.00) 

(0+35.0,616.50) 

(0+43.0,816.50) 

0.06000 

183.6 

EJevaUon (ft) 

Ending Stallon 

ftJI\ 

11". ,,/ 

820.00 

816.00 

817.00 

816.50 

614.50 

a14.50 

615.50 

818.50 

(0+ 10.0,817.00) 

(0+35.0,816.50) 

(0+43.0,816.50) 

(0+50,0. 816.50) 

2.51 ft 

Elevation Range 614,50 to 820.00 ft 

Flow Area 23.21 ft' 

Wetted Perimeter 40.59 ft 

Top Width 38.82 ft 

Normal Depth 2,51 ft 

Critical Depth 2.81 ft 

Roughness CoeffICient 

0.035 

0.035 

0.01a 

0.035 

~ntley Systems, Inc. H.esUd MethoM SOlution ~nter Bentley FlowM.ster (08.01.06&,001 
1112612001 1:44:41 PM 21 Slemons Compillny ortv. Suite 200 W Watertown, CT 06795 USA +1·203·75$-1666 P~e 1 of 2 



Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Ogwnstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

11126120081:44:47 PM 

Worksheet for Perimeter Road Reach 5 

Supel'Clilical 

0.01635 

7,91 

0.97 fI. 

3.49 f\ 

1.S0 

0,00 ft 

0,00 fl 

o 

0.00 • 
0.00 ft 

Infinity ftI. 

Infinity ftI' 

2.51 ft 

2.81 ft 

0.06000 !tift 

0.01635 !tift 

Bemley 5y$teme, II\(.. ~ .. tIId Method$ Solution Center Bentley FlowMaster [08.01.066.00] 
27 SlemoM Company Om. Suitt 200 W Watertown, CT 06795 USA +1·2(13.165-1666 Page 2 of 2 



Project ~scription 

Friction Method 

Solve For 

Input.Oat£:! -

Cl\annel Slope 

NOrTnlill Depth 

Discharge 

Gross Section Image 

i 

Cross Section for Perimeter Road Reach 5 

I 
! " 

Manning Formula 

Normal Depth 

0.06000 ftIft 

2.51 11 

163.6 trfs 

620.00 

619.50 

619.00 

818.SO 

618.00 

, i 

\' '"T -. ,-. .- , 

c 
Q B17.5O 

]617.00 

816.50 

",6JlO 

615.50 

615.00 

814.50 
. 

\ 
I 
i'V 
" , 

; 

(1.+00 0+10 

1112612008 1 :45:09 PM 

• 
! • . 

I 
I 

j I 
• I , 

~\ I i 

, i I 
i • 
i , ·u , ! 

0+20 0+30 0+40 0+50 
station 

Bontley Systllm~, Inc. Ha"-tad Method$ Solution Cemer Bentley FlowMastar I08.01.1l66.aOI 
27 SiemOIlll Company Drille Suite :ZOO W Watertown, CT 06795 USA +1.203.756.1886 Page 1 of 

, ! 



Project Descrjption 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Sk)pe 

Right Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Ftow Area 

Wetted Perimeter 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Fraude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF OUtput Data 

Upstream Depth 

Profile Description 

ProfUe Headloss 

Downstream Velocily 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Sk)pe 

Critical Slope 

1113/20081:18:1:) PM 

Worksheet for Bench Reach 6 

Manning Formula 

Normal Depth 

Subcrilical 

0.035 

0.02000 filii 

2.00 flIft (H:V) 

3.50 ftIft (H:V) 

12.00 ft 

16.7 ft'/s V 

0.41 ft 

5.37 ft' 

14.41 ft 

14.25 ft 

0.38 ft 

0.02562 ftlft 
V 3.11 ftI. 

0.15 ft 

0.56 ft 

0.69 

0.00 ft 

0.00 ft 

o 

0.00 ft 

0.00 ft 

Infinity ftJ. 

Infinity ftI. 

0.41 ft 

0.38 ff 

0.02000 ftJft 

0.02562 ftJft 

Bentley Systeml,lnc. Haestad Methods Solution Center SenilItY FIowMa,ter (08.01.(1t;6.00] 

rr Slemons Company Drive Suite 200 W WlItertown, CT 06195 USA. +1·203·755·1666 Page 1 of 1 



Project Description 

Frictiq" Method 

Solve For 

InpurOata 

Roughness Coefficient 

Channel Slope 

Normal Depth 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Cross Section Image 

Cross Section for Bench Reach 6 

Manning Formula 

Normal Depth 

0.Q35 

0.02000 

0.41 

2.00 

3.50 

12.00 

16.7 

111ft 

ft 

ttlft (H:V) 

ftlft (H:V) 

ft 

11'1, 

:.,..;;;>'" 0 .41 fI 

f--------- 12.oon 

11/312ooB 1:18:15 PM 

V: 1 t,. 
~1 

SenUey 51atums. Inc. Haeatlld Metllods Solution Cenl(lt Beni!&y FlowMII!ter [08.01.068.00] 

21 SI,mons Company OriV1) Suite 200 W Watertovm, CT 08795 USA +1.203·7S~1666 Pige 1 of 1 



Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Wiclth 

Discharge 

Results 

Normal Depth 

Flow Atea 

Wetted Perimeter 

Top Width 

Crillcal Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energ}l 

Frauds Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Oescription 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critlcal Depth 

Channel Slope 

Criticel Slope 

1113120081:18:39 PM 

Worksheet for Bench Reach 7 

Manning Formula 

Normal Depth 

Subcritlcal 

0.035 

0.02000 fVft 

2.00 ftIft (H:V) 

3.50 ftIft (H:V) 

12.00 ft 

26.3 n'/s \/'" 

0.53 ft 

7.20 ft' 

15.14 ft 

14.94 ft 

0.51 ft 

0.02351 fVft 

3.66 ftj,./ 
0.21 ft 

0.74 ft 

0.93 

0.00 ft 

0.00 ft 

o 

0.00 ft 

0.00 ft 

Infinity ftj, 

Infinity "I< 
0.53 ft 

0.51 " 0.02000 filii 

0.02351 ftIft 

Bentley Systems, Inc. Haestad Methods SOlution Center Bentley FlowMaster [OB.1I1.1166.(0) 
27 Siomom. Company DrIVe Suite 200 W Watertown. CT 06795 USA +'·203·765·1666 Page 1 of 1 



Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Normal Depth 

Left Side Slope 

Right Side Slope 

Bottom Width 

DIsCharge 

Cross Section Image 

Cross Section for Bench Reach 7 

Manning Formula 

Normal Depth 

0.035 

0.02000 

0,53 

2.00 

3.50 

12.00 

26.3 

Wft 

ft 

ftIft (H:V) 

ftffl (H:V) 

ft 

"'I, 

1-1 --------12.00. 
:;.;;>""a O.~ 

1 

Bontley SYltems, Inc. Haestf:ci Methodll Solution Cent.r Bentley FlowM88ter [08.01.066.0a} 

1113120081:18:50 PM 27 Slemona CQmpany Drive Suite 200 W Watertown, CT 06795 USA +1.203.755·1666 Page 1 QI 1 



Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficlent 

Channel Slope 

Left Side Slope 

R~hl Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flow Araa 

Wetted Perimeter 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

SpecifiC Erlergy 

Fraude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

length 

Number Of Steps 

GYF Output Data 

Upstream Depth 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

11/3120DB 1:19:05 PM 

Worksheet for Bench Reach 8 

Manning Formula 

Normal Depth 

Subcritical 

0.035 

0,02000 fl/ft 

2.00 ftJft (H:V) 

3.50 ftltt (H:V) 

12.00 ft 

50A "~I, ,/ 

0.78 ft 

11 .03 ft' 

16.58 ft 

16.29 ft 

0.77 • 
0.02089 ftIft 

./ 4.57 fI/, 

0.32 • 
1.10 ft 

0,98 

0,00 ft 

0.00 ft 

o 

0.00 ft 

0.00 ft 

Infinity M 

Infinity fI/, 

0.78 ft 

0.77 ft 

0.02000 fIIft 

0.02089 fIIft 

aenUey Systems, In~ , Hlestad Methods Solulll:" Canter Ba"lI.y FlowM.8l1r [Oo.tI1.066.00] 
27 Siemons Company Dri~e Suite 200 W Watertown, CT 06795 US" +1·203·755-1666 Page 1 of 1 



Project Description 

Friction Method 

Solve For 

Input Data 

Roughneu Coefficient 

CtlannaJ Slope 

Normal Depth 

left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Cross Section Image 

Cross Section for Bench Reach 8 

Manning Formula 

Normal Depth 

0.035 

0.02000 

0.78 

2.00 

3.50 

12.00 

50.4 

ftIft 

ft 

ftftt (H:V) 

tUft (H:V) 

ft 

"''' 

."""""' ________________ ~ -o~ 

f-I -------12.00 n 

Benlley Sy4temllO. Inc. Ha,.tad Methods Solution C.nttr e,nUoy FlowMastet IGB.01.0&6.00} 

111312001 1:111:14 PM 2T Siemon_ Company Orivs Suite 200 W Watertown, CT 06795 USA +1-203-765-1866 Page 1 of 1 



Project Descrlption 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Speclfic Energy 

ftoude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF OUtput Data 

Upstream Depth 

Profile Deaaiplion 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Crltical Slope 

1113/20081:111:27 PM 

Worksheet for Bench Reach 9 

Manning Formula 

Normal Depth 

Subcrilical 

0.035 

0.02000 ftfft 

2.00 ftffl (H:V) 

3.50 ftJft (H:V) 

12.00 ft 

27.6 11''' v' 

0.55 ft 

7.42 It' 

15.23 ft 

15.02 ft 

0.53 ft 

0.02329 ftfft 

3.72 fII, v' 
0.21 ft 

0.76 ft 

0.93 

0.00 fI 

0.00 fI 

o 

0.00 ft 

0.00 ft 

Infinity "" Infinity fII, 

0.55 ft 

0.53 ft 

0.02000 fVft 

0.02329 111ft 

Bantley Systems_ Inc. HUlibd Methods Solution Canter Bentley FlowMaster [08.01.066.00J 
27 Siemens Company Drive Suite 20ll W Watertown. CT 06795 USA +1.203-155.1556 Pige 1 of 1 



Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

Normal Depth 

Left Side Stope 

Right Side Slope 

Bottom Width 

Discharge 

Cross Section Image 

Cross Section for Bench Reach 9 

Manning Formula 

Normal Depth 

0.035 

0.02000 

0.55 

2.00 

3.50 

12.00 

21.6 

ft1ft 

ft 

ftIft (H:V) 

ftIft (H:V) 

ft 

ft ' ls 

.. ~ _____________________________ ""' C-__________________________ ~,.-
.............. _________________ ~ o.~ 

1-1------12OOft --------11 

Bentley S~8tem$ , Inc. Hal!ltad Methods Solution Canter Bentley FlowMaster JtIB.01.066.00] 
11/3J2008 1:19:36PM 27 Siomana Compllny Drive Suiln 200 W Watertown, CT 06795 USA +1·203_765_1666 Page , of 



Worksheet for Perimeter Road Raach 10 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Disc:harge 

Section Defin~iOflS 

Marlning Formula 

Normal Depth 

Station (ft) 

OtOO.O 

0+08.0 

0+10.0 

0+35.0 

0+38.0 

0+40.0 

0+43.0 

0+50.0 

ROllghne!;s Segment Definitions 

Results 

Start Station 

(0+00.0, 820.00) 

(0+10.0,817.00) 

(0+35.0,816.50) 

(0+43.0,816.50) 

0.01400 ftln. 

178.3 ft'ls 

Elevation (tt) 

Ending Station 

820,00 

616.00 

817.00 

816.50 

814.50 

814.50 

B16.S0 

818.50 

(0+10.0, 817 ,00) 

(0+35.0,816.50) 

(0+43.0,816.50) 

(0+50.0, 818.50) 

2.84 ft Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

614.50 to 820.00 fI 

Top Width 

Normal Depth 

Critical Depth 

36.05 

42.49 

40.60 

2.84 

2.79 

ft' 

ft 

ft 

ft 

ft 

Roughness Coefficient 

0.035 

0.035 

0.016 

0.035 

Bentley Systems, Inc. Haestad Methods SOlution C'nter Bentley FlowMastar [08.01.066,110] 

111261200811:06:54 AM 27 Siemon& Company Driye Suite 200 W Watertown, CT 116795 USA "1-203-755-1666 Pag' 1 of 2 



Results 

Crttlcal Slope 

Veloctty 

Velocity Head 

Speclrlc Energy 

Frauds Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF output Data 

Upstream Depth 

Profile Description 

Profi le Headlo.&S 

DOYlnstre&m Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

Worksheet for Perimeter Road Reach 10 

Subc:rilical 

0.01660 ftI1t 

4.95 fII'V-
a.38 ft 

3.22 n 
0.93 

0.00 It 

0.00 It 

a 

a.co ft 

a.oo n 
Infinity fII, 
Infinity fII, 

2.84 ft 

2.79 ft 

0.01400 ftJft 

0.01660 ftJft 

Bentlty Systems, Inc. Ha"~d Mcthoctl: SOlution Cenlet a,ntley FIowM8Iter {08.01.tMiS.oG} 

1112&'2008 11:06:W AM 27 Siemon. Company Drive Suite ZOO W W81.enOWn, CT 06ns USA +1-203-15£>.1666 Page 2 of 2 



Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section for Perimeter Road Reach 10 

Manning Formula 

Normal Depth 

0.01400 ftIft 

2.84 ft 

178.3 ft'/s 

Cross Section Image 

620.00 

819.50 

819 .00 

818.50 

618.00 

6 617.50 'il " 
> 

817.00 <II 
816.50 

816.00 
• 

615,50 

815.00 

814.50 'v 0+00 0+10 0+20 0+30 0+40 0+50 
S1ation 

8entley System" Inc. HaelStad Metl\ods Solution ~nter Bentley FlowMaster (Da.Dl.o;;6.DOJ 

11126120Da 11:01:18 AM 27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203·755·1&68 Plge 1 of 



Work sheet for Perimeter Road Reach 1 1 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (fl.) 

Manning Formula 

Normal Depth 

OtOO.O 

0+06.0 

0+10.0 

0+35.0 

0+38.0 

0+40.0 

0+43.0 

0+50.0 

Roughness Segment Definllions 

Results 

Start Station 

(0+00.0, 620.00) 

(0+10.0, 817.00) 

(0+35.0, 816.50) 

(0+43.0, 616.50) 

0.04700 

269.1 

Elevation (ft) 

Ending Station 

620.00 

61S.00 

817.00 

816.50 

814.50 

814.50 

616.50 

818.50 

(0+10.0, Bt7.DO) 

(0+35.0, 816.50) 

(0+43.0, 816.50) 

(0+50.0, 818.50) 

2.73 ft Normal Depth 

~Ievation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

814.50 to 820.00 ft 

31 .87 II' 

41.88 ft 

40.03 ft 

2.73 ft 

3.07 ft 

Roughness Coefficient 

0.035 

0.035 

0.016 

0.035 

Bentley Systems, Inc . Hautad Methods Solution Center Bentley FlowMDBle f [08.01 .066.00] 

1112612008 11 :08:46 AM 21 Slemons Company Drive Suite 200 W Wltcmown, CT 06795 USA +1·203·765·1666 Page 1 01 2 



Worksheet for Perimeter Road Reach 11 

Results 

Critical Slope 0.01525 ftIft 
./ Velocity 8.44 ft/, 

Velocity Head 1.11 • 
Specific Energy 3.84 ft 

Froude Number 1.67 

Flow Type Supercri!ical 

GVF Input Data 

Downstream Depth 0.00 ft 

Length 0.00 ft 

Number Of Steps 0 

GVF OUtput Data 

Upstream Depth 0.00 ft 

Prome Description 

Profile Headt!)" 0.00 ft 

Downstream Velocity Infinity .,. 
Upstream Velocity Infinity "'" Normal Depth 2.73 ft 

Critical Depth 3.07 ft 

Channel Slope 0.04700 ftIft 

Critical Slope 0 .01525 ftIft 

Bentley Srlmms, In~ HleGt.d Method. Solution Center Bentley FIowMalter (OS.OUGUIOj 

111261200811:08:40 AM 'E1 Siemon. Comp.llny DrIve Suite ZOO W Watertown, CT 06T95lJSA +1-203.756-1686 PI9' 2 of 2 



Cross Section for Perimeter Road Reach 11 

Projeet Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

820.00 , 
619.50 , . -
619.00 

818.50 

616.00 

C 817.50 .. 
~ 817,00 

816.50 

816.00 

i .. 
i 

V 
815.50 , 
815.00 , 
814.50 

0+00 0+10 

i , , , 
I , 
, 

, 

i 
. 
. 

i 

, , 
f 
) 

, 

, 

, 

Manning Formula 

Normal Depth 

, , 
, , 

; 

I 

j , 
~ , 

I 
' ,- . 

' w 

I 

I 

I 
I 

I 
(11.20 0+30 0+40 0+50 

stelion 

0.04700 ttIfI 

2.73 ft 

269.1 ft'/s 

BenUey Sy.tams, Inc. Hae&tad Methods Solution C~nter Bentley FlowMasl&r [08.01.0S6.00] 

111U11200811:09:'4 AM 27 SlemonB Company Orivi Suite 200 W Watertown, CT 06795 USA +1-203-755.1666 Page 1 of 1 



Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

left Side Slope 

Rlgtlt Side Slope 

Bottom Width 

Discharge 

Results 

Normal Depth 

Flaw Area 

Wetted Perimeter 

Top Width 

Crttical Depth 

Critical Slope 

Velocity 

Velocity Head 

SpecifiC Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headlcss 

Downstream Velocity 

Upstream Velocity 

NOlms! Depth 

Critical Depth 

Channel Slope 

Critical Slope 

11/3120001:21:04 PM 

WDrksheet fDr Bench Reach 12 

Manning Formula 

Normal Depth 

Subcritica! 

O.oJ5 

0.02000 111ft 

2.00 flIft (H:V) 

3.50 ftIft (H:V) 

12.00 • 
27.4 .. " 
0.55 • 
7 .39 

., 
15.21 • 
15.0t • 
0.52 ft 

0.02332 fIIft 

3.71 ft/, 

0.21 • 
0.76 • 
0.93 

0.00 It 

0.00 ft 

o 

0.00 • 
0.00 ft 

Infinity ft/, 

Infinity ft/, 

0.55 ft 

0.52 • 
0.02000 MI 

0.02332 fIIft 

/ 

,/ 

a.ntJey Systems, lne. Kliestad Methoct. SoILltion CentM B.ntley FIowMuter [08.01.066.otI} 
27 Siemon. Camp.n)' Drlv. Suite 200 W Watertown, CT 06795 USA "1-:W3-7S5-'666 PlIge 1 of 



ProjeCt Desbription 

Friction Method 

Solv& For 

Input Data 

Roughness Coefficient 

Channel Slope 

Normal Oepth 

I.eft Side Slope 

Right Side Slope 

Bottom Width 

Olscharge 

Cross Section Image 

Cross Section for Bench Reach 12 

M8nnillg Formula 

Normal Depth 

0.035 

0.02000 

0.55 

2.00 

3.50 

12.00 

27.4 

fII' 
• 
flIft (H:V) 

1tIft (H:V) 

ft 

fl'/s 

~ ............ """"::::================~===============::::;:::;=-----::::- O~ f-1------12.1lO ft I 

11/312008 t :21:15 PM 

V:1 ~ 
1t1 

Bontlu1 SYltams, Inc. Haelltad MDthodl Solution Center Bentle)' FlowMutar (08.01.(J(;6.00] 

21 Slemons COmpany DrIve SlIrto 2(10 W Watertown, CT osns USA +1-203·75$-1666 Page 1 of 



Worksheet for Perimeter Road Reach 13 

PrOject Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ttl 

Manning Formula 

Normal Depth 

0 ... 00.0 

0+08.0 

0+10.0 

0+35.0 

(}+'38.0 

(}+40.0 

D+43.0 

0+50.0 

Roughness Segment Definitions 

Results 

Start Station 

(tr+OD.O. 620.00) 

(0+10.0,817.00) 

(0+35.0,816.50) 

(0+43.0,816.50) 

0.06700 tuft 

61.7 Wis 

Elevation (ftl 

Ending Station 

820.00 

816.00 

617.00 

816.50 

814.50 

814 .50 

816.50 

816.50 

(0'1"10.0,617.00) 

(0+35.0,816.50) 

(0+43.0, 816.50) 

(0 ... 50.0,816.50) 

1.00 ft Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

814.50 to 820,00 ft 

3.51 ft' 

5.61 ft 

5.01 ft 

1.00 ft 

2.20 ft 

Roughness Coefficient 

0.035 

0.035 

0.016 

0.035 

Bentlay Systems, Inc. HBestad Methods Solution Center Bentley FlowMaster [OS.01.0SG.OO[ 

1112612008 11:35:26 AM 27 Siemons Com~ny Drl~ Suite 200 'II' Watertown, CT 06795 USA +1·203·755·1666 Page 1 01 2 



Results 

Critical Slope 

Velocity 

Veloctty Head 

Specific Energy 

Fraude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

Length 

Number Of Steps 

GVF Output Data 

Upstream OfIplh 

Profile Description 

Profile Headless 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

Worksheet for Perimeter Road Reach 13 

Supercrltical 

0,00477 ftIft 

17.58 tus 

4,80 ft 

5,80 ft 

3.70 

0.00 ft 

0,00 ft 

o 

0.00 • 
0.00 • 

Infinity III, 

Infinity III, 

1.00 • 
2.20 • 

0.06700 III' 
0.00477 .Ift 

-------------
Bentley Systems, Inc. Hilostad Matlloos Solution Center Bentley FlowMaster IOfI.Ol.066.DO] 

11/2612008 11:35:25 AM Xl Siemens Company Drive Suite 20n w Watertown, CT 06795 USA +1_2(13...755_1666 Page 2 01 2 



Cross Section for Perimeter Road Reach 13 

Project Description 

Friction Method 

Sollie For 

Input Data 

Channel SlOpe 

Normal Depth 

Discharge 

Manning Formula 

Normal Depth 

0.06700 !tift 

1.00 ft 

61 .7 ft'ls 

Cross.Section Image 

820.00 

819.SO ,-
819.00' 

818.50 

818.00 

i 817.50 

~ 611.00 

B16.50 

816.00 

615.50 

815.00 

814.50 

0.00 0+10 0+20 0+30 0+40 0+50 
stetion 

BantLey Systeml, Inc. HBHtad Methods 5011ll10n Center Bentley FlowMaster {06.01.066.001 
11~12008 11:J6:40 AM 27 SllImons Company Drive Suite ZOO W Watertown, CT 06795 USA +1-203·755-1661> Plge 1 of 1 



Project Description 

Fik:tiOn Metnod 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

left Side Slope 

Right Side Slope 

Bottom Width 

Olscharge 

Results 

Normal Depth 

Flow Area 

Wetted Perimeter 

Top Width 

Critical Depth 

Critical Slope V._ 
Velocity Head 

Specific Ef'lergy 

Froude Number 

Flow Type 

GVF Input Data 

Dcwnltream Depth 

Length 

Number 01 Steps 

GVF Output Data 

Upstream Depth 

Profile D.scription 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Critical Slope 

111312f108 1:21:S2 PM 

Worksheet for Bench Reach 14 

Manning Formula 

Normal Depth 

Subcritical 

0.035 

0.02000 111ft 

2.00 Mt (H:V) 

3.50 ftItt (H:V) 

12.00 • 
39.3 ft'1' V 

0.6B • 
9.35 ft' 

15.97 • 
15.71 • 
0.66 • 

0.02184 111ft 

4.20 111'./ 
0.27 • 
0.95 • 
0.96 

0.00 fI 

0.00 ft 

o 

0.00 • 
0.00 • 

Infinity "" Infinity ." 
0.68 • 
0.66 • 

0 .02000 ftIft 

0.02184 ftIft 

8 811Uay Systems, Ine. HaesUod Method. SOlution Clrrter alntley Flow Master (08.01.066.00] 

27 SlemOl'lI ComlNny Drive Sulla 200 W Watertown, Cf 06795 USA +1-203-765-1666 P, 9C' 1 of , 



Project Description 

Friction Method 

Solve For 

Input Data 

Roughness CoeffIcient 

Ch8rlnel Slope 

Nannal Depth 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Cross Section Image 

1'1312008 1:22:06 PM 

Cross Section for Bench Reach 14 

Manning Formula 

Nonnal Depth 

0.035 

0.02000 

0.68 

2.00 

3.50 

12.00 

39.3 

filii 

ft 

ftfft (H:V) 

ftIft (H:V) 

ft .. " 

V 1 ~ 
ttl 

BeRtiII)' Symms. Inc. ~tad Milthods Solution Canter Bentley FlowMamr (08.01.086.00] 

27 Siomons Company Ortve Suite ZOO W Watertown, CT 06786 USA .'-203-766-1666 Page 1 01 



Worksheet for Perimeter Road Reach 15 

Project Description 

Friction Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Manning Formula 

Normal Depth 

0+00.0 

0+08.0 

0+10.0 

0+35.0 

0+38.0 

0+40.0 

0+<43.0 

0+50.0 

Roughness Segment Oefltlitions 

Results 

Normal Depth 

Start Station 

(0+00.0, 820.00) 

(0+ 10.0, 817.00) 

(0+35.0, 816.50) 

(0+43.0, 816.50) 

0.08000 MI 

133.2 ft"ls 

Elevation (ft) 

820.00 

a16.00 

817.00 

816.SO 

814.50 

8K50 

816.50 

816.50 

Ending Station 

(Q.Iol0.0, 817.00) 

(0+35.Q,816.50) 

(0+43.0,816.50) 

(Oi-SO.O,818.50) 

1.41 ft 

Elevation Range 814.50 to 820.00 ft 

Flow Area 5.80 ft' 

Wetted Perimeter 7.08 • 
TopWlclth 6.23 ft 

Normal Depth 1.41 • 
Crttlcal Depth 2.63 ft 

Roughness Coefficient 

0,035 

0.035 

0,016 

0.035 

Bentley Systems, Inc. Husted Methodt Solullon Center Bentley FiowMatiter [011.111.1186.1111] 

11/2.8120081 :18:18 PM 27 Slemol18 Complny Drive Suite 200 W Watertowfl , CT 06795 USA +1-203_755_1666 Page 1 of 2 



Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Eoorgy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Oepth 

Length 

Number Of Steps 

GVF OUtput Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Chartnel Slope 

Critical Slope 

11126120081:18:1& PM 

Worksheet for Perimeter Road Reach 15 

Supercritical 

0.00444 ftfft 

22.913 It/, V 
8.21 ft 

9.62 ft 

4.20 

0.00 ft 

0.00 ft 

o 

0.00 • 
0.00 • 

Infinity It/, 

Infmity It/, 

l Al • 
2.63 • 

0.08000 M\ 

0.00444 ftIft 

BanUoy Systems, Inc. HeBstlld Methods Solution Center BentlO)l FlowMaster [08.01.066.00) 
21 Slemons Company Drive Suite 2110 W WatBrtOWfl , CT 06795 USA +1-203.155-1666 Page '2. of '2. 



Cross Section for Perimeter Road Reach 15 

Project Description 

Friction Method 

Solve For 

InpufOata 

Channel Stope 

Normal Depth 

Discharge 

Cross Section Image 

820.00' 

819.50 

819.ttl' 

816.50 

818.00 
0 

817.50' ~ 

~ 
817.00 i ... ;!l .v 816.SO 

B1B.OO 
.\. -

815.50 

815.00 

814.50 

0.00 0+10 

11/2612000 1:111:33 PM 

i -. 

0.20 

MElnning Formula 

Normal Depth 

L_ J __.J 

.. """"-

· U 

0...-30 0+40 
st!ltion 

0.50 

0.08000 ftIft 

1.41 fI 

133.2 It'ls 

Benlley Systems, Inc. Hustad Methods Solution Center Bentley FlowMaster [0Il.Ol.066.00] 

Z7 Slemona Company Drive Suite 200 W Watortown, CT 06795 USA +1.2.03.765-16&6 Page 1 of 1 



Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

Channel Slope 

left Side Slope 

Right Side Slope 

Bottom W idth 

Discharge 

Results 

Normal Depth 

Fklw Area 

Wetted Perimeter 

Top Width 

Critical Depth 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Depth 

length 

Number Of Steps 

GVF Output Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

Critical Depth 

Channel Slope 

Crltleal S lope 

1113/2008 1:22:48 PM 

Worksheet for Bench Reach 16 

Manning Formula 

Normal Depth 

Supercritical 

0.035 

0.08000 MI 

2.00 ftIft (H:V) 

3.50 ftIft (H:V) 

12.00 It V 36.7 "" 
0.43 It 

5.70 .. 
14.54 It 

14.38 It 

0.63 It 

0.0221 1 ftI/\ 

6.43 ttI,V 
0.64 It 

1.08 It 

1.60 

0.00 ft 

0.00 ft 

o 

0.00 It 

0.00 It 

Infinity f1j, 

Infinity It" 
0.43 It 

0.63 It 

0.08000 ftI/\ 

0.02211 fIIft 

Bentley System!>, Inc. Hall$tad Methods SoILrtlon Center Bentley FlowMl1Iter r08.01.066.00} 

rr Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1·203-755-1666 Page 1 01 1 



Project Description 

Friction Method 

Solve For 

Input Data 

Roughness Coefficient 

ChaMel Slope 

Nonnal Oepth 

Left Side Slope 

Right Side Slope 

Bottom Width 

Discharge 

Cross Section Image 

Cross Section for Bench Reach 16 

Marmlng Formula 

Normal Depth 

$7 

0.035 

0.08000 

0.43 

2.00 

3.50 

12.00 

36.7 

ftJ. 
ft 

ftIft (H:V) 

tuft (H:V) 

ft 

11'/, 

:.;;;>"" . 0.43 ft 

\----------12.00 11 

11/3120081:22:58 PM 

V: 1 b,. 
ttl 

Bentley Systllms, lnc. Hlestad Methods Solution Center Bentley Flow~'IiI&wr (()lUI1.D66.DO} 

27 Slemons Company Oriva Suitt 20e W Watertown, CT 06795 USA +1·203·755-1666 Page 1 of 1 



Worksheet for Perimeter Road Reach 17 

Project Description 

Fric110n Method 

Solve For 

Input Data 

Channel Slope 

Discharge 

Section Definitions 

Station (ft) 

Manning Formula 

Normal Depth 

0+00.0 

0+08.0 

0+10.0 

0+35.0 

0+38.0 

0+40.0 

0+43.0 

Cl-t50.0 

Roughness Segment Definitions 

Results 

Start Station 

(0<1"00.0, 820.00) 

(0+10.0,817.00) 

(0+35.0, 818.50) 

(0+43.0, 816.50) 

0.05600 ftIfI 

65.7 ft>ls 

Elevation (n) 

Ending Station 

820.00 

616.00 

817.00 

816.50 

814.50 

814.50 

816.50 

S1a.50 

(0·10.0.817.00) 

(0+35.0,816.50) 

(0+43.0,816.50) 

(0+50.0,818.50) 

1.24 ft Normal Depth 

Elevation Range 

Flow Area 

Wetted Perimeter 

Top Width 

Normal Depth 

Critical Depth 

814.5010820.00 fI 

4.77 ft· 

8.46 ft 

5.71 ft 

1.24 ft 

2.42 ft 

Roughness Coefficient 

0.035 

0.035 

0.016 

0.035 

B~'"tIIlY SYltems, Inc. HaelOtad Method; $ollitioo Center BonUey FlowMaster [OB.Ol.066.ool 

11126J201lS 11:11:36 AM 27 Siemon& Company Drivil Suite 2110 W Watertown, CT 06795 USA .1-203-755·1686 Page 1 of 2 



Results 

Critical Slope 

Velocity 

Velocity Head 

Specific Energy 

Froude Number 

Flow Type 

GVF Input Data 

Downstream Oepth 

length 

Number Of Steps 

GVF'Oulput Data 

Upstream Depth 

Profile Description 

Profile Headloss 

Downstream Velocity 

Upstream Velocity 

Normal Depth 

CriticalOepth 

Channel Slope 

Critical Slope 

Worksheet for Perimeter Road Reach 17 

Supercritlcal 

0.00478 ftJft 

17.96 ftJs 

5.01 ft 

6.25 ft 

3.46 

0.00 ft 

0.00 ft 

o 

0.00 ft 

0.00 ft 

Infinity 11/, 

Infinity 11/. 

1.24 ft 

2.42 ft 

0,05600 111ft 

0.00478 ftfft 

Bentley Systems, Inc. Hlleltad Methoda Solution Center Bentley FtowMnter (08.01.066.00] 
111261200811;17:36 AM 21 Siemon! Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Pege .2 01 2 



Cross Section for Perimeter Road Reach 17 

Project Description 

F tlctlon Method 

Solve For 

Input Data 

Channel Slope 

Normal Depth 

Discharge 

Cross Section Image 

620,00 

819.50 

619.00 

618.50 

818.00 

i 817.50 

817.00 ' .. 
816.50 ,V 616.00 

815.50 

815.00 

81.'" 
0<00 0+10 

, 

Manning Formula 

Normal Depth 

L 

I' 
Ie-"-

1..1 

0-'" 0-30 0-.0 0-50 
Slot"" 

0.05600 ftI1t 

1.24 fI 

85.7 fWs 

8&ntley Systems, Inc. Hantad Mlthodl Solution Clnter Bentley FIowMuter [OS.01.066.o<1] 
111261200S 11 ;17;15<> AM 27 SltlmoM ComPf."Y DrtYe Suttl 200 W W.tertown, CT 06795 USA +1·203·766--1666 P.ge 1 of 1 



HY-8 Culvert Analysis Report 



Water Surface Profi le Plot for Culvert: Culvert 1 

Crossing - JS05, Design Discharge - 110.0 cfs 
Culvert · Culvert 1. Culvert Discharge. 110.0 cfs 

919 ·i .. ····.·······,··· .. ··· ······: ........ ; .............. , ......... 1 , , 
: ~---'---- : 
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911 i':': -.. ------- .. --~ -- .. -- -. -- -- -~. -----. ------- ~ .. --.---. -.- ! -- --.- --. -- --~. ------. , , • • • • 1 , , . . , · . . . . , 
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r- : : 1 I! I: : 1 : I 

-20 o 20 40 
Station (ttl 

Site Data - Culvert 1 

Site Data Op1ion: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 914.00 ft 

Outlet Station: 70.00 ft 

Outlet Elevation: 910.00 ft 

Number of Barrels: 2 

Culvert Data Summary - Culvert 1 

Barrel Shape: Circular 

Barrel Diameter: 3.00 ft 

Barrel Material: Smooth HOPE 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition: Square Edge with Headwall 

Inlet Depression: None 

60 80 



Table 1 • Culvort Summary Table: Culvert 1 

".. 
T", 

"~. _OJ 

................................................................................. 
Inlet Elevation (invert): 914.00 ft, OuUet Elevation (invert): 910.00 ft 

Culvert Length: 70 .1' ft . CulvM SlClpe: 0.0571 



Table 2 ~ Summary of Culvert Flows at Crossing: JS05 

Headwater Elevation 
Total Discharge (ets) 

Culvert 1 Discharge Roadway Discharge 
Iterations (ftl (ctsl (efs) 

918.32 110.00 110.00 0.00 1 

916.32 110.00 110.00 0.00 1 

918.32 110.00 110.00 0.00 1 

918.32 110.00 110.00 0.00 1 

918.32 110.00 110.00 0.00 1 

918.32 110.00 110.00 0.00 , 
918.32 110.00 110.00 0.00 , 
918.32 110.00 110.00 0.00 1 

918.32 110.00 110.00 0.00 1 

916.32 110.00 110.00 0.00 , 
918.32 110.00 11 0.00 0.00 1 

919.00 124.66 12486 0.00 Overtopping 



Water Surface Profile Plot for Culvert: Culvert 1 

Crossing - J 01-02, Design Discharge - 188.0 cfs 
Culvert· Culvert 1. Culvert Discharge. 78.0 cf. 
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o 20 40 60 
Station (ft) 

Site Data· Culvert 1 

Site Data Option: Culvert Invert Data 

I n let Station: O. 00 ft 

Inlet Elevation: 854.00 ft 

Outlet Station: 60.00 ft 

Outtet Elevation: 853.00 ft 

Number of Barrels: 1 

Culvert Data Summary - Culvert 1 

Barrel Shape: Circular 

Barrel Diameter: 3.00 ft 

Barrel Material: Smooth HOPE 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition: Square Edge with Headwall 

Inlet Depression: None 



Table 3· Culvert Summary Table: Culvert 1 

NOflT\lll 
oe~(lI) 

c_, 
Depth (fI) 

_._ ............ _ .. -.................. -............... _ .. _ ........... -.. . 
In!et Elevati(ln ~ll\Iert): 854.00 It, Outlet Elel/alion (invert): 853.00 II 

Cutvert Length: 60.01 ft, ClAvert Slope: 0.0167 



Table 4 - Summary of Culvert Flows at Crossing: J 01-02 

Headwater Elevation 
Total Discharge (cfs) 

Culvert 1 Discharge Roadway Discharge Iterations 
(ft) (ots) (cis) 

860.81 188.00 78.04 109.94 e 
860.81 188.00 78.04 109.94 2 

860.81 188.00 78.04 109.94- 2 

860.81 188.00 78.04 109.94 2 

860.81 188.00 78.04 109.94 2 

860.81 168.00 78.04 109.94 2 

860.81 18e.00 78.04 109.94 2 

860.81 188.00 78.04 109.94 2 

860.81 188.00 78.04 109.94 2 

860.81 188.00 76.04 109.94 2 

860.81 168.00 78.04 109.94 2 

860.00 71.29 71.29 0.00 Overtopping 



Water Surface Profi le Plot for Culvert: Culvert 

e: 

Crossing - JS13, Design Discharge - 274.0 cfs 
Culvert· Culvctt. Culvert Di1>chRrge • 274.0 cfs 
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-20 o 20 40 60 80 
Station (ttl 

Site Data .. Culvert 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 669.00 ft 

Outlet Station: 70.00 fI 

Outlet Elevation: 8S8.00 ft 

Number of Barrels: 4 

Culvert Data Summary - Culvert 

Barrel Shape: Ci rcular 

Barrel Diameter: 3.00 ft 

Barrel Material: Smooth HOPE 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Inlet Edge Condition: Square Edge with Headwall 

Inlet Depression: None 



Table 5· Culvert Summary Table: Culvert 

Tc:>tal c .... , Headwale, 0... 
, 

0 • ., TBiIwate. Inlet ConlrOl - N_ Crttlcal 0." Tililwater Discharge Discharge Elevallon Dept!1 (It) Con!~ 

"" O{Iplh (1'1) Depth (11) Depth (It) Ot!pIh (It) V~oeity Ve!or;iI.y 
(cb) ,"', (ft, Depth (It) (Ills) ""', 
2.74 .00 2.74.00 874.69 .!i.692 &.084 4-FFI 2.017 2.822 2.017 2.271 13..5S8 22.317 

274.00 274.00 874.69 0.692 S.".. 4-FFf 2.017 2.622 2.017 '-'" 13.569 22.317 

274.00 2.74.00 814.&9 S.692 .. ".. 4·FFf 2.017 2.622 2.017 2.271 1~ . .!i68 22 .~17 

274.00 214.00 674.89 6.692 5.0Il0l 4·FFf 2.017 2.822 2.017 2.271 1~.566 22.~17 

274.00 274.00 674.69 5.692 SOU 4·FFf ;1.017 2.622 2.017 2.211 1~. SSB 22.~17 

214.00 214 .00 874.B9 5.B92 5.084 <-F" 2.017 2.622 2.017 2.271 1~. SS8 22.317 

274.00 274.00 974.69 .!i.692 6.084 4·FFf 2.017 2.622 2.017 2.271 13.566 22.317 

274.00 274.00 674.69 .!i.692 5.084 4-FFI . 2.017 2.622 2.017 2.271 13.568 22.317 

214.00 274 .00 874 .69 5.692 5.054 4-FFI 2.017 2.622 2.017 "'" 13.568 22.317 

274.00 274.00 674.69 5.692 5.084 4·FFf 2.017 2.622 2 .017 2.'" 1~ . .!i68 22.317 

174.00 274 .00 674.69 5.692 5.084 <-F" 2.017 2.622 2.017 2.21 1 13.566 22 .317 

Inlet E)evation (invert): 869.00 fl. Ou~et Elevation (Invert): 868.00 fI 

Culven Length: 70.01 tt, Culvert Slope: 0.0143 



Table 6 ~ Summary of Culvert Flows at Crossing: JS13 

Headwater Elevation 
Total Discharge (cfs) 

Culvert Discharge Roadway Discharge 
Iterations (ft) (efs) (efs) 

874.69 274.00 274.00 0.00 1 

874.69 274.00 274 .00 0.00 1 

874.69 274.00 274.00 0.00 1 

874.69 274.00 274.00 0.00 1 

874.69 274.00 274.00 0.00 1 

874.69 274.00 274.00 0.00 1 

874.69 274.00 274.00 0.00 1 

874.69 274.00 274.00 0.00 1 

874.69 274.00 274.00 0.00 1 

874.69 274 .00 274.00 0.00 1 

874.69 274.00 274.00 0.00 1 

875.00 285.05 285.05 0.00 Overtopping 



Water Surface Profile Plot for Culvert: Culvert 1 

Crossing - JN06-N 14, Design Discharge - 228.0 cfs 
Cuivelt. Culvert 1, CuivClt Discharge . 97.1 cf, 

772 ~·=--=--=--=--=--=---=--~·=--=--=--=--=--=-- =--=--=--=--=--=--=--=--=---=-=--=--=--= . . =--=---=--= .. =--=--=--=--=--=---~--+- _ _ -:- ___ --+.... : 

770 

5:
768 

· · · · -.-.. ............ ...... -.......... '"';.~ .. ~-===='-...... -. ---.--_.-. ..:._---_ .. __ ._ ._- -· , . . · . . . · . . . . · . . . 
_ ._ • •• _ • • __ o •• ___ ~.-- •••• 

, , , 
, 

. . 
. -- -.--~- .... --.----.-.-.---- .. ------- .. ~ ............... . · . . · . . · . . · . . · . . · . . " .2 766 _ .. . ..... . . .. . ..•. __ ••••• __ •• _. : __ • _ .••• __ ~ •• __ .~ ___ 0. ___ ____ .,. ~_ •••••••• 0_ ••••• I 

~ 
, I 

[i 764 

762 

· . 
760 ~-~--.--~-d--~--=-~- -_--_- ~~-m- -~i~- -~--~,-=--~-6-----~t=--=--.-_--~--c-_--~- -_-_-~F--=-~- -=-~--~i"--~-i_--_-t_---·6- -_-·~·_- -_--~1 ·_--~ 

o 20 40 
Station (ttl 

Site Data· Culvert 1 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 762.00 ft 

Outlet Station: 60.00 ft 

Outlet Elevation: 760.00 ft 

Number of Barrels: 1 

Culvert Data Summary - Culvert 1 

Barrel Shape: Circular 

Barrel Diameter: 3.00 ft 

Barrel Material: Smooth HOPE 

Embedment: 0.00 in 

Barrel Manning's n: 0.0120 

Inlet Type: Conventional 

Intet Edge Condition: Square Edge with Headwall 

Inlet Depression: None 

60 



Table 7 - Culvert Summary Table: Culvert 1 

T~I 
0i1Ch8rge 

''''' 
c_ 

""""" (d') 

H..ow.ter 
Elevltion 

tnt 

""' •. 
COrMrd 

[)ep\I'I (II) 

... 
T", 

CIWcaI 
Oul'lh (II) 

................................. _ ........................................... .. 
Inlel EIe\'ation (invert): 762.00 It , Outlet Elevation (invert): 760.00 It 

Cutvert length: 60.03 ft. CUlvert Slope: 0.0333 

""'" Velocity 
(ttls) 



Table 8· Summary of Culvert Flows at Crossing: JN06·N14 

Headwater Elevation Total Discharge (cis) 
Culvert 1 Discharge Roadway Discharge Iterations 

(ft) (om) (cts) 

711.48 228.00 97.07 130.89 11 

771.48 228.00 97.07 130.89 2 

771.48 228.00 97.07 130.89 2 

771 .48 228.00 97.07 130.89 2 

771.48 228.00 97.07 130.89 2 

771.48 228.00 97.07 130.89 2 

771.48 228.00 97.07 130.89 2 

771.48 228.DO 97.07 130.89 2 

771.48 228.00 97.07 130.89 2 
771.48 228.00 97.07 130.89 2 

771.48 228.00 97.07 130.89 2 

770.00 87.19 87 .19 0.00 Overtopping 



Water Surface Profile Plot for Culvert: Culvert 1 

776 

774 

~ 

Crossing - IN 13, Design Discharge - 143.0 cfs 
Culvelt· Culvert 1, Culvert Disel""ge • 92.6 of, 
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o 20 40 

Station (fi) 

Site Data· Culvert 1 

Site Data Option: Culvert Invert Data 

Inlet Station: 0.00 ft 

Inlet Elevation: 767.00 ft 

Outlet Station: 60.00 ft 

Outlet Elevation: 766.00 ft 

Number of Barrels: 1 

Culvert Data Summary " Culvert 1 

Barrel Shape: Circular 

Barrel Diameter: 3.00 ft 

Barrel Material: Smooth HOPE 

Embedment: 0.00 in 

Barrel Manning's n: 0.01 20 

Inlet Type: Conventional 

Inlet Edge Condition: Square Edge wHh Headwall 

Inlet Depression: None 

60 



Table 9 ~ Culvert Summary Table: Culvert 1 

T •• 
DllChargl 

''''' 
c ..... 
Di&chD~ 

(ds) 
HII8!iwaler I'"~'" c~'~~"~" I E!evllion 

(1\) Depth (ft) 
NOmlSl 

Depjh (ft) 
Critk;!ol 

Deplh(lI) 
OlJljel 

Depth (II) 
TeUWlI1er 
Depth (1\) 

Inlel Elevation (irwert): 767.00 ft, Qullel Elevation (Invert): 766.00 ft 

Culvert Lenglh: 60.01 It, Culvert Slope: 0.0157 

~ ..................................... -.-.............. -...... _ .... _ .... . 

TeUwal1l 

""'" (fils) 



Table 10 ~ Summary of Culvert Flows at Crossing: JN1 3 

Headwater Elevation Tota! Discharge (ets) Culvert 1 Dlscherge Roadway Discharge 
Iterations 

1ft) (cfs) (cts) 

775.61 143.00 92.62 50.35 12 

775.81 143,00 92.62 50.35 2 

775.81 14 3.00 92.62 50.35 2 

775.81 143.00 92.62 50.35 2 

775.81 143.00 92.62 50.35 2 

775.81 143.00 92.62 50.35 2 

775.81 143.00 92.62 50.35 2 

775.81 143.00 92.62 50.35 2 

775.81 143.00 92.52 50.35 2 

775.81 143.00 92.62 50.35 2 

775.61 143.00 92.62 50.35 2 

775.00 67 .02 87.02 0.00 Overtopping 



APPENDIX K.l 

APPENDIX K.2 

APPENDlX K 

LCRS ANALYSES 

LCRS CAPACITY 

GEOTEXTILE FILTER CAPACITY 



APPENDIX K.I 

LCRS CAPACITY 



ubje<:l: Kettleman Hills Facility ob No.: 083 -91887 
Landfill Unit 8·18 
LCRS Calcul ations IIle: 04n3n 008 

, . lIeel No.: J of 1 

OBJECTIVE: 

Evaluate if the existing Landfill 8-1 8 Leachate Collection and Removal System (LCRS) will be sufficient to SUPPO" 
the proposed Phase III expansion. Also confirm that the maximum head on the base liner will not exceed 12 inches 
at any point. 

Compare capacity calculations with measured leachate volumes. 

METHOD: 

The original LCRS calculations performed by ESI (1990) assumed that 100% of the rainwater falling on 8·18 would 
infiltrate into lhe LCRS. This assumption is very conservative and no longer valid as the current 8·18 waste mass 
has significant absorptive capacity and given the climatic conditions much of the rainfall will either runoff and be 
collected or evaporate. 

Perform calculations simi lar to the Phase I and II LCRS calculations to confirm the transmissivity of the LCRS 
geocomposite is adequate to convey the potential leachate (equal to rainfall volume) to the sump. Compute the 
capacity or the LCRS gravel around the sump to convey leachate and compare to potential maximum leachate 
volumes and historical recorded leachate generation rates. 

CA LCULATIONS: 

Following the calculation approach used by ESt (see Pages 3 to 5 in Attachment I), confirm the increased slope length 
(I.e. greater capture area) is able to convey the annualized average leachate volume (assuming all rainfall becomes 
leachate). The flow length for the base considers the contributory flow from the upstream slope. Flow paths are 
shown on Figure I in Attachment 2. Based on the ca lcuilltions the geocomposite is capable of conveying the annual 
rainfall to the sump. 

Sump capacity was determined by Darcy's Law where the capacity (Q) is equal to the permeability (k) multiplied by 
the cross sectional area of the LCRS gravel (A) multiplied by the gradient of the floor ( i). The capacity ofthe B-18 
sump perimeter is approximately 9,000 gallons per day for each sump. Historic records (see Figure 2) ind icate that 
the average flow is approximately 200 gallons per day maximum (Sump IS) with a maximum measured generation 
rate of approximately 6,000 gallons per day. The max imum flow rate resulted from exposing an area of 
geocomposite during a stoml event allowing rUlloffto enter the LCRS system. The geocomposite is typically 
covered by protective geomembrane, operations layer and waste which limit the fl ow. Based on the observation the 
LCRS system is capable of conveying much larger volumes than typically encountered . 

CONCLUS IONS/RJ?:SULTS: 

The LCRS system is capable of conveying the expected leachate volumes. The geocomposite is shown to be 
capable of conveying the leachate to the sump without exceeding 12 inches of head on the liner. The original 
calculations are shown in Attachment I, and the updated calculations are shown in Anachment2. 
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Attachment 1 

Original LCRS Calculations 
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Attachment 2 

Updated LCRS Calculations 



LCRS Calculations 
by, RJS 

Checked: RH 
Reviewed : 55 

Avg. Annual Rainfall = 6.48 in 

Average leachate gen. Rate = 1.71E-08 ft/sec/ftl 

Required Geocomposite Drainage layer Total 
Transmissivity transmisivity Transmissivity Transmisivity Required 

Area III (m
2
/ sec) (m2/sec) (m2/sec) (m2/secl Capacity met? 

IA Slope 400 0.411 1.55E-06 4.0DE.()S 4.ooE-05 yes 
IA Bottom 675 0.024 4.SIE-OS 5.00E·05 3.05E-05 8.0SE-05 yes 
18 Slope 425 0.363 1.86E-06 4.00E-05 4.00E-05 yes 
IS Bottom 1100 0 .026 6.78E-05 5.00E-05 3.05E-05 8.05E-05 yes 
IIA Slope 275 0.354 1.24E-06 4.00E-05 4.00E-05 yes 
irA Bottom B50 0.026 5.18E-05 5.00E-05 3.05E-05 B.OSE-05 yes 
liB Slope 450 0.406 1.76E-06 4.00E-05 4.00E-05 yes 
liB Bottom B75 0.02B 5.06E-05 S.OOE-OS 3.05E-05 8.0SE-05 yes 

Adequacy of system along perimeter of leachate sump 

Drainage layer 

Potential Hydraulic 

l eachate Run~off Area Leachate Conductivity Sump Capacity Sump Capacity Adequate Sump 

Sump generation (acres) w (ft) I Volume (cfs) (inJ./sec) (cfs) Q = kiA (gallons/day) Capacity 

IA 1.71E~08 12.9 550 0.02 9.6E-03 0.19 1.SE-02 9,380 yes 
IB 1.71E-08 19.7 540 0.02 1.5E-02 0.19 1.4E-02 9,209 no 
IIA 1.71E-08 17.8 600 0 .02 1.3E-02 0.19 1.6E·02 10,233 yes 
liB 1.71E-08 17.5 650 0.02 1.3E-02 0.19 1.7E-02 11,085 yes 

Leachate generation assumes all rainfall will be collected as leachate. 

Note: the leachate flow ca pacity for each sump is in excess of 9,000 gallons per day. Based on historic measurements the maximum leachate generation rate 

has been approximatley 6,000 gallons per day. This peak generation was measured during a one month period and can be attributed to an exposure of the 

geocomposite. leachate generation h<ls typically been less than 200 gallons per day, on average (January 2001 to December 2007). Given the dry nature of the 

facility and that the existing waste is below field capacity, the leachate genera tion rate is expected to remain in the 200 to 300 gallons per day per sump 

(maximum). The construction of Phase III is not expected to result in significantly larger volumes of leachate. 



APPENDIX K.2 

GEOTEXTILE FILTER CAPACITY 
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TABLE 3. HYDIj.·AUUC TRANSMISSIVITY (M'/SecX 10") 
SOIL/TREVlRA\1I20YPN3000 GEONET/TREVIRA \I20/S01L t,1 - , .. _-_._. __ ... <--

fL010 SjSTb-< 11.1<(. , CI"C.I>l~t·p I O;i 10. 

CRADIENT = 0.25 

5.000 pI! ]0.000 p'! 15.000 ps! ~Q.QOO ~sf 

0041 0.16 0.Q7 0.04 
0.42 0.17 0.08 0.05 
0.48 0.23 0.14 0.11 

, 
0.44 0.19 0" 0.10 '6.07 01· 

0.04 0.04 0.04 0.04 

GRADIENT & 0.50 

~,OOO psi 10.000 ps( 15.000 p,f 20;000 p,lf 

0.36 0.14 0.08 ' 0.03 
0.37 0.14 0.08 0.04 
0.40 0.18 0.11 0.07 

0.38 O.IS 0.09 n.os 
0.Q2 0.02 0.02 nm 

GRADIENT. 0.75 

5,000 PIC IIl,POO plf )s,oon psf :11,000 por 

0.32 0.14 0.06 0.04 
0.32 0.14 0.06 0.05 
0.35 0.16 0.08 11.Uf> 

0..13 0.15 0.07 0.05 
0.Q2 om 0.01 0.0 I 

ORADIENT. 1.0 

5,000 PIC lO,QOQ PI! J~,OOQ off 
I 
2Q,0I1Q p,f 

0.26 0.12 0.05 0.03 
0.26 0,12 0.06 0.04 
0,29 (1.14 0,07 0.05 

0.27 0.13 0.0f> 0.04 
0.02 0.01 0.01 (I.lll 

~5.00n pof 

am 
0.04 
0.09 

0.05 
0,(14 

2.1,000 plf 

0.02 
om 
O.O() 

!l.I~ 
lI.n2 

Z~,OOO pi! 

O.O~ 
0.03 
II.O~ 

0,04 
o.n I 

Z~,(J(~lJ'I( 

0.03 
0.03 
(1.04 

0.0.' 
(1.01 
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PARTICLE D METER [N MM 

GRAVEL SAND 
COBBLES 

coarse 1 fine coarse 1 medium 1 fine 
Sn. T AND CLA Y FRACTION 

FIGURE 0 .2.7 

GRAIN SIZE DISTRIBUTION 
STRATIGRAPHIC UNIT 18-9 

LANDFILL UNIT 8·18 
KETILEMAN HILLS FACILITY 

ENVIRONMENTAL SOLUTIONS, INC. 



SYMBOL 

0---0 

E 
" "' ~ > c 
~ w z 

" ~ z 
'" " ~ w 
~ 

BORlNG DEPTH (rt ) LlQUlD PLASllClTY 
. LlMlT (%) lNDEX (%) 

S1RATlGRAPHlC 
UNlT 

MA TERlAL TYPE USCS 

L1 8-B 37.0-39.5 18- 11 Sandstone SM 

SIEVE ANALYSIS HYDROMETER ANALYSIS 

u.s. STM1UJlD SIEVE NUMBERS 

'''rrifrri
f .. '''·l·"l_·r---'-''·r·rnn-r''' r-r-i','i?''./''\;''\',''i'5r-r-"i'---r-"~--1T""i'rrr-r-'---r-----rnrn-r-r .. ---r----i 

J.tlU . .LJ. __ .L .. _J1Ul.l..LL..J. ... -'-tl~ ... L. ....... ~ __ ._14l+1.J_., ... _.L ...... Jll!Ll .. l ........ _.!. ___ ... 

" 
" 
" 
" 
" 
" 
" 
" 
" 

::::::: t ::::::::: n:::,::: :::11::: I II:;::::: ......................................................... - ....... _-............ , ................................ -...... , ... _ .. _ ...... _ ......... -.. ........... -". 
"" I " I ' ' '"' '" "'" I " ' '''',., , "'" I " , :·~H-}.··.;.····+-···--l~g.:·+·~···~·-~·----;.l+tH- ··~-+---·+l+H-H-:--+--·-IHH++··.;.-+-·-
"" , ,,' "", , ,', ""' I I '.J ",,',. , I """'" H·:ti··l·-t···-l-······ltttl·i··t···t···-t-·--t:1tH ... I· t-. ,··_··-ittN·t-t··+-·f····· .. ··lt+tt·H·-t·····t· __ ·-
~·!.l!.!··:···~·····1' ......... ~~!J.: .~·~ ... ~ .... ...:.. __ .. -!n~l . .:..~.. : ..... .!.-. ...:.u:.1.~-l-: ...... l----4~!!:-1··1' .. ,! ... -! .. _ .... . 
"",' , "",",' ,,',," , "II" ' " ,,'''' ' , l·lit·t··l··-j .... ·+··· .. ···it+!·!··!--t··-t-.. ·-t-···· .... tHtt-t .. l.. ..·y ...... tttl-J-1··t· .. !I ...... r" .. _ .. · .. lHH·,:··i· .. t .. -·t· .. · .. ··· 
j·lit·t··j··-j· .... ·1 · .. -lttj·j··t .. t··"j" .. ···t·--·_·tl-:tt-t .. I·.. ..··! ...... · .. ttl'l"t·"!··j .... , .. · .. ·, .... · .... 1·!tH·, .. t· .. t· .... t· .. · .. · .. 
, .•. ,~ ......... ~ ...... I ...... , ~ ... ~, .......... , ............. _ ...... , ........ ,... . ... , ............ ............... , ...... , .......... 1 ......... , ....................... .. 
III: I :: I 111:11 I I: III:: I : :: I:::: I I:: 1::1 1:::: ,·,·, .. · .... ,· .. ·,······,· .. ··· .. ··'~n'··'··~··· ...... ·.,.·· .. ·····.,.' .. ~1".,. .. ' .. ·1- · .. · .. __ ·.,., .. ,.,· .... .,.· .. '· .... ·r·· .. ·-.. ,·,.,." .. ,··,· .. .,.·· .. ·,· .. · 

iHH:li::=t::::jIttU::1::i::::!:::::=ttlfHj::t. i~~~jHtlJ::Ll::=::i~~=:jjiti:U:::t::J:=:::= 
I::: : : I: :::::: :: I I:::: : : I' ::::::::: nil: : :: : 
f.m:~rr=:i=~~:~U't'rrrl::=r:~~=rnrrr','::r-:. --=nm:i=~~::~-:L.--:wn[E:~q:=== 
"'" ,t I '" " ,,' '"'' t' I '''''' " I ""I", .. , ............. ~._._,_._ ..... .... .. , ........ _ , ............. _ ....................... _... . .................. _ ....... __ 1--..-1 ........ _ ......... _ ..... _ ... .. 

I:::::: I::::::::: :1l::::I: 111Hl::: H:II::I: 
n11'TTi"'-r'-'''i1rrn-r-r''r---''n11rrT'''''''- "jTr11TTT-r---11'tj·lrT·1-r"·i·--·" 
j·IH·j··H .... -I·· .... · .. ·ljjH·+·j·+· .. f .. · .. -tIHH+·j-+·- HIi·j++·--f---·,·1 fH-+--f---.. 
"',"" '"'''''' """ , .",', ""I' " 1"l"'I+· .. ,·t .. 1--i-·-·_·ttt:·:··: ..... '· .. 'I .... -t .. ·--.. m .. 1 t· ... , .. ,,· .. +_··..1I-.. ·--t 1 'l·t··t· .. 'I .. -:-··-·: .. ,ttt·l .. t· ..... ' .. _· ... I-.. · .. 
'" '" """ , '"'' , " , , , "'" m·rt-:· .. 1· .. · .. ;· .. ·· .... jir:·:··:··t .. ·r .... T·· .. ·-trtti·n···' ..... 1-·-·-·rtr:1-n· .. : ...... : .... · ..... :·:rr!·"j"·' .. ·r· .. ··j· .. · .. ··· 
HH·+··l .. ··r·· .... l ...... · .. ·l++l·H .. +-·l-.... T · .. ·-.. ·l·H++·H .. ·~ .. · .. i-· .. _ .. HH·:·t .. l-· .. :· .... ·: ........ -l·IH ··l .. { .. ·t· .... + .. ·-.. ·· 

, 

" 
" 
'" 
" 
" 
" 
" 
" 
" 

o "" I, , "'" ", ""I' , , 'II"", ' ''' .' , 
'" " ' .0 0.' , .. "" 0.00' 

PARTICLE DIAMETER IN MM 

GRAVEL SAND 

E 
" w 
~ 
> 
~ 

c 
w 
~ 
< 
~ 
~ 

~ 
z ... 
" ~ '" ~ 

COBBLES f-------,---+-----,----,----ISILT AND CLAY FRACflON 
coarse I fine coarse I medium I fine 

FlGURE 0 .2.8 

GRAIN SIZE DISTRIBUTION 
STRATIGRAPHIC UNIT 18-11 

LANOFlLL UNIT 8-18 
KETILEMAN HILLS FACILITY 

ENvmONMENTAL SOLUTIONS, INC. 



TDUlS4!.wV/Ty 1l17t. IS }jl>SED oJJ f12.EVi D I:;, /12.6 

Trevira" Spunbond nonwoven engineering products 
are highly needled fabrics with excellent tensile properties, 

high filtration potential and outstanding permeability. .~c.;~ 

"cot 

, 
21'7; .. ' d-

,::·~ .. h 

Trevira' Spunbond Type 11 products 
are 100% continuous filament 
polyester nonwoven needlepunched 
engineering fabrics. They deliver a 
combination of advantages 
unmatched by any other spunbonded 
geotextiles. They're resistant to 
freeze-thaw, soil chemicals and 
ultraviolet light exposure. 

Trevira' Spun bond nonwoven 
engineering fabrics offer excellent 
performance where the requirement 
is tensile reinforcement, planar 
flow, filtration, or separation. They 
are ideal for roadways, railbeds, 
drainage systems, pondliners, 
retaining walls. And much more. 

Q WI,,,, -'"" . ~~/.,.! 
~ ~I\\ ~ • 

'IV v~.!:. 
Tl>e1nt.,. ..... I!Qn ..,.,'~'ne!l_ .. o(~ ... Ire. 01 c~~'V • . end 1., 10 
<lUI l>ell~~. It"" end aceu,"lft; ~ ... ,Q '1ItC~"!ionI 

or "''99''''- ". ",8"""iI1'IOuI gu~r!<"e' . *'" ,"" cOl'6I"'" 01 
use ,'e beyond ...... eonIftli. Thotr, I. no •• po ..... "'" .. Rn."', 8"" no 
implied .... ,.,.."y 01 merch""abllily or 01 '~nel~ I".. "","pOle 01 "'" 
ptOduet (It p<1)due11 ""._ ""' .... It! ".c,."ntltlg ,"'" Wo<mooIIon, 
no bfl;hty a. " ."""'" ... _ ... OIhM fig .... , ""t>IIed gt¥en wi'" _. " ' -- --. --•..• _ .. ---~---.. -~. -"-' .-....... ........ -

'E 11 PRODUCTS I: • , 
·31) 

112 1114 I I....U20 ) I 1125 I 1135 1145 1155 I ',~ 
~ ~ • j I~'" 

VI 

ASTM 0-4751 

.. Machine Direction, CO .. Cros. Mac;:hlne Dilectlon. width and length rolls are avlIl!!lbte upon request. 5q~' .1."5 ~.~t.IIU. f 

MINIMUM AVERAGE ROLL VALUES (WEAKEST PRINCIPAL DIRECTION) S<e ,,~; 

OF TREVIRA' TYPE 11 PRODUCJ,5..· 
Fabric Property Unit T •• t M.thod 1112 1114 IotJ.1 20l): 

Fabric Weight ozJydl ASTM 0 - 3776 3.3 ' .0 5.7 
"fhickness. , mils ASTM 0 _1777 50 55 SO 
Grab Strength 'b. ASTM 0 - 4632 80 '00 160 
Grab Elongation .. ASTM 0 - 4632 50 50 50 
Trapezoid Tear Strength lb. ASTM 0-4533 30 40 60 
Puncture Resistance lb. ASTM 0-4833 '0 45 80 
Mullen Burst Strength psi ASTM 0-3786 ' 70 '90 305 
Water Flow Rate gpm/ffZ ASTM O-<l49t '50 '50 130 
PermltUvlty, t sec" ASTM 0--449t 2.03 2.03 1.76 

Permeability. k em/sec k . tt .26 .28 .36 

AOS:II Sieve Size 
mm ASTM 0 - 475 1 

-_ . -

1125 1135 

7.' 10.0 

95 130 
210 300 
50 50 
75 '00 
95 130 

360 530 

'00 SO 
1.36 1.08 

.33 .36 

.17 
11 45 

t3.0 

'55 
375 
50 

130 

"5 
700 
60 

0.81 

.32 

!JO!--c;;" 
1155 

16.0 

200 
500 
50 

'60 

'95 
825 

'0 
0.54 

.28 

N 
-.z 
\;: 



APPENDIXL 

RISER PIPE ANALYSES 

Golder Associates 



( <"Golder I -... i\ssociates 

Kettleman Hills Facility - Landfill Unit 8·18 
RISER PIPES 

Project No.: 083-91887 Made By: EH 

Date: 02-23-2010 (Revision 1) Checked By: RH 

Sheet: 1 of 2 Reviewed By: SS 

( 

Objectives: 
1. Evaluate the ability of the existing vertical LCRS riser pipes and underlying clay liner to 

withstand loading from an additional 90 vertical feet of waste placed above the original top of 
waste grade to the proposed Phase III top of waste grade. 

2. Evaluate the ability of the existing sideslope riser pipes to withstand loading from an additional 
90 vertical feet of waste placed above the original top of waste grade to the proposed Phase 
III top of waste grade. 

Given: 
The currently-permitted maximum waste height in the vicinity of the vertical and sideslope riser 
pipes is approximately 210 feet. The proposed Phase III expansion will increase this maximum 
waste height to approximately 300 feet (Le., an approximately 90-foot increase). The as-built 
locations and configurations of the existing piping as well as the pipe materials and properties are 
shown on the Phases I and II construction drawings in Appendix A.1. The construction drawings 
in Appendix A.2 show the proposed final waste configuration. 

Assumptions and Methodology: 
The assumptions and methodology used to evaluate the existing vertical and sideslope riser 
pipes follows that of ESI (1990) for the original design of 8-18. Golder has updated ESl's 
previous calculations to reflect the increased waste height (the methods utilized in the 
calculations are taken directly from the 1990 ESI calculations). 

Summary of Results: 
The calculations for the riser pipes are presented in Attachment A. The vertical riser pipe 
calculations are shown on pages 1 thru 11 while the sideslope riser pipe calculations are shown on 
pages 12 thru 17. The calculations indicate the following: 

1. Vertical riser pipes: the existing vertical riser pipes and underlying clay liner are anticipated to 
have sufficient strength to resist the additional pressures from 90 extra feet of waste. 

2. Sideslope riser pipes: the existing 8-inch-diameter steel riser pipes are anticipated to deflect a 
maximum of approximately 0.9% of their diameter under the full height of waste (300 feet), 
which is an acceptable deflection. As in the original design (ESI, 1990), the 8·inch-diameter 
HOPE riser pipes are anticipated to deflect more than 20% of their diameter (i.e., 21 % to 
34%). This amount of deflection exceeds the manufacturer's recommended maximum, but 
since the HOPE pipe is a backup to the steel pipe, it is considered acceptable for the 
sideslope riser application. 

3. The proposed design provides for a transition from carbon steel pipe to a HOPE pipe. 
During the 8·18 Phases I and II construction in the early 1990s, steel pipes were used due to 
the anticipated high loads and relatively new use of HPOE pipe. Since this time, however, 

Golder Associates 
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HOPE pipes are commonly used for LCRS riser pipes, including Landfill B-17 and Landfill B-
19 Phase 1 A at the Kettleman Hills Facility. Based on Golder's experience, there is little 
movement of the LCRS riser pipes once these pipes have been confined by soil 
cover/operations layer. This would be particularly true for the vadose and secondary riser 
pipes which are placed within excavated trenches and are below the weakest liner interface. 
For the primary riser pipe, movement of the waste could result in deflection of the LCRS riser. 
However, the movement of the waste (due to settlement) would primarily be down slope. 
Oown slope movement would not result in significant shear on the LCRS riser; in fact the slip 
connection between the HOPE and steel pipes would allow for stress release if compression 
forces develop due to waste settlement. Additionally, it should be noted that the magnitude of 
settlement for the Class I waste in B-18 is relatively small compared with that of Class III 
municipal solid wastes. In summary, Golder believes that the riser pipes will not be subjected 
to shear forces that could damage the pipes and, therefore, the pipes will perfonn as 
designed. In the unlikely event of a failure at the steel/HOPE transition, the design includes 
redundant primary and secondary riser pipe systems which do not include the transition from 
steel to HOPE. 

Reference: 
Environmental Solutions Inc. (ESI), "Engineering and Oesign Report, Landfill Unit B-18, Phases I 
and II and Final Closure, Kettleman Hills Facility," August 1990. 
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ORDERING 
INFORMATION 

PRlCE 

FREIGHT 

TERMS AND 
CONDITIONS 

SPECIAL 
QUOTATIONS 

HOW TO 
ORDER 

IB/U 

DRISCOPIPE® 8600: 
ULTRA-HIGH MOLECULAR WEIGHT 
HIGH DENSITY POLYETHYLENE 

Dimensions and Pressure Ratings 

Prices subject to change without notice. 

1. All prices f O B. shipping pcint. 
2. Less than truckload shipments will be 

shipped freIght collect, or freight pre­
paid and charged. from point of origin. 

Net 30 days. All orde rs are subject to 
Phillips Driscopipe. Inc.'s acceptance and 
to the terms and conditions contained. in 
its then curren! Sales Order Acknowl­
edgement form. 

Pricing for special sizes, dimensions, 
lengths, special packaging, special hand­
ling, and special "shop" alterations avail­
able upon request. 

When orctering, please provide the fol­
lowing information: 

J. Name and addres s of your 
organization 

2. Your Purchase Order number 
3. Nominal size 
4, footage or number required 
S. Preferred method of shipment 
6, ShIpping destination 
7. Desired delivery date 

NOTE: Standard Length is 40 feet for all 
sizes. 

FOR ADDITIONAL INFORMATION ON PRICES, 
SIZES OR FUSION EQUIPMENT CONTACT:' 

PHILLIPS 
'T;t";t PHILLIPS DRISCOPIPE . INC. 
~ '" sue 51 DIARY OF P"" ll liPS PETAOlEUM COMPANY 

To Request Addihonal Product Litera,ure Only: 
Phone: (2 14) 783-2690 
To Place an Order, Verify the Status of an Order, or 
Request Contact by a Sales Representative: 

Mail: Attn: Customer Service Department 
Po. Box 83-3866 
2929 North Central Expressway 
Suite 100 
Richardson, TX, USA 76083 

Phone: U.S, Domestic Toll Free 800 527-0662: 
Texas Toil Free 800 442-3802: 

TWX: 910-867-4818 · Telecopier: 214 783-2617 

PLANT LOCATIONS: Watsonville, CA • Pryor, OK 
• Williamstown, KY • 
Brownwood, TX • Startex, SC 

YOUR LOCAL DISTRIBUTOR 

PI PE UNE SALES 
23 7 61 Via Calzada 

M iss ion Viejo, CA 92691 
7 14770-1875 



LOW PRESSURE 160 psi 2. 

WEI~HT- JOINT DESIGN 
I A"';ROX. I I SIZE LBS;; ;,;. 

COIL OR 

SIZE DO '"- . w~~~ 
so. !~~~~ LE~~',"..TFT 

3-
4-

-4-

5-
-5-
8-

1-

-I 

12-
-14" I.-
-IS-

1.' 

,.-2.-
32-
3S-
42-.. -

3. ,00 

4., '00 30 
4.' '2. 1.,0 
5.250 4.'2S 0.1.2 32.5 
5.563 5.047 0.258 21.0 
6,625 •. 217 0 .204 32.5 

.12' '81 ". 32.' 
125 

"' 14.000 
IS.ooo 
1 • . 000 

"'" )()Q 

, 3 •. 00c 
142.000 

l ' 040 
13.138 
15.01. 

,'.000 
' .• '2 

lm-
17. 

. 524 

.233 
2'.558 
33,'84 
39.41. 
44.33. 

0.431 12. 
0.4.2 32.5 
0.500 12.0 
0 .554 32. 

.•• 1 
15 

.13 • 

, .... 
1 .10. 
1 .292 
1.454 

32, 
32, 
32. 

3.:" 
(1) 710 MM (2) 800 MM (3) 1200 MM 

65 psi 

" 183 
17. 
203 

357 

184 
1023 
1039 
1298 
1554 

51., 
1054 

.9"" 

40 
40 
40 ' 
40 
40 
40 

40 
40 
40 
40 
40 
40 

40 
40 
40 
40 

NOMINAL 
DIMENSIONS NOMINAL 

SIZE NOMINAL APPRQX. MINIMUM SDR WEIGHT 
00 10 WALL lBS/100' 

-.- 6.625 6 .065 0 .280 23.5 (71 ps,i 23. 

'.- 8.625 7.981 0 .322 27 (82 psI) 359 

10" 10.750 9.900 0.425 25.3 ... 
20- 20.000 18.418 0.791 25.3 2031 
24- 24 .000 22.102 0 .949 25.3 2933 
2.- 27.953(1) 25.743 1.105 25.3 3978 
36- 36.000 32.572 1 .714 21 7877 ... 47 .244(3) 43.610 1.B17 26 11068 

(1' 710 mm (3) 1200 mm 

110 psi 
NOMINAL-

OIMENSIONS-INCHES NOMINAL 

SIZE NOMINAL APPROX. MINIMUM SOR WEIGHT 

51 
51 
94 

51 
51 

;-
'--

52 
51 
4. 
51 

51 
51 
51 

JOINT 
LENGTH 

FT. 
40 
40 
40 
40 
40 
40 
40 
40 

COllQR 
JOINT 

.. 500 
, ,,- 1.31' , 120' 500 

l lV,- l.800 1 .3'. .151 1 ' .. 500 

''''- '.900 1.55' 0.173 40 500 
2' 2.37' 1.943 0.21. .2 350 
3" 3.500' 2 .• 6' 0.31. · 135 40 

4 .500 3.6" 0.40. 22. 40 
i.563 4. 0:50 .. ; 1 , 34. 40 
1.62" SC. ;-j~ 

, 48!1: .. 
~ 

..:::fi .23' , 

I 10.· >- " . 
14- ".000 11.454 .273 ,.- 1 •. 000 1'"'090 ' 1.455, 

1 .. 1' •. 000 14.12. ' " •• 3. .. "', 
22- 21.500 17.590 1.95', 11 511< ' 40 

2'- 24.000 " .• 36 ':,.2 11 .312 40 

I NOMINAL 
OIME·NSION5-INCHES NOMINA COIL.OR 

SIZE NOMINAL APPROX. MINIMUM SO, WEIGHT JOINT 
00 10 · WALL LBSJ100' LENGTH FT ,.- 1.050 0.824 0.113 9.33 14< 300 

1- 1:.315 1.033 0.141 9.33 221 300 
lV~" 1.680 1.304 0.178 9.33 3., 500 

2- 2.375 1 .865 0.255 •. 33 
, 

72' 350 
3- 3-.500 2.750 0;375 · 9.33 

, 
"'" 40' ; 

4 - 4.500 3.538 0.482 9.33 2591 40 

." 6.625 5.205 
, 

0.710 9~33 562. 40 

220 psi 
NOMINAL 

DIM"ENSIONS·INCHES !!IOMINAL JOINT 

SIZE NOMINAL APPRO~. MINIMUM , SO. WEIGHT lENGTH 
00 10 WALL L8S!100' FT. .- 8,625 6.541 1.039 •. 3 1054 40 

14' 14.000 10.164 L918 1.3 (254 psil 3098 40 

STANDARD PACKAGJNG FORDRISCOPIPE' 8600'INDUSTRIAL 
PIPE 

PIPE I 
TRUCK tOAD 

4O' FT. FLOAT 

"u. BUNDLE 
BUNDI!..ED 

TRtlCKLOAD-
LOOSE 

00 10 WALL LBS,100' LENGTH FT 
-StZE 0.0. JOINTS . L~~7.~R UF~~ JOINTS L~~~R 

*111,," 1.900 1.610 0.145 13.1 34 

·2" 2.375 2.069 0,153 15'.5 46 
' 3- 3.500 3.068 0.216 16 (107 psi) 95 
3- 3,500 3.048 0 .226 15.5 99 
4- 4.500 3.920 0.290 15.5 164 

0" 6.625 5.771 0.427 15.5 355 

8" 8 .625 1.5f3_ 0.556 15.5 601 

10" 10.750 9 .362 0.694 15.5 935 
12- 12.750 11.104 0.823 15.5 )( 1315 
14- 14.000 12.194 0 .903 15.5 1584 
16- 16.000 13.936 1.032 15.5 2069 ,.- 16.000 15.678 1 .161 15.5 2619 
22- 21.500 18.726 1 .387 15.5 3737 
24- 24.000 20.904 1.548 15.5 4656 

130 psi 
NOMINAL 

DIMENSIONS-INCHES NOMINAL JOINT 

SIZE NOMINAL APPROX. MINIMUM SOR WEIGHT LENGTH 
00 10 WALL LBS/100' FT. 

3- 3.500 2.982 0 .259 13.5 112 40 
4- 4.500 3.834 0.333 13.5 186 40 
6- 6.625 5.643 0.491 13.5 403 40 
8- 6.625 7 .347 0.639 13.5 683 40 

NOTE: Approximate 10 = Nominal 00 - 2 X Minimum Wall 
SDA (Standard Dimension Ratio) :: 00 + Minimum Wall 

-These sizes are also Schedule 40 dimensions. 
Pressure rating computed on the basis of the following: 
p = _tl_ @ 13 4~F 

SDR- 1 . 

500 
300 2" 2.375 8. 

40 3- 3.500 48' 

40 4- 4,SO 21 

40 5- 5,56 15 

40 
40 7 >.1'2 

40 
.,. •. 625 

., 
40 10. 10.150 

40 12- 12.750 

40 14- 14.00 

40 
40 

16~ 
I." 

40 
21. 

2'- 2'.000 
2.- 27.953 

DESIGN 32- 31.4.6 

""ESSUAE 
PSIo73.4· F 42 ' 42.' 

130 
130 

3e 36i 

NOTE' OBTAIN' :K LOAD 

130 WEIGHT PER FOOT. 

130 

Where: 
Op:: Nominal 00 of Pipe, Inches 
t :::: Minimum Wall Thickness 
S -= Hydrostatic DeSign Stress, 800 psi 
P = Pressure Rating, psi @173.4"F 

NOTE: 
Appra:dmate 10 :::: Dp - 2t 
SOR (Standard Dimension Ratio) -=_QE. 

t 

3.520 14 '9,280 

"B4e 14 , 
' MSO 

" 15,120, -.-oac - i. '.400: , =- --.: ' ,160 
440 
32., 1.840 

80 . 3 ,200 

' 5. 2,360 
' 4. 1.'20 

35 1.400 
2. 1.120 

9 360 

• 240 
4 160 
4 
~ ,." LINE. "' 



67. 

BUrial Design Gwdelmes: By combining the Bunal Design 
Considerations with the Total External Soil Pressure, 
calculated by components, the deslgner can select the proper ~ 
pipe SDR and specify the SOli density to engineer into the ,.." 
plpeline the des lIed performance of the "plpe-soil" system. 
The following guidelines are presented for evaluation when 
deslgnlng a specific Dnscopi·pe system. Because various 
parameters are available, in different situations, the guidelines 
may be approached in a mIXed order or the equations may 
require mathematical re-arrangement. These gUIdelines, along 
with the follOWing notes and sample problem, should be 
helpful: 

1. Calculate by components the total external soll pressure PI 
at the top of the plpe. 

2. Examme Short Term Wall Crushing by calculatmg the 
compressive stress in the wall of the pipe at the springline: 

S 
_ (SDR-1) PI 

A- 2 
(a) If SA < 1500 psi proceed to #3 
(b) If SA > 1500 psi consider a heavier 

pipe wall 

3 Calculate the critical-collapse pressure, P,., from this formula 
using the Bme dependent modulus of elastlclty, E, rated 
at the stress level calculated above in #2. (see Chart 25) . 

2,32 E ' 
P" = (SDR)3 J 

4. Examine Wall-Budding of the pipe-soil system. By assuming )" 
the cntical-buckling pressure, P Cb, equals the pressure at the 
top of the pipe, P" (see #1), and by using the cri tical 
pressure, Pc, calculated In #3, the basic soil modulus, E' , 
required to resist buckling can be calculated by: 

E' (P,.,) 2 

64 (Po) 

5. 'Ib safeguard against wall buckling, multiply E' by a 
reasonable safety factor (ST) equal to or greater than 2.0. 

E' "I" = (E')(S.F.) , . 

6. Calculate pipe deflection based upon the pnnciple that its 
deflecllon will be the same as the backfill surrounding the 
pipe under the influence of the soil pressure at the top of the 
pIpe: 

% Soll Strain = ~s = E'P I X 100 
\U~ 

7. Examine allowable Ring Deflection for the specific SDR 
under conSIderation to insure the pIpe defleCllon (#6) is less 
than the allowable deflection for that SDR (See Chart2?) . 

• If the actual deflection exceeds toe permissable value, 
mcrease E', the sOil.JUrength.rnodullls,.andr.e-calculate #6 . . " 
Themher alternative is to consider another SDR at #1. .. 
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% RING DEFLECTION = ( 1- DD'(~" ) X 100% 

55 

DeSign by Ring Deflection Ring deflection IS defined as the 
ratio of the vertical change in diameter to the original diameter. 
It IS often expressed as a percentage. Ring deflection for 
buned Driscopipe is conservatively the same as (no more • 
than) the vertical compression of the soil envelope around the 
pipe. Design by ring deflection matches the ability of 
Driscopipe to accommodate, without structural distress, the 
vertical compresslOn of the soil enveloping the burled 
pipeline. Design by ring deflection comprises a calculatIon of 
vertical soil strain to insure it will be less than the allowable 
ring deflection of the pipe. See Chart 27 . The rabulanon shows 
that with lower values of SDR. the allowable deflectlon IS less. 
For mstallallons which require thIS thIcker wall to resIst the 
external SOli pressure, actual ring deflection can eaSIly be 
llmlted to the tabular values by proper compaction of the 
backfill around the pIpe. The recommended allowable 
deflection for the various SDR's are: 

CHART 27 
SDR 
32 .5 
26 .0 
21.0 
19.0 
170 
15.5 
135 
11.0 

ALLOWABLE RING DEFLECTION 

8.1% 
65% 
5.2% 
4.7% 
42% 
3.9% 
34% 
2.7% 

The allowable ring deflectlon of polyethylene pipe is a functlon 
of the allowable tangentlal strain in the outer surface of the 
pipe wall. A conservative llIIlit of I - I y,% tangential stram III the 
outer surface of the pIpe wall due to vertlcal deflectlon of the 
pipe "ring" by soil compresslOn can be understood by 
comparing two pipes of the same diameter but different wall 
thickness. 

Assume each of the pipes IS equally deflected under loads 
required to achieve that result. The tangenllal surface stram 
developed in the thickwall pipe is much greater than the 
surface strain III the thinwall pipe. The tangentlal stram varies 
directly as the wall thickness (i.e distance from the neutral 
axis) and IS proportlonal to the amount of r ing deflection. For a 
given ring deflectlon, the thicker the walL the higher the stram. 

Alternately, assume that each of the pIpes are subjected to 
loads such that the tangential surface strain in the pipe 's wall 
surface is equal for both pipes. For equal surface stram, the 
degree of vertical deflection of the pIpe nng is different for the 
two pipes. Under these circums tances, the degree of 
deflection would be less for the tluckwall PIpe and greater for 
the thinwall pipe. 

, 



(J1 
w CHART 25 

TIME DEPENDENT MODULUS OF ElJI.STICITY FOR 
POU'ETJIYLENE PIPE VS. STRESS INTENSITY (73.4°f) . 

100000 I> I; •••• '. ' . .. n~L 
90.00v • •• •.• • JS.r--l -U--

. .. .•. f'-
T~. • . t.,-I ""k BO .oo~. : 

~ I ':;R . 

. , ;" 

[ 70 .. 0 ~~~J2~~~+-~-t~~~~--I~t--r-! 
~ 
u 
f:: 60,00Io+:.:.,.:iI'-"!."/:-:,+--b+-7?t",tc-T 

~ K 
"" () 50,00 

I HR 

~ k'+'+~f;;;;-'-

13 
"'!-K" . . . - .. 'i 10 IlRS 

~ 100 fiRS 

i.J 114 WOOHRS 

20,0 
~I-" 
I I c-r-- ~IYR 10YRS 

""l25 YRS 
<oj 50 YRS 

10,0001 TII .:lTII I. ' I 1--+-,4 

100 200 300 400 50,0 600 100 800 

TENSILE STRESS, PSI 
.• (73'4°F) ' 

NOTE. The shOrllerm modulus of elasli;;-ily of DTlscopipe per ASTM D 638 
is approxlmalely 100,000 psi . Due 10 Ihe cold now (creep) 
characiensilc of Ihe pipe maleTlal, this modulus IS dependenl upon 
Ihe slress mlensllY and Ihe lime durallon of Ihe applied slress. 

~ 

CHART 26 
PLOT OF VERTICAL STRESS·STRAIN DATA FOR TYPICAL 
TRENCH BACKFILL (EXCEPT CLAY) FROM ACTUAL TESTS: 

4000 

t-:. 
~ 

~ J(X)O 

~ 
'" '" ::! 
~ 

t: 

§ 
! <: 

IS 
" ... 

COMPACTED '" 
SOIL 

(5 2000~ 
on 
:;l 
U 

~ 
~ 

0: 
1000 

• » 
E' - SOIL MODULUS 

E' .., .f!. 
'. 

ZONE or CRITICAL 5\~ 
VOID RATIO ot-l'0 pE" 

10"S~~ IV ~ 'n:STS """ORMEOATTHt: UTAH STATE Ul<VERS," I 
CXPrIUMI:N"fSTAnoN 

LOOSE 

o - , SOIL I 
tJ 2 3 4 5 

I, VERTICAL SOIL STRAlN (PERCENT) 

EXAMPLE 
FIND E' (oJ 2000 PSF AND 80% DENSITY 
FORMULA: E' = Plir, 
CALCULATIONS: E' = 2000 PSF 1018 = IIIIII psr = 171 pSI 

6 

NOTE: The curves shown on this chari are sample curves fOJ a granular sOIL If other 
types of 5011 are used for backfill, such as clay or clay loam, curv es should be developed 
from laboratory test data for Ihe material used. Soil pressures <.n eat er than 4000 psf may 
be exammed by extrapolaling the slope of the curve or by general1ng curves by testmg 
at those hlqher 50 11 pressures Probable en Ol of curves 1S about half the d1Stance 
between adjacent lines. · 

- ""i. 

N 

~ 
N 
IS' 
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~-,tl Foundation Design and Conslruclion 

. ., -:...., 
1:; (;,,'''-- - , I 

underside of a pad foundati on and the top of the soft clay exceeds 
half the width of the foundation, the resistance of the stiff layer in 

j MyrT)'D~'){]r~ 
~ /600 'X-60 0 /60 0 \ 

~l r\ l\ \ 
,: / / \ / \ " 
~ 
~ 

'" ;::: 
Ol 

FIG. 4 . 3 . CLOSE-SPACED F OUNDATIONS 

forming a natural raft should be allowed for by the following 
procedure-

Pressure on surface of buried soft stratum = q 
w- p. 

= A 
where W = total load at base of foundation 

p, = perimeter shearing resistance 

(4.3) 

= peripheral area of st iff clay X shear stn:nglh of stiff clay 
-1 = base area of foundation. 

The yalue of q should not exceed Ihe safe bearing capacity of the 
soft clay. Also, as in all cases of foundations on clay soils, the 
settlement of the foundation due to consolidation within both the 
stiJl' and the soft strata should be considered. The peripheral area 
of stiff clay is obtained by multiplying the peripheral length of the 
foundation by the depth of stiff clay below foundation level. It is 
inadvisable to allow for any transfer of load from the foundation 
sides to the stiJl' clay because Shrinkage of the soil or of the foundation 
concrete, or a combination of both, will open up a gap between the 
soil and the concrete. If the zone of soil affected by seasonal moisture 
content 9hanges extends below foundation level, cracking of the soil 
in the dry season will destroy the perimeter shearing resistance. 
Therefore, the latter should be calculated only OVer the thickness of 
the clay layer below the zone of seasonal moisture changes. 
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FOUNDATIONS CONSTRUCTED ON A THIN CLAY STRATUM 

When foundations afe constructed on a thin surface stratum 

~ 8 ~9nT 
~.*!.*.*.9~. 
.::: Sand'::::::::: >:.: >::: :','.>:: :::::: 

FlO. 4.4. FOUNDATlON ON THIN 
CLAY LAYER 

of clay overlying a relatively rigid 
stratum, there may be a tendency 
for the thin layer to be squeezed 
from beneath the foundation, 
particularly if the soft layer is of 
varying thickness. Fig. 4.4 shows a 
foundation of width B on a thin 
clay layer overlying a stratum of 
different characteristics and ap­
preciably higher bearing capacity, 
for example a sand layer. The net ultimate bearing capacity of the 
thin clay layer is given by the formulae-
For a st rip foundation of width B: 

q", = (~ + 7T + I)C 
B 

for d :;>- 2 (4.4) 

For a circular foundation of diameter B: 

q., = (~ +7T + I)C B 
for d :;>- 6 (4.5) 

For smaller values of Bid than those given above, 1", can be 
obtained from equations 2.11 and 2.12, i.e. the formulae for a 
thick clay layer. 

It should also be noted that, with a thin clay layer, plastic 
deformation resulting from overstressing begins at a lower founda­
tion pressure than with a thick clay layer. For both strip and 
cif~ul~f r()u~dations, the maximum shear stress induced in the clay 
stratum is approximately !q •. 

Spread Foundations Carrying Eccentric Loading 
Examples of foupdations subject to eccentric loading are c~lumn 

foundations to tall buildings where wind pressures cause apprecial?le 
bending moments at tile g~se of the columns, foundations of 
stanchions carrying brackets supporting travelling crane girders, and 
the foundations or retaining walls. 

The pressure distribtltion below eccentrically loaded foundations is 
assumed to be linear as shown in Fig, 4.5 (a), and the maximum 
pressure must not exceed the maximum pressure permissible for a 
centrally lonqed foundation . For the pad foundation shown in 
Fig. 4.5 (a), where the f!;stlltantfall~Withi!l the middle third of the base, 

. W ~ 6 
MaXImum prmllre = qmoz = BL + I (4. ) 
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BORING DT-C, 8-1 DESCRIPTION silty ClAYSTONE, yellow ben (CH l 
DEPTH (ttl 8 LIQUID LIMIT 75 

SPEC. GRAVITY : 2.79 PLASTIC LIMIT 45 

MOISTURE DRY DENSITY PERCENT VOlD 
CONTENT (SOl) (pet) SATURATION RATIO 

INITIAL 28.1 89.4 83 .949 

FINAL 30.5 94.1 100 .852 

Remark: July 1990 

f roject ESK--IOIA Kettleman 

Wahler 
Associates CONSOLIDATION TEST Figure No. 
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COMPRESSIVE STRESS IN KSF 
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BORrNG DT- A. 8-2 DESCRIPTION silty CLAYSTONE. ye llow brn (CK) 

DEPTH (tt) 5 LIQUID LIMIT 82 

SPEC. GRAVITY: 2.M PLASTIC LIMIT 54 

MOISTURE DRY DENSITY PERCENT VOID 
CONTENT (%) (pet) SATURATION RATIO 

INITiAL 27.3 93. 1 86 .90 6 

FINAL 29.9 95.9 100 .851 

Remark: July 1990 

1 Pr oj ec t ESK-I OIA Kettlema n 

Wahler 
CONSOLIDATION Associates TEST Figure No. 
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(cjModuluS o j svbgfode Icaclion 

The st ress-s train modulus is computed from mechanics of materials (rerer to 
Fig. 2·8a; typical values in Table 2-3) as 

stress (J 
E 5 = ---~-- = _.-

stram £ 
(d) 

Poisson's ratio is defined as the ratio of lateral strain £) to longitudinal strain c. when 
the applied stress is uniaxial (refer to Fig_ 2-8b; Iypical values in Table 2·4). 

f. J 
Ji = -

" 
(e) 

The modulus of subgrade reaction is defined as the ratio of stress to deformation 
(refer 10 Fig. 2·8e) 

a 
k, = b (2-17) 

The shearing modulus G, defined as Ihe ralio of shear SIress to shear strain, is related 
10 E, and It as follows: 

shear stress s Es 
G = --- ---- ----- = = .--------. 

shear stra in ", 2(1 + /I) (f) 

Table 2·). T)'pical range 0' values for the slatic stress­
strain modulus E, for sclcclcd soils, Field Yslues depcnd 
on stress hislory, water content, density. etc, 

E, 

Soil ksi kg/cm 1 

Clay 
Very soh 0_0;- 0-4 3- 30 

Sort 0.2-0.6 20- 40 
Medium 0.6- 1.2 4;- 90 
H ard 1- 3 70- 200 
Sandy 4-6 300- 42; 

Glacial fill 1.5- 22 100-1 .600 

Loess 2- 8 1;0- 600 

Sand 
Silty 1- 3 50- 200 
Loose 15-- 3_5 100- 250 

Dense 7- 12 500-1.000 

Sa nd and gravel 

Dense 14-28 800-2.000 
Loose 7- 20 500- 1,400 

Shales 20- 2.000 1.400- 14,000 

Sih 0 3 - 3 \ 20- 200 

'i 
2-~f" - 2i'rf.o 0 ):.'F 

Table 2-4. Typical range of values fOf Poisson's ralio fJ 

Type of soil 

Clay. sa turated 

Clay, unsaturated 

Sandy clay 

Silt 

Sand (dense) 
Coarse (VOid ra tio = 0.4-0.7) 
Fine·grained (void ratio = 0.4-0.7) 

I' 

0 _4-05 

0.1 - 0J 

0.2- 0_3 

OJ- 0_35 

0.2- 0A 

0. 15 
0.25 

'-"<"c0';~ 

/J~P:' 

Pe-S7-'-

7 

<; 

J. 6 . .%o,./ffi,. ... 

N 
Rock 0 .1- 0.4 (depends somewhat on ~ 
Loess 

Ice 

Co ncre te 

0 .1--03 

0 _36 

0 _1; 

type or rock) 
\I' 


