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Client: CWM Chemical Services, LLC

Project Location: Model City, New York

Project: RMU-2 Design Calculations Project No.: B0023725.2011
Subject: Appendix |: Estimated Site Life

Prepared By: _ BMS Date: February 2013
Reviewed By:__BMS Date: Eebruary 2013
Checked By: PHB Date: Eebruary 2013
OBJECTIVE:

Determine the estimated site life for RMU-2.

REFERENCES:

1. RMU-2 Permit Drawing No. 6 entitled "Top of Waste Grades", ARCADIS, February 2013.

2. RMU-2 Permit Drawing No. 5 entitled "Top of Operations Layer Grades", ARCADIS, February 2013.
3. Terramodel v10.52, Trimble Navigation Limited.

4. RMU-2 Engineering Report, ARCADIS February 2013.

5. Engineering Report for Residuals Management Unit 1, Earth Tech.

ASSUMPTIONS:

1. Average incoming waste to the facility is a maximum of 500,000 tons/year (as specified by CWM).

2. The volume of select fill placed for access roads and around vertical risers throughout the cell areas
is estimated to be 96,700 in-place cubic yards (cy). This volume was determined based on
information presented in Reference 5 and assuming a similar ratio (0.024) of select fill to total
airspace.

3. Approximate RMU-2 total airspace from top of operations layer to bottom of final cover is 4,030,700
cy based on References 1, 2 and 3.

4. Bulking of the placed waste material is expected. A portion of the bulking will be a direct result from
the inclusion of stabilizing agents to the fraction of waste requiring use of these items. For the
following calculation it has been assumed that approximately 25% of the incoming waste will need
stabilization. Stabilized waste is assumed to contain 20%, by volume, stabilizing agents. The total
waste bulking percentage is expected to be offset by the total percentage of the compaction of the
waste due to construction/operation equipment (Reference 5).

5. Assumed unit weights:

e Composite in-place waste material (stabilized and non-stabilized) and select fill = 111.1 b/ft®
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(Reference 5)
e Average in-place soil = 100 Ib/ft? (Reference 5)
e Stabilized waste material = 115 Ib/ft* (Reference 5)

CALCULATIONS:

1. Net Volume Available in RMU-2 for Waste Placement (Volumes Rounded to Nearest 100 cy)

Total Airspace (Assumption 3) = 4,030,700 cy
Volume of Select Fill for Access Roads and Around Vertical Risers (Assumption 2) = 96,700 cy
Total Net Volume Available for Waste Material (Including Stabilizing Agents) = 3,934,000 cy
Volume Occupied by Stabilizing Agents (3,934,000 cy x 0.25 x 0.20, Assumption 4) = 196,700 cy
Net Volume Available for Incoming Waste Materials = 3,737,300 cy

2. Unit Weight of In-Place Waste

With the inclusion of stabilizing agents and select fill material into the landfill volume, the actual unit
weight of the material in the landfill is greater than the unit weight of the incoming waste material.
Assuming the average unit weight of in-place waste and select fill used for access roads, vertical risers,
and daily cover is 111.1 Ib/ft’, the following mass balance may be written:

Vse*yse + Vaw*yaw = V¥y

where,
Vs = volume of select fill within RMU-2 used for access roads and vertical risers,
=96,700 cy
YsF = in-place unit weight of select fill = 100 Ib/ft’
Vaw = total net volume available within RMU-2 for waste material = 3,934,000 cy
Yaw = average in-place unit weight of waste (unknown)
\% = total airspace within RMU-2 = 4,030,700 cy
Y = in-place composite unit weight of waste and select fill = 111.1 Ib/ft’
Thus,

vaw = [(111.1 Ib/t%)(4,030,700 cy) — (96,700 cy)(100 Ib/ft®))/ 3,934,000 cy

Average In-Place Unit Weight of Waste
(Including Stabilizing Agents and Excluding Select Fill) = 111.37 Ib/ft®

Since the average in-place unit weight of waste includes both waste material and stabilizing agents, the
following expression may be written to determine the in-place unit weight of the waste material alone:

Yaw = 0.75 Yw +O.25"{SW

where,
Yaw = average in-place unit weight of stabilized and unstabilized waste (from
above) = 111.37 Ib/ft®
Tw = unit weight of waste material (unknown)
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ysw = unit weight of stabilized waste material = 115 Ib/ft®

Thus,
yw =[111.37 Ib/ft® - (0.25)(115 Ib/ft})]/0.75

In-Place Unit Weight of Waste = 110.16 Ib/ft* = 1.487 tons/cy
3. Estimated RMU-2 Site Life
The site life of RMU-2 is estimated using the total net volume available within RMU-2 for incoming waste

material, the above-calculated in-place unit weight of waste, and a maximum annual inflow of waste to the
facility of 500,000 tons (Assumption 1):

L = Vu/Qu

where,
L = site life (unknown)
Vi = volume available within RMU-2 for incoming waste material = 3,737,300 cy
Qu = maximum annual volumetric inflow of waste to RMU-2 = (500,000 tons/yr)/y,

= 336,247cylyr

Thus,
L = (3,737,300 cy)/(336,247 cylyr)

Estimated RMU-2 Site Life = 11.1 years (Minimum)
SUMMARY:
Based on a total airspace of 4,030,700 cy and a maximum annual waste inflow of 500,000 tons/year, the

site life of RMU-2 is estimated to be approximately 11.1 years. With annual waste inflow less than the
assumed maximum, a longer site life will result.
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Client: CWM Chemical Services, LLC
Project Location: Model City, New York

Project: RMU-2 Design Calculations Project No.: B0023725.2011
Subject: Appendix J-1: Fac Pond Transfer Line Pipe Crush Analysis at Road Crossings
Prepared By: _BMS Date: November 2013
Reviewed By:_PHB Date: November 2013
Checked By:_JM Date: November 2013
OBJECTIVE:

Determine the minimum required wall thickness for the proposed ductile iron sleeve pipes to be used to
protect the high-density polyethylene (HDPE) fac pond transfer line at road crossings.

REFERENCES:

1. Fac Pond 5 Permit Drawings, ARCADIS, February 2013 (revised November 2013).

2. “Truck Loads on Pipe Buried at Shallow Depths,” Ductile Iron Pipe Research Association (DIPRA),
January 2009 (attached).

3. National Engineering Handbook, U.S. Department of Agriculture, Natural Resources Conservation
Service, Chapter 52 — Structural Design of Flexible Conduits, pp. 52-8, 52-11, and 52-12 (attached).

4. “Design of Ductile Iron Pipe,” DIPRA, October 2006 (attached).

ASSUMPTIONS:

1.

The proposed fac pond transfer pipeline consists of two double-contained HDPE pipes in parallel (6-
inch-diameter DR 11 carrier pipe inside of 10-inch-diameter DR 11 containment pipe). Where the
HDPE pipes cross site roads, they will be sleeved inside of ductile iron pipes. Thus, this analysis
focuses on the ability of the ductile iron pipe to withstand the stresses due to truck traffic and burial at
road crossings. All other reaches of the pipeline where sleeve pipes are not identified are assumed to
not be subject to and will be protected from vehicle loading by surface grading and/or road edge
markers.

A nominal 12-inch-diameter ductile iron casing pipe will be used to protect the HDPE pipeline from
stresses due to truck traffic at all road crossing locations. This allows the pipe to be installed with less
cover. The ductile iron pipe has an actual outer diameter of 13.20 inches (Reference 4) and allows
the 10-inch-diameter HDPE containment pipe to be installed inside of the casing pipe with some
interstitial space between the inner diameter of the ductile iron pipe and the outer diameter of the
HDPE pipe. To reduce the height of the road crossing to the extent possible, a minimum of 9 inches
of cover is proposed over the top of the ductile iron pipe.

References 2 and 4 are used to model the performance of ductile iron pipe at roadway crossings.
These references are specific to ductile iron pipe and truck loadings at shallow burial depths. The
procedure contained in these references checks both bending stress and ring deflection. Per
Reference 4, the maximum design ring bending stress is 48,000 psi and the maximum ring deflection
for pipes with flexible linings is 5.0 percent.
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4. Vehicle traffic is assumed to consist of a semi-truck with a maximum single axle load of 40,000
pounds (Ibs) (based on American Association of State Highway and Transportation Officials HS-25
loading). Thus, each set of dual wheels is assumed to carry a maximum load of 20,000 Ibs. The static
wheel load of 20,000 Ibs is multiplied by an impact factor of 2.0 to account for dynamic effects due to
the truck traveling at speed over an uneven road surface. It is noted that Reference 3 suggests a
value of 1.3 for pipes with cover thicknesses of 12 inches of less so the 2.0 value is somewhat
conservative.

5. The bedding material and remaining backfill are conservatively assumed to have a unit weight of 130
pounds per cubic foot (pcf).

CALCULATIONS:

The design of the ductile iron pipes used to protect the HDPE pipes at road crossings is evaluated using
ductile iron-specific methods as published by DIPRA. Reference 4 is a DIPRA guidance document for
determining the minimum wall thickness for ductile iron pipes subject to internal pressure, burial, and
truck loading. Reference 2 is a DIPRA guidance document that is used to evaluate the effect of truck
loading on ductile iron pipes buried at shallow (less than 2.5 feet) depths. The ductile iron sleeve pipes
are designed to withstand the applied loading due to burial and assuming the occurrence of surface loads
consisting of loaded semi-trucks conforming to the HS-25 configuration.

According to Reference 4, the minimum wall thickness is based on the larger of the two calculated
thicknesses for containing internal pressures and for withstanding external loads. In this application, the
sleeve pipe is not pressurized so the minimum wall thickness is based on withstanding external loads
only. For ductile iron pipes buried at shallow depths and subject to truck loads, Reference 2 is used to
calculate the pressure at the top of the pipe due to truck loads at the ground surface as follows:

CP
.'-'l_ = RF E
where,
P, = truck load at top of pipe in pounds per square inch (psi)
R = reduction factor due to only part of the pipe being subjected to full intensity of
truck load = 1 (Table 2, Reference 4)
F = wheel impact factor = 2.0 (Assumption 4)
C = surface load factor (see equation below for value)
P = wheel load in pounds = % of HS-25 axle load = 20,000 Ibs
b = effective pipe length = 36 inches (value to assume per Reference 2)
D = outside diameter of ductile iron pipe = 13.20 inches (Table 3, Reference 4)

The surface load factor, C, is based on the integration of the Bousinnesq stress distribution formula and
accounts for the vertical distance between the ground surface (point of wheel load application) and the
top of the pipe as well as the horizontal distance between the point of wheel load application and the top
of the pipe. Because the wheel load is assumed to eventually pass over the top of the pipe, the surface
load factor is calculated for the instant in time when the wheel is directly over the top of the pipe. depth of
the top of pipe Reference 2 gives the following equation for the calculation of the surface load factor:

“a
C=1-——sin"*H
b
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where,
H = depth of cover over top of pipe (ft) = 0.75 feet (Assumption 2)
A = outside radius of pipe (ft) = 0.55 feet

Using the above formula, the surface load factor, C, is found to be 0.6922. Thus the truck load at the top
of the pipe, P;, equals 58.3 psi. The indicated cover depth of 0.75 feet (minimum) produces an earth load,
P, of approximately 98 pounds per square feet (0.75 feet x 130 pcf) or approximately 0.7 psi. Thus, the
total trench load, P,, equals 59.0 psi.

By trial and error, a net wall thickness of 0.36 inches is found to be the minimum for the ductile iron
casing pipe using the following equation from Reference 4:

Yrimaxy T

where,
Py(may= Max trench load based on max design ring bending stress of 48,000 psi
f = desigh max bending stress = 48,000 psi
D = outside diameter (in) = 13.20 inches
t = net wall thickness (in) = 0.36 inches (found by trial and error)
Ky = bending moment coefficient (Table 1, Reference 4, assuming Type 2 laying
condition) = 0.210
Kx = deflection coefficient (Table 1, Reference 4, assuming Type 2 laying
condition) = 0.105
E = modulus of elasticity for ductile iron = 24,000,000 psi (Reference 4)
E’ = modulus of soil reaction (Table 1, Reference 4, assuming Type 2 laying

condition) = 300 psi

Using the above formula, Pymax is found to equal 60.2 psi, which exceeds the total calculated trench load
of 59.0 psi. As recommended in Reference 4, an additional 0.08 inches is added to the net wall thickness
to yield a minimum manufacturing thickness of 0.44 inches. This 0.08 inch “service allowance” is intended
to provide an additional safety factor for unknowns.

Finally, the minimum manufacturing thickness of 0.44 inches is used to verify that the maximum ring
deflection is less than the 5 percent maximum value recommended by DIPRA. Reference 4 gives the
following formula for verifying that the maximum ring deflection value is not exceeded:

. _005| 8 —
Soistnefly T Tapr | o L3 WEes
e (I
bl
where,
Py peny = Max trench load corresponding to 5 percent deflection
D = outside diameter (in) = 13.20 inches
ty = min manufacturing thickness (in) = 0.44 inches
Ky = deflection coefficient (Table 1, Reference 4, assuming Type 2 laying
condition) = 0.105
E = modulus of elasticity for ductile iron = 24,000,000 psi (Reference 4)
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E’ = modulus of soil reaction (Table 1, Reference 4, assuming Type 2 laying
condition) = 300 psi

Using the above formula, Pysy pey is found to equal 321 psi, which exceeds the total calculated trench
load of 59.0 psi. Thus, the pipe is not predicted to experience deflection greater than the maximum

recommended value of 5 percent.

SUMMARY:

The ductile iron sleeve pipes used to protect the HDPE pipes at road crossings require a net wall
thickness of 0.36 inches. With the inclusion of DIPRA-recommended service allowance and casting
tolerance of 0.08 and 0.06 inches, respectively, the minimum wall thickness for the ductile iron pipe is

0.50 inches.
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By
Richard W. Bonds, P.E.
DIPRA Research/Technical Director

Depth of cover less than 2°/; feet is generaily not reccrnmended undar roads and highways due to the possibility of high dynamic
loading. Such oadings could result in damage to the pavements and/or the pipes. if impact factors higher than 1.5 {which is used
in this paper) are anticipated, then such should be employed. For any given project, the ultimate responsibility for the proper
use of the equations and other data provided in this paper rests with the design engineer. Call DIPRA with questions befors

applying this paper.

The procedure for caiculating truck loads on buried Ductile iron pipe is provided in ANSI/AWWA Standard C150/A21.50.' This
procedure is based on the teachings of Merlin Spangler and others and utilizes the same procedures used in the venerable design
standard ANSI A21.12 for Cast iron pipe. The design method is based on twe assumptions:

1. A single concentrated wheel load at the surface, and
2. Unifarm load distribution over an effective pipe length of 3 feet.

The truck load on pipe buried under flexible pavement is given by Equation 5 in ANS/AWWA C150/A21.50. It is shown below as
Equation 1.

where

P, = Truck load in pounds per sguare inch

R = Reduction factor (see Table 4 in C150/A21.50). This factor takes account of the
fact that the part of the pipe directly below the wheels receives the truck superload
in its full intensity but is aided in carrying the load by adjacent parts of the pipe

P, = RF % that receive little or no ioad from the truck
F = Impact factor of 1.5 (this is consistent with ASCE Manual No. 37)°
C = Surface load factor

P = Wheel load in pounds (for design purposes, 16.000 Ibs., for a singie AASHTO
H-20 truck on unpaved road or flexible pavement)

b = Effective pipe length of 35 inches

D = OQutside diameter of the pipe in inches

The surface load factor, C, is 2 measure of how the wheel load at the surface is transmitted and distributed through the soil to
the pipe. C is given by Eguation & in C150/A21.50 and is shown here as Eguation 2,

where
= Depth of cover in feet
Qutside radius of the pipe in feet

i

H
.2 A+ H+ 1.5 A
C=1 = ARCSIN [H‘/( Ty 1) (1.5% H)
This eguation for the surface load factor, C, is derived from Holl's

g( 1.5 AH ) LI integration of the Boussinesq formula for vertical unit pressure,
TANVA + H+ 1.5° ) | A% H? 1.5% H? assuming the load is to be determined cn a 3-foot section of pipa

NOTE: Angles are in radians. directly under the point load.”

Regarding the point load assumption, the following Boussinesg equation (Equation 3) gives the vertical stress at any point in an
elastic medium when a pgint iocad is exerted at the surface,

where
o, = Vertical stress in pounds per square inch
P = Pointload at surface in pounds

It

Depth in inches
Distance from the point load to the point at which the stress is to be determined
in inches (See Figure 1)

_(ﬁ) (ﬁw) H
% \on J\ R R,




NYSDEC OHMS Document No. 201469232-00007

Single Wheeload

* Single Wheel
Surtace Load (F)
VAV AV AN AV AV A A A A VAN AN AN A AV A

Ry

Integration of the Boussinesq equation {Equaticn 3) over the rectangular area over the pipe (as shown in Figure 1) results in
the total load on a 3-foot section of pipe due to the point load, P, at the surface. Equation 2 is a function of this integration.
The bD in the denominator of Equation 1 yields the desired units of pounds per square inch in expressing the truck load. The
resuit thus represents an "average” pressure on the 3-foot length of pipe centered under the load.

The factors discussed above as well as other factors such as the assumed flexible pavement. the large wheel load used Tor
design, the safety factors in the thickness design procedure, and the inherent structural strength of Ductite iron,® lead to the
conclusion that the above appreach to calculating truck loading is adeguate at any depth of cover. Quite obviously, the actual
distributed load of a truck tire “footprint™ wili produce less concentrated effects on a pipe than will the assumed “point”
load. The typical dual truck tire imprint may have a contact area of approximately 200 square inches® Also, the length of
pipe “effective” in carrying the icad may be much greater than that assumed, particularly for large-diameter pipe. Further, in
shallow cover situations under highways, the road bed stability will necessitate well-comnpacted fill around the pipe, which will
increase its load bearing capacity.

Included herein for convenience is Table 1 (Earth Loads P., Truck Loads Py, and Trench Loads P}, Table 2 (Surface Load Factors
for Single Truck on Unpaved Road), and Table 3 {Thickness for Earth Loads Plus Truck Loads), which can be used in the same
manner as Tabtes 1, 6, and 12 in ANSI/AWWA C150/421.50, respectively.

ANSI/AWWA C130/A21.50, Thickness Design of Ductile Iron Pipe.

ANSIEA21.1, Manuai for the Computation of Strength and Thickness of Cast Iron Pipe.
ASCE Manual No. 37, Design and Construction of Sanitary and Storm Sewers.

Sofl Engineering, Merlin G. Spangier, 4th Edition, 1982, Chapter 16.

Ductile Iron Pipe Design Criteria, T.F. Stroud, P.E.

The Asphalt Handbcok, The Asphalt Institute, Manual Series No. 4.

M U B WD
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Earth Loads P, Truck Loads P, and Trench Loads P,, (psi)

Depth 3-in, pipe 4-in. pipe g-in. pipe 8-in. pipe 10-in, pipe { 12-in.pipe | 14-in. pipe | 16-in, pipe | 18-in. pipe
of (t];‘iol;rer Pe P: Py Py Py P Py P Py Py Py Pt Py P Py Py Py Py Py
1.0 0.8 333341 33.1133.9{322|33.0|31.0]31.8]|298|306{284]2921248}2561225(233]|206]21.4
1.6 1.3 12071 220|20612197203 216199212 ]|185| 2081911204 }17.0|183] 158|171 [|148] 161
2.0 1.7 |13.9(156]|139}156{13.8} 155136 |153]13.5]152|133]15.0}12.0}13.7]411.3[13.01106{ 123
Depth 20-in, pipe | 24-in. pipe | 30-in.pipe | 36-in.pipe | 42-in.pipe | 48-in.pipe | 54-in.pipe | 60-in.pipe | 64-in. pipe
of (cf:) \).rer Pe Py Py Py P Pt Py Py Py Py Py Py Py Py Py P Py Py Py
1.0 08 j19.0 198166 17.4{ 142150121 |1291106|11.4] 94 1102} 84 | 92 1 79 [ 87 | 74 { 82
1.5 1.3 F139 (1521126 11391113 126|100 113} 89 102 B0 {93 |72 |85]{68 |81 |64]77
2.0 17 1102|119 94 | 111 87 |104]| 79 | 96} 72| B89 | 6683|6077 |57 |74 |54]71
Surface Load Factors for Single Truck on Unpaved Road
Depth 3-in, pipe 4-in, pipe B-in. pipe 8-in, pipe 10-in, pipe 12-in. pipe 14-in, pipe 16-in. pipe 18~in. pipe
of cover {ft.)
1.0 0.1980 0.2380 0.3328 0.42170 0.4956 0.5623 0.6195 0.6680 0.7087
15 01227 0.1482 0.2102 0.2708 0.3253 0.3773 0.4252 0.4690 0.5086
2.0 0.0828 0.1001 0.1428 0.1853 0.2244 0.2627 0.2993 0.3338 0.3661
Depth 20-in.pipe | 24-in.pipe | 30-in.pipe | 36-in.pipe | 424n.pipe | 48-in.pipe | 54-in.pipe | 60-in.pipe | 64-in. pipe
of cover (ft.)
1.0 0.7427 0.7944 0.8428 0.8714 0.6881 0.8285 0.9054 0.9082 0.9104
1.5 0.5442 0.6043 0.6700 0.7155 0.7458 0.7667 0.7818 0.7884 0.7936
2.0 0.3964 0.4504 0.5154 0.5656 0.6025 0.6303 0.6520 0.6620 0.6703
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Thickness for Earth Load Plus Truck Load

Laying Condition
Type 1 Type 2 Type 3 Type 4 Type 5
Total Total Total Total Total
Size Depth Calculated use Calcutated Use Cateulated Use Calculated Use Calculated Use
L of Cover ; Pressure . Pressuse . Pressure " Presstire . Pressure
{in.) (ft) Thickness Class Thickness Class Thickness Class Thickness Class Thickness Class
' (in.y* {in* {in)* (in.j* (in)*
1.0 0.22 350 0.21 350 0.20 350 0.19 350 0.16 350
3 1.5 0.20 350 0,19 350 0.18 350 017 350 0.15 350
2.0 0.19 350 0.18 350 017 350 0.18 350 0.14 350
1.0 0.23 350 0.23 350 0.22 350 0.20 350 0.17 350
4 1.5 0.21 350 0.20 350 0.20 350 0.18 350 0.15 350
2.0 0.20 350 0.19 350 0.18 350 0.16 350 0.15 350
1.0 0.28 - 0.27 - 0.25 350 0.23 350 0.18 350
6 1.5 Q.25 350 0.24 350 0.22 350 .20 350 0.16 350
2.0 0.23 350 0.21 350 0.20 350 0.17 350 0.16 350
1.0 0.32 - 0.30 - 0.29 - 0.26 - 0.20 350
8 1.5 0.28 - 0.27 - 0.25 350 0.21 350 0.17 350
20 0.26 - 0.24 350 0.22 350 0.19 350 0.16 350
1.0 0.37 - 0.35 - 0.33 - 0.30 - 0.22 350
10 1.5 0.33 - 0.31 - 0.29 - 0.24 350 0.19 350
2.0 0.30 - 0.27 - 0.25 350 0.21 350 0.18 350
1.0 0.41 - 0.38 - 0.36 - 0.32 - 0.24 350
12 1.5 0.36 - 0.33 - 0.31 - 0.25 350 0.20 350
2.0 0.32 - 0.30 - 0.27 350 0.22 350 0.19 350
1.0 * - 0.41 - 0.38 - 0.33 - 0.28 250
14 1.5 * - 0.36 - 0.33 - 0.27 250 0.21 250
2.0 * - 0.32 - 0.29 300 0.24 250 0.20 250
1.0 e - 0.43 - 0.40 - 0.33 350 0.27 250
16 1.5 ** - 0.38 - 0.34 350 0.27 250 0.22 250
2.0 i - 0.33 350 0.30 250 0.24 250 0.21 250
1.0 * - 0.45 - 0.41 - 0.33 300 0.27 250
18 1.5 " - 0.39 - 0.35 350 0.28 250 0.22 250
2.0 " - 0.35 350 0.31 250 0.25 250 0.21 250
1.0 - - 0.46 - 0.42 - 0.34 300 0.27 250
20 1.5 ** - 0.41 - 0.36 300 0.29 250 0.23 250
2.0 - - 0.36 300 0.32 250 0.26 250 0.22 250
1.0 “ " 0.49 - 0.44 - 0.37 250 0.26 200
24 1.5 » - D.44 - 0.38 300 0.31 200 0.24 200
2.0 " - 0.39 300 0.34 250 0.27 200 0.23 200
1.0 > - 0.53 - 0.46 350 0.41 250 0.27 150
30 15 - - 0.48 350 0.41 250 0.34 150 0.25 150
2.0 - - 0.43 300 0.37 200 0.30 150 0.24 150
1.0 - - 0.56 350 0.48 300 0.40 200 0.28 150
36 1.5 - - 0.51 300 0.43 250 0.33 150 0.27 150
2.0 - - 0.46 250 0.40 200 0.31 150 D.26 150
1.0 h - 0.58 350 0.50 250 0.39 150 0.29 160
42 1.5 e - 0.54 300 0.45 200 0.35 150 0.28 150
2.0 » - 0.49 250 0.42 200 0.33 150 0.27 150
1.0 - - 0.60 300 0.52 200 0.39 150 0.31 150
48 1.5 * - 0.57 250 0.48 200 0.37 150 0.30 150
20 - - 0.63 250 0.45 150 0.36 150 0.29 150
1.0 = - 0.64 250 0.53 200 0.41 150 0.33 150
54 1.5 h - 0.60 250 0.51 150 0.40 150 0.32 150
2.0 " - 0.57 200 0.48 150 0.39 150 0.31 180
1.0 * - 0.85 250 0.54 150 0.42 150 0.33 150
60 15 - B 0.61 200 0.52 150 0.41 150 0.33 150
2.0 h - 0.58 200 0.50 150 0.40 150 0.32 150
1.0 * - 0.66 250 0.55 150 0.43 150 0.34 150
64 1.5 * - 0.62 200 0.53 150 0.42 150 0.33 150
2.0 b - 0.59 200 0.51 150 0.41 150 0.32 150
* Totai calculated thickness inciudes service allowance and casting tolerance added Lo aet thickness. G‘fm

**For pipe 14-inch and larger, consideration shouid be given to laying conditions other than Type 1.
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American Cast iren Pipe Company
P.Q. Box 2727
Birmingham, Alabama 35202-2727

Atlantic States Cast Iron Pipe Company
183 Sitgreaves Street
Phitiipsburg, New Jersey 08865-3000

Canada Pipe Company, Ltd.
1757 Burlington Street East
Hamilton, Ontario L8N 3R5 Canada

Clow Water Systems Company
F.O. Box 6001
Coshocton, Ohic 43812-6001

McWane Cast Iron Pipe Company
1201 Vanderbilt Road
Birmingham, Alabama 35234

Pacific States Cast Iron Pipe Company
F0. Box 1219
Provo, Utah 84603-1219

United States Pipe and Foundry Company
P.0. Box 10406
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Chapter 52 Structural Design of Flexible Conduits Part 636
National Engineering Handbook

Depth of cover Impact factor The pressure on the pipe from the wheel load may be
<1'0" 1.3 determined by:
11" -2'0" 1.2 P - W,
2'0"-2'11" 1.1 W (DO)
>3'0" 1.0 12 (52-21)
where:
P, = pressure on pipe from wheel load, Ib/ft?
D, = outside diameter of pipe, in

When the depth of fill is 2 feet or more, wheel loads
may be considered as uniformly distributed over a
square with sides equal to 1 3/4 times the depth of fill.

PL
(1.75h)° (52-22)

Figure 52-9 Load pressure distribution
|

w

(¢) Vacuum pressure

Pipe may be subject to an effective external pressure
because of an internal vacuum pressure, P, Sudden
valve closures, shutoff of a pump, or drainage from

high points within the system often create a vacuum in
pipelines. Siphons will all be subject to negative pres-

sures.
P

- Vacuum pressure should be incorporated into the

l design of buried and aboveground pipes as described

in this chapter. The vacuum pressure may be intermit-
tent (short term), for long durations, or continuously
(long term).

The vacuum load per length of pipe may be deter-
mined by:

WV=PV><&
12 (52-23)

where:
W, = vacuum load per linear foot of pipe, 1b/ft
P, = internal vacuum pressure, Ib/ft?

D, = inside pipe diameter, in

v

[« Do

(b) Dyt > 2.67hx12

52-8 (210-VI-NEH, First Edition, June 2005)
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Chapter 52 Structural Design of Flexible Conduits Part 636
National Engineering Handbook
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valve closures, shutoff of a pump, or drainage from

high points within the system often create a vacuum in
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sures.
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- Vacuum pressure should be incorporated into the

l design of buried and aboveground pipes as described

in this chapter. The vacuum pressure may be intermit-
tent (short term), for long durations, or continuously
(long term).

The vacuum load per length of pipe may be deter-
mined by:

WV=PV><&
12 (52-23)

where:
W, = vacuum load per linear foot of pipe, 1b/ft
P, = internal vacuum pressure, Ib/ft?

D, = inside pipe diameter, in

v

[« Do

(b) Dyt > 2.67hx12

52-8 (210-VI-NEH, First Edition, June 2005)
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With more than five decades of outstanding field experience, Ductile Iron pipe is widely recognized as the industry standard for modern
water and wastewater systems.

One of the most important reasons for the success of Ductile Iron pipe is that, like Gray Iron pipe before it, it is the subject of the most
extensive series of product standards in the pipe industry. Since the 192Cs, American National Standards Institute—now the American
Water Works Association-—Standards Committee A21 has been responsible for this series of standards on Gray and Ductile Iron pipe.
Since Ductile Iron pipe was first introduced in 1955, the Standards Committee on Ductile iron Pipe and Fittings has been provided with
extensive data on trench loading tests, strength tests, corrcsion resistance, tapping strength, flow characteristics. impact resistance,
lining and joint integrity, and virtually ail aspects of the material that can affact its performance.

From this data and the dedicated work of the members of AWWA Standards Committee AZ21, the American National Standard
for the Thickness Design of Ductile Iron Pipe (ANSYAWWA C150/A21.50} has evolved. No more thorough and comprehensive standard
design procedure exists for any piping material.

The basis of the design standard for Ductile lron pipe is the long-established fact that Ductile Iron pipe, subjected to
internal pressure and underground lcading conditions, behaves as a flexible conduit and rerounds under pressure. Therefore, the pipe
is designed separately to withstand external loads and internal pressure. The result is more conservative than designing for the
combined loading condition. Thus the separate stress design appreach was chosen as the basis of the original ANSI standard in 1965.

Briefly, the design procedure for Ductile Tron pipe includes:

. Design for internal pressures (static pressure plus surge pressure allowance).
. Design for bending stress due to external loads (earth load plus truck loads).
. Select the farger resulting net wall thickness,

. Add an 0.08-inch service allowance.

. Check deflection.

. Add a standard casting tolerance.

UL W —

This procedure results in the total calculated design thickness, from which the appropriate pressure class is chosen.

The Standards Committee carefully chose the following criteria in the 1976 standard for use in calculating required thickness of Ductiie

Iron pipe. These criteria remain unchanged in the current edition of the standard.

1. Earth load is based upon the prism icad concept, a very conservative assumnption for loads nermally experienced by a flexible pipe.

2. Truck loads are based upon a single AASHTO H-20 truck with 16,000 pounds wheel load and an impact factor of 1.5 at all depths.

3. External load design includes calculation of both ring bending stress and deflection. Ring bending stress is limited to 48,000 psi,
providing a safety Tactor of at least 2.0 based upon ultimate bending stress.

4, Deflection of the pipe ring is limited to a maximum of 3 percent for cement-lined pipe. Again, this limit provides a safety
factor of at least 2.0 against applicable performance limits of the lining. {Unlined pipe and pipe with flexible linings are capabie of
withstanding greater deflections.)

5. Five trench types have been defined in the standard (see Figure 1 and Table 1) to give the designer a selection of
laying conditions. This ensures a cost-effective trench section design for varying job conditions.

6. Internal pressure design of standard pressure classes is based on rated working pressure plus a surge allowance of 100 psi. A safety
factor of 2.0 is applied to this calculation, which is based on a minimum yield strength in tension of 42,000 psi.




NYSDEC OHMS Document No. 201469232-00007

fnternal Pressure Design
The net thickness required for internat pressure is calcuiated using the equation for hoop stress:

where: t = net pipe wall thickness, in.

t = PD. P, = design internal pressure, psi
23 D = outside diameter of pipe, in.

S = minimum yield strength in tension, psi

The design internal pressure (P, ) is equal to the safety factor of 2.0 times the sum of werking pressure (P, } plus surge allowance {P;)
for water pipe; that is P, = 2.0 (P,, + P, ). The standard surge allowance of 100 psi is adequate for most applications; however, if
anticipated surge pressures are other than 100 psi, the actual anticipated surge pressure should be used,

External Logd Design

The net wall thickness required for external load is based on two design considerations: limitation of ring bending stress and ring
deflection. When a trench load of sufficient magnitude is applied, Ductile Iron pipe will deflect amply to cevelop passive resistance
from the sidefill soil, thereby transmitting part of the trench load to the sidefili soif. Thus, the load-carrying capacity of Ductile Iron
pipe is a function cf soil and ring stiffness. In addition, an upward reaction to the vertical trench load exerted on the pipe develops in
the trench embedment below the pipe. This reaction is distributed almast uniformly over the width of bedding of the pipe; the greater
the width of bedding, the greater the load-carrying capacity of the pipe. Therefore, certain design criteria dependent on the effective
width of bedding and on the available passive resistance of the sidefill soil are essential to calculating ring bending stress and ring
deflection of Ductile Iron pipe. These design criteria have been conservatively established from test data for various standard laying
conditions discussed later in this article. {See Table 1.) Also, due to its inherent greater ring stiffness, Ductiie fron pipe is less refiant
on soil support than cther flexible pipe materials.

evesefioner S¥mege Fioe
Paneh T BLPREE 456

Design maximum ring bending stress for Ductile Iron pipe is 48,000 psi, which provides safety factors under trench ioading of at least 1.5
based on ring yield strength and at least 2.0 based on ultimate ring strength. The following equation is used to caiculate the trench load
required to develop a bending stress of 48,000 psi at the pipe invert:

where: P, = trench load, psi= P, + P,
P = . = earth load, psi

. = truck load, psi
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f = design maximum bending stress, 48,000 psi
+0.732 D = outside diameter, in.
D 4Y t = ret thickness, in.
(t ) K, = bending moment coefficient (Table 1)
K. = deflection coefficient (Table 1)
E = modulus of elasticity (24 x 10° psi)
” E' = modulus of soil reaction, psi (Tabie 1)
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A net thickness is computed using both the internal pressure and bending stress equaticns as describad above, The larger of the two net
thicknesses is then selected as the net thickness required for internat pressure and bending stress design.

A service allowance (0.08-inch for all pipe sizes) is then added to the larger net thickness. This service allowance provides an additional
safety factor for unknowns. The resulting thickness is the minimum thickness t;.

Beflection Ghaok

Maximum allowable ring deflection for cement-mortar-lined Ductile Iron pipe is 3 percent of the outside diameter (5 percent for
flexible linings}. Tests have shown that 3 percent deflection will provide a safety factor of at least 2.0 with regard to failure of the
cement-mortar lining, Much larger deflections can be sustained without damage to the pipe wall. The following equation is used to
calculate the trench load required to develop a ring deflection of 3 percent of the cutside diameter.

Ax/D aF , where: t, = minimum thickness, in. (t + 0.08)
Ty ""B"""""3+ 0.732E Ax = design deflection, in. (Ax/D = 0.03)
* (~ «1) P,. K,. E, E. and D are the same as in
i the equation for bending stress.

The t, required for deflection is compared to the t; resulting from internal pressure and bending stress design. The greater t, is used
and is called the minimum manufacturing thickness.

TS
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Once the minimum manufacturing thickness is determined, an
aliowance for casting tolerance is added to provide the latitude required
by the manufacturing progess and to prevent the possibility of significant
minus deviation from design thickness. Additionally, required weight
tolerances assure that effective wall thickness is always greater than
calculated minimum manufacturing thickness. Casting aflowance is
dependent on the pipe size as shown in the table to the right.

Stondord Loving Conditions

As indicated previously, certain factors dependent on the specified type of laying concgition are essential to the design
of Ductile Iron pipe for external loads. Two of these factors, the coefficients for bending (K, ) and deflection (K, )}, are dependent on the
width of bedding at the pipe bottom. The width of bedding is the contact area on the pipe bottomn where bedding support is sufficient to
develop an equal reaction to the vertical trench load and is commonly referred to as the bedding angle. The other factor is modulus of soil
reaction (E'), which is a measure of the passive resistance that can be developed in the sidefill soil. To facilitate design calculations, these
factors have been conservatively established from reliable test data for five standard laying conditions (Tabte 1), thus giving the design
engineer a great deal of flexibility in selecting the most economical combinations of wall thickness and bedding and backfill requirements.

Standard Laying Conditions for Ductile Iron Pipe

.

¢7
Ty 17 Tyme 2 Type 3 Typa 4 Type 5
Flat-bottam trench.t Flot-boftom #rench. Pipe bedded in 4-nch Pipe bedded in snd, grovet, or Pipe bedded to iis centerline in
Leose backiill. Backfill lightly consolidoted fo minimum loose soil.f Backlil lightty  crushed stone to depth of '/ pie compadled gronular molerial**,
centerline of pipe. consofidoled to top of pipe. diometer, 4-inch minimun. Bocktill 4.0, minimum under pipe.
CO“’PU"-‘!ed lo top of pipe. Compacted gronufar or seled §
{Approximotely 80% Standord meterial fo fop of pipe.
Practor, AASHTO T-99.)8 {Approximately 90% Stondord

Proclor, AASHTC T-99 1§
g Sy

foepa

Type 1* Flai-botom trench.t Loose backfil. : 150 30 0.235 0.108
[oe 2 | Flokooltom rench t bockiil ghl consolidoted fo comerve of ipe. 3001 45 0210 005
Type 3 Pipe bedded in 4-in minimum loose soil. ¥ Backiili lightty consolidated 1o fop of pipe. 400 60
hped | Fipe beddad in sand, grovel, or crushed sone fo depth of 18 pipe damele 4. minimum, Bocdil | 5001 90 |

compacted io top of pipe. (Approx. 80 percent Stondord Proclor, AASHTO T-99.1§

Type 5 Pipe bedded fo ils centerline in compacled gronuiar materiol™ 4-in. mintmum under pipe. Compacied 700 150
granular or selecit material 1o fop of pipe. [Approx. 90 percent Siandard Proctor, AASHTO T-99.18

Note: Consideration of the pipe-zone embedment condition included in this table may be influenced by factors other than pipe strength. For additional information see
ANSYAWWA CE600 “Standard for Installation of Ductile Iron Water Mains and Their Appurtenances.”

* For pipe 14 in. and larger, consideration should be given to the use of laying conditions other than Type 1.

**Gramular materials are defined per the AASHTO Soil Classification System {ASTM D3282) or the United Soil Classification Systemn (ASTM D2487), with the exception that gravel
bedding/backhitt adjacent to the pipe is limited to 2" maximurn particle size per ANSIAWWA C500.

t Flat-bottom is defined as "undisturbed earth.”

+ Loose soii or select material is defined as “native soil excavated from the trench, free of rocks. foreign material, and frozen earth.”

§ AASHTO T-98, "Muisture Censity Relations of Soils Using a 5.5 pound Rarmmer 12-in. Drop.”
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The trench load (P,} used in the design of Ductile Iron pipe is expressed as vertical pressure in psi, and is the sum of earth
Icad (P, ) and truck load (P, ). Earth load {P, } is the weight of the unit prism of soil above the pipe to the ground surface. The unit weight
of the backfill soil is assumed to be 120 Ibs.fcu. ft., which is conservative for most soils. In unusual conditions where heavier backfill
material is used, the design earth load should be increased accordingly. The equation used to compute earth load is as follows;

p. wH 120 H where: P, = earth load, psi
T 144 144 1.2 w = soil weight, 120 Ibs./cu. ft.
H = depth of cover, ft.

Truck load (P, } is based on a single AASHTO H-20 truck on unpaved road or fiexible pavement, having a 16,000 pound wheel load and
using a 1.5 impact factor at all depths. The equation used to compute truck load is as follows:

where: P, = truck load. psi
R = reduction factor which takes into account that the part of the pipe directly below
the wheels is aided in carrying the truckload by adjacent parts of the pipe that
receive little or no direct lcad from the wheels (Table 2)

p-nr CF F = impact factor, 1.5
‘ bD C = surface load factor caiculated for a single concentrated wheel icad centered
over an effective pipe length of 3 ft.
* P = wheel load, 16,000 Ibs.
b = effective pipe length, 36 in.
D = outside diameter of pipe, in.

The surface load factor, C, is a measure of how the whee! load at the surface is transmitted and distributed through the soit to the
pipe. The eguation used to caiculate the surface load factor is as follows:

2 . A+ H? 4152
C=1- -Zarcsin|H —
T (A*+HY (1.5A4HY

1.5AH 1 1
+
fA2+|-]2+1.52 AP HE 1B+ P

{Note: angles are in radians.)

where: H = depth of cover, {t.
A = outside radius of pipe, ft.

Alro

Earth loads {(P,). truck loads (P,), trench lcads (P, ). and surface load factors {C) computed using the above equations are listed in
ANSIAWWA C150/A421.50 for depths of cover ranging from 2.5 feet to 32 feet.

-

Paduntion Pactors B for Trock Laagd Calculations
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Manuz| use of the equations for bending stress and deflection to determine net thickness is somewhat lengthy and time-consuming. To
expedite calculations, design tables giving diameter-thickness ratios for a wide range of trench loads have been developed from these
equaticns for all five standard laying conditions. With these design tables, a designer need only know trench load and desired iaying
condition to compute net thickness required for bending stress design and deflection design.

v Liusses

Ductile Iron pipe is manufactured in standard pressure classes (15C-350) which vary in thickness depending on pipe size. {See Table 3.)
Pressure classes are defined as the standard rated water worling pressure of the pipe in pst. The thickness shown for each pressure class
is thus adequate for the rated water working pressure plus a surge allowance of 100 psi. Once the total calculated thickness has been
determined for a particular application, the appropriate standard pressure class thickness shouid be selected for purposes of specifying and
ordering. When the calculated thicknass is between two standard thicknesses, the larger of the two shouid be selacted.

I 3% - - - - 0.25%
4 0 480 - - - - - 0.25*
6 ;690 o - 1 - - - 0.25¢
g8 . 905 - i - - i - o0
10 1110 - - - - 102
- - - | om
L T S 0.28 : 030 03
16 1740 0 - 0 - 030 © 032 0.34
18 ¢ 950 0 - - 031 © 034 | 036
20 ¢ 2140 - - 033 : 036 | 038
24 . 2580 - 033 & 037 : 040 | 043

30 3200 034 ¢ 038 | 042 | 045 | 049
3 . 3830 . 038 . 042 | 047 051 | 056
420 4450 . 041 047 | 052 ! 057 ¢ 043
48 | 5080 © 046 052 | 058 | 064 070
54§ 5756 ¢ 051 . 058 | 045 | 072 079
60 | 6161 . 054 | 06} | 068 | 076 083
64 1 6567 056 064 | 072 1 080 . 087

* Calculated! thicknesses for these sizes and pressure ratings are less than those shown above. These are the lowest nominal thicknesses currently available in these sizes.
Pressure classes are defined as the rated water working pressure of the pipe in psi. The thicknesses shown are adequate for the rated water working pressure pius a surge
allowance of 100 psi. Caleulations are based on a minimum yield strength in tension of 42,000 psi and 2,0 safety factor times the sum of working pressure and 100 psi surge
allowance.

Thickness can be calculated for rated water working pressure and surges other than the abave by use of the design procedure outlined in this article and detailed in ANSHAWWA
C150/421 50.

Ductile Iron pipe can be utilized for watsr werking pressure greater than 350 psi and is available in thicknesses greater than Pressure Class 350, Contact DIPRA
member companies on specific requirements.

e
3
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Using the design procedure described, a standard selection table {Tabie 4} was developed that gives maximum depth of cover for each
standard pressure class and iaying condition. This table was provided so that a designer may simply select, rather than calculate, the
appropriate pressure class and laying condition for a given design application. For extraordinary design conditions not shown in the
table, such as extremely high internai pressures or extreme depths of cover, it may be advisable to consult DIPRA member companies
for recommendations to maximize system design.

T

DESIGNOE DOCTILE
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As stated, the safety factor for internal pressure is 2.0 based on minimum yield strength of Ductile Iron in tension. For external loads, two
explicit safety factors are specified: at least 1.5 based on ring yieid strength and at least 2.0 based on ultimate strength. Also, the design ring
deflection check provides a safety factor of at least 2.0 based on test data regarding deflections required to cause failure in cement-mortar lining.

The above explicit safiety factors are used to establish a design criteria and should not be confused with the total available safety factor of Ductile
iron pipe, which has been shown to be much greater than the specified safety factors used in design calcuiations for the following reasons:

1. The stringent design criteria for Ductile Iron pipe are not based on the much greater performance limits associated with failure of
the pipe wall.

2. Specified safety factors are used to calculate net wail thickness requirements, after which both service allowance and casting allowance
are added. (For example, the nominal wall thickness of 30-inch Class 150 Ductile Iron pipe is approximately 180 percent of the net
wall thickness reguired by design.) Additionally, required weight tolerances ensure that effective wall thicknesses are always greater
than calculated net wall thicknesses.

3. The physical properties of Ductile Iron pipe will consistently exceed the minimum vaiues specified for design.

4. Ductile Iron pipe can sustain stresses considerably higher than yield strength determined by standard test methods without damage
0 the pipe wall.

5. Design considerations dependent on laying conditions were established on a conservative basis.

In the early 1960s, extensive tests were conducted on Ductile Iron pipe to determine average values for tensite strength, ring strength,
hardness, and glongation. Test pipes ranged in size from 2 inches to 24 inches and represented five different producers. These test resuits
showed the average bursting tensile strength to be 52,320 psi and the average ring yield strength to te 84,880 psi for all pipes tested.
‘These values remain consistent when comparad to test data derived from burst tests and ring crush tests that have been conducted since
that time. Using these values, an example of total safety factor with regard to internal pressure design can be made:

To determine the total safety factor of 6-inch Pressure Class 350 Ductile Iron pipe with respect to internal pressure for 350 psi working
pressure and a standard surge pressure allowance of 100 psi:

1. Compute the hoop stress developed using the minimum manufacturing thickness: S= —

a. Let P;=350+100 = 450 psi since total safety factor is desired. D= 6.90 in.

b. Nominal thickness of Pressure Class 350 = 0.25 in.

¢. Subtract casting tolerance to obtain minimum thickness manufactured (t,).* t, = 0.25 - 0.05 = 0.20 in.

* Note: This is a conservative basis on which to determine actual safety factor, as weight controls ensure greater effective
thickness than t, in the pipe.

(450) (6.90) _
—Eé‘}--zé“z‘ﬁi = 7,762.5 pst

2. Compare computed hoop stress to average bursting tensile strength to determine a representative total safety factor:

52,320 psa average 6.74
7.762.5 psi computed

The total safety factor for internal pressure design will vary with pipe size, pressure class, and design working pressure, but the above example
serves 1o prove that the total available safety factor of Ductiie Iron pipe is actually much greater than the explicit design safety factor of 2.0.

With regard to external load design, actual external loading tests were conducted on large-diameter Ductile [ron pipe at Utah State
University in the early 1970s to evaluate the C150/A21.50 procedure. From this test data, which was based on rigorous conditions,
safety factors were calculated by dividing the loads at cement-mortar lining fallure by allowable ioads as weil as by dividing the loads
at pipe failure by the allowable loads. Allowable loads were caiculated using the C150/A21.50 design procedure for external loads.
This comparison showed that when cernent-mortar kning failure was used, the calculated safety factor of the test pipe averaged 2.98;
when pipe failure was used, the calculated safety factor averaged 5.46.

Using this data as a basis, it is apparent that the total available safety factor of Ductile {ron pipe with respect to external loads is far
greater than explicit design safety factors of 1.5 and 2.0. Further, the above total available safety factors were determined on the
basis of a separate stress design; for a combined stress situation (i.e., externat load +internal pressure), the total available safety factor
would be even greater because internal pressure would tend to reround the pipe, thereby reducing deflection and ring bending stresses
created by external load. It is therefore evident that the total safety factor for Ductile Iron pipe is much moare than adequate, and it
is obvious that a thorough analysis of both the pipe material and the design procedure is necessary to properly determine actual
comparative safety factors.
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Uniess otherwise specified, all Ductile Iron pipe installed today is normally furnished with a Portland cement-mortar lining that
conforms to ANSYAWWA C104/A21.4. Special linings such as epoxies are also available for applications where standard cement-mortar
linings are not applicable.

Ductile Iren pipe, which is manufactured with an asphaitic shop coating, needs no external protection in the majority of installations.
There are, however, highly aggressive soil conditions and/or stray current conditions where the use of external protection for the pipe is
warranted. In these instances, encasing the pipe with polyethylene in accordance with the ANSI/AWWA C105/A21.5 Standard is the
generally recommended method of protection.

To date, polyethyiene encasement has bean used to protect thousands of miles of Gray and Ductile Iron pipe in severely
corrosive soils. In addition to the U.5. standard, several other countries have adopted standards for polyethylene encasement and an
international standard (ISO 8180} was adopted in 1985.

gasign orileris are

o S g
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Minimurn explicit safety factors are set, but actual totai field service safety factors far exceed these vaiues. Unparatleled field service
history, improvements in manufacturing and quality control, and research results, including load tests and conclusive evidence of high-
level corrosion resistance, have led to the establishment of the procadures outlined in this article for the design of Ductile iron pipe.

Note: DIPRA has developed a computer program to perform these design calculations. For your free copy of this program, contact
DIPRA Headquarters in Birmingham, your Jocal DIPRA Regional Engineer, or download it from our website (http://www.dipra.org).

EDOCTILE IRON |
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12 . 350 0.28 104 19
141250 s
L300 137
o350 14019
16 1 250 115

300 130w
330 15020
187750 10< 7 14
300 1317
350 15 19
2077250 1014
300 13 17
24777200 8512
250 s
300 131
30 159
307150 - 9
200 8 12
250 1no15
300 1216
L0 1509
36777 150 — g
200 8" 12
250 0 1
300 126
770 - 5
200 8 12
250 0
300 1216
487750 - 9
200 g 11
250 013
300 1215
o390 15 5.8 .
567750 - 9
200 g8 11
250 013
300 13 15
0150 : 55
200 g 1
250 013
300 13015 :
30 1518
¢4 50 5y
200 g . 1
250 . 013
300 08¢ ¢t 12 5
350 0.87 sy

Note: This table is based on a minimurmn depth of cover of 2.5 feet. For shallower
depths of cover please consult the DIPRA brochure Truck Loads on Pipe Buried
at Shallow Depths.

t Ductile iron pipe is adequate for the rated working pressure indicated for each
aeming! size plus a surge alfowance of 100 psi. Calculations are based on a 2.0
safety factor times the sum of working pressure and 100 psi surge allowance.
Ductile fron pipe for working pressures higher than 350 psi is avaitable.

1 An allowance for a singte H-20 truck with 1.5 impact factor is included for all
depths of cover.

§ Calculated maximum depth of cover exceeds 100 ft.

* Minimum allowable depth of cover is 3 ft.

1 For pipe 14 in. and larger, consideration should be given to the use of laying
conditions other than Type 1.
G}
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American Cast Iron Pipe Company
F.0O. Box 2727
Birmingham, Alabama 35202-2727

Atlantic States Cast iron Pipe Company
183 Sitgreaves Street
Phillipsburg, New Jersey 08865-3000

Canada Pipe Company, Ltd.
1757 Burlington Street Fast
Hamilton, Ontario L8N 3R5 Canada

Ciow Water Systems Company
P.0. Box 6001
Coshocton, Ohio 43812-6001

McWane Cast Iron Pipe Company
1201 Vanderbiit Road
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Calculation Sheet

Imagine the result

Client: CWM Chemical Services, LLC

Project Location: Model City, New York

Project: RMU-2 Design Calculations Project No.: B0023725.2011
Subject: Appendix J-2 : Fac Pond Transfer Line Hydraulic Analysis

Prepared By: _ PTO/NWF/BMS Date: November 2013
Checked By:__BMS Date: November 2013
Reviewed By:__BMS Date: November 2013
TASK:

Model the hydraulics of the proposed high-density polyethylene (HDPE) pipeline between Fac Ponds 1
and 2 and Fac Pond 5. Identify a continuous-duty submersible pump that could potentially be used in the
fac ponds and estimate the in-service flowrate that could be achieved when transferring impounded liquid
from one pond to the other and when discharging from Fac Pond 5 to the Niagara River outfall.
REFERENCES:

1. “Leachate Level Compliance Plan for Residuals Management Unit 1, Cells 1 through 14 — Final
Sequence Phase 3" prepared by ARCADIS, dated August 2011 (Revised November 2011).

2. WaterCAD for Windows, Version 5.0, pressure network analysis software, Haestad Methods, Inc.
3. Fac Pond 5 Permit Drawings, ARCADIS, February 2013 (revised November 2013).

4. Literature from Performance Pipe (attached).

5. Flygt Pumps Literature from Xylem, Inc. (attached).

ASSUMPTIONS:

1. The existing Fac Ponds 1 and 2 will be maintained and a new Fac Pond 5 will be constructed to
provide on-site storage and qualification of treated leachate prior to discharge to the Niagara River. A
new buried double-contained HDPE transfer pipeline is proposed to allow for the transfer of
impounded liquid between the two fac ponds and to allow the discharge of impounded liquid in either
fac pond to the Niagara River outfall.

2. Continuous-duty submersible pumps will be installed in each fac pond to dewater the pond (one
pump per pond). For maintenance and repair reasons, the same pump model will likely be used in
both ponds. The pumps will be mounted on floating platforms so that the pumps can be accessed for
repairs regardless of pond liquid levels. Because the pumps will rise and fall with liquid elevations and
may move laterally to some extent, 6-inch-diameter flex hose will be used to connect the pumps to
the HDPE fac pond transfer pipeline on the fac pond perimeter berms.

3. Todischarge impounded water off site to the Niagara River outfall, a connection from the proposed
fac pond transfer line to existing subsurface piping will be made immediately north of Fac Ponds 1
and 2 as shown in Reference 3. By aligning the appropriate valves in the proposed valve house, flow
can be diverted from the transfer pipeline, through above-grade filters, and into the existing

0331211807- J-2 Fac Pond Tansfer Line Calcs - revised November 2013.doc Page 1 of 4
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Calculation Sheet

Imagine the result

subsurface piping that leads to the outfall.

4. The proposed fac pond transfer pipeline consists of 6-inch-diameter DR 11 HDPE pipe. Based on
Reference 4, the average inner diameter of this pipe is 5.349 inches. Hazen-Williams coefficients for
the flex hose and the HDPE pipe are based on Reference 1. Minor loss coefficients for fittings are
based on values embedded in Reference 2. The number and type of fittings are estimated from
Reference 3.

5. Rather than attempt to model the existing subsurface off-site discharge piping, ARCADIS utilized
pressure and flow observations collected by CWM to back-calculate a “k” value to represent the
losses associated with the piping and the above-grade filters. This “k” value is then applied to the
downstream end of the hydraulic model for scenarios involving off-site discharge. Based on
information provided by CWM, a pressure gauge in the existing piping system immediately upstream
of the filters indicated a gauge pressure of approximately 23 pounds per square inch (psi) at a
measured flowrate of approximately 600 gallons per minute (gpm).

6. The fac pond transfer pipeline is evaluated based on two scenarios. The first scenario models the
transfer of liquid between the two ponds. Because of the pond floor low point and berm crest
elevations, the transfer of liquid from Fac Ponds 1 and 2 to Fac Pond 5 is predicted to require the
greatest head. Thus, only this flow direction is evaluated herein. The second scenario models the off-
site discharge of liquid from the ponds. Discharging from Fac Pond 5 involves pumping through
significantly more pipe than discharging from Fac Ponds 1 and 2. Consequently, only this off-site
discharge scenario is evaluated herein. For both scenarios, the liquid level in the fac ponds is
assumed to be 2 feet above the pond low point. Because of the additional head required to lift the
impounded liquid from these relatively low levels, the estimated flowrates represent worst-case
conditions.

7. The maximum allowable flowrate for off-site discharge is 1 million gallons per day (equivalent to
approximately 694 gpm averaged over a 24-hour period) according to CWM and is established by the
SPDES permit limit for the Niagara River outfall.

8. The primary submersible pump is assumed to be a Flygt Model 2670 high head (B 253 HT) pump.
The head versus flowrate for this pump is obtained from Reference 5. The performance of this pump
when coupled with the fac pond transfer line is simulated using WaterCAD (Reference 2). Other
pump models may be used provided the in-service flowrate to the Niagara River outfall does not
exceed the 694 gpm maximum value established by the SPDEC permit.

CALCULATIONS:

1. Estimation of “k” Value for Existing Filters and Off-Site Discharge Piping

As discussed in Assumption 5, CWM has noted that a flowrate of approximately 600 gpm corresponds to
a gauge pressure of approximately 23 psi at a location immediately upstream of the existing filters. At this
point in the piping system, the pressure is based on losses through the filters and the existing piping
between the filters and the Niagara River outfall. Because this part of the piping system is expected to
remain intact, the losses associated with this part of the system are expected to remain unchanged from
current conditions. However, the losses are proportional to the flowrate so the 23 psi observed pressure
is specific to only one flowrate. Thus, it is necessary to back-calculate a “k” value (or loss coefficient) to
simulate the expected losses at any flowrate due to the filters and downstream piping.

0331211807- J-2 Fac Pond Tansfer Line Calcs - revised November 2013.doc Page 2 of 4
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Applying the energy equation between the point in the existing piping system corresponding to the
pressure gauge location (point 1) and the Niagara River water surface at the pipe outfall (point 2) results
in the following expression:

V,; = flow velocity at point 1 = 8.6 ft/s (based on assumed 6-inch-diameter pipe)

P, = gauge pressure in piping system at point 1 = 23 psi (Assumption 5)

z, = elevation of point 1 = 320 ft (approximately)

V, = flow velocity at point 2 = 0 ft/s (flow velocity of jet is negligible at river surface)

P, = gauge pressure at point 2 = 0 psi (atmospheric pressure at river surface)

z, = elevation of point 2 = 245 ft (river surface approximately equal to average Lake Ontario
water surface elevation)

h. = headloss in system between points 1 and 2 = unknown

Substituting the above values and solving for the headloss results in approximately 129 feet of headloss.
Note that this value includes not only friction and minor losses in the discharge piping but also the
pressure drop caused by the filters.

With the headloss known for the 600 gpm flowrate, a loss coefficient, k, can be calculated to represent
the headloss in the existing discharge piping and filters for any flowrate as follows:

,.
L;-l -
h

ey

where,

h, = headloss in system between points 1 and 2 at 600 gpm flow = 129 ft (determined above)
V = flow velocity as used in hydraulic model (based on 6-inch-diameter HDPE pipe) = 8.6 ft/s
k =loss coefficient accounting for energy loss due to pipe friction and minor losses in fittings
and filters = unknown

Substituting the above values and solving for the loss coefficient results in a value of 113. Note that
because the loss coefficient will be used in the WaterCAD model of the proposed transfer pipeline and
because that model includes only the proposed 6-inch-diameter DR 11 HDPE pipe, the loss coefficient
must be calculated using a flow velocity that would occur if the discharge piping had an identical pipe
diameter (5.349 inches).

2. Fac Pond Transfer Line Hydraulic Model and Estimated Flowrates

WaterCAD is used to model the hydraulics of the proposed fac pond transfer line for both scenarios
described in Assumption 6. A summary of the WaterCAD output for flow for each scenario is presented in
Table 1 assuming use of a Flygt model 2670 high head pump model (Assumption 8). This pump model
was selected to simulate in-service flowrates using a typical submersible pump. Consequently, it is not a
requirement to use only this pump model and other manufacturers and models may be substituted
provided they meet CWM'’s operational requirements and do not exceed the maximum off-site discharge
limit of 694 gpm.

0331211807- J-2 Fac Pond Tansfer Line Calcs - revised November 2013.doc Page 3 of 4
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Calculation Sheet

Table 1 — Estimated Flows for Fac Pond Transfer Pipeline

. Predicted
Scenario Description FoEIE, e Flowrate with Identified | =1 (168
Pump (gpm)
Fac Ponds 1 and 2 to
Fac Pond 5 Flygt 2670 High Head 483 130
Fac Pond 5 to Niagara (B 253 HT) 496 127
River Outfall

Detailed WaterCAD output for both pumping scenarios is provided in Attachment 1. Also included in
Attachment 1 are plots of the system and pump curves for each scenario. The point of pump operation for
a given scenario is represented by the intersection of the system and pump curves.

SUMMARY:

The hydraulics of the proposed fac pond transfer pipeline were evaluated assuming the use of a Flygt
model 2670 high head pump. Other pump manufacturers and models may also be used at CWM'’s

discretion.
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Scenario: Base

FAC POND TRANSFER CALCS

FAC POND 1/2 TO FAC POND 5

Free Discharge Top of Fac Pond 5 Berm

N

o
—
o
#Leak Detect MH - SE Corner SLF 12
™
—
o
HP at SLF 12
N~
(o
Leak Detect MH - SW Corner SLF 12
@
ol
Cam-lock Fitting
b
©
Flygt 2670 (B 253 HT)
©
o
Fac Pond 1/2
Title: Fac Pond Transfer Line Project Engineer: Blasland Bouck & Lee
fac pond transfer line - fac ponds 1-2 to 5 rev no... Blasland Bouck & Lee WaterCAD v5.0 [5.0037]
11/05/13 03:36:25 PM © Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1 of 1
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Graph

System Head Curve
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Title: Fac Pond Transfer Line Project Engineer: Blasland Bouck & Lee
fac pond transfer line - fac ponds 1-2 to 5 rev no... Blasland Bouck & Lee WaterCAD v5.0 [5.0037]
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Title: Fac Pond Transfer Line
Project Engineer: Blasland Bouck & Lee
Project Date: 08/23/11

Comments:

Project Inventory

Scenario Summary

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Initial Settings Alternative  Base-Initial Settings
Operational Alternative Base-Operational
Logical Control Set Alternat <All Logical Controls>
Age Alternative Base-Age Alternative
Constituent Alternative Base-Constituent

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Trace Alternative Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost

Base-User Data

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Liquid Characteristics

Liquid Water at 20C(68F) Specific Gravity 1.00
Kinematic Viscosity 1.0804e-5 ft?/s

Network Inventory

Pressure Pipes 6 Number of Tanks 0

Number of Reservoirs 2 - Constant Area: 0

Number of Pressure Junctic 4 - Variable Area: 0

Number of Pumps 1 Number of Valves 0

- Constant Power: 0 - FCV's: 0

- One Point (Design Point): 0 - PBV's: 0

- Standard (3 Point): 1 - PRV's: 0

- Standard Extended: 0 - PSV's: 0

- Custom Extended: 0 -TCV's: 0

- Multiple Point: 0 - GPV's: 0

Number of Spot Elevations 0

Pressure Pipes Inventory

5.3in 3,786.00 ft 24.0in 1.00 ft
6.0 in 100.00 ft

Total Length 3,887.00 ft

Title: Fac Pond Transfer Line
fac pond transfer line - fac ponds 1-2 to 5 rev no...
11/05/13 03:35:44 PM © Haestad Methods, Inc.

Blasland Bouck & Lee
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]

+1-203-755-1666 Page 1 of 1
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Detailed Report for Pressure Junction: Cam-lock Fitting

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative
Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>
Geometric Summary
X 9,769.97 ft Elevation 322.22 ft
Y 10,228.59 ft Zone Zone-1
Demand Summary
Type Base Flow Pattern
(gpm)
Demand 0.00 Fixed
User Data
SCADA ID Sampling Point
Hydrant Location false Existing

Calculated Results Summary

Time Calculated Pressure Pressure Demand

(hr) Hydraulic Grade (psi)
(ft)

Head (Calculated)
(ft) (gpm)

0.00 432.41 47.68

110.19 0.00

Title: Fac Pond Transfer Line

fac pond transfer line - fac ponds 1-2 to 5 rev no...
© Haestad Methods, Inc.

11/05/13 03:31:02 PM

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
+1-203-755-1666 Page 1
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Detailed Report for Reservoir: Fac Pond 1/2

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Geometric Summary

X 9,772.80 ft Elevation 304.18 ft

Y 10,167.69 ft Zone Zone-1

User Data

Date Installed Date Retired

Inspection Date Condition

Clearwell Storage false Existing false
Calculated Results Summary

Time Calculated

Inflow  Outflow

(hr) Hydraulic Grade (gpm)  (gpm)
(ft)

0.00 304.18 -482.92 482.92

Title: Fac Pond Transfer Line

fac pond transfer line - fac ponds 1-2 to 5 rev no...

11/05/13 03:31:02 PM

© Haestad Methods, Inc.

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
Page 2
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Detailed Report for Pump: Flygt 2670 (B 253 HT)

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative
Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Geometric Summary

X 9,772.44 ft Upstream Pipe P-6

Y 10,192.30 ft Downstream Pipe P-9
Elevation 304.18 ft

Pump Definition Summary

Pump Type Standard (3 Point)

Shutoff Head 240.00 ft Shutoff Discharge 0.00 gpm
Design Head 140.00 ft Design Discharge 450.00 gpm
Maximum Operating Head 30.00 ft Maximum Operating Discharge 800.00 gpm
Initial Status

Initial Pump Status On Initial Relative Speed Factor 1.00

User Data

Date Installed Date Retired

Inspection Date SCADA ID

Rated Power 0 Hp Condition

Manufacturer Model

Serial Number Metered false
Existing false

Calculated Results Summary

Time Control Intake Discharge Discharge Pump Relative Calculated

(hr) Status Pump Pump (gpm) Head  Speed Water
Grade Grade (ft) Power
(ft) (ft) (Hp)

0.00 On 304.18 434.65 482.92 130.47 1.00 15.91

Title: Fac Pond Transfer Line
fac pond transfer line - fac ponds 1-2 to 5 rev no...
11/05/13 03:31:02 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
Page 3
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Detailed Report for Pump: Flygt 2670 (B 253 HT)

Pump Head Curve
Flygt 2670 (B 253 HT) (Relative Speed Factor = 1.00)

200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0
Discharge
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Project Engineer: Blasland Bouck & Lee

Title: Fac Pond Transfer Line

WaterCAD v5.0 [5.0037]

Blasland Bouck & Lee
37 Brookside Road Waterbury, CT 06708 USA

fac pond transfer line - fac ponds 1-2 to 5 rev no...

11/05/13 03:31:02 PM

Page 4

+1-203-755-1666

© Haestad Methods, Inc.
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Detailed Report for Reservoir: Free Discharge Top of Fac Pond 5 Berm

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>
Geometric Summary

X 9,767.20 ft Elevation 335.00 ft
Y 10,398.87 ft Zone Zone-1
User Data

Date Installed Date Retired

Inspection Date Condition

Clearwell Storage false Existing false

Calculated Results Summary

Time Calculated

Inflow Outflow

(hr) Hydraulic Grade (gpm) (gpm)
(ft)

0.00 335.00 482.92 -482.92

Title: Fac Pond Transfer Line

fac pond transfer line - fac ponds 1-2 to 5 rev no...

11/05/13 03:31:03 PM

© Haestad Methods, Inc.

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA

+1-203-755-1666

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
Page 5
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Detailed Report for Pressure Junction: HP at SLF 12

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative
Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>
Geometric Summary
X 9,768.24 ft Elevation 321.80 ft
Y 10,310.17 ft Zone Zone-1
Demand Summary
Type Base Flow Pattern
(gpm)
Demand 0.00 Fixed
User Data
SCADA ID Sampling Point
Hydrant Location false Existing

Calculated Results Summary

Time Calculated Pressure Pressure Demand

(hr) Hydraulic Grade (psi)
(ft)

Head (Calculated)
(ft) (gpm)

0.00 373.04 22.17

51.24 0.00

Title: Fac Pond Transfer Line

fac pond transfer line - fac ponds 1-2 to 5 rev no...
© Haestad Methods, Inc.

11/05/13 03:31:03 PM

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
+1-203-755-1666 Page 6
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Detailed Report for Pressure Junction: Leak Detect MH - SE Corner SLF 12

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative
Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>
Geometric Summary
X 9,767.80 ft Elevation 313.40 ft
Y 10,351.83 ft Zone Zone-1
Demand Summary
Type Base Flow Pattern
(gpm)
Demand 0.00 Fixed
User Data
SCADA ID Sampling Point
Hydrant Location false Existing

Calculated Results Summary

Time Calculated Pressure Pressure Demand

(hr) Hydraulic Grade (psi)
(ft)

Head (Calculated)
(ft) (gpm)

0.00 357.73 19.18

44.33 0.00

Title: Fac Pond Transfer Line

fac pond transfer line - fac ponds 1-2 to 5 rev no...
© Haestad Methods, Inc.

11/05/13 03:31:03 PM

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
+1-203-755-1666 Page 7
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Detailed Report for Pressure Junction: Leak Detect MH - SW Corner SLF 12

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative
Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>
Geometric Summary
X 9,769.09 ft Elevation 310.20 ft
Y 10,274.02 ft Zone Zone-1
Demand Summary
Type Base Flow Pattern
(gpm)
Demand 0.00 Fixed
User Data
SCADA ID Sampling Point
Hydrant Location false Existing

Calculated Results Summary

Time Calculated Pressure Pressure Demand

(hr) Hydraulic Grade (psi)
(ft)

Head (Calculated)
(ft) (gpm)

0.00 397.95 37.97

87.75 0.00

Title: Fac Pond Transfer Line

fac pond transfer line - fac ponds 1-2 to 5 rev no...
© Haestad Methods, Inc.

11/05/13 03:31:03 PM

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
+1-203-755-1666 Page 8
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Detailed Report for Pressure Pipe: P-6

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative
Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Pipe Characteristics

Material HDPE Hazen- Williams C 155.0
Diameter 24.0 in Minor Loss Coefficient 0.00
Check Valve? false Length 1.00 ft
From Node Fac Pond 1/2 To Node Flygt 2670 (B 253 HT)
Elevations

From Elevation 304.18 ft To Elevation 304.18 ft
Initial Status

Initial Status Open

User Data

Date Installed Date Retired

Inspection Date Lining

Pipe Class Exterior Coating

Nominal Diameter 0.00 in Condition

Skeletonized false Metered false
Existing false

Calculated Results Summary

Time Control Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr)  Status (gpm) (ft/s) Hydraulic Grade Hydraulic Grade Friction Minor Pipe Gradient
(ft) (ft) Headloss Headloss Headloss (ft/1000ft)

(f) (f)
0.00 Open 482.92 0.34 304.18 304.18 0.00 0.00 0.00 0.03

Title: Fac Pond Transfer Line

fac pond transfer line - fac ponds 1-2 to 5 rev no...
© Haestad Methods, Inc.

11/05/13 03:31:03 PM

Blasland Bouck & Lee
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]

+1-203-755-1666 Page 9
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Detailed Report for Pressure Pipe: P-7

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative
Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Pipe Characteristics

Material HDPE Hazen- Williams C 155.0
Diameter 5.3 in Minor Loss Coefficient 0.65
Check Valve? false Length 1,004.00 ft
From Node Leak Detect MH - SW Corner SLF 12 To Node HP at SLF 12
Elevations

From Elevation 310.20 ft To Elevation 321.80 ft
Initial Status

Initial Status Open

User Data

Date Installed Date Retired

Inspection Date Lining

Pipe Class Exterior Coating

Nominal Diameter 0.00 in Condition

Skeletonized false Metered false
Existing false

Calculated Results Summary

Time Control Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr)  Status (gpm) (ft/s) Hydraulic Grade Hydraulic Grade Friction Minor Pipe Gradient
(ft) (ft) Headloss Headloss Headloss (ft/1000ft)

(f) (f) (f)
0.00 Open 482.92 6.89 397.95 373.04 24.43 0.48 24.91 24.81

Title: Fac Pond Transfer Line
fac pond transfer line - fac ponds 1-2 to 5 rev no...
11/05/13 03:31:03 PM © Haestad Methods, Inc.

Blasland Bouck & Lee
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
+1-203-755-1666 Page 10
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Detailed Report for Pressure Pipe: P-8

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative
Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Pipe Characteristics

Material HDPE Hazen- Williams C 155.0
Diameter 5.3 in Minor Loss Coefficient 3.07
Check Valve? false Length 1,323.00 ft

From Node Leak Detect MH - SW Corner SLF 12

To Node

Cam-lock Fitting

Elevations

From Elevation 310.20 ft To Elevation 322.22 ft
Initial Status

Initial Status Open

User Data

Date Installed Date Retired

Inspection Date Lining

Pipe Class Exterior Coating

Nominal Diameter 0.00 in Condition

Skeletonized false Metered false
Existing false

Calculated Results Summary

Time Control Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr)  Status (gpm) (ft/s) Hydraulic Grade Hydraulic Grade Friction Minor Pipe Gradient
(ft) (ft) Headloss Headloss Headloss (ft/1000ft)

(f) (f) (f)
0.00 Open -482.92 6.89 397.95 432.41 32.19 2.27 34.46 26.05

Title: Fac Pond Transfer Line
fac pond transfer line - fac ponds 1-2 to 5 rev no...
11/05/13 03:31:03 PM © Haestad Methods, Inc.

Blasland Bouck & Lee
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
+1-203-755-1666 Page 11



NYSDEC OHMS Document No. 201469232-00007
Detailed Report for Pressure Pipe: P-9

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative
Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Pipe Characteristics

Material flex hose Hazen- Williams C 120.0
Diameter 6.0 in Minor Loss Coefficient 0.00
Check Valve? false Length 100.00 ft
From Node Flygt 2670 (B 253 HT) To Node Cam-lock Fitting
Elevations

From Elevation 304.18 ft To Elevation 322.22 ft
Initial Status

Initial Status Open

User Data

Date Installed Date Retired

Inspection Date Lining

Pipe Class Exterior Coating

Nominal Diameter 0.00 in Condition

Skeletonized false Metered false
Existing false

Calculated Results Summary

Time Control Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr)  Status (gpm) (ft/s) Hydraulic Grade Hydraulic Grade Friction Minor Pipe Gradient
(ft) (ft) Headloss Headloss Headloss (ft/1000ft)

(f) (f) (f)
0.00 Open 482.92 5.48 434.65 432.41 2.23 0.00 2.23 22.34

Title: Fac Pond Transfer Line
fac pond transfer line - fac ponds 1-2 to 5 rev no...
11/05/13 03:31:03 PM

© Haestad Methods, Inc.

Blasland Bouck & Lee
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
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Detailed Report for Pressure Pipe: P-10
Scenario Summary
Scenario Base
Physical Alternative Base-Physical
Active Topology Alternative Base-Active Topology
Demand Alternative Base-Average Daily
Initial Settings Alternative Base-Initial Settings
Operational Alternative Base-Operational
Logical Control Set Alternative <All Logical Controls>
Age Alternative Base-Age Alternative
Constituent Alternative Base-Constituent
Trace Alternative Base-Trace Alternative
Fire Flow Alternative Base-Fire Flow
Capital Cost Alternative Base-Capital Cost
Energy Cost Alternative Base-Energy Cost
User Data Alternative Base-User Data
Global Adjustments Summary
Demand <None> Roughness <None>
Pipe Characteristics
Material HDPE Hazen- Williams C 155.0
Diameter 5.3 in Minor Loss Coefficient 3.43
Check Valve? false Length 830.00 ft
From Node Leak Detect MH - SE Corner SLF 12 To Node Free Discharge Top of Fac Pond 5 Berm
Elevations
From Elevation 313.40 ft To Elevation 335.00 ft
Initial Status
Initial Status Open
User Data
Date Installed Date Retired
Inspection Date Lining
Pipe Class Exterior Coating
Nominal Diameter 0.00 in Condition
Skeletonized false Metered false
Existing false

Calculated Results Summary

Time Control

Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr)  Status (gpm) (ft/s) Hydraulic Grade Hydraulic Grade Friction Minor Pipe Gradient
(ft) (ft) Headloss Headloss Headloss (ft/1000ft)

(f) (f) (f)
0.00 Open 482.92 6.89 357.73 335.00 20.20 2.53 22.73 27.39

Title: Fac Pond Transfer Line

Project Engineer: Blasland Bouck & Lee

fac pond transfer line - fac ponds 1-2 to 5 rev no...
11/05/13 03:31:03 PM © Haestad Methods, Inc.

Blasland Bouck & Lee
37 Brookside Road Waterbury, CT 06708 USA

WaterCAD v5.0 [5.0037]

+1-203-755-1666 Page 13
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Detailed Report for Pressure Pipe: P-13
Scenario Summary
Scenario Base
Physical Alternative Base-Physical
Active Topology Alternative Base-Active Topology
Demand Alternative Base-Average Daily
Initial Settings Alternative Base-Initial Settings
Operational Alternative Base-Operational
Logical Control Set Alternative <All Logical Controls>
Age Alternative Base-Age Alternative
Constituent Alternative Base-Constituent
Trace Alternative Base-Trace Alternative
Fire Flow Alternative Base-Fire Flow
Capital Cost Alternative Base-Capital Cost
Energy Cost Alternative Base-Energy Cost
User Data Alternative Base-User Data
Global Adjustments Summary
Demand <None> Roughness <None>
Pipe Characteristics
Material HDPE Hazen- Williams C 155.0
Diameter 53 in Minor Loss Coefficient 0.00
Check Valve? false Length 629.00 ft
From Node HP at SLF 12 To Node Leak Detect MH - SE Corner SLF 12
Elevations
From Elevation 321.80 ft To Elevation 313.40 ft
Initial Status
Initial Status Open
User Data
Date Installed Date Retired
Inspection Date Lining
Pipe Class Exterior Coating
Nominal Diameter 0.00 in Condition
Skeletonized false Metered false
Existing false

Calculated Results Summary

Time Control

Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr)  Status (gpm) (ft/s) Hydraulic Grade Hydraulic Grade Friction Minor Pipe Gradient
(ft) (ft) Headloss Headloss Headloss (ft/1000ft)

(f) (f) (f)
0.00 Open 482.92 6.89 373.04 357.73 15.31 0.00 15.31 24.34

Title: Fac Pond Transfer Line

fac pond transfer line - fac ponds 1-2 to 5 rev no...
© Haestad Methods, Inc.

11/05/13 03:31:03 PM

Blasland Bouck & Lee
37 Brookside Road Waterbury, CT 06708

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
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Scenario: Base
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Title: Fac Pond Transfer Line Project Engineer: Blasland Bouck & Lee
fac pond transfer line - fac pond 5 to river.wcd Blasland Bouck & Lee WaterCAD v5.0 [5.0037]
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Title: Fac Pond Transfer Line
fac pond transfer line - fac pond 5 to river.wcd Blasland Bouck & Lee
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Analysis Results
Scenario: Base
Steady State Analysis

Title: Fac Pond Transfer Line

Project Engineer:
Project Date:
Comments:

08/23/11

Blasland Bouck & Lee

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative
Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Liquid Characteristics

Liquid Water at 20C(68F) Specific Gravity 1.00
Kinematic Viscosity 1.0804e-5 ft?/s

Network Inventory

Pressure Pipes 7 Number of Tanks 0

Number of Reservoirs 2 - Constant Area: 0

Number of Pressure Junctions 5 - Variable Area: 0

Number of Pumps 1 Number of Valves 0

- Constant Power: 0 -FCV's: 0

- One Point (Design Point): 0 - PBV's: 0

- Standard (3 Point): 1 - PRV's: 0

- Standard Extended: 0 - PSV's: 0

- Custom Extended: 0 -TCV's: 0

- Multiple Point: 0 - GPV's: 0

Number of Spot Elevations 0

Pressure Pipes Inventory

5.3in 3,637.00 ft 6.0 in 150.00 ft
Total Length 3,787.00 ft

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:34 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
Page 1
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Analysis Results
Scenario: Base

Steady State Analysis
Pressure Junctions @ 0.00 hr
Label Calculated Pressure Pressure  Demand
Hydraulic Grade  (psi) Head (Calculated)
(ft) (ft) (gpm)
Connection to 333.11 5.67 13.11 0.00
HP at SLF 12 393.66 31.09 71.86 0.00
Leak Detect M 409.76 41.69 96.36 0.00
Leak Detect M 367.45 24.77 57.25 0.00
Riser 432.02 41.98 97.02 0.00
Pressure Pipes @ 0.00 hr
Label Control Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

Status (gpm) (ft/s) Hydraulic Grade Hydraulic Grade Friction Minor Pipe Gradient
(ft) (ft) Headloss Headloss Headloss (ft/1000ft)
(ft) (ft) (ft)
Existing Filters Open 496.28 7.09 333.11 245.00 -0.06 88.16 88.11 88,105.20
P-7 Open 496.28 7.09 393.66 367.45 25.70 0.51 26.21 26.10
P-8 Open 496.28 7.09 367.45 333.11 30.53 3.82 34.35 28.79
P-10 Open 496.28 7.09 432.02 409.76 20.73 1.53 22.26 27.48
P-13 Open 496.28 7.09 409.76 393.66 16.10 0.00 16.10 25.60
P-16 Open 496.28 5.63 309.00 308.76 0.24 0.00 0.24 23.50
P-17 Open 496.28 5.63 435.31 432.02 3.29 0.00 3.29 23.50
Reservoirs @ 0.00 hr
Label Calculated Inflow  Outflow
Hydraulic Grade (gpm)  (gpm)
(ft)
Fac Pond 5 309.00 -496.28 496.28
Niagara River 245.00 496.28 -496.28
Pumps @ 0.00 hr
Label Control Intake Discharge Discharge Pump Relative Calculated
Status Pump Pump (gpm) Head Speed Water
Grade  Grade (ft) Power
(ft) (ft) (Hp)
Flygt 2670 (B 2 On 308.76 435.31 496.28 126.55 1.00 15.86

Title: Fac Pond Transfer Line
fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:35 PM © Haestad Methods, Inc.

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
Page 2
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Detailed Report for Pressure Junction: Connection to Filters

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>
Geometric Summary
X 10,004.83 ft Elevation 320.00 ft
Y 10,173.78 ft Zone Zone-1
Demand Summary
Type Base Flow Pattern
(gpm)
Demand 0.00 Fixed
User Data
SCADA ID Sampling Point false
Hydrant Location false Existing false

Calculated Results Summary

Time Calculated Pressure Pressure Demand

(hr) Hydraulic Grade  (psi)
(ft)

Head (Calculated)
(ft) (gpm)

0.00 333.11 5.67

13.11 0.00

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 1
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Detailed Report for Pressure Pipe: Existing Filters/Off-Site Discharge Piping

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Pipe Characteristics

Material HDPE Hazen- Williams C 155.0
Diameter 53 in Minor Loss Coefficient 113.00
Check Valve? false Length 1.00 ft
From Node Connection to Filters To Node Niagara River
Elevations

From Elevation 320.00 ft To Elevation 245.00 ft
Initial Status

Initial Status Open

User Data

Date Installed Date Retired

Inspection Date Lining

Pipe Class Exterior Coating

Nominal Diameter 0.00 in Condition

Skeletonized false Metered false
Existing false

Calculated Results Summary

Time Control Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr) Status (gpm) (ft/s)

Hydraulic Grade

(ft)

Hydraulic Grade Friction
(ft) Headloss

Minor Pipe
Headloss Headloss (ft/1000ft)

(ft) (ft)

Gradient

0.00 Open 496.28

7.09

333.11

245.00

88.16 88.11 88,105.20

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 2
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Detailed Report for Reservoir: Fac Pond 5

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>
Geometric Summary

X 9,780.48 ft Elevation 309.00 ft
Y 10,411.02 ft Zone Zone-1
User Data

Date Installed
Inspection Date
Clearwell Storage

Date Retired
Condition
false Existing

Calculated Results Summary

Time Calculated Inflow  Outflow
(hr) Hydraulic Grade (gpm)  (gpm)
(ft)
0.00 309.00 -496.28 496.28

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee
37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 3
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Detailed Report for Pump: Flygt 2670 (B 253 HT)

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Geometric Summary

X 9,781.04 ft Upstream Pipe P-16

Y 10,384.75 ft Downstream Pipe P-17
Elevation 309.00 ft

Pump Definition Summary

Pump Type Standard (3 Point)

Shutoff Head 240.00 ft Shutoff Discharge 0.00 gpm
Design Head 140.00 ft Design Discharge 450.00 gpm
Maximum Operating Head 30.00 ft Maximum Operating Discharge 800.00 gpm
Initial Status

Initial Pump Status On Initial Relative Speed Factor 1.00

User Data

Date Installed Date Retired

Inspection Date SCADA ID

Rated Power 0 Hp Condition

Manufacturer Model

Serial Number Metered false
Existing false

Calculated

Results Summary

Time Control Intake Discharge Discharge Pump Relative Calculated

(hr) Status Pump Pump

(gpm) Head Speed Water

Grade  Grade (ft) Power
(ft) (ft) (Hp)
0.00 On 308.76 435.31 496.28 126.55 1.00 15.86

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 4
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Detailed Report for Pump: Flygt 2670 (B 253 HT)

Pump Head Curve

0.0
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Project Engineer: Blasland Bouck & Lee

Title: Fac Pond Transfer Line

WaterCAD v5.0 [5.0037]

Blasland Bouck & Lee
37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

fac pond transfer line - fac pond 5 to river.wcd
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Detailed Report for Pressure Junction: HP at SLF 12

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>
Geometric Summary
X 9,781.21 ft Elevation 321.80 ft
Y 10,257.42 ft Zone Zone-1
Demand Summary
Type Base Flow Pattern
(gpm)
Demand 0.00 Fixed
User Data
SCADA ID Sampling Point false
Hydrant Location false Existing false

Calculated Results Summary

Time Calculated Pressure Pressure Demand

(hr) Hydraulic Grade  (psi)
(ft)

Head (Calculated)
(ft) (gpm)

0.00 393.66 31.09

71.86 0.00

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 6
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Detailed Report for Pressure Junction: Leak Detect MH - SE Corner SLF 12

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>
Geometric Summary
X 9,780.77 ft Elevation 313.40 ft
Y 10,299.08 ft Zone Zone-1
Demand Summary
Type Base Flow Pattern
(gpm)
Demand 0.00 Fixed
User Data
SCADA ID Sampling Point false
Hydrant Location false Existing false

Calculated Results Summary

Time Calculated Pressure Pressure Demand

(hr) Hydraulic Grade  (psi) Head (Calculated)
(ft) (ft) (gpm)

0.00 409.76 41.69 96.36 0.00

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
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Detailed Report for Pressure Junction: Leak Detect MH - SW Corner SLF 12

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>
Geometric Summary
X 9,782.05 ft Elevation 310.20 ft
Y 10,221.27 ft Zone Zone-1
Demand Summary
Type Base Flow Pattern
(gpm)
Demand 0.00 Fixed
User Data
SCADA ID Sampling Point false
Hydrant Location false Existing false

Calculated Results Summary

Time Calculated Pressure Pressure Demand

(hr) Hydraulic Grade  (psi) Head (Calculated)
(ft) (ft) (gpm)

0.00 367.45 24.77 57.25 0.00

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
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Detailed Report for Reservoir: Niagara River

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>
Geometric Summary

X 10,055.80 ft Elevation 245.00 ft
Y 10,346.31 ft Zone Zone-1
User Data

Date Installed Date Retired

Inspection Date Condition

Clearwell Storage false Existing false

Calculated Results Summary

Time Calculated Inflow Outflow
(hr) Hydraulic Grade (gpm) (gpm)
(ft)

0.00 245.00 496.28 -496.28

Title: Fac Pond Transfer Line
fac pond transfer line - fac pond 5 to river.wcd

Blasland Bouck & Lee

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]

01/25/12 01:52:25 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 9
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Detailed Report for Pressure Pipe: P-7

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative

Logical Control Set Alternative

Age Alternative
Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base
Base-Physical

Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative

Base-Fire Flow

Base-Capital Cost
Base-Energy Cost

Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Pipe Characteristics

Material HDPE Hazen- Williams C 155.0
Diameter 5.3 in Minor Loss Coefficient 0.65
Check Valve? false Length 1,004.00 ft
From Node HP at SLF 12 To Node Leak Detect MH - SW Corner SLF 12
Elevations

From Elevation 321.80 ft To Elevation 310.20 ft
Initial Status

Initial Status Open

User Data

Date Installed Date Retired

Inspection Date Lining

Pipe Class Exterior Coating

Nominal Diameter 0.00 in Condition

Skeletonized false Metered false
Existing false

Calculated Results Summary

Time Control Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr) Status (gpm)

Hydraulic Grade

(ft)

Hydraulic Grade

(ft)

Minor Pipe Gradient
Headloss Headloss (ft/1000ft)

(ft) (ft)

0.00 Open 496.28

7.09

393.66

367.45

0.51 26.21 26.10

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd

01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee
37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 10

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
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Detailed Report for Pressure Pipe: P-8

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Pipe Characteristics

Material HDPE Hazen- Williams C 155.0
Diameter 5.3 in Minor Loss Coefficient 4.89
Check Valve? false Length 1,193.00 ft
From Node Leak Detect MH - SW Corner SLF 12 To Node Connection to Filters
Elevations

From Elevation 310.20 ft To Elevation 320.00 ft
Initial Status

Initial Status Open

User Data

Date Installed Date Retired

Inspection Date Lining

Pipe Class Exterior Coating

Nominal Diameter 0.00 in Condition

Skeletonized false Metered false
Existing false

Calculated Results Summary

Time Control Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr) Status (gpm) (ft/s) Hydraulic Grade Hydraulic Grade Friction Minor Pipe Gradient
(ft) (ft) Headloss Headloss Headloss (ft/1000ft)

(ft) (ft) (ft)
0.00 Open 496.28 367.45 333.11 30.53 3.82 34.35 28.79

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
Page 11
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Detailed Report for Pressure Pipe: P-10

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative

Logical Control Set Alternative

Age Alternative
Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base
Base-Physical

Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative

Base-Fire Flow

Base-Capital Cost
Base-Energy Cost

Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Pipe Characteristics

Material HDPE Hazen- Williams C 155.0
Diameter 5.3 in Minor Loss Coefficient 1.96
Check Valve? false Length 810.00 ft
From Node Riser To Node Leak Detect MH - SE Corner SLF 12
Elevations

From Elevation 335.00 ft To Elevation 313.40 ft
Initial Status

Initial Status Open

User Data

Date Installed Date Retired

Inspection Date Lining

Pipe Class Exterior Coating

Nominal Diameter 0.00 in Condition

Skeletonized false Metered false
Existing false

Calculated Results Summary

Time Control Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr) Status (gpm)

Hydraulic Grade

(ft)

Hydraulic Grade

(ft)

Minor Pipe Gradient
Headloss Headloss (ft/1000ft)

(ft) (ft)

0.00 Open 496.28

7.09

432.02

409.76

1.53 22.26 27.48

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd

01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee
37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 12

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
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Detailed Report for Pressure Pipe: P-13

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Pipe Characteristics

Material HDPE Hazen- Williams C 155.0
Diameter 5.3 in Minor Loss Coefficient 0.00
Check Valve? false Length 629.00 ft
From Node Leak Detect MH - SE Corner SLF 12 To Node HP at SLF 12
Elevations

From Elevation 313.40 ft To Elevation 321.80 ft
Initial Status

Initial Status Open

User Data

Date Installed Date Retired

Inspection Date Lining

Pipe Class Exterior Coating

Nominal Diameter 0.00 in Condition

Skeletonized false Metered false

Existing

false

Calculated Results Summary

Time Control Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr) Status (gpm) (ft/s)

Hydraulic Grade

Hydraulic Grade Friction
(ft) (ft) Headloss

Minor Pipe Gradient
Headloss Headloss (ft/1000ft)

(ft) (ft)

0.00 Open 496.28

7.09 409.76 393.66

0.00 16.10 25.60

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 13
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Detailed Report for Pressure Pipe: P-16

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Pipe Characteristics

Material flex hose Hazen- Williams C 120.0
Diameter 6.0 in Minor Loss Coefficient 0.00
Check Valve? false Length 10.00 ft
From Node Fac Pond 5 To Node Flygt 2670 (B 253 HT)
Elevations

From Elevation 309.00 ft To Elevation 309.00 ft
Initial Status

Initial Status Open

User Data

Date Installed Date Retired

Inspection Date Lining

Pipe Class Exterior Coating

Nominal Diameter 0.00 in Condition

Skeletonized false Metered false
Existing false

Calculated Results Summary

Time Control Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr) Status (gpm) (ft/s) Hydraulic Grade Hydraulic Grade Friction Minor Pipe Gradient
(ft) (ft) Headloss Headloss Headloss (ft/1000ft)

(ft) (ft)
0.00 Open 496.28 5.63 309.00 308.76 0.24 0.00 0.24 23.50

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
Page 14
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Detailed Report for Pressure Pipe: P-17

Scenario Summary

Scenario

Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative
Trace Alternative

Fire Flow Alternative
Capital Cost Alternative
Energy Cost Alternative
User Data Alternative

Base

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>

Pipe Characteristics

Material flex hose Hazen- Williams C 120.0
Diameter 6.0 in Minor Loss Coefficient 0.00
Check Valve? false Length 140.00 ft
From Node Flygt 2670 (B 253 HT) To Node Riser
Elevations

From Elevation 309.00 ft To Elevation 335.00 ft
Initial Status

Initial Status Open

User Data

Date Installed Date Retired

Inspection Date Lining

Pipe Class Exterior Coating

Nominal Diameter 0.00 in Condition

Skeletonized false Metered false
Existing false

Calculated Results Summary

Time Control Discharge Velocity Upstream Structure Downstream Structure Calculated Calculated Pressure Headloss

(hr) Status (gpm) (ft/s)

Hydraulic Grade

(ft)

Hydraulic Grade Friction
(ft) Headloss

Minor Pipe Gradient
Headloss Headloss (ft/1000ft)

(ft) (ft)

0.00 Open 496.28

5.63

435.31

432.02

0.00 3.29 23.50

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd

01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 15
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Detailed Report for Pressure Junction: Riser

Scenario Summary

Scenario Base
Physical Alternative

Active Topology Alternative
Demand Alternative

Initial Settings Alternative
Operational Alternative
Logical Control Set Alternative
Age Alternative

Constituent Alternative

Trace Alternative

Fire Flow Alternative

Capital Cost Alternative
Energy Cost Alternative

User Data Alternative

Base-Physical
Base-Active Topology
Base-Average Daily
Base-Initial Settings
Base-Operational

<All Logical Controls>
Base-Age Alternative
Base-Constituent
Base-Trace Alternative
Base-Fire Flow
Base-Capital Cost
Base-Energy Cost
Base-User Data

Global Adjustments Summary

Demand <None> Roughness <None>
Geometric Summary
X 9,780.77 ft Elevation 335.00 ft
Y 10,349.89 ft Zone Zone-1
Demand Summary
Type Base Flow Pattern
(gpm)
Demand 0.00 Fixed
User Data
SCADA ID Sampling Point false
Hydrant Location false Existing false

Calculated Results Summary

Time Calculated Pressure Pressure Demand

(hr) Hydraulic Grade  (psi) Head (Calculated)
(ft) (ft) (gpm)

0.00 432.02 41.98 97.02 0.00

Title: Fac Pond Transfer Line

fac pond transfer line - fac pond 5 to river.wcd
01/25/12 01:52:25 PM © Haestad Methods, Inc.

Blasland Bouck & Lee

37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666

Project Engineer: Blasland Bouck & Lee
WaterCAD v5.0 [5.0037]
Page 16
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" PERFORMANCE Py

A Drvision oF Chevron PHiLLips Cemicat Company LP
Revised 04-07-2009

IPS Size and Dimension Data PE4710 (PE3408)
DriscoPlex® Municipal & Industrial & Energy Series/IPS Pipe Data

Pressure Ratings are calculated using 0.63 design factor for HDS at 73°F as listed in PPl TR-4 for PE 4710 materials.
Temperature, Chemical, and Environmental use considerations may require use of additional design factors.

Pressure 317 psi 250 psi 200 psi 160 psi
Rating DR 7.3 DR 9.0 DR 11.0 DR 13.5
Average ID| Weight Average ID| Weight Average ID| Weight Average ID| Weight
OD (in (in) (Ibs/ft) (in) (Ibs/ft) (in) (Ibs/ft) (in) (Ibs/ft)
1.179 0.45 1.270 0.37 1.340 0.31 1.399 0.26
1.349 0.59 1.453 0.49 1.533 0.41 1.601 0.34
1.686 0.92 1.815 0.77 1.917 0.64 2.002 0.53
2.485 1.99 2.675 1.66 1.39 2.951 1.16
3.194 3.29 3.440 2.75 . 2.31 3.794 1.92
4.700 7.12 5.065 5.96 5.584 4.15
6.119 12.07 6.594 10.11 7.270 7.04
7.627 18.75 8.219 15.70 9.062 10.93
9.046 26.38 9.746 22.08 10.749 15.38

11.802 18.54
13.488 24.22
15.174 30.65
16.860 37.84
18.544 45.79
20.231 54.49
21.917 63.95
23.603 74.17
25.289 85.14
26.976 96.87
28.660 109.36
30.346 122.60
35.405 166.88

10.701 26.63
12.231 34.78
13.760 44.02
15.289 54.34
16.819 65.75
18.346 78.25
19.875 91.84
21.405 106.51
22.934 122.27

9.934 31.81
11.353 41.55
12.772 52.58
14.191 64.91

15.610 78.55
17.029 93.48
Pipe weights are calculated in accordance with PPI TR-7. Average inside diameter is calculated using nomnal OD and Minimum wal plus 6% for use in estimating fluid flows. Actual ID will
vary. When designing components to fit the pipe ID, refer to pipe dimension and tolerances in the applicable pipe manufacturirg specification.
Visit www.performancepipe.com for the most current literature.

. April 2009Supersedes all previous publications
Bulletin: PP 152-4710 © 2001-2009 Chevron Phillips Chemical Company LP
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BS 2670 HT 3~ 253

Technical specification

JHead
[ftl5
2404
2304
2204
2105
2004
1903
180
170
1603
1503 Eff.
1403 63.6%
1303
120
1165
1003
904
804
70
60—3 Note: Picture might not correspond to the current configuration.
50
3 General
40 Portable pumps ideal for applications in which the water or liquid
30j contains concentrations of abrasives.
201 283 193mm
103
05 Impeller
Trr1r1 |1ttt rrrtrjrrrtrrrrtr 1 rr1r [ 1 1ttt 1 1 T[T 1.1 : _ ™
0 100 200 300 400 500 600 700 [USgpm] Ouepronmatera AN
Inlet diameter 103 mm
Curve according to: ISO 9906 grade 2 annex 1 or 2 Impeller diameter 193 mm
Number of blades 3
Throughlet diameter 7/8 inch
Installation: S - Portable Semi permanent, Wet
Motor
Motor # B2670.180 21-18-2BB-W 27hp
Stator v ariant
Frequency 60 Hz
Rated voltage 460 V
Number of poles 2
Phases 3~
Rated power 27 hp
Rated current 31A
Starting current 207 A
Rated speed 3490 rpm
Power factor
1/1 Load 0.92
3/4 Load 0.89
1/2 Load 0.83
Efficiency
1/1 Load 90.0 %
3/4 Load 91.5 %
1/2 Load 91.5 %
Configuration
Project Project ID Created by Created on Last update

2012-01-25
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Trailer Parking Area/Ramps
Structural Calculations
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V. Maximum legal weight for State Highways and Designated Highways are:
A. Maximum load per tire. The lesser of manufacturer’s tire rating or 800 pounds per inch of tire
B. Maximum wheel loading 11,200 pounds
. e
C. Maximum weight, one axle { 22,400 pounds
o PR L
D. Maximum weight, any two consecutive axles, less that eight (8) feet apart 36,000 pounds

1. Axles less than 46 inches apart, measured from axles® center, are considered one axle.
E. Maximum weight, any two consecutive axles eight (8) to ten (10) feet apart. Weighrciﬁrrmaaxgﬁcd formula:
$*W=500  (LN/N-1+12N+36); 40,000 pounds maximum \\
)

**See Item F. 1.b. for explanation of terms.

F. Maximum weight on all axles of a single.vd'ﬁcl.e or combination of vehicles having three [3} axles or more is 80,000
pounds based on one of the following formulas:

1. For any vehicle or combination of vehicles having a total gross weight less than 71,000 pounds, the higher of the
following shall apply:

a. the total weight of all axles shall not exceed 34,000 pounds plus 1,000 pounds for each foot and major fraction
of a foot of the distance from the center of the foremost axle to the center of the rear most axle, or

b. the overall gross weight on a group of two or more consecutive axles shall not exceed the weight produced by
application of the following formula:

W =300 (LN/N-1+ 12N +36)

where W equals overall gross weight on any group of two or more consecutive axles to the nearest 500
pounds, L equals distance in feet from the center of the foremost axle to the center of the rear-most axle of any
group of two or more consecutive axles, and N equals number of axles in group under consideration, except that two
consecutive sets of tandem axles may carry a gross load 34,000 pounds each providing the overall distance
between the first and last axles of such consecutive sets of tandem axles is thirty-six feet or more.

2. For any vehicle or combination of vehicles having a total gross weight of 71,000 pounds or greater, formula in
section F.1.b. shall apply.

V1. Manufacturer’s Tire Ratings:

1. Single Rating is used when there are two tires per axle one on each side. Use the number given on the sidewall
of the tire and multiply the number given by 2 ( 2 tires )

2. Dual Rating is used when there are 4 tires per axle, two on each side. Use the Dual number given on the
sidewall of the tire and multiply the number given by 4 ( 4 tires )

3. See following page for details regarding Manufacturers Tire Ratings
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TM 5-809-1/AFM 88-3, Chap. 15

CHAPTER 3
DETERMINATION OF FLOOR SLAB REQUIREMENTS

3-1. Vehicular loads.

The following traffic data are required to determine
the floor slab thickness requirements:
—  Types of vehicles
—  Traffic volume by vehicle type
—  Wheel loads, including the maximum
single-axle and tandem-axle loading for
trucks, forklift trucks, and tracked
vehicles
— The average daily volume of traffic
(ADV) which, in turn, determines the
total traffic volume anticipated during the
design life of the floor slab.
For floor slabs, the magnitude of the axle load is of
far greater importance than the gross weight. Axle
spacings generally are large enough so that there is
little or no interaction between axles. Forklift truck
traffic is expressed in terms of maximum axle load.
Under maximum load conditions, weight carried by

the drive axle of a forklift truck is normally 87 to 94
percent of the total gross weight of the loaded
vehicle.

For tracked vehicles, the gross weight is evenly
divided between two tracks, and the severity of the
load can easily be expressed in terms of gross
weight. For moving live loads, axle loading is far
more important than the number of load repetitions.
Full-scale experiments have shown that changes as
little as 10 percent in the magnitude of axle loading
are equivalent to changes of 300 to 400 percent in
the number of load repetitions.

3-2. Traffic distribution.

To aid in evaluating traffic for the purposes of floor
slab design, typical forklift trucks have been divided
into six categories as follows:

Forklifi Truck Forklift Truck Maximum Load
Category Maximum Axle Load, kips Caparcity, kips

I S5to 10 2to0 4

1 10to 15 4to 6

———— A5t0 25 R Vi | |

v 25to 36 10to 16

Vv 36to 43 16 to 20

A% 43 to 120 2010 52

When forklift trucks have axle loads less than 5 kips
and the stationary live loads are less than 400
pounds per square foot, the floor slab should be
designed in accordance with TM 5-809-2/AFM 88-
3, Chap. 2. Vehicles other than forklift trucks such
as conventional trucks shall be evaluated by

Forklift
Truck
Category

I
I
111
IV

considering each axle as one forklift truck axle of
approximate weight. For example, a three-axle truck
with axle loads of 6, 14, and 14 kips will be
considered as three forklift truck axles, one in
Category 1 and two in Category II. Tracked vehicles
are categorized as follows:

Tracked Vehicles
Meaximum Bross Weighi, kips

less than 40
40 to 60
60 to 90
90 to 120

Categories for tracked vehicles may be substituted for the same category for forklift trucks.

3-1
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TM 5-809-1/AFM 88-3, Chap. 15

CHAPTER 5
DESIGN PROCEDURE

5-1. General.

Once the floor-slab design requirements have been
established, i.e., the type of loadings, including wall
loads and both stationary live and moving live loads,
the requirements are translated into meaningful
design data. These design data are then compared
with the existing condition data, and a floor slab
design is evolved. The design procedure covers sub-
grade conditions, steel reinforcing, and various de-
tails such as jointing.

5-2. Floor slab loads.

a. Traffic loadings. In order to satisfy require-
ments of different types of vehicles and traffic vo-
lumes, all Category I, II, and III traffic has been
expressed in terms of equivalent operations of a
basic axle loading. The basic loading was assumed
to be an 1 8,000-pound single-axle load with two
sets of dual wheels spaced 58-1/2 inches apart with
13-1/2 inches between dual wheels. It should be
noted that the basic loading was arbitrarily selected
to provide a reasonable spread in the loadings and
traffic volumes likely to be encountered under
normal conditions. A design index (DI) was devised

which expresses varying axle loads and traffic
volume in terms of relative severity. The DI ranges
from 1 to 10 with the higher number indicating a
more severe design requirement. The basic loading
described above was used to assign and rank the
DI's. More information concerning the DI can be
found in TM 5-822-6/AFM 88-7, Chap. 1. Table 5-
| shows the DI’s for various traffic volumes. Thick-
ness requirements for floor slabs which contain only
temperature reinforcement for the ten DI's are
shown in figure 5-1. The floor-slab thickness
requirements are a function of concrete strength and
subgrade modulus and DI. Larger forklifts having
axle loads greater than 25 kips are treated
separately. The required slab thickness for
pavements designed for these loads are not
significantly affected by vehicles having axle loads
less than 25 kips (trucks, cars, buses, and small
forklifis). These light loads are therefore ignored in
determining requirements for pavements carrying
axle loads greater than 25 kips. The thickness
requirements for these loads are shown in figure 5-2.

Table 3-1. Traffic categories for design index

Maximum Operations Design
Per Day Over 25 Years Load Index
50 10-kip axle-load forklift truck 4
250 10-kip axle-load forklift truck 5
10 15-kip axle-load forklift truck
250 10-kip axle-load forklift truck 7
100 15-kip axle-load forklift truck
250 15-kip axle-load forklift truck 8
5 25-kip axle-load forklift truck

5-1
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Table 4-1. Typical values of modulus of subgrade reaction

1
to
—Types of Materials _4%

Silts and clays i
Liguid limit > 50
{OH, CH, MH)

Silts and clays -
Ligquid limit < 50
(0L, CL, ML)

S5ilty and clayey 300
sands (SM & SC)

Gravelly sands 300+
[SW & 3P)
Silty and clayey 300+

gravels (GM & GC)

Gravel and sandy 300+
gravels (GW & GF)

Modulus of Subgrade Reaction, k, in lb/in’

—  for Moisture Contents of

5
to
B%

175

200

250

300

300+

300+

9
to

1z

150

175

225

250

300

13
to

16%

125

150

200

250

17 21 25
to to to

20% 24% 283

100 15 50

150 - =

Over

23%

25

50

NOTE: k values shown are typical for materials having dry densities
equal to 90 tec %5 percent of the maximum CE 55 density. For materials
having dry densities less than 90 percent of maximum CE 55 density,
values should be reduced by 50 1lb/in?, except that a k of 25 lb/in’will
be the minimum used for design.
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Figure 5-1. Design curves for concrete fToor slabs by design index.
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(2) Mismatched joints. A partial reinforce-
ment of slab is required where the joint patterns of
abutting or adjacent floor slabs do not match, and
when the pavements are not positively separated by
an expansion or slip-type joint. The floor slab
directly opposite the mismatched joint should be
reinforced with a minimum of 0.06 percent of steel
in directions normal to each other for a distance of
3 feet back from the juncture, and for the full width
or length of the slab in a direction normal to the
mismatched joint. Mismatched joints normally will
occur at intersections of floor slabs or between
regular floor slab and fillet areas (fig 5-3).

d. Other uses. Reinforced and continuously rein-
forced floor slabs may be considered for reasons
other than those described above provided a report
containing a justification of the need for
reinforcement is prepared and submit for approval
to HODA (DAEN-ECE-G), Washington, DC
20514-1 000, or Headquarters, Air Force
Engineering and Services Center (DEMP), Tyndall
AFB, Fla. 32403.

5-6. Reinforced design.

a. Thickness desien on unbonded base or
subbase. The design procedure for reinforced
concrete floor slabs uses the principle of allowing a
reduction in the required thickness of nonreinforced
concrete floor slab due to the presence of the steel
reinforcing. The design procedure has been
developed empirically from a limited number of
prototype test pavements subjected to accelerated
traffic testing. Although it is anticipated that some
cracking will occur in the floor slab under the design
traffic loadings, the steel reinforcing will hold the
cracks tightly closed. The reinforcing will prevent
spalling or faulting at the cracks and provide a
serviceable floor slab during the anticipated design
life. Essentially, the design method consists of

5-8

2-p

determining the percentage of steel required, the
thickness of the reinforced floor slab, and the
maximum allowable length of the slabs. Figure 5-4
presents a graphic solution for the design of rein-
forced floor slabs. Since the thickness of a
reinforced floor slab is a function of the percentage
of steel reinforcing, the designer may determine the
required percentage of steel for a predetermined
thickness of floor slab or determine the required
thickness of floor slab for a predetermined
percentage of steel. in either case, it is necessary
first to determine the required thickness of
nonreinforced floor slab by the method outlined
previously (para 5-2) for non reinforced floor slabs.
The exact thickness (to the nearest 1/10 inch) of the
floor slab, h , is then used to enter the nomogram in
figure 5-4. A straight line is then drawn from the
value of h to the value selected for the thickness of
reinforced floor slab, h, .and extended to the
required percentage of reinforcing steel, S ., or
drawn from the value h to the value selected for the
percentage of reinforcing steel, and extended to the
thickness, h . The thickness, h, , will always be
equal to or less than the thickness, h. It should be
noted that the S value indicated in figure 5-4 is the
percentage to be used in the longitudinal direction
only. For nomral designs, the percentage of
nonreinforcing steel used in the transverse direction
will be one-half of that to be used in the longitudinal
dirction. Once the h, and S wvalues have been
determined, the maximum allowable slab length L is
obtained from the intersection of the straight line
and the scale of L . Provision also is made in the
nomograph for adjusting L on the basis of the yield
strength f; of the reinforcing steel. Difficulties may
be encountered in sealing joints between very long
slabs because of large volumetric changes caused by
temperature changes.
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b. Thickness design on stabilized base or sub-
grade. To determine the thickness requirements for
reinforced concrete floor slabs on a stabilized
foundation, it is first necessary to determine the
thickness of nonreinforced concrete floor slab
required for the design conditions. This thickness of
nonreinforced floor slab is determined by the
procedures set forth in paragraph 5-24. Figure 5-4
is then entered with the values ofh, h, and 5

¢. Limitations. The design criteria for reinforced
concrete floor slabs on grade are subject to the
following limitations:

(1) No reduction in the required thickness of
nonreinforced floor slabs should be allowed for per-
centages of steel less than 0.05 percent.

(2) No further reduction in the required
thickness of nonreinforced floor slabs should be
allowed over that indicated in figure 5-4 for 0.50
perf]enl steel, regardless of the percentage of steel
used.

(3) The maximum length L of reinforced
floor slabs should not exceed 75 feet regardless of
the percentage of steel, yield strength of the steel, or
thickness of the pavement.

(4) The minimum thickness of reinforced
floor slabs should be 6 inches.

d. Reinforcing steel.

(1) Type. The reinforcing steel for floor slabs

5-10

2-B

may be either deformed bars or welded wire fabric.
Specifications for both types of reinforcement are
given in TM 5-825-3/AFM 88-6, Chap. 3.

{2) Placement. Placement of the reinforcing
steel in floor slabs should follow the criteria given in
TM 5-825-3/AFM 88-6, Chap. 3. In addition, the
following criteria regarding the maximum spacing of
reinforcement should be observed. For welded wire
fabric, the maximum spacing of the longitudinal
wires and transverse wires should not exceed 6
inches and 12 inches, respectively; for bar mats, the
maximum spacing of the longitudinal bars and the
transverse bars should not exceed 15 inches and 30
inches, respectively.

5-7. Joint types and usage.

Joints are provided to permit contraction and expan-
sion of the concrete resulting from temperature and
moisture changes, to relieve warping and curling
stresses due to temperature and moisture differen-
tials, to prevent unsightly, irregular breaking of the
floor slab; as a construction expedient, to separate
sections or strips of concrete placed at different
times; and to isolate the floor slab from other
building components. The three general types of
joints are contraction, construction, and isolation. A
typical floor-slab joint layout is shown in figure 5-5.
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ENVIRONMENTAL STRUCTURES CODE/COMMENTARY

CODE

in structural slabs and walls where the flexural reinforce-
ment extends in one direction only.

7.121.1 — Shrinkage and temperature reinforce-
ment shall be provided in accordance with either
7122o0r7.12.3.

7.121.2 — Where shrinkage and temperature
movements are significantly restrained, the requirs-
meants of 8.2.4 and 9.2.3 shall be considered.

7.12.2 — Deformed reinforcement conforming to 3.5.3
used for shrinkage and temperature reinforcement shall
be provided in accordance with the following:

71221 — For members subjected to environ-
mental exposure conditions or required to be liquid-
tight, the area of shrinkage and temperature reinforce-
ment shall provide at least the ratios of reinforcement
area to gross concrete area shown in Table 7.12.2.1;

Concrete sections that are at least 24 in. may have the
minimum shrinkage and temperature reinforcement
based on a 12 in. concrete layer at each face. The
reinforcement in the bottom of base slabs in contact
wihamlma-ybemducadtnsapercent uflhat r&qulred
[n Table 7.12.2.%—

e ™
TABLE 7.12.2.1—MINIMUM SHRINKAGE AND
TEMPERATURE REINFORCEMENT

N -~ =
movermnant joints, #t Grade 40 Grade 60
Less than 20 0.0030 0.0030
20 10 less than 30 0.0040 0.0030
30 to less than 40 0.0050 0.0040
40 and greater 0.0060" 0.0050*

MmmmEaIﬂhmmmmmmm

Hulu: table applies 1o between expansion joints and full con-
contraction joints by 1.5, ik B s

L

COMMENTARY

cracking and (o tie the structure together to ensure it is
acting as assumed in the design. Where restraint is present to
develop shrinkage and temperature stresses in the same direc-
tion as flexural stresses, the section may need to be checked
fur sufficient reinforcement for each kind of stress.

R7.12.1.2 — The area of shrinkage and temperature
reinforcement required by 7.12 has been satisfactory where
shrinkage and temperature movements are permitted to
occur, For cases where structural walls or large columns
provide significant restraints to shrinkage and temperature
movements, it may be necessary to increase the amount of
reinforcement normal to the flexural reinforcement in
7.12.1.2 (see Reference 7.15). Top and bottom reinforce-
ment are both effective in controlling cracks. Control strips
during the construction period, which permit initial
shrinkage to occur without causing an increase in stresses,
are also effective in reducing cracks caused by restraints.

R7.12.2 — The amounts given for deformed bars and
welded wire fabric are empirical but have been used satis-
factorily for many years. Splices and end anchorages of
shrinkage and temperature reinforcement must be designed
for the full specified yield strength in accordance with 12.1,
12,15, 12.18, and 12.19,

R7.12.2.1 — The required amount of shrinkage and
temperature reinforcement is a function of the distance
between the movement joints that will minimize cracking
perpendicular to the reinforcement. In addition, the amount
of shrinkage and temperature reinforcement is a function of
the particular concrete mixture and other properties, the
amount of aggregate, the member thickness, its reinforce-
ment, and the environmental conditions of the site. These
factors have been considered in applying the analysis
method developed by Vetter’-16 to environmental engineering
concrete structures, and the recommendations contained in

the remainder of this section are based on that work. ™17

?ﬂ\%mshnnkag&mmmaungwwmmmedpﬂmm

Wsmmmdanm no less than 0.3 percent reinforce-
nﬁﬂlshﬂnldbs;xmlcbi

Where positive means are taken to substantially reduce
m&mm«mmmmwmm

and the distance between movement joints may be
adju accordingly.

Congideration may be given to reducing the amount of
shnhkagr. and temperature reinforcement shown in
Tabla 7.12.2.1 when details are developed in accordance
vgﬂh ACI 223 recommendations.

Where movement Jjoints are mot provided, shrinkage and
temperature reinforcement need not exceed the values listed
in Table 7.12.2.1 for greater than 40 ft joint spacing.

S=p
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Appendix L

Facultative Pond Capacity
Evaluation
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Fac Pond Capacity Evaluation
Elimination of Fac Ponds 3 & 8

Construction of Fac Pond 5

Objective: To verify that the capacity of existing Fac Ponds 1&2 and New Fac Pond 5 are sufficient for storage for development of RMU-2.

Data: SPDES Discharges from FAC Ponds, AWTS volume of wastewater processed, and RMU-1 Leachate Generation Rates

November 2013

Capacity Usable Capacity
Unit (gallons) (gallons)
Fac Ponds 1/2 22,881,000 19,345,100
Fac Pond 3 51,355,000 43,845,300
Fac Pond 8 43,414,000 38,834,500|Not Used Since 2004
Upon Development of RMU-2
Fac Ponds 1/2 22,881,000 19,345,100
Fac Pond 5 24,700,000 21,900,000
RMU-1
SPDES RMU-1  [Final Cover
Discharge Total Leachate RMU-1 Leachate | Open Area Events
Year Event (gallons) | Processed at AWTS (gallons) (Acres) (Acres)
1997 25,614,700 11,120,682 14,079,610
1998 23,986,400 13,889,894 5,924,828
1999 26,272,100 14,699,323 6,785,396
2000 19,046,000 16,646,143 7,490,388 32.61 6.99
2001 14,116,100 12,078,902 5,887,220 27.49 5.12
2002 22,271,300 13,405,497 9,282,814 24.47 3.02
2003 19,595,600 15,594,070 11,970,717 24.47
2004 19,478,400 18,415,616 16,096,321 24.47
2005 20,566,200 17,616,353 12,946,527 21.83 2.64
2006 30,433,600 14,500,137 9,606,283 21.83
2007 22,632,015 12,553,074 10,520,174 21.83
2008 15,066,861 14,347,001 11,878,570 21.83
2009 14,215,564 15,543,238 14,116,427 21.83
2010 12,846,231 16,194,812 14,666,777 21.83
2011 18,457,879 18,208,174 15,485,141 11.8 11.2
2012 14,784,068 10,250,679 8,107,938 11.8
Projected Projected
Projected RMU-1 Projected Projected RMU-2
Projected Projected RMU- [ RMU-1 |Final Cover| RMU-2 |RMU-2 Open| Final Cover
Discharge Projected Total 1 Leachate Open Area Events Leachate Area Events
Projected - Year Event (gallons) | Leachate Processed (gallons) (Acres) (Acres) (gallons) (Acres) (Acres)
2013 12,872,899 8,789,333 6,592,000 7.30 4.5
2014 10,312,899 6,229,333 4,672,000 7.30
2015 12,898,136 8,814,570 2,336,000 - 7.3| 4,274,927 6.7 -
2016 16,294,354 12,210,788 1,041,925 - 8,116,167 12.7 -
2017 15,776,897 11,693,331 653,832 - 8,116,167 12.7 -
2018 20,657,763 16,574,197 349,331 - 12,081,317 18.9 -
2019 20,465,624 16,382,058 205,227 - 12,081,317 18.9 -
2020 20,534,725 16,451,159 257,053 - 12,081,317 18.9 -

RMU-2 CELL APPROXIMATE OPEN WASTE AREA

CUMULATIVE
CELL # (ACRES) ACRES

20 5.79 6.7

18 5.42 12.7

19 535 18.9

17 5.42 24.6

16 7.07 30.9

15 8.2 373

Conclusion: Fac Ponds 1&2 and Fac Pond 5 have sufficient capacity to store sitewide processed wastewater for development of RMU-2 through a minimum of the
first three cells. It should be noted that this evaluation only assesses one SPDES discharge from the fac ponds per year. The SPDES permit allows for more than

one discharge per year.

Assumptions:

1.) A conservative maximum volume of 640,000 gallons per open acre per year of landfill was used for projecting leachate generation rates for active landfill.
2.) 4.5 acres of RMU-1 final cover will be installed in 2013 and the remaining cover installed in 2015 and 2016.
3.) 75-percent of the wastewater processed at the AWTS is from an active landfill.

4.) Cell construction is anticipated to start in 2014 with the first cell open at the beginning of 2015 (best case scenario).
5.) Leachate generation rates for entirely capped/closed RMU-1 estimated based on the actual leachate generated from SFL-12 upon closure in 1995.

6.) The installation of final cover for RMU-2 will not be performed until the fourth cell is needed.
7.) Usable capacity Fac Ponds 1&2 and Fac Pond 5 are pond capacities with 2-foot of freeboard.





