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EROSION CONTROL CALCULATION
PEMACO SUPERFUND SITE

Purpose

The following calculation determines the average annual erosion of the vegetated soil
layer of the final closure cover at the site. In addition, the calculation determines the
number of years which would be required to fully erode the vegetated soil layer if no cap
maintenance was provided.

Procedure

The average soil loss per year was estimated using the Universal Soil Loss Equation
(USLE), an empirical equation developed by the U.S. Department of Agriculture for use
in determining soil loss at both agricultural and construction sites. The parameters of this
equation were determined by referencing the manual "Predicting Rainfall Erosion
Losses," by the U.S. Department of Agriculture, published in 1978 as discussed below.

The universal soil loss equation is:
A=RKLSCP

.Where:

o A is the average annual soil loss per unit area, expressed in units of tons per
acre per year. _

¢ R is the rainfall and runoff factor, which is based upon the number of rainfall

- erosion index units, plus a factor for runoff from snowmelt or applied water where
such a runoff is significant. The erosion index factor is defined as the product of
the storm energy and the maximum thirty minute storm intensity for a particular
storm event. An R-value of 50 was used for Los Angeles, California as
determined from Figure 1 of the USDA manual "Predicting Rainfall Erosion
Losses."

¢ Kis the soil erodibility factor which is the soil loss rate per erosion index unit for a
specified soil as measured on a unit plot, which is defined as a 72.6-foot length of
uniform 9 percent slope continuously in clean-tilled fallow. A K-value of 0.48 was
used for the Pemaco Site. This value was based on the assumption that a silt-
loam, or equivalent soil, will be used for the topsoil in the final cover at the site.
Because the source of the final soil cover has not yet been determined, the
greatest K value, which was not evaluated for continuous fallow was used in the
calculation to provide a conservative estimate of overall erosion.

e L is the slope-length factor which is the ratio of soil loss from the field slope
length to that from a 72.6 foot length under identical conditions. S is the slope-
steepness factor, which is the ratio of soil loss from the field slope gradient to that
of the 9% slope under otherwise identical conditions. The product of the slope-
length and slope-steepness factors were evaluated as one factor based on data
available in the USDA manual "Predicting Rainfall Erosion Losses." A slope
length and steepness factor (LS) of 0.2375 was estimated based on a slope of



2% and a maximum length of 175 feet (average cross-gradient width of the
Pemaco Site.)

o Cis the cover and management factor, which is the ratio of soil loss from an area
with specified cover and management to that from an identical area in tilled
continuous fallow. A cover management value for pasture land was estimated as
0.003 based on the assumption that a grass cover will be maintained over 100
percent of the capping surface and no appreciable vegetative canopy will
develop.

e Pis the support practice factor, which is the ratio of soil loss with a support
practice like contouring, strip cropping, or terracing to that with a straight row
farm up and down. A P-value of 0.6 was estimated for the Pemaco Site based on
a slope of 2% and a length of less than 400 feet.

Numerical values for each of the six factors which determine the soil loss were derived
from analyses of assembled research data and from the National Weather Service
precipitation records. Charts and tables for determining the value of each of the six
factors were obtained from the manual “Predicting Rainfall Erosion Losses" published by
the U.S. Department of Agriculture in December 1978.

Results

The average annual loss of vegetated soil from the capped site was estimated to be
0.01026 tons/acre/year (20.52 Ib/acre/year). The results of the USLE were evaluated
based on the number of years required to completely erode the topsoil layer from the
final closure cover at the Pemaco Site. The number of years required to completely
erode the 1-foot vegetated soil layer of the soil closure cover at the Pemaco Site was
determined by dividing the total mass of soil in the top soil layer per acre by the average
annual soil erosion. A calculated value of 220,176 years would be required to completely
erode the topsoil layer at the site.

The magnitude of this estimate indicates that natural soil erosion will not be a significant
maintenance concern at the site.



3904 Vlrgmla Ave e Cincinnati, Ohio 45227 e Phone (513) 271-6000 e Fax (513) 271-4420

To: TN & Associates Inc.

 Attn: Pamela

Fax: (805)585-2111

From: Chuck Fedders

Re: Comparison of US 160NW to Amoco Propex 4551

March 21, 2005

Pamela,

Here is a brief comparison between US 160NW and Amoco 4551. These values are taken from the 2004 GFR
(Geotechnical Fabric Report) and / or current manufacturer data sheets, which report MARV (Minimum Average
Roll Values). The US 160NW and Amoco 4551are nonwoven, needlepunched fabrics. US 160NW will satisfy

the requirements of AASHTO Class 2.

Property Test Method 160NW
Tensile Strength ASTM D-4632 160 Ibs
Elongation @ Break ASTM D-4632 50%
Puncture Strength ASTM D-4833 851bs
Trapezoidal Tear ASTM D-4533 60 Ibs
Apparent Opening Size ASTM D-4751 80 US Sieve
Permittivity ASTM D-4491 13 Sec’
UV Resistance, % Retained ASTM D-4355 70%

4551
160 Ibs

50%

90 lbs

65 Ibs

70 US Sieve
1.5 Sec™
70%

As you can see, US 160NW is a functional equivalent to the specified material Amoco 4551. Additionally,
US 160NW will satisfy the requirements of AASHTO M-288 00 Class 2 requirements as well as AHTD Type 8.
Per this comparison we request you approve the US 160NW Nonwoven Fabric for inclusion in this poject.

Please call me with any question-you have.
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3904 Virginia Ave e Cincinnati, Ohio 45227 e Phone (513) 271-6000 e Fax (513) 271-4420

To: TN & Associates Inc. March 21, 2005
Attn: Pamela

Fax: (805)585-2111

From:  Chuck Fedders

Re: US 115NW Nonwoven 4.0 0z/sy Vs Amoco 4546 Nonwoven

Pamela,

Here is a brief comparison between US 115NW and Amoco 4546. These values are taken from the 2005 GFR
(Geotechnical Fabric Report) and / or current manufacturer data sheets, which report MARV (Minimum Average
Roll Values). The US 115NW and the Amoco 4546 are nonwoven, needlepunched fabrics. US 115NW will
satisfy the requirements of AASHTO M 288-96/00 Class 3.

Property Test Method 115NW 4546
Tensile Strength ASTM D-4632 115 1bs 100 1bs
Elongation @ Break ASTM D-4632 50% 50%
Puncture Strength ASTM D-4833 65 Ibs 65 Ibs
Mullen Burst ASTM D-3786 210 psi 225 psi
Trapezoidal Tear ASTM D-4533 50 lbs 45 1bs
Apparent Opening Size ASTM D-4751 70 US Sieve 70 US Sieve
Permittivity ASTM D-4491 2.0 Sec! 2.0 Sec®
UV Resistance, % Retained ASTM D-4355 70% 70%

As you can see, US 115NW is a functional equivalent to the specified material Amoco 4546. Per this comparison
we request you approve the US 115NW Nonwoven Fabric for inclusion in this project.

Please call me with any question you have.
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To: TN & Associates Inc. March 21, 2005
Attn: Pamela
* Fax: (805)585-2111
From: Chuck Fedders
Re: US 90NW Nonwoven 3.5 0z/sy Vs Amoco 4545 Nonwoven

Pamela,

Here is a brief comparison between US 90NW and Amoco 4545. These values are taken from the 2002 GFR
(Geotechnical Fabric Report) and / or current manufacturer data sheets, which report MARV (Minimum Average
Roll Values). The US 90NW and the Amoco 4545 are nonwoven, needlepunched fabrics. Additionally,

Property Test Method US90_ 4545
Tensile Strength ASTM D-4632 90 1bs 90 Ibs
Elongation @ Break - ASTM D-4632 50% 50%
Puncture Strength ASTM D-4833 55 Ibs 50 Ibs
Mullen Burst ASTM D-3786 185 psi 185 psi
Trapezoidal Tear ASTM D-4533 351bs - 401bs
Apparent Opening Size ASTM D-4751 70 US Sieve 70 US Sieve
Permittivity ASTM D-4491 2.0 Sec™ 2.10 Sec™
UV Resistance, % Retained ASTM D-4355 70% 70%

As you can see, US 90NW is a functional equivalent to the specified material Amoco 4545. Per this comparison
we request you approve the US 90NW Nonwoven Fabric for inclusion in this project.

Please call me with any question you have.
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STANDARD OPERATING PRACTICE TNFLDOOSD

Monitoring and Extraction Well Installation and Development
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STANDARD OPERATING PRACTICE TNFLDO0O8SD

Monitoring and Extraction Well Installation and Development

1.0 INTRODUCTION

The purpose of TNFLDOO8D is to describe procedural guidelines for the design, installation,
and construction of groundwater monitoring and extraction wells to be completed in water-
bearing geologic materials. This document also provides procedures for well development.
Site-specific procedures will depend on project objectives, geologic conditions, and appropriate
state and federal regulations and standards.

2.0 MONITORING AND EXTRACTION WELL INSTALLATION
2.1  OBJECTIVE

Monitoring wells are installed to provide information regarding site hydrogeology and
groundwater quality. TN&A will design, install, and construct monitoring wells so they are: (1)
adequately sealed to prevent surface contamination or cross contamination between aquifers;
(2) capable of yielding high quality groundwater samples representative of true water quality;
(3) adequately protected from vehicles or other traffic; and (4) in compliance with applicable
state and federal regulations. Extraction wells at remedial sites may also be used for
groundwater quality monitoring and should, therefore, be installed with the same care as
monitoring wells.

The procedures set forth in this section apply to all personnel who are responsible, both
directly and indirectly, for design of monitoring well systems, oversight of drilling and
construction operations, and evaluation of the suitability and reliability of monitoring wells
and data and measurements obtained from monitoring wells.

2.2  QUALIFICATIONS

All drilling personnel must meet all applicable Occupational Safety and Health Administration
(OSHA) requirements. The supervising geologist, engineer, or hydrogeologist must be fully
knowledgeable and experienced with state and federal requirements/regulations for
groundwater monitoring programs.

2.3 PROCEDURES

Various drilling methods are described in TNFLDO007A. Well design and construction elements
- are described in the project Sampling and Analysis Plan (SAP) or equivalent document. The

T N & Associates
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drilling methods, well design, and well construction will adhere to the criteria and
methodologies presented in the SAP. The proposed well design will be based on existing
geologic and groundwater elevation data from previous investigations, if available. All
equipment, well materials, and tools that will enter the borehole must be decontaminated
before borehole entry and will remain clean until installed in the borehole. If needed, they will
be steam-cleaned. Well materials that are cleaned and wrapped by the manufacturer do not
need to be cleaned unless the factory wrap is damaged or the materials show signs of staining.

2.3.1 Well Design Specifications

Well Screen

Well screen materials for monitoring wells will be selected depending upon the known or
suspected chemical contaminants at the site, and so that the completed monitoring well
provides data meeting the project data quality objectives (DQOs). Extraction well screening
should further meet the objective of a functional pumping well. The screen slot size will be
determined to maintain compatibility with the aquifer and filter pack material. In general, the
screen will be sized to retain over 90 percent of the filter pack and be either factory-slotted or
continuous wrap design. Well screen materials will be of the same diameter and strength
material as the well riser and will be a non-contaminating material that is compatible with the
anticipated or known groundwater chemistry and/or contaminants at the well site. No glues,
adhesives, lead shot, or lead wool will be used to connect the riser sections or screen. No field
slotted screens will be permitted (e.g., machined in the field).

Filter Pack

Filter pack material will be clean, washed, well-rounded silica sand sized to perform as a filter
between the formation material and the well screen. The filter pack gradation shall have a
uniformity coefficient (Cu) of not more than 2.5 and shall be sized so that the well screen will
retain 90 percent of the material. A grain size distribution curve for the filter pack materials
used at each site will be included with the submittal of well construction diagrams (selected
filter pack gradations for existing monitoring wells will be also taken into account).

If a pertinent grain-size distribution curve is available for a particular site or monitoring well,
then the following procedure will be used to design a filter pack.

1. Multiply the D30 size (from the grain-size distribution graph) by a factor of four to
nine (Pack-Aquifer ratio). A factor of four is used if the formation is fine-grained
and uniform (Cu is less than 3), six if it is coarse-grained and non-uniform, and up
to nine if it is highly non-uniform and contains silt. Head losses through filter packs
increase as the Pack-Aquifer (P-A) ratios decrease. In order to design a fairly stable
filter pack with a minimum head loss, the D30 size will be multiplied by a factor of
four.

T N & Associates
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2. Plot the point from step 1 on the 30 percent abscissa of a grain-size distribution
graph and draw a smooth curve with a uniformity coefficient of approximately 2.5.

3. A curve for the permissible limits of the filter pack is drawn plus or minus 8 percent
of the desired curve with the Cu of less than 2.5. The appropriate-sized filter pack
can then be chosen from the grain-size distribution curves of various filter packs.

4. Select the slot openings for the well screen that will retain 90 percent or more of the
filter packs.

This design will be based on the gradation of the finest aquifer materials anticipated to be
affected by the screened part of the monitoring wells (USEPA, 1996).

If no pertinent grain-size distributions curves are available, then 0.010-inch slotted or
continuous wrapped screen will be used with appropriate sized filter pack material in
accordance with the following table adapted from ASTM D 5092-90 (ASTM, 1990).

Size of Screen Slot No. | Sand Pack 1% Passing Effective 30% Passing
opening, mm (in.) Mesh Size Size (D-1), Size (D-10), | Size (D-30),
Name(s) mm mm mm

0.125 (0.005) 5 100 0.09 to 0.12 0.14 to 0.17 0.17t0 0.21
0.25 (0.010) 10 16 to 40 0.25 to 0.35 04t00.5 0.5t0 0.6
0.50 (0.020) 20 10 to 20 0.7t0 0.9 1.0to 1.2 12to 1.5
0.75 (0.030) 30 10 to 20 0.7 to 0.9 1.0to 1.2 12tol5
1.0 (0.040) 40 8to 12 12t014 16to1.8 1.7t02.0
1.5 (0.060) 60 6to9 15t01.8 1.7t02.0 25t03.0
2.0 (0.080) 80 4to8 20to24 24t03.0 26to3.1

In addition to the primary filter pack installed along the screened interval of the monitoring
well, a secondary filter pack consisting of finer material will be installed to prevent bentonite
pellets from commingling with the primary filter pack. This is discussed further in Section
24.1.

Well Riser

Well riser (casing) will consist of new material with threaded, flush joints. The riser material
will be of the same diameter and strength material as the well screen and will be a non-
contaminating material that is compatible with the anticipated or known ground water
chemistry and/or contaminants at the well site. If PVC pipe is used, PVC pipe will bear
markings identifying the material as that specified and will carry the seal of the National
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Sanitation Foundation and will, as a minimum, conform to the requirements of ASTM F 480-
81/SDR 13.5. Schedule 40 PVC is acceptable for wells less than 100 feet deep and Schedule 80 is
recommended for wells greater than 100 feet deep. Unless noted in the site-specific work plans,
monitoring wells will be nominal 2-inch inside diameter. Riser sections will be joined by
threaded, flush-joint couplings. No adhesives or other sealing materials will be used.

Well Plumbness and Alignment

All risers shall be set round, plumb, and true to line. Centralizers may be required for deep
wells or wells being installed in caving material. To verify plumbness and alignment, a ten-foot
section of pipe will be run through the entire length of the well. The pipe shall be
decontaminated between well in accordance with TNFLDO11A. String or rope used to lower
the pipe will be discarded in between each well.

Bentonite Seal

A minimum 2-feet thick bentonite seal will be tremied into place above the filter pack seal. The
bentonite seal will be composed of commercially manufactured sodium bentonite pellets,
which do not exceed 0.25-inch diameter. Clean, potable water will be used to hydrate the
bentonite (minimum 4-hours of hydration), as discussed in Section 2.4.1 of this SOP.

Annular Seal

Cement grout will be placed above the bentonite seal to the ground surface. The cement grout
will consist of a mixture of Portland cement (ASTM C 150) and water in the proportion of
approximately six to seven gallons of approved water per bag of cement (94 pounds). In
addition, 3 to 5 percent by weight of sodium bentonite powder will be added. The minimum
acceptable grout weight will be 14 pounds per gallon (Ibs/gal). The cement grout weight will be
determined using a mud balance. Water may be added to the mix in small amounts, at the
discretion of the field geologist, to increase viscosity as necessary. The following table provides
specifications for various grout slurry densities.
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Grout Slurry Densities
Percentage Water ratio Minimum density ~ Volume
Bentonite [pounds per gallon]  (ft*/sack)
2 6.0 gal/sack of cement 14.7 1.36
3 6.5 gal/sack of cement 14.4 1.45
4 7.2 gal/sack of cement 14.1 1.55
5 7.8 gal/sack of cement 13.8 1.64

Well Protection

At all times during the process of well installation, precautions will be taken to prevent
tampering with the well or the entrance of foreign material into the well. Run-off, surface soil
or objects (tools, etc.) will be prevented from entering the borehole as the well installation is
performed. The wells will be secured at the surface with a stand-up protector pipe or traffic-
rated flush mounted well vault equipped with a lock. For wells completed with stand-up pipe
in high vehicle traffic areas or areas where well damage could occur due to site activities,
brightly painted steel bollards (minimum of three) will be placed around the completed well.

2.4 BOREHOLE COMPLETION

Procedures for the drilling and advancement of soil borings are presented in TNFL.D007B and
007D. Drilling techniques employed must minimize disturbance of subsurface samples and
must not introduce contamination to the subsurface or allow contaminants within the shallow
hydrogeologic units (if any) to migrate to deeper units.

2.4.1 Well Construction

At all times during the progress of the work, precautions will be taken to prevent tampering
with the well or entry of foreign materials. Measures will be taken to run-off from entering the
well during construction. Prior to well construction, the borehole will be sounded. In
competent bedrock, the borehole may be pumped to remove drilling fluid, cuttings, and fine
particles resulting from the drilling. Ideally, a stabilized water level will be attained in the
borehole prior to well installation.

The casing/screen assembly will be installed as follows:

e Prior to installation of the casing and screen, the lengths and diameters of all components
(including the bottom plug or cap) will be measured and recorded on the casing/well
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screen tally form. The casing riser and screen assembly will be installed round, plumb, and
true to line.

A bottom plug will be attached to the bottom of the screened section.
Approximately six inches of filter pack sand will be placed in the bottom of the well boring.

The well screen will be connected to the riser sections of the casing assembly. For wells
intended to monitor the upper surficial aquifer near the water table, the well screen will be
installed so as to straddle the free water surface, extending both above and below the water
table to accommodate seasonal or other variations in its elevation. In all cases, the top of the
screen will be located at least 2-feet below the base of the down-hole seal.

For wells installed to depths exceeding 40-feet, centralizers will be placed at locations just
above the screen and above the location of the bentonite seal. The centralizers will be
placed at 30-foot intervals along the riser casing. Centralizers will not be used if their
installation prevents the placement of the annular materials.

Well risers will extend between 2- and 2.5-feet above the ground surface. If a flush finish
~ completion is conducted, the placement of annular materials will be done in such a way
that the inside of the well casing is protected.

The primary filter pack will be placed in the annulus between the well material and
borehole using a tremie pipe, starting with the tremie at the bottom of the borehole and
working the tremie upward as the filter pack is installed. If necessary, potable water may
be used to aid tremie installation. The drill casing will be raised incrementally during the
installation of the filter pack to prevent bridging. Attempts will be made to keep the bottom
of the drill casing below the top of the filter pack during installation. The level of the top of
the filter pack in the annulus will be verified by tag-line measurement during all phases of
installment.

Prior to completion of filter pack installation, the well may be pre-developed using a surge
block and/or bailer to allow the filter pack to settle.

The filter pack will extend at least two feet above the top of the screen. A secondary fine-
grained filter pack will be installed using a tremie pipe if bentonite slurry seals are used for
well construction. The secondary fine grain filter pack will have a minimum thickness of
one foot above the primary filter pack. The volume of the installed filter pack will be
compared with the annular volume to verify proper placement of the filter pack. Material
accounting will be recorded in the field book as will the volume of potable water used (if

any).
A bentonite seal will be placed immediately above the filter pack. At a minimum, either a 3-

foot thick granular bentonite seal or a minimum 4-foot thick bentonite slurry seal will be
used. Bentonite slurry mixtures will be composed of calcium bentonite with a high solids
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content, unless otherwise specified. The density of the recommended bentonite slurry will
be confirmed with a mud scale. Pouring of the granular bentonite is acceptable for
boreholes less than 50-feet deep where the annular space is large enough to limit the
potential for bridging and to allow measurements to insure that the granular bentonite has
been placed at proper intervals. For depths greater than 50-feet, the granular bentonite and
the bentonite slurry will be installed through a tremie pipe. The level of the top of the
bentonite seal will be verified by tag-line measurement prior to grouting. The bottom of the
drill casing will be left in the borehole as close as possible above the bentonite seal.
Granular bentonite seals will hydrate a minimum of 4-hours.

e For depths greater than 50-feet, the borehole is to be pressure-grouted using a side-
discharging tremie pipe that is maintained 3-feet above the bentonite seal and will be used.
to slowly install the cement/bentonite grout mixture. The drill casing will be pulled
incrementally during the grouting procedures to limit borehole collapse. Grout will be
pumped into the annulus through the tremie pipe until undiluted grout flows from the
borehole at the ground surface. The grout will be allowed to cure for at least 12-hours prior
to development. After 12-hours, the depth of the grout will be checked. If it has collapsed
more than 10-percent of the well depth, the well will be checked for soundness. The
annulus will be refilled with grout to the desired depth.

2.4.2 Double-Cased Wells

Secondary (outer) casings will be installed in the borehole when drilling a monitoring well that
will be installed at depths below relatively impermeable (confining) layers or below depths of
known contamination. The purpose of the surface casing is to prevent cross-contamination
between two aquifer zones and/or, when flowing sands make it impossible to install a
monitoring well using conventional methods, to properly install the monitoring well to the
desired depth. There are several methods available to accomplish double casing of wells. The
following paragraphs present one commonly used method.

A pilot borehole will be drilled and the surface casing installed to slightly below the known
depth of contamination or a minimum of 2 feet into the confining layer. The diameter of the
surface casing will be sufficient to contain the inner casing and a 2-inch annular space. The
material of the surface casing may vary (PVC or carbon steel), but it will be chemically inert
and able to withstand potential chemical degradation and any forces exerted on the casing
during its installation and the monitoring well construction.

The outer casing will be grouted by the tremie method from the bottom to within 2 feet of the
ground surface. The grout will be pumped into the annular space between the outer casing and
the borehole wall. This will be accomplished by either placing the tremie tube in the annular
space and pumping the grout from the bottom of the borehole to the surface; or placing a grout
shoe or plug inside the casing at the bottom of the borehole and pumping the grout through
the bottom grout plug and up the annular space on the outside of the casing. If the outer casing
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is set into very tight clay, both of the above methods may have to be used, because the clay
usually forms a tight seal in the bottom and around the outside of the casing preventing grout
from flowing freely during grout injection. A minimum of 24 hours will be allowed for the
grout seal to cure before attempting to drill through it. The grout mixture used to seal the outer
annular space will be a neat cement mixture of one 94-Ib bag of Type I Portland Cement, 4
pounds of bentonite powder, and no more than 8 gallons of water.

When drilling through the seal, care will be taken to avoid cracking, shattering, and/or washing
out the seal. If caving conditions exist such that the outer casing cannot be sufficiently sealed
by grouting, the outer casing will be driven into place and a grout seal placed in the bottom of
the casing. The boring will be advanced through the surface casing to the target depth for
monitoring well installation. The monitoring well will be installed in accordance with the
methods presented in Section 2.2.3. The borehole beneath the surface casing will be of
sufficient diameter to maintain a 2-inch annular space between the monitoring well and the
borehole well. Removal of outer casings, which are sometimes referred to as temporary surface
casings, after the well screens and casings have been installed and grouted is not acceptable.
Attempting to remove outer surface casings after the inner casing has been grouted could
jeopardize the structural integrity of the well.

2.4.3 Temporary Casing Method Using Rotosonic Drilling Techniques

Rotosonic drilling techniques allow for the construction of monitoring wells through a
temporary casing advanced during borehole advancement. The outer casing (to 12-inches in
diameter) will be advanced down past the upper aquifer while a bentonite grout mixture is
being pumped under pressure into the small annular space between the borehole wall and the
outside of the casing.

2.4.4 Well Head Completion

The following well head completion procedures will be followed:
1. Grout to within five feet of the ground surface.
Wait a minimum 12-hours prior to well head completion.

Place a two-foot layer of fine sand above the grout.

BN

Install the stand-up protector pipe (protector pipe size must be at least 2-inches
larger in diameter than the well casing) over the well casing.

5. Place concrete between the borehole and stand-up protector pipe casing to a depth
of 6-inches beneath the ground surface for installation of the concrete pad.
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The protective casing will be provided with a (vented) locking cap and a brass padlock. All
locks used at an individual site will be keyed alike. Duplicate keys will be made available to the
client.

A minimum of a 3-foot by 3-foot by 6-inch-thick concrete pad, sloped away from the well, will
be constructed around the monitoring well with the top outer edge at the final ground
elevation. At locations where vehicular traffic is likely, the concrete pad will be reinforced with
reinforcement wire or rebar. In trafficked areas, three or four three-inch diameter or larger
concrete-filled steel posts (bollards), brightly painted, will be equally spaced around the well
and cemented in place around the concrete pad. The base of these posts shall extend two feet
bgs and be approximately three feet tall. After the well is installed, the area will be cleaned and
all discarded material will be properly disposed.

2.4.5 Documentation and Recording

A well construction form will be completed for each well. The well construction form will
include an accurate hand-drawn "as built" diagram of each well. The following information
will be recorded on the form:

¢ Project and site names, well number, and the total depth of the completed well;

¢ Depth of any grouting or sealing, and the amount of cement and/or bentonite used, and the
total borehole depth and elevation;

e Depth, elevation, and type of well casing;

¢ Installation date or dates, and name of the driller, drilling company, and the geologist
installing the well;

e All pertinent construction details of monitoring wells, such as depth to and description of
all annular fill materials; gradation of filter packs; length, location (depth and elevation),
diameter, slot size, material, and manufacturer of well casing and screen; position of
centralizers; and location of any blank pipe or intermediate casing installed in the well;

e Description of surface completion, including protective steel casing, protective pipes, and
concrete surface seal; and

e Surveyed coordinates and elevation of top of ground and top of well riser. The accuracy of
the survey points will be in accordance with TNFLD004A.

A discussion of information to include in the boring logs is presented in TNFLD007B. All
original well record forms, field report forms, and geologic logs will be maintained in the
project file.
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3.0 WELL DEVELOPMENT
3.1 OBJECTIVE

The primary objective of installing a monitoring well at a site is to collect a groundwater
sample that is representative of the quality of groundwater surrounding the well. Well
development is an important component of monitoring well completion. Monitoring wells will
be sufficiently developed to ensure that they meet their intended data quality objectives. The
purposes of well development are the following:

e Assure that groundwater enters the well screen freely and at ambient velocities, thus
yielding a representative groundwater sample and an accurate fluid level measurement;

¢ Remove all water and drilling additives that may have been introduced into the borehole
and formation during drilling and installation activities;

e Break up fine materials that may have been smeared along the borehole wall during
drilling; and

¢ Remove fine-grained sediments entrained in the filter pack and within the well itself so that
groundwater samples have minimal turbidity and excessive silting of the well does not
occur.

The criteria that will be utilized to evaluate whether these objectives have been met are
presented in Section 3.3.

3.2 PROCEDURES

3.2.1 General

Well development will be completed no sooner than 24 hours after the grouting is completed.
Well development may be performed using a downhole pump, peristaltic pump, bailer and/or
surge block. Different equipment may be used sequentially to accomplish well development
(e.g., surge block then pump). The water level and thickness of sediment in the well will be
measured and recorded in the field logbook prior to development, as discussed below. Any
instrumentation or equipment inserted into the well will be properly decontaminated in
accordance with TN&A SOP 011A. Downhole tubing will be dedicated to the well until
development has been completed at which time the tubing will be discarded.

Before beginning development of a well, place plastic sheeting on the ground around the well
head. Open the well cap and obtain an organic vapor reading using a photoionization detector
(PID) or comparable equipment. The purpose of the organic vapor reading is to provide
important health and safety and water quality information.
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3.2.2 Well Development Using a Bailer

A bailer may be used to remove accumulated sediment from the bottom of the well as a first
step in well development. A slight surging action may help to mobilize the sediment so that it
can be more easily removed.

If a well is slow to recharge such that use of a submersible pump is impracticable, then a bailer
may be used to complete well development. This change in well development procedures must
be approved by the TN&A Project Manager.

3.2.3 Surging

A surge block may be used to create a surging action for short periods of time to help break up
or loosen the sediment that entered the well. A bailer or pump may be used to remove the silty
water that results from surging. The surge block will be composed of inert material that will
not affect the water quality in the well. The diameter of the surge block will be 0.125 to 0.25
inches smaller than the inside diameter of the well.

Make sure that the block can move freely up and down the inside of the well without
obstructions. The vertical action of the surge block will be accomplished either manually or
mechanically with drill rods or wireline.

Care will be taken in the length of the strokes, the velocity of the up and down movement, and
the duration of each surge block cycle. Surging can be detrimental to the well integrity if
performed too vigorously.

NOTE: Surging can increase turbidity in wells constructed in fine-grained aquifers and should
be used with caution or should not be performed at all (Paul et al, 1988). Detailed discussions
are presented in Aller (1991) and ASTM D 5512 (1994); responsible personnel will review these
discussions before beginning well development with the surge block method in wells
completed in fine-grained media.

3.2.4 Overpumping

Following the removal of suspended sand-sized sediment, the well development process will
include overpumping the well with the submersible bladder pump. In overpumping, the pump
is operated at a capacity that substantially exceeds the yield of the formation (i.e., the capacity
of the formation to deliver water to the well). This flow velocity well exceeds the flow velocity
that will be induced during the purging process of well sampling.

3.3  WELL DEVELOPMENT CRITERIA

During development, measure field parameters and turbidity approximately once every well
volume removed (or as practicable) once the water has begun to clear.
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If well development is by over-pumping, field parameters will be measured in a flow-through
cell attached to the pump outflow tubing. If development is by bailer, field parameters can be
measured down-hole, except for turbidity, which will be measured at the surface. (Note: field
parameters measured in water dumped from a bailer into an open bucket will have little
validity due to agitation and exposure to atmospheric conditions.) Field parameters will be
measured in accordance with TN&A SOP No. 005A. Continue well development until the
following criteria have been met:

e Three times the volume of water lost to formation during drilling has been purged from the
well;

e Field parameters have stabilized for three consecutive measurements. Typical field
parameter stabilization criteria include:

pH 1 0.2 pH units
Temperature less than 10% change
Specific Conductance  less than 10% change
Dissolved Oxygen +0.2 mg/L
Turbidity less than 50 NTUs

(NOTE: Check the site-specific SAP or Field Sampling Plan for criteria to use to
determine stabilization)

e The duration of well development has been at least four hours, even if stabilization of
parameters has not been met; and

e The yield of the well is representative of the transmissivity of the aquifer.

The TN&A Project Manager will be notified if well development criteria cannot be met and do
not seem achievable after four hours of well development activity.

3.4  WELL DEVELOPMENT DOCUMENTATION

Well development will be documented on a well development/purge summary form, which
will include the following information:

e Date and weather

e Pre- and post-development water levels

e Method(s) of development, equipment used, duration for each method

e Measured thickness of sediment at bottom of well prior and after the development (if any)

e Field parameter measurements and time of measurement
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e Volume of water removed between measurements

¢ Cumulative total volume of water removed prior to each measurement
* Pumping rate(s), if applicable

¢ Total time of development

Additional observations, such as apparent yield of the well, detected odors and discoloration
will also be noted on the development log.

Optional: After final well development, collect approximately one liter of the well water in a
clear glass container for photodocumentation. Hold container against white background, label
glass jar with well ID and photograph using color film. The photograph is part of the well
development log.
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TABLE D1
HEADLOSS CALCULATION
PERCHED HEADER DPE-A

Enter Pipe ID No. :

Calculation of the Reynolds Number
Re = [{dy, v p)iu]

Diameter of Pipe [d},]: [inches)

Assumed STP

Temperature [T]: [°F]

Enter Flow [Q]: [scfm]

Line Pressure [P]: [psig]

Actual Air Flow [acfm] 39.0 39.0 78.0 39.0 116.9 116.9 39.0 155.9 39.0 194.9

The Velocity [v] is: [ft/s] 47.12 47.12 94.23 47.12 85.28 9.82 28.43 13.10 28.43 16.37

The Density [p] of Air at

T =60°F [lom/f] 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892" 0.01892

Absolute Viscosity [u] of

Air at T = 60°F: [Ibf-sec/it’] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07

The Reynolds Number

[Re] is: [dimensionless] 9,807.99 9,807.99 19,615.98 9,807.99 22,854.97 7,757.27 7,618.32 10,343.03 7,618.32 12,928.79
The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent. The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

Calculation of the Friction Coefficient [A}

If Flow is Laminar:

The Friction
Coefficient [A] is:

[dimensionless]

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

nter Friction

If Flow is Turbulent:
E
Coefficient [A]:

‘ [dimensionless]

0.031433

0.031433

0.026362

0.031

0.025

0.033

0.034

0.031

0.034

0.029

Calculation of Major Headloss Due to Friction

Loss

Using the Darcy-Weisbach Equation

Headloss hy,, =A (I dy,) (p v¥2)
Relative Roughness for PVC, CPVC & ABS [£] = 0.0000233

Headloss From SVE Pipe [h;..;] for PVC:

Enter Length [I] of SVE
Pipe:

[ft]

The Headloss [h;,,,)

From the SVE Pipe is:

[psi]

0.0988

0.0043

0.0829

0.0451

0.2203

0.0004

0.0162

0.0004

0.0052

0.0063
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TABLE D1

HEADLOSS CALCULATION
r Enter Pipe ID No. : Pipe No,
| To:} 142" PVE=102:Br
Headloss From Fittings [h,...{ for PVC:

Enter Number of STD 45° Elbows:

The Equivalent Length

of Pipe is: [ft]
Enter Number of 90° Elbows:

The Equivalent Length

of Pipe is: Ift)

Enter Number of Tees (Flow Through Run):

The Equivalent Length
of Pipe is:

[ft]

Enter Number of Gate Valves:

The Equivalent Length
of Pipe is:
Enter Number of Globe Valves:

[fY]

The Equivalent Length

of Pipe is: [ft]

Enter Number of Ball Valves:

The Equivalent Length

of Pipe is: _[ft]

Enter Number of Expansion Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is: Y]
Enter Number of

Expansion Fittings (d/D
=1/2):

The Equivalent Length
of Pipe is: _[ft]

Enter Number of
Expansion Fittings (d/D
= 3/4).

The Equivalent Length
of Pipe is: [ft]

Reducer Fittings (d/D =
1/4):
The Equivalent Length

of Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 1/2):

The Equivalent Length I

of Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 3/4):

The Equivalent Length

of Pipe is: [ft]

Enter Number of Additional Fittings:

Enter the Equivalent

Length of Pipe for That

Fitting: [ft]

The Equivalent Length

of Pipe is: [ft] 0 84 8.4 8.4 0 0 32.7 0 32.7 0

Total Equivalent Length

of Pipe From Fittings: [f] 6.7 8.4 10.1 14.1 13.6 20.3 46.1 12.3 43.5 40.7

The Friction Coefficient

[Alis: [dimensiontess] 0.031 0.031 0.026 0.031 0.025 0.033 0.034 0.031 0.034 0.029

The Headloss [h;g..q

From the Fittings is: [psi] 0.0072 0.0090 0.0364 0.0151 0.0300 0.0003 0.0150 0.00026 0.0141 0.0013

TOTAL HEADLOSS [hy,,.] DUE TO FRICTION

AND FITTINGS:

Pipe No Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.
) 101 102 101 103 104 106 105 106 107 106

hioss = Nigssp * Nigssr [psi] 0.1060 0.0133 0.1193 0.0603 0.2502 0.0007 0.0312 0.0007 0.0193 0.0076

Length of Pipe [ft] 92 4 23 42 100 31 50 20 16 199

hyo.s/100 ft Pipe [psi] 0.12 0.33 0.52 0.14 0.25 0.002 0.06 0.003 0.12 0.004

TOTAL HEAD LOSS
DPE-A (psi)

0.609
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TABLE D1

HEAD LOSS CALCULATION

| Enter Pipe ID No. :

Calculation of the Reynolds Number
Re = [(d, v p)/i]

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

Diameter of Pipe [dy]: [inches) 2.047 2.047 3.998 2.047 3.998 2.047 2,047 3.998 2.047 3.998 6.031 2.047 6.031

Assumed STP

Temperature [T}: [°F] 60 60 60 60 60 60 60 60 80 80 60

Enter Flow [Q): [scfm] £ E 50" = - : %

Line Pressure [P]: [psig] 11 1 anc 52 2l 2 G =

Actual Al Flow Tactm] 39.0 39.0 780 116.9 — 390 39.0 39.0 116.9 9 272.9

The Velocity [v]is: [ft/s] 28.43 28.43 14.90 2843 22.36 28.43 28.43 14.90 2843 22.36 19.65 28.43 22.92

The Density [p)] of Air at

T = 60°F [Ibm/ft%} 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892

Absolute Viscosity [u] of

Air at T = 60°F: [Ibf-sec/ft’] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07

The Reynolds Number

[Re] is: [dimensionless] 7,618.32 7,618.32 7,801.25 7,618.32 11,701.88 7,618.32 7,618.32 7,801.25 7,618.32 11,701.88 15,514.55 7,618.32 18,100.31
The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

Calculation of the Friction Coefficient [A]

If Flow is Laminar:

The Friction
Coefficient [A] is:

‘ [dimensionless]

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Enter Friction

If Flow is Turbulent:
Coefficient [A):

‘ [dimensionless]

0.033627

0.033627

0.033300

0.034

0.030

0.034

0.034

0.033

0.034

0.030

0.028

0.034

0.027

Calculation of Major Headloss Due to Friction

Loss
Using the Darcy-Weisbach Equation

Headloss hyo,,

=A(Vd,)(pv42)

Relative Roughness for PVC, CPVC & ABS [£] = 0.0000233

Headloss From SVE Pj

pe [hyessp] for PVC:

Enter Length [I} of SVE
Pipe:

[f]

g3

The Headloss [hy,,
From the SVE Pipe is:

[psi]

0.0270

0.0195

0.0021

0.0032

0.0094

0.0247

0.0032

0.0037

0.0032

0.0018

0.0041

0.0162

0.0255
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TABLE D1
HEAD LOSS CALCULATION

Enter Pipe ID No. :

From:

To:|:

Headloss From Fittings [hy.] for PVC:

D71-Branc

PVC~:264 Brangh'

Enter Number of STD 45° Elbows:

The Equivalent Length
of Pipe is:

[ft]

Pipe No
207
62

PVC-208 Hoader .-

Enter Number of 90° Elbows:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Tees (Flow Through Run):

The Equivalent Length ‘

of Pipe is: [ft]

Enter Number of Gate Valves:

The Equivalent Length |

of Pipe is: [ft]

Enter Number of Globe Valves:

The Equivalent Length
of Pipe is: [ft]
Enter Number of Ball Valves:

The Equivalent Length
of Pipe is:

[ft]

Enter Number of Expansion Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is: [ft]

Enter Number of
Expansion Fittings (d/D
=1/2)

The Equivalent Length
of Pipe is: [ft]

Enter Number of
Expansion Fittings (d/D
=3/4):

The Equivalent Length
of Pipe is: [it]

Reducer Fittings (d/D =
1/4):

The Equivalent Length
of Pipe is: [ft)

Enter Number of Reducer Fittings (d/D = 1/2):

The Equivalent Length |

of Pipe is: [ff]

Enter Number of Reducer Fittings (d/D = 3/4):

The Equivalent Length
of Pipe is:

[ft

Enter Number of Additional Fittings:

Enter the Equivalent

Length of Pipe for That
Fitting: [ft}
The Equivalent Length
of Pipe is: [ft]

Total Equivalent Length
of Pipe From Fittings: [ft]

28.8 15.8 28.8 14 6.8 28.8 15.8 28.8 14 40.7 39.5 40.7
The Friction Coefficient

[N is: [dimensionless] 0.034 0.034 0.033 0.034 0.030 0.034 0.034 0.033 0.034 0.030 0.028 0.034 0.027
The Headloss [hy..q

From the Fittings is: [psi] 0.0041 0.0094 0.0007 0.0094 0.0013 0.0022 0.0094 0.00072 0.0094 0.00128 0.0018 0.01284 0.00231
TOTAL HEADLOSS [h...] DUE TO FRICTION

AND FITTINGS: .

Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.
pe No. 201 202 203 204 203 205 206 208 207 208 209 210 209
Mioss = Diosep, + Nigass [psi] 0.0310 0.0289 0.0028 0.0126 0.0107 0.0269 0.0126 0.0044 0.0126 0.0031 0.0059 0.0291 0.0278
Length of Pipe [ft] 83 60 47 10 103 76 10 82 10 20 95 50 449
1021100 Tt Pipe [psi] 0.04 0.05 0.006 0.13 0.010 0.035 0.13 0.005 0.13 0.016 0.006 0.058 0.006

TOTAL HEAD LOSS
DPE-B (psi)
0.208
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TABLE D1
HEAD LOSS CALCULATION
PERCHED HEADER DPE-C

Enter Pipe 1D No. :

From:

To:

Calculation of the Reynolds Number
Re = [(dy, v p)/p]

Diameter of Pipe [dy]: [inches] 2.047 2.047 3.998 2.047 6.031 2.047 6.031
Assumed STP

Temperature [T]: [°F]

Enter Flow [Q]: [scfm] :

Line Pressure [P]: [psig] i ; i i 1
Actual Air Flow [acfm] 39.0 39.0 116.9 39.0 155.9
The Velocity [v]is: [ft/s] 28.43 28.43 14.90 28.43 9.82 28.43 13.10
The Density [p) of Air at

T = 680°F [ibm/ft’] 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01882
Absolute Viscosity [u] of

Air at T = 60°F: [Ibf-sec/ft’] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07
The Reynolds Number

[Re] is: [dimensionless] 7,618.32 7,618.32 7,801.25 7,618.32 7,757.27 7,618.32 10,343.03

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

Calculation of the Friction Coefficient [A]

If Flow is Laminar:

The Friction
Coefficient [A] is:

‘ [dimensionless]

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

if Flow is Turbulent:

Enter Friction
Coefficient [A]:

[dimensiontess]

0.033627

0.033627

0.033300

0.034

0.033

0.034

0.031

Calculation of Major Headloss Due to Friction

Loss

Using the Darcy-Weisbach Equation

Headloss hyes = A { I dy,) {p V¥12)
Relative Roughness for PVC, CPVC & ABS [¢] = 0.0000233

Headloss From SVE Pipe [hy,,] for PVC:

Enter Length [I] of SVE B

Pipe: [it] 76 L

The Headloss [hy,s)

From the SVE Pipe is: [psi] 0.0312 0.0055 0.0125 0.0029 0.0016 0.0078 0.0021
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TABLE D1

HEAD LOSS CALCULATION

PERCHED HEADER DPE-C

Enter Pipe ID No. :

From:

Pipe No.
=l

To:

Headloss From Fittings [hy,,.q] for PVC:

Enter Number of STD 45° Elbows:

ipe N

03
5303 Header:
=305 Header |

The Equivalent Length
of Pipe is:

[f]

Enter Number of 90° Elbows:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Teas (Flow Through Run):

The Equivalent Length ‘

of Pipe is: [ft]

Enter Number of Gate Valves:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Globs Valves:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Ball Valves:

The Equivaient Length
of Pipe is:

Ifq

Enter Number of Expansion Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is: [ft]

Enter Number of
Expansion Fittings (d/D
=1/2):

The Equivalent Length
of Pipe is. [ft]

Enter Number of
Expansion Fittings (d/D
= 3/4):

The Equivalent Length
of Pipe is: [ft]

Reducer Fittings (d/D =
1714).

The Equivalent Length
of Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 1/2).

The Equivalent Length
of Pipe is:

[f]

Enter Number of Reducer Fittings (d/D = 3/4):

The Equivalent Length
of Pipe is: [ft]

Enter Number of Additional Fittings:

Enter the Equivalent

Length of Pipe for That
Fitting: [ft]
The Equivalent Length
of Pipe is: [ft] 0 22 0 32.7 0 32.7 0
Total Equivalent Length
of Pipe From Fittings: [ft] 13.4 28.8 14.7 32.7 24.6 43.5 24.7
The Friction Coeflicient
[A] is: [dimensionless] 0.034 0.034 0.033 0.034 0.033 0.034 0.031
The Headloss [hyossn
From the Fittings is: [psi] 0.0044 0.0094 0.0007 0.0106 0.00032 0.0141 0,00053
TOTAL HEADLOSS [h;,,;] DUE TO FRICTION
AND FITTINGS:
Pipe No Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.

) 301 302 303 304 305 306 305
Miges = Nigsep + Migast [psi] 0.0356 0.0149 0.0132 0.0136 0.0020 0.0219 0.0026
Length of Pipe [ft] 96 17 276 9 125 24 96
hyoss/100 ft Pipe [psi] 0.04 0.09 0.005 0.151 0.0016 0.09 0.003

TOTAL HEAD LOSS
DPE-C (psi)
0.104
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TABLE D1

HEAD LQOSS CALCULATION
PERCHED HEADER DPE-D

| . . Pipe No. Pipe No Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.
Enter Pipe ID No. : 7 4G 40 A0 406
From eal
l To: PVCAO4

Calculation of the Reynolds Number
Re =[(d;, v p)/u]

Diameter of Pipe [dy]: [inches] 2.047 2.047 3.998 2.047 3.998 2.047 3.998 2.047 3.998 2.047 6.031 2.047 6.031
Assumed STP

Temperature [T]: _[oF]

Enter Flow [Q]: [scfm] 3 A 210

Line Pressure [P]: [psig] -11 -11 -11 11 -1 -11 -11 -11 -11 -11

Actual Air Flow: ~__[acfm] 39.0 38.0 78.0 39.0 116.9 39.0 155.9 39.0 194.9 39.0 233.9 39.0

The Velocity [v] is: [ft/s] 28.43 28.43 14,90 28.43 22,36 28.43 29.81 28.43 37.26 28.43 19.65 28.43

The Density [p] of Air at

T = 60°F [lom/ft") 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01882 0.01892 0.01892 0.01892 0.01892 0.01892
Absolute Viscosity [p] of

Air at T = 60°F: [Ibf-sec/ft’] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07
The Reynolds Number

[Re] is: [dimensioniess] 7,618.32 7,618.32 7,801.25 7,618.32 11,701.88 7,618.32 15,602.51 7,618.32 19,503.14 7,618.32 15,514.55 7,618.32 18,100.31
| The Flow is Turbulent. | The Flow is Turbulent, | The Flow is Turbulent, | The Flow is Turbulent. | The Flow is Turbutent,

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

Calculation of the Friction Coefficient [A]

If Flow is Laminar:

The Friction
Coefficient [A] is:

‘ [dimensionless]

Flow Not Laminar

Fiow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

If Flow is Turbulent:
Enter Friction
Coefficient [A]:

[dimensionless]

0.033627

0.033627

0.033300

0.034

0.030

0.034

0.028

0.034

0.026

0.034

0.028

0.034

0.027

Calculation of Major Headloss Due to Friction
Loss
Using the Darcy-Weisbach Equation

Headloss hy,.. = A (I dy) {p V¥/2)
Relative Roughness for PVC, CPVC & ABS [g] = 0.0000233

Headloss From SVE Pipe [hy,,] for PVC:

Enter Length [I] of SVE P|

It

The Headloss [hyoe
From the SVE Pipe is:

[psi]
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TABLE D1

HEAD LOSS CALCULATION

PERCHED HEADER DPE-D

| Enter Pipe ID No. :

Pipe No.
40

Headloss From Fittings [h,,.) for PVC:

Enter Number of STD 45° Elbows:

The Equivalent Length
of Pipe is:

[f]

Enter Number of 90° Elbows:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Tees (Flow Through Run):

The Equivalent Length |

of Pipe is: [ft]

Enter Number of Gate Valves:

Pipe No,
8.

The Equivalent Length
of Pipe is: [ft]

Enter Number of Globe Valves:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Ball Valves:

The Equivalent Length
of Pipe is: ft]

Enter Number of Expansion Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is: [t

Enter Number of
Expansion Fittings (d/D
=1/2):

The Equivalent Length
of Pipe is: ft!

Enter Number of
Expansion Fittings (d/D
= 3/4):

'The Equivalent Length
of Pipe is: ft]

Reducer Fittings (d/D =
1/4):

The Equivalent Length
of Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 1/2):

The Equivalent Length
of Pipe is:

i

Enter Number of Reducer Fittings (d/D = 3/4):

The Equivalent Length
of Pipe is:

[ft]

Enter Number of Additional Fittings:

Enter the Equivalent
Length of Pipe for That

Fitting: [ft]
The Equivalent Length
of Pipe is: [ft]

Total Equivalent Length
of Pipe From Fittings: [ft]

6.8

28.8 15.8 28.8 7.9 28.8 7.9 28.8 14 39.5 32.6 39.5 40.7
The Friction Coefficient
[A] is: [dimensionless] 0.034 0.034 0.033 0.034 0.030 0.034 0.028 0.034 0.026 0.034 0.028 0.034 0.027
The Headloss [hyee.n
From the Fittings is: [psi] 0.0022 0.0094 0.0007 0.0094 0.0007 0.0094 0.0012 0.00936 0.0031 0.01284 0.0014 0.01284 0.00231
TOTAL HEADLOSS [hy,,,] DUE TO FRICTION
AND FITTINGS: - - - :

. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.
Pipe No. 409 408

401 402 404 403 404 405 404 406 404 407 408

higss = Nigssp + Niassr [psi] 0.0240 0.0175 0.0028 0.0224 0.0040 0.0214 0.0101 0.0214 0.0242 0.0236 0.0170 0.0245 0.0104
Length of Pipe [ft] 67 25 45 40 36 37 59 37 95 33 360 36 143
Piossl 100 TE PIPE [psi] 0.04 0.07 0.006 0.06 0.011 0.058 0.017 0.058 0.03 0.071 0.005 0.0682 0.007

TOTAL HEAD LOSS
DPE-D {psi)

0.223

Page 2 of 2



TABLE D2
HEAD LOSS CALCULATION

VAPOR EXTRACTION HEADER VE-1

L

Enter Pipe ID No. :

From:

To:

Calculation of the Reynolds Number
Re = [(dy, v p)/H]

e N

pe.

Diameter of Pipe [dy]: [inches] 2.047 2.047 3.998 2.047 3.998 2.047 3.998 2.047 6.031 2.047 6.031 2.047
Assumed STP

Temperature [T]: [°F] 60 60 60 60 60 60 60 60 60 60 60 60
Enter Flow [Q]: [scfm] /

Line Pressure [P]: ___[psig] 11

Actual Air Flow: [acfm] 27.3 27.3 54.6 27.3 81.9 27.3 109.1 27.3 136.4 27.3 191.0 27.3
The Velocity [v] Is: [ft/s] 19.90 19.90 10.43 19.90 15.65 19.90 20.87 19.90 11.46 19.90 16.05 19.90
The Density [p] of Air at

T =60°F [bmyft’) 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892
Absolute Viscosity [ of

Air at T = 60°F; llbf-sec/ft’] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07
The Reynolds Number

[Re] is: [dimensionless] 5,332.83 5,332.83 5,460.88 5,332.83 8,191.32 5,332.83 10,921.76 5,332.83 9,050.15 5,332.83 12,670.21 5,332.83

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turhulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

Calculation of the Friction Cosfficient [A]

If Flow |s Laminar:

The Friction
Coefficient [A] is:

[dimensionless]

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

If Flow is Turbulent:
E
Coefficient [A]:

nter Friction ‘

[dimensionless]

0.037

0.037

0.037

0.037

0.033

0.037

0.030

0.037

0.032

0.037

0.029

0.037

Calculation of Major Headloss Due to Friction

Loss

Using the Darcy-Weishach Equation

Headloss he,, = A (I dy ) (p V3/2)
Relative Roughness for PVC, CPVC & ABS [¢] = 0.0000233

Headloss From SVE Pipe [h;s,] for PVC:

Enter Length [I] of SVE

Pipe: ft]
The Headloss [,
From the SVE Pipe is: [psi}
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TABLE D2

HEAD LOSS CALCULATION

VAPOR EXTRACTION HEADER VE-1

Enter Pipe ID No. :

From:

To:

Headloss From Fittings [h,,] for PVC:

Enter Number of STD 45° Elbows:

The Equivalent Length
of Pipe is:

[ft]

Enter Number of 90° Elbows:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Tees (Flow Through Run):

The Equivalent Length 1

of Pipe is: [ft]

Enter Number of Gate Valves:

The Equivalent Length [ ]

of Pipe is: * [ft]

Enter Number of Globe Valves:

The Equivalent Length
of Pipe is: [it]
Enter Number of Ball Valves:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 1/2):

The Equivalent Length |

of Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 3/4):

The Equivalent Length
of Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is:

[ft]

Enter Number of Reducer Fittings (d/D = 1/2):

The Equivalent Length
of Pipe is:

[f]

Enter Number of Reducer Fittings (d/D = 3/4):

The Equivalent Length [

of Pipe is: [ft]

Enter Number of Additional Fittings:

Enter the Equivalent
Length of Pipe for That

Fitting: [ft]

The Equivalent Length

of Pipe is: [ft] 0 22 0 22 0 22 0 32.7 0 0 32.7 32.7

Total Equivalent Length

of Pipe From Fittings: Ift] 12.5 28.8 15.8 28.8 7.9 28.8 29.3 54.1 29.7 23.3 66.1 49.2

The Friction Coeticient

[A]is: [dimensionless] 0.037 0.037 0.037 0.037 0.033 0.037 0.030 - 0.037 0.032 0.037 0.029 0.037

The Headloss [hyg,.q

From the Fittings is: [psi] 0.00221 0.0051 0.00039 0.0051 0.0004 0.0051 0.0024 0.0096 0.0005 0.0041 0.0020 0.0087

TOTAL HEADLOSS [h;,.,] DUE TO FRICTION

AND FITTINGS: i

Pipe N Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.
'pe No- 501 502 508 503 508 504 508 505 509 506 509 507

Nigas = Migsep + Nigsst [psi] 0.0110 0.0069 0.0049 0.0069 0.0063 0.0069 0.0110 0.0136 0.0029 0.0091 0.0059 0.0232

Length of Pipe [ft] 50 10 185 10 120 10 107 23 141 28 128 82

Pioes/ 100 T Pipe [psi] 0.02 0.07 0.003 0.07 0.005 0.07 0.010 0.06 0.002 0.03 0.005 0.03

TOTAL HEAD LOSS
VE-1 (psi)
0.109
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TABLE D2
HEAD LOSS CALCULATION - B

VAPOR EXTRACTION HEADER VE-2
r Enter Pipe ID No. : Pipe No Pipe No, Pipe N
rC
Calculation of the Reynolds Number
Re = [{dy, v p)/u]
Diameter of Pipe {dy]: [inches] 2.047 2.047 2.047 3.998 2.047 2.047 2.047 2.047 2.047 6.031 2.047 2.047 2.047 2.047 3.998 2.047 2.047 6.031 6.031
Assumed STP .
Temperature [T]: [°F] 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
Enter Flow [Q {scfm]
Line Pressure [P]: [psig] 1
Actual Air Flow: chm] 27.3 54.6 27.3 81.9 27.3 27.3 54.6 27.3 27.3 191.0 27.3 54.6 27.3 27.3 109.1 27.3 54.6 354.7 409.3
The Velocity [v] is: [ft/s] 19.90 39.80 19.90 15.65 19.90 19.90 39.80 19.80 19.90 16.05 19.90 39.80 19.80 19.90 20.87 19.90 398.80 29.80 34.39
The Density [p] of Air at
T = 60°F [Ibm/ft:’] 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892
Absolute Viscosity [u] of
Air at T = 60°F: [Ibf-sec/it’) 3.74E-07 3.74E07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E:07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07
The Reynolds Number
[Re] is: [dimensionless] 5,332.83 10,665.65 5,332.83 8,191.32 5,332.83 5,332.83 10,665.65 5,332.83 5,332.83 12,670.21 5,332.83 10,665.65 5,332.83 5,332.83 10,921.76 5,332.83 10,665.65 23,530.40 27,150.46
The Flow is The Flow is The Flow is The Flow is The Flow s The Flow is The Flow is The Flow Is The Flow is The Flow is The Flow is The Flow is The Flow is The Flow is The Flow is The Flow Is The Flow is The Flow is The Flow is
Turbulent. Turbulent. Turbulent. Turbulent. Turbulent. Turbulent. Turbulent. Turbutent. Turhulent. Turbutent. T . T T T . Turbulent. T Turbulent. Turbulent, Turbulent.

Calculation of the Friction Coefficient [A}

If Flow is Laminar:
The Friction

Coefficient [A] is: | [dimensionless] Flow Not Laminar | Flow Not Laminar | Flow Not Laminar | Flow Not Laminar | Flow Not Laminar | Flow Not LamInar | Flow Not Laminar | Flow Not Laminar

Flow Not Laminar | Flow Not Laminar | Flow Not Laminar | Flow Not Laminar | Flow Not Laminar | Flow Not Laminar | Flow Not Laminar | Flow Not Laminar | Flow Not Laminar | Flow Not Laminar | Flow Not Laminar

If Flow is Turbulent:
Enter Friction

Coefficlent [\l [dimensioniess] 0.037 0.031 0.037 0.033 0.037 0.037 0.031 0.037 0.037

0.029 0.037 0.031 0.037 0.037 0.030 0.037 0.031 0.025 0.024

C of Major Headl Due to Friction
Loss
Using the Darcy-Welsbach Equation

Headloss hy,, = A (1 dy) (p v¥2)
Retative Roughness for PVC, CPVC & ABS [¢] = 0.0000233

Headloss From SVE Pipe [h,,,;] for PVC:

Enter Length [[] of SVE
Pipe: [ft]

The Headloss [,
From the SVE Pipe is: [psi] 0.0194 0.0046 0.0014 0.0065 0.0021 0.0021 0.0623 0.0018 0.0018 0.0048 0.0009

0.0639 0.0009 0.0009 0.0125 0.0035 0.0320 0.0071 0.0181
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HEAD LOSS CALCULATION

TABLE D2

Enter Pipe ID No. :

Headloss From Fittings [h;es,] for PVC:

Enter Number of STD 45° Elbows:

The Equivalent Length
of Pipe is: [ft]

Enter Number of 90° Elbows:

The Equivalent Length
of Pipe is: ft]

Enter Number of Tees (Flow Through Run):

The Equivalent Length
of Pipe is: [ft]

Enter Number of Gaie Valves:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Globe Valves:

The Equivalent Length
of Pipe ist [ft]

Enter Number of Ball Valves:

The Equivalent Length
of Pipe is: [f]

Enter Number of Expansion Fittings (d/D = 1/4):

16.7

The Equivalent Length
of Pipe is: [ft]

Enter Number of Expansion Fittings (4/D = 1/2):

The Equivalent Length |

of Pipe is: [£t]

Enter Number of Expansion Fittings (d/D = 3/4):
The Equivalent Length

of Pipe is: [ff]

Enter Number of Reducer Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 1/2):

The Equivalent Length
of Pipe is: [it]

Enter Number of Reducer Fittings (d/D = 3/4):
The Equivalent Length

of Pipe is: [t]

Enter Number of Additional Fittings:
Enter the Equivalent

Length of Pipe for That

Fitting: [ff]

The Equivalent Length

of Pipe is: [f] 0 22 12 0 0 12 0 32.7 32.7 32.7 32.7 12 22 22 32.7 12 32.7 9] 0

Total Equivalent Length

of Pipe From Fittings: [ft] 6.8 28.8 17.7 21.9 9.7 12 38.9 43.5 43.5 69.6 42.4 18.8 26 26 95.2 17.7 77.7 12.3 48.7

The Friction Coefficient

[ is: [dimensionless 0.037 0.031 0.037 0.033 0.037 0.037 0.031 0.037 0.037 0.029 0.037 0.031 0.037 0.037 0,030 0.037 0.031 0.025 0.024

The Headloss fhjsep

From the Fittings is: [psi] 0.00120 0.0167 0.00313 0.0011 0.0017 0.0021 0.0226 0.0077 0.0077 0.0021 0.0075 0.0109 0.0046 0.0046 0.0077 0.0031 0.0451 0.0011 0.0056

TOTAL HEADLOSS [hy.,,] DUE TO FRICTION

AND FITTINGS:

Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Plpe No. Pipe Na. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe Na. Pipe No. Pipe No. Pipe No. Plpe No. Plpe No. Plpe No. Plpe No.
' 601 602 603 615 617 618 619 609 610 616 604 605 606 607 608 613 614 616 616

Nioss, = Piossp + Niosst [psi] 0.0206 0.0214 0.0045 0.0076 0.0038 0.0042 0.0749 0.0094 0.0094 0.0069 0.0084 0.0748 0.0055 0.0055 0.0202 0.0067 0.0771 0.0082 0.0238

Length of Pipe [ft} 110 8 8 132 12 12 90 10 10 156 5 110 5 5 154 20 55 79 157

Nioss/100 ft Pipe Ipsi] 0.019 0.27 0.057 0.006 0.032 0.04 0.083 0.09 0.09 0.004 0.167 0.07 0.1 0.109 0.013 0.033 0.140 0.010 0.015

TOTAL HEAD LOSS
VE-2 {psi}
0.171
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TABLE D2
HEAD LOSS CALCULATION

VAPOR EXTRACTION HEADER VE-3

Enter Pipe ID No. :

From:

To:

Calculation of the Reynolds Number
Re =[(dy v p)i]

Diameter of Pipe [dy): [inches] 1.913 1.913 1913 1.913 3.786 5.709 5.709 1.913 1.913 5.709
Assumed STP

Temperature [T]: [°F]

Enter Flow [Q]: [scfm]

Line Pressure [P): [psig] E 2 2 : F : : -

Actual Alr Flow. Tacim] 54.6 — 273 27.3 . 109.1 1083.6 27.3 273

The Velocity [V] is: [ft/s] 45.57 22.78 22.78 22.78 10.23 101.60 22.78 22.78 106.72
The Density [p] of Air at

T = 60°F [ibm/ft’] 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892
Absolute Viscosity [p] of

Air at T = 60°F: [Ibf-sec/it’] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07
The Reynolds Number

[Re] is: [dimensionless) 11,412.75 5,706.37 5,706.37 __5,706.37 11,533.33 7,648.48 75,938.49 5,706.37 5,706.37 79,762.73

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

Calculation of the Friction Coefficient [A]

If Flow is Laminar:

The Friction
Coefficient [A] is:

‘ [dimensionless]

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Enter Friction

If Flow is Turbulent:
Coefficient [A]:

[dimensionless]

0.030

0.037

0.037

0.037

0.030

0.033

0.019

0.037

0.037

0.019

Calculation of Major Headloss Due to Friction

Loss

Using the Darcy-Weisbach Equation

Headloss hy,,, = A (I dp,) (p V¥/2)
Relative Roughness for PVC, CPVC & ABS [¢] = 0.0000233

Headloss From SVE Pipe [h,,] for PVC:

Enter Length [I] of SVE
Pipe:

[f

The Headloss [hge)
From the SVE Pipe is:

[psi]

0.0961

0.0012

0.0012

0.0012

0.0126

0.0016

0.0807

0.0049

0.0049

0.1067
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TABLE D2

HEAD LOSS CALCULATION

VAPOR EXTRACTION HEADER VE-3

| Enter Pipe ID No. :

Pipe No

Headloss From Fittings [hjqe] for PVC:

pe

Enter Number of STD 45° Elbows:

The Equivalent Length
of Pipe is:

[ft]

Enter Number of 90° Elbows:

The Equivalent Length
of Pipe is: [ftl

Enter Number of Tees (Flow Through Run):

The Equivalent Length |

of Pipe is: [ft]

Enter Number of Gate Valves:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Glabe Valves:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Ball Valves:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 1/2):

The Equivalent Length ‘

of Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 3/4):

The Equivalent Length
of Pipe is:

[ft]

Enter Number of Reducer Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is:

[

Enter Number of Reducer Fittings {d/D = 1/2):

The Equivalent Length ’7

of Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 3/4):

The Equivalent Length
of Pipe is:

If]

Enter Number of Additional Fittings:

Enter the Equivalent
Length of Pipe for That

Fitting: [it]

The Equivalent Length

of Pipe is: [ft] 0

Total Equivalent Length

of Pipe From Fitfings: [ft] 16.5 12 29.2 29.2 29.8 12.3 28.3 43.5 43.5 45

The Friction Coefficient

[N is: [dimensiontess) 0.030 0.037 0.037 0.037 0.030 0.033 0.019 0.037 0.037 0.019

The Headloss [hyeeeq

From the Fittings is: [psi] 0.01322 0.0029 0.00709 0.0071 0.0031 0.0002 0.0240 0.0106 0.0106 0.0417

TOTAL HEADLOSS [h,,,,] DUE TO FRICTION

AND FITTINGS:

Pipe No Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.
' 701 702 703 704 705 708 708 706 707 708

Mioss = Piosap + Niosst [psil 0.1093 0.0041 0.0083 0.0083 0.0157 0.0018 0.1047 0.0154 0.0154 0.1484

Length of Pipe [ft] 120 5 5 5 120 105 95 20 20 115

hyoso/100 ft Pipe [psi] 0.09 0.08 0.166 0.17 0.013 0.0017 0.1102 0.077 0.077 0.129

TOTAL HEAD LOSS
VE-3 (psi)
0.431
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TABLE D2
HEAD LOSS CALCULATION

VAPOR EXTRACTION HEADER VE-4

Enter

Pipe ID No. :

ipe N

e No.

Calculation of the Reynolds Number

il Head DB:1;
B sl sl s
PVC-808Header;

el

Re = [(dy, v p)iu]
Diameter of Pipe [dy]: [inches] 1913 1.913 5.709 1.913 1913 5.709
Assumed STP
Temperature [T} [°F]
Enter Flow [Q]: scfm] i
Line Pressure [P psig] 11 1 =1
Actual Air Flow: acfm) 27.3 - 27.3 54.6 27.3 27.3 1083.8
The Velocity [v] is: [ft/s] 22.78 22.78 5.12 22.78 22.78 101.60
The Density [p] of Air at
T = 60°F [Ibmyft’} 0.01892 0.01892 0.01892 0.01892 0.01892 0.01892
Absolute Viscosity [p] of
Alr at T = 60°F: [Ibf-sec/ft’] 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07
The Reynolds Number
[Re] is: [dimensionless] 5,706.37 5,706.37 3,824.24 5,706.37 5,706.37 75,938.49

The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent.

Calculation of the Friction Coefficient [A]

If Flow is Laminar:

The Friction
Coefficient [A] is:

| [dimensionless]

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

nter Friction

If Flow is Turbulent:
E
Coefficient [A}:

[dimensionless}

0.037

0.037

0.041

0.037

0.037

0.019

Calculation of Major Headloss Due to Friction

Loss

Using the Darcy-Weisbach Equation

Headloss hy,., = A (I dy,) (P v¥/2)
Relative Roughness for PVC, CPVC & ABS [£] = 0.0000233

Headloss From SVE Pipe [hy,,,;] for PVC:

Enter Length [I] of SVE
Pipe:

[

1057

The Headloss [hyo.
From the SVE Pipe is:

[psi]

0.0022

0.0022

0.0005

0.0027

0.0027

0.1809
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TABLE D2
HEAD LOSS CALCULATION

Enter Pipe ID No. :

From:

Pipe No.
805"

Headloss From Fittings [h;,.{] for PVC:

Enter Number of STD 45° Elbows:

The Equivalent Length
of Pipe is: [ft]

Enter Number of 90° Elbows:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Tees (Flow Through Run):

The Equivalent Length
of Pipe is: [ft]

Enter Number of Gate Valves:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Globe Valves:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Bail Valves:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is: Ift]

Enter Number of Expansion Fittings (d/D = 1/2):

The Equivalent Length
of Pipe is:

[f]

Enter Number of Expansion Fittings (d/D = 3/4):

The Equivalent Length
of Pipe is:

Ift]

Enter Number of Reducer Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is:

[ft]

Enter Number of Reducer Fittings (d/D = 1/2):

The Equivalent Length
of Pipe is: [ft)

Enter Number of Reducer Fittings (d/D = 3/4):

The Equivalent Length [

of Pipe is: [ft]

Enter Number of Additional Fittings:

Enter the Equivalent

Length of Pipe for That

Fitting: [it]

The Equivalent Length

of Pipe is: i} 0 32.7 0 32.7 32.7 0
Total Equivalent Length

of Pipe From Fittings: [ft] 16.5 43.5 24.6 435 43.5 65.3
The Friction Coefficient

[N is: [dimensionless] 0.037 0.037 0.041 0.037 0.037 0.019
The Headloss [hy..q

From the Fittings is: [psi] 0.00401 0.0106 0.00011 0.0106 0.0106 0.0554
TOTAL HEADLOSS [h,,.;] DUE TO FRICTION

AND FITTINGS:

Pibe N Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.
fpe To. 801 802 805 803 804 805
Nigss = Migssp + Nigest [psi] 0.0062 0.0127 0.0006 0.0132 0.0132 0.2363
Length of Pipe [ft] 9 9 105 1 11 213
iose/ 100 Tt Pipe [psi] 0.07 0.14 0.0006 0.12 0.12 0.11

TOTAL HEAD LOSS
VE-4 (psi)
0.282

Page 2 of 2
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Compressible Flow Pressure Loss Results

Compressible Flow Pressure Loss Results

Pressure Loss (psi): 0.034

Job Number: DPE-C

Client: US EPA

Date: 2/8/06

Line Number: Pipe 301 Confirmation
Fluid: Air

Piping/Tubing Inner Diameter (in): 2.047
Flow Rate: 10 SCFM
Piping Length (ft): 96
Viscosity (cP): 0.018

Inlet Pressure (PSIG): -11
Temperature (F): 60

Pipe Roughness (ft): 0.00021
Actual Pipe ID (in.): 2.047
Fluid Velocity (ft/sec): 28.99
Reynolds Number: 7862
Flow Region: Turbulent
Friction Factor: 0.0346
Pressure Loss (psi): 0.034
Net Expansion Factor: 0.995
Inlet Mach Number: 0.026
Outlet Mach Number: 0.026
Density at Inlet: 0.019
Specific Volume at Inlet: 52
K1: 1054.83

K2: 1035.36

Overall K: 1947

Specific Heat Ratio: 1.4

M iterations: 167 _
Friction Factor iterations: 6

Piping, Valves, and Fittings

'Copy and Paste' Pressure Loss or Head Loss into other applications
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings fields contain

values, enter 0 if necessary

http://www freecalc.com/gasdiare.htm?job_num=DPE-Cé&client=US+EPA &date=2%2F8%...

Page 1 of 1
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Flow Velocity & Friction Loss

FRICTION LOSS

Friction loss through PVC and CPVC pipeis most commonly
obtained by the use of the Hazen-Williams equations as
expressed below for waler: ) : ’

1852 1402
[= 2083x (__1_89_) '3?73'55—5

wherea;
f = frietion head of feet of water per 1007 for the speeific
pipe size and LD. h
C = a constant for internal pipe roughness, 150 is the
commuonly accepted value for PVC and CEVC pipe,
G = {low rate of gallons per minute (U.S. gallons).
di ¢ inside diameler of pip¢ in inches.

Compared to othar materials on eonstruction for pipe, thermo:

plastic pipe smasthnesa remains relatively constant through-

oul its service life.

" WATER VELOCITIES

Volocities for waterin foot per second at differant GPM's and
pipe inside diameters can be calculated as follows;

v = 08 &

where:

V = velocity in fecl per secnnd

(y = gallons per minute

A = jnside cross sectional area in square inches

THRAUST BLOCKING

In addition to limiting velacities Lo 5'/sec., eapecially with
larger diameters (6” and abave), consideration should be given
to stregnes induced with intermittent pump operation, quick
opening valves and back flow in elevated discharge lines, Use
aof hypasa piping with electrically actuated time cyele valves or
variable speed pumps and check valves on the discharge side
are sugpested with the higher GPM rates,

Thrust blocking sRhould be considered for directional changoy
and pump operations in buried lines 10 and above, purticu-

larly where fabiricated fitlings are utilized, Ahyve grude instal-
lations 10" and above should have equivalent bracing to simy.
latethrust blacking ut directional changes and for intermittent, . !
pump operations. Thrusl blocking of direelional chanpes and
tine cycle valves are also recommendad for lurge diamatey
drain lines in installations such as large swimming pools and
tanks. Use of appropriate pump vibration damperg are also
recommended. . B

THAUST IN POUNDS

FAOM STAYIC INTERNAL PRESSUAE | JolntRe- | 80°

Pipe | Sockel [for Plug.[ For “For For | slstance Ei
Siza. | Depth [capvas | 221 | 45 | ap° To | Salay
Inches | [in} |g&g0°@l [(; ] [ Thryst | Factor
6 6 7.170) 2800| 5480110,140| 37464 3.7

8 6 ]11,240| 4,380 8,590]15,690| 48,774 3.1

10 8 16,280 6,350 |12,440 23,0207 81,054] 35
12 8% 123,040{ 8,900 (17,600 132,580 ]102,141] 3.1
14 9 |26,610110,380120,330 137,630 | 115,762 | 3.1
16 10 ]34,910{13,620 | 26,670 [49,360 ] 150,798 | 3.4
18 12 144,290]17,270 | 23,840 [ 62,630 | 203,677 | 3.3
20 12 143,410 16,640 | 32,400 ] 59,970 | 226,184 | 3.6
24 14 ]61,040)23,810 |46,640|86,310 | 316,500| a.7

Socket depths are from ASTMD 2672 for balled end 1VC pipe,
Working pressures ulilized for the tabulation above are for Sch
80 2°-18" sizes and SDR 160 psi for 20" and 24" sizes,

The calculution for thrusts due to static internal preasurc is
Thrust = ((Ay J.D.)tn) (working pressure) (x)
4

x = 1.0 for Lues, 60° ells, plugs nnd caps, .390 for 22'4° Lends,
764 for 45° ells, 1.414 for 90° ells
Joint Resirtance o Thrust 2(0.1.) () (socket depth) (300 psi)
. . 300 psi = Min cement shear steength with good ficld cement-
ing techninue.

FRICTION LOSS THROUGH FITTINGS

Friction loss through fittings is expressed in equivalont feet
of the sume pipe size and schedule for the system flow rate.

Schedule 40 head loss per 100° values arc uauslly used for other
wal thicknesses and standard iron pipe size O.D.'s.

Average Friction Loss for PYC and CPVC Filtings in Equivalent Feet of Straight Run Pipe

ftem % % 1 Wa | 1% | 2 J2% 1 3 4 [ B 10 12 14 1% 18 (I L
Teo Run 1.0 |14 |17 |23 | 27 |40 |49 | 61| 709|123 |14.0 175200 ]25.0 | 27.0 ] 32.0] 35.0] 420
Toe Branch 38 |49 |60 |73 | 8d [120 |14.7 |16.4 | 220|327 | 49.0 | 57.0 | 67.0 | 78,0 | 88.0 }107.0]118,0]137.0
90° €N 1.5)20)25 )38 4057 )69]79 |11.4]167|21.0]|260]320]37.0(43.0] 63,0] 58.0{ 67.0
45° EN A1 J14f{18[21]|26)|31 )40 51| 80]106]13.5]155]18.0|200 | 23.0{ 25.0{ 300

Values 10¢-24": Approximate vatues from Nomograph

PRESSURE DROP IN VALVES & STRAINERS

Pressure deop culculations cun be made for valves and
strainers (or different flulds, (low rates and gizes using the OV
-values and the following equation:

p = AG)* _ (spevific gravity liquid)

where:

P = Preysure drop in PSI fect of waler = .TI‘%

G = Qallons por minute

{CV Yactor)? CV = Gallons per minute per 1 PSI pressure drop
CV Factors GPM : :
Viam % % % % ! W 1% 2 2% 3 4
True Union Balt Valve 1.0 8.0 8.0 150 29.0 78.0 90.0 1400 338.0 480.0 600.0
Single Entry Ball vaive 1.0 B.O 8.0 16.0 20.0 75.0 90.0 140.0 330.0 480.0 600.0
QIC Ball Valve -— - 8.0 15.0 29.0 75.0 20.0 140.0 —-— — -
Trua Chock Ball Valve 1.0 3.0 4.6 100 28,0 45.0 §5.0 90.0 | 2250 | 3240 | 3450
Y-Check Valve f— - 5.0 6.0 125 40.0 40.0 65,0 | 1300 | 1600 | 2500
3-Way Flanged Ball Valve - - 5.0 10.0 16,0 —_ 45.0 55.0 —_ 200.0 35({.0
Needle Valve Full Open 5.0 7.5 8.0 - —_ - — - - —_ -
Angte Valve 1.0 - 8.0 10.0 16.0 —_ 45.0 70.0 _ - —
Y-Strainer (clean screen) — — 338 G6 84 20,0 25.0 a5.0 60.0 600 95.0
Simplex Basket Straiter
(cloan scroen) —~ — 6.0 9.5 290 - 40.0 550 — 1250 155.0
Duplex Basket Strainer
(clean écrecn) - - 5.0 8.0 7.0 — 28.0 a5Q _ 80.0 | 1000

29
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PVC SCHEDULE 40 PIPE

SPECIFICATIONS T

+ N.S.F.: All PVC Pipe from the Ryan Herco Products Corp. will meet or exceed the requirements of the
National Sanitation Foundation No. 61 for conveying potable water.

+ ASTM: The material used in the manufacture of pipe for the Ryan Herco Products Corp. will meet ASTM-
D-1784-65T for a PVC Type 1 material. The Schedule 40 and Schedule 80 Pipe conforms to ASTM-D-1785.

SAFE FOR + CS8 (Commercial Standard): CS-207-60 is the industry standard for Schedule 40 and Schedule 80 PVC
CONVEYING pipe, and is met by pipe from the Ryan Herco Products Corp. in both schedules. PVC pipe meeting this

POTABLE WATER specification has the same O.D. and 1.D. as the corresponding schedule of iron or galvanized pipe.

ORDER: 3900.(Size No.) PVC PIPE, SCHEDULE 40 20 ft. length standard

Nom. . Minimum Price

Pipe Average Wall Nom. Wt. | Max. Work| Per Foot
Size Size 0.D. 1.D. Thickness (lbs./ Pressure Plain
No. (in.) in. (mm) in. {mm) in. {(mm) 100 {t.) (psi)* End

(20.4)

042 (77.3)
3.998 (101.5)
01

SCHEDULE 40 LARGE-DIAMETER PROCESS PIPE 20 ft. length standard

= 865

1 1 (40 1 (379.0) 0.500 (12.7) 1542.0 130 29.60
180 18 . (457.2) 16.809 (426.9) 0.562 (14.3) 2011.2 130 42.07
200 20 - 20. (508.0) 18.743 (476.1) 0.593 (15.1) 2362.4 120 92.60
240 24 . (609.6) 22.540 (572.6) 0.687 (17.4) 3287.3 120 75.17

We can square-cut pipe to your requirements.
Minimum available quantity is one length.

|NOT RECOMMENDED FOR COMPRESSED AIR OR GAS | [moatoro AT

*Maximum working pressure is calculated at 73°F.

AN

LARGE DIAMETER MOLDED
PIPE FITTINGS

SRR

TEES, all-socket, PVC

3401.100 tee, 10" (140 psi) ....... PR $655.06
3401.120 tee, 12" (130 psi) ........... .. 967.88
90° ELL, socket x socket, PVC '
3406.100 ell, 10" (140 psi) ............ 526.21
3406.120 ell, 12" (130psi).....c........ 705.75
45° ELL, socket x socket, PVC '
3417.100 ell, 10" (140psi)............. 343.77
3417.120 ell, 12" (130psi)............. 509.44
e COUPLING, socket x socket, PVC
: 3429.100 coupling, 10" (140 psi) ........ 57.58
FEATURES : o 3429.120 coupling, 12" (130 psi) ........ 84.76
+ We have tees and elbows available, injection-molded from 3429 140F coupling, 14" ;
. . . . pling, (130 psi) ....... 137.63
type 1 PVC at 73°F for the pressures (listed at ambient 3429.160F coupling, 16" (130 psi) ....... 153.50
temperatures) shown in parentheses.
+ Ten through sixteen-inch couplings are fabricated from 110.320.110 Tee
Schedule 40 PVC pipe. . 110.340.110 90"
« Complete listings of other fabricated fittings appear on : ng'i’;'g'fgg 2;?; "
pages 146-147. —

RyanHerco

OLUTIONS




PVC SCHEDULE 80 PIPE

SPECIFICATIONS
+ ASTM: Material meets ASTM-D-1784-65T for a PVC Type 1
material. Schedule 40 and Schedule 80 Pipe conforms to
ASTM-D-1785.

+ CS (Commercial Standard): CS-207-60 is the industry stan-
dard for Schedule 40 and Schedule 80 PVC pipe and is met
by pipe from Ryan Herco Products Corp. in both schedules.
PVC pipe meeting this specification has the same O.D. and
I.D. as the corresponding schedule of iron or galvanized pipe.

+ Standard length: 20 feet.

+ Minimum available quantity is one length.

PVC PIPE & FITTINGS NOT RECOMMENDED

3905.(Size No.) PVC HEAVY WALL PIPE, SCHEDULE 80 FOR COMPRESSED AIR OR GAS

3905H(Size No.) HARVEL HIGH QUALITY PVC, SCHEDULE 80

Nom. Avg. Min. Wall Nom. Wt. | Max. Work Price per Foot
Size Pipe Size 0.D. 1.D. Thick. (lbs./ Pressure
No. (in.) in. (mm) In. (mm) In. (mm) 100 ft.) (psi)* 3905 3905H

(58.2)
(72.7)

SCH. 80 LARGE-DIAMETER PROCESS PIPE

et e = L NERE =

000 | 43 (21.4) 25 220 57.82
18 18.000 (457.2) 16.014 (406.8) 0937 (23.8) 3183.0 220 - 72.38
20 20.000 (508.0) 17.814 (452.5) 1.031 (26.2) 4009.1 220 - 52.98
24 24.000 (609.6) 21.418. (544.0) 1.218  (30.9) 5688.2 210 - 75.17

BLUE 75 THREAD SEALANT

FORMULATED DESIGNED & TESTED FOR PLASTIC PIPING PRODUCTS

FEATURES

+ Anti-seize properties allow easy assembly and
positive seal without over tightening.

NSF tested and certified safe for use with
potable water.

Will not transfer taste or odor to the sealed system.

metal transition products.

Suitable for sealing threads in metal, ABS, PVC,
CPVC and Nylon piping systems. For use in metal
and plastic systems properly designed for han-
diing a wide variety of liquids and gases (not rec-
ommended for use in oxygen handling systems).

Available in 1/4 pint, 1/2 pint, 1 pint and 1 quart
metal cans with brush top applicators.

+ For use with all thermoplastic piping system
components, including PVC and CPVC prod-

SPECIFICATIONS
+ Color: Light blue.
« Consistency: Grit-free, crushable paste.

ucts, CPVC fire sprinkler products, CPVC CTS ° Potable water approval: NSF  (National
(Copper-Tube-Size) products, and plastic-to- ~ Sanitation Foundation).
ORDER INFORMATION:
8040.005 BLUE 75 THREAD SEALANT, 1/4Pint ... .......c it rieiriiernnnnnnss $6.89
8040.010 BLUE 75 THREAD SEALANT, 1/2Pint .........cciiiirinnrinartnnennnes 10.99
N 8040.020 BLUE 75 THREAD SEALANT,1Pint ........... ... iiiiiiniiiannn. 17.77
190.220.150 8040.030 BLUE 75 THREAD SEALANT, 1 Quart ...........coiviivariinarnnnnss 37.93

140 [ FLUID FI.0W SOLUTIONS
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THE RALPH M. PARSONS COMPANY

DATE
5/27/176

APP

(L/\\Q

DESIGN GUIDE NUMBER

DSG-MP-6A

SHEET OF

A-2 - A-28

ENGINEERING DEPARTMENT DESIGN GUIDE

Table 1 - Normal Fittings - Equivalent Lengths

Elbows [i] Sudden Contracfion Sudden Enlargement
Full ! ey
Pipe Vessel | Vessel 45 deg 20 deg. A 1 20 dzgiu Run | Branch Gate | Globe | Plug | Angle Port | Butter- -1:1_———d d D [?]
Size Outlet | Imnlet " (short ZZ:::?) (Long rweldj) ;Ze TZ£ Valve | Valve [ Cock | Valve g%él V:ize - =.F—§;£_;T- Py T:;;?tf— . gx:z&
(n.) Thd Flg Thd Flg Thd Flg ValvE 1/4 | 1/2 3/4 1/4 1/2 3/4
Eqﬁivalent Length (ft)
1/2 1.9 3.7 0.8 0.4 1.7 --- 1.1 0.7 1.1 3.3 0.7 17 0.9 7.3 0.7 --- 1.6 1.2 - 0.7 3.2 2.1 0.7 6.8
3/4 2.5 4.9 1.0 0.6 2.1. --- 1.4 0.9 1.4 4,2 0.9 23 1.2 9.7 0;9 -—- 2.1 1.6 0.9 4,3 2.7 0.9 9.0
1 3.1 6.2 1,2 0,7 2.6 1.6 1.8 1.2 1.8 5.3 1.1 28 1.5 12,1 1.1 --- 2.7 2.0 1.1 5.4 3.4 1.1 11.3
1-1/2 4.é 9.9 1.9 1.1 4,1 | 2.4 2.7 1.8 2.7 8.1 1.7 45 4 19 1.7 --- 4,3 1.6 1.7 8.7 5.5 1.7 18
2 6.2 12.3 | 2.4| 1.5 5.2 3.1 3.5 2.3 3.5 10.4 2.2 59 | 3 25 2.2 _— 5.3 | 4.0 2.2 10.8 6.8 | 2.2 23
2-1/2 7.7 15.4 2.9 1.7 6.2 3.7 4,2 2.7 4.2 12.4  2.7 .- 3.8 --- 2.7 --- 6.7 5.0 2.7 13.5 8.5 2i7 28
3 9.3 19 3.6 2.2 7.7 5. 5.2 3.4 5.7 15,5 . 3.3 86 4.5 38 3.3 --- 8.1 6.0 3.3.' 16.3 10.3 3.3 34
4 12 25 5 3 10 5?} 7 4 7 20 4 112 6 48 4 7 11 8’ 4 22 14 4 45
6 16 37 8 5 15 10 10 7 10 30 7 170 9 73 7 20 16 12 6 33 21 6 70
8 23 46 9 6. 20 13 13 9 13 405 9 -225 12 98 9 28 20 15 8 43 26 8 90
10 30 60 13 7 25 16 17 11 17 52 ' 12-’ .280 15 121 12 34 26 20 11 53 34 11 110
12 37 74 14 9 30 19 20 13 20 60 13 340 | 18 145 13 40 32 24 13 65 41 13 135
14 42 84 -- 10 --- 21 -- 15 22 6@ 15 397 | 21 169 15 44 36 28 15 74 47 15 158
16 50 100 -- 11 --- 24 -- 17 25 78 _17 453 | 23 193 17 50 43 33 18 88 53 18 180
18 58 111 -- 13 --- 27 -- 19 28 85 19 510 | 27 218 19 56 50 38 19 98 62 19 203
20 62 123 -- 14 -—- 29 -- 21 32 95 21 567 | 30 242 21 60 53 40 21 108 68 21 225
24 74 148 -- 17 --- 35 -- 26 40 120 25 680 | 36 290 25 76 64 48 25 130 82 25 270
30 93 185 -- 21 --- 44 -- 32 50 150° 32 850 | 46 360 32 100 80 60 32 163 103 32 338
36 111 222° -- 25 - 53 - -- 39. 60 175 38 -1,020 | 53 435 38 120 96 72 38 | 195 123 38 405
42 130' _259» -- 30 --- 63 -~ 45 68 200 46 1,190 | 62 508 46 140 112 84 46 228 144 46 473

[1] For reduced port, check manufacturer's catalog

[2] For mission duo-chek valve, check manufacturer's catalog




CALCUATIONS FOR GROUNDWATER PIPING HEAD LOSS



TABLE D3
HEAD LOSS CALCULATION
SOUTH TRENCH GROUNDWATER LINE GW-1

Enter Pipe ID No. :

Pipe No.
90

Pipe No.
90

Calculation of the Reynolds Number
Re = [(dy v p)i]

Diameter of Pipe [dy]: inches] 2.047 2.047 2.047 3.998 3.998 3.998 3.998

Assumed Operating

Temperature [T]: [°F]

Extraction Flow [Q]: [gpm] 9.2, 380 j

Extraction Flow [Q]: [f/min] 0.615 1.230 1.845 2.460 -

The Velocity [V] is: [fi/s] 0.45 0.90 1.35 0.47 0.59 0.71 0.82

The Density [p] of Water

at T = 60°F [lom/ft’] 62.353 62.353 62.353 62.353 62.353 62.353 62.353

Absolute Viscosity [] of

Water at T = 60°F: [Ibf-sec/ft’] 2.34E-05 2.34E-05 2.34E-05 2.34E-05 2.34E-05 2.34E-05 2.34E-05

The Reynolds Number

[Re] is: [dimensioniess] 6,320.08 12,640.16 18,960.25 12,943.68 16,179.60 19,415.52 22,651.44
The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent.

Calculation of the Friction Coefficient [A]

If Flow is Laminar:

The Friction Coefficient
[A] is:

[dimensionless]

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Enter Friction

If Flow is Turbulent:
Coefficient [A]:

[dimensionless]

0.035

0.029

0.026

0.029

0.027

0.026

0.025

Calculation of Major Headloss Due to Friction
Loss
Using the Darcy-Weisbach Equation

Headloss hy,, = A (U dy )} (p v¥/2)

Relative Roughness for PVC, CPVC & ABS [g] = 0.0000233

Headloss From SVE Pipe [hy,] for PVC:

Enter Length [I] of SVE
Pipe: [ft]

The Headloss [hyoss)

From the SVE Pipe is: [psi]

Headloss From Fittings [h,..] for PVC:

Enter Number of STD 45° Elbows:

The Equivalent Length of]

Pipe is: [ft]

Enter Number of 90° Elbows:

The Equivalent Length of]

Pipe is: [f]

Enter Number of Tees (Flow Through Run):
The Equivalent Length of]

Pipe is: [ft]

Enter Number of Gate Valves:

The Equivalent Length of;

Pipe is: [ft]

Enter Number of Globe Valves:

The Equivalent Length of]

Pipe is: [f]

Enter Number of Ball Valves:

The Equivalent Length of]

Pipe is: [f]

Enter Number of Expansion Fittings (d/D = 1/4):
The Equivalent Length of]

Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 1/2):
The Equivalent Length of]

Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 3/4):
The Equivalent Length of]

Pipe is: [ft}

Enter Number of Reducer Fittings (d/D = 1/4):

The Equivalent Length of

Pipe is: [f]
Enter Number of Reducer Fittings (d/D = 1/2):
The Equivalent Length of;

Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 3/4):

The Equivalent Length of]
Pipe is: [ft]
nter Number of itional Fittings (Tee w/itrlow

thru Branch):

Enter the Equivalent

Length of Pipe for That

Fitting: [ft]

The Equivalent Length of]

Pipe is: [ft] 0 12 22 22 22 44 22

Total Equivalent Length

of Pipe From Fittings: [ft] 9.7 16 32.8 35 35 44 64.1

The Friction Coefficient

w\] is: [dimensionless] 0.035 0.029 0.026 0.029 0.027 0.026 0.025

The Headloss [hyq

From the Fittings is: [psi] 0.00273 0.0149 0.06198 0.0045 0.0067 0.0116 0.0221 '

TOTAL HEADLOSS [h;,s,] DUE TO FRICTION '

AND FITTINGS:

Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.
901 902 903 904 905 906 907

Nioss = Massp + Niossr [psi] 0.0323 0.1218 0.2793 0.0198 0.0288 0.0423 0.0817

Length of Pipe [ft] 105 115 115 118 116 117 173

hyo5./100 ft Pipe [psi] 0.031 0.106 0.243 0.017 0.025 0.036 0.047

TOTAL HEAD LOSS
GW-1 (psi)
0.606

Note:

1. This caiculation includes conveyance pipe headloss calculations (well head and down well head loss is not included).
2. All conveyance pipe fittings are included in the calculation.
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TABLE D3

HEAD LOSS CALCULATION

WEST TRENCH GROUNDWATER LINE GW-2

.,

Enter Pipe ID No. :

L

Calculation of the Reynolds Number
Re =[(dy v p)ii]

Pipe No.
751009

Diameter of Pipe [dy]: [inches] 2.047 3.998 2.047 3.998 2,047 3.998 3.998 2.047 3.998
Assumed Operating

Temperature [T]: [°F] 60 60

Extraction Flow [Q]: [apm] i) il 2 B4 T R s |

Extraction Flow [QJ: [ft"/min] 0.61 1.23 0.61 246 0.61 1.23 430 0.61 4.92
The Velocity {v] is: [ft/s] 0.45 0.24 0.45 0.47 0.45 0.24 0.82 Q.45 0.94
The Density [p] of Water

at T = 60°F [Ibm/ft’] 62.353 62.353 62.353 62.353 62.353 62.353 62.353 62.353 62.353
Absolute Viscosity [u] of

Water at T = 60°F: [Ibf-sec/t’] 2.34E-05 2.34E-05 2.34E-05 2.34E-05 2.34E-05 2.34E-05 2.34E-05 2.34E-05 2.34E-05
The Reynolds Number

[Re] is: [dimensionless] 6,320.08 6,471.84 6,320.08 12,943.68 6,320.08 6,471.84 22,651.44 6,320.08 25,887.36
| The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. { The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent.

Calculation of the Friction Coefficient [A]

If Flow is Laminar:
The Friction
Coefficient [A] is:

[dimensionless]

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

If Flow is Turbulent:
Enter Friction
Coefficient [A]:

[dimensionless]

0.035

0.035

0.035

0.029

0.035

0.035

0.025

0.035

0.024

Calcul. of Major Headl: Due to Friction

Loss
Using the Darcy-Weisbach Equation

Headloss hyoe, = A { I/ dy ) (p v¥/2)

Relative Roughness for PVC, CPVC & ABS [£] = 0.0000233

Headloss From SVE Pipe [hye.s,] for PVC:

Enter Length {1} of SVE
Pipe. fft]

The Headloss [hioss

From the SVE Pipe is: [psi]

Headioss From Fittings [hi...d for PVC:

|Enter Number of STD 45° Elbows:

The Equivalent Length of
Pipe is: [ft]
Enter Number of 90° Elbows:

The Equivalent Length of
Pipe is: [ft]
Enter Number of Tees (Flow Through Run):

The Equivalent Length o
Pipe is: [ft]
Enter Number of Gate Valves:

The Equivalent Length of|
Pipe is: Ift]
Enter Number of Globe Valves:

The Equivalent Length of

Pipe is: [ft]

Enter Number of Ball Valves:

The Equivalent Length of|

Pipe Is: [f]

Enter Number of Expansion Fittinas (d/D = 1/4):
The Equivalent Length of]

Pipe Is: [ft]

Enter Number of Expansion Fittings (d/D = 1/2):
The Equivalent Length ofl

Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 3/4):
The Equivalent Length of

Pipe is: '] {fq

Enter Number of Reducer Fittings (d/D = 1/4):
The Equivalent Length of

Pipe is: [fit]

Enter Number of Reducer Fittings (d/D = 1/2):
The Equivalent Length 01

Pipe is: [f]

Enter Number of Reducer Fittings (d/D = 3/4):

The Equivalent Length of|

Pipe is: ft]
nter Number of ional Fittings (Tee w/Flow

thru Branch):

Enter the Equivalent

Length of Pipe for That

Fitting: ]

The Equivalent Length of]

Pipe is: il 0 66 22 66 22 66 44 4 22

Total Equivalent Length

of Pipe From Fittings: fi] 10.8 79 49 89.7 46.4 85.3 59.8 60.5 56.6

The Friction Coefficient

[Alis: dimensionless] 0.035 0.035 0.035 0.029 0.035 0.035 0.025 0.035 0.024

The Headloss [Rigesq

From the Fittings is: [psi] 0.00304 0.0031 0.01378 0.0116 0.0130 0.0033 0.0206 0.0170 0.0247

TOTAL HEADLOSS [hy,,.] DUE TO FRICTION

AND FITTINGS:

Pipe No Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.
) 1001 1002 1003 1004 1005 1006 1007 1008 1009

hioas = hiassp + Piaxst [psi] 0.0348 0.0080 0.0495 0.0250 0.0468 0.0077 0.0492 0.0319 0.0765

Length of Pipe Ift] 113 125 127 103 120 110 83 53 119

Pioss/100 7t Pipe [psi] 0.031 0.006 0.039 0.024 0.039 0.007 0.059 0.060 , 0.064

TOTAL HEAD LOSS
GW-2 (psi)
0.329

Note:

1. This calculation includes conveyance pipe headloss calculations (well head and down well head ioss is not included).
2. All pipe fittings are included in the calculation.
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TABLE D3
HEAD LOSS CALCULATION
EAST TRENCH GROUNDWATER LINE GW-3

Enter Pipe ID No. :

Calcuiation of the Reynolds Number
Re = [(d, v p)/y]

Diameter of Pipe [dy]: [inches] 2.047 3786 3.786 1913 3.786 3.786
Assumed Operating

Temperature [T]: [°F1 120 120 120 120
Extraction Flow [Q]: [gpm] i 130 4 4
Extraction Flow [Q]: ift"/min} 0.61 1.23 1.84 0.27 2.73 3.34
The Velocity [V] is: [ft/s}] 0.45 0.26 0.39 0.22 0.58 0.71
The Density [p] of Water

atT ObmAt’] 62.353 61.71 61.71 61.71 61.71 61.71
Absolute Viscosity [] of

Water at T [Ibf-sec/it’) 2.34E-05 1.16E-05 1.16E-05 1.16E-05 1.16E-05 1.16E-05
The Reynolds Number

[Re] is: [dimensionless] 6,320.08 13,620.49 20,430.74 5,860.04 30,201.96 37,012.21

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbuient.

The Flow is Turbulent.

The Flow is Turbulent.

Calculation of the Friction Coefficient [A]

If Flow is Laminar:
The Friction |

Coefficient [A] is: [dimensionless] Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar Flow Not Laminar

If Flow is Turbulent:
Enter Friction
Coefficient [A]:

[dimensionless] 0.035 0.029 0.026 0.036 0.024 0.022

Calculation of Major Headloss Due to Friction
Loss
Using the Darcy-Weisbach Equation

Headloss hy. = A (1 dy) (p V3/2)
Relative Roughness for PVC, CPVC & ABS [£] = 0.0000233

Headloss From SVE Pipe [h,,] for PVC:
Enter Length [I] of SVE
Pipe: Ifg

The Headloss [hjoss

From the SVE Pipe is: 0.0354 0.0044 0.0099 0.0030 0.0131 0.0258

[psi]

Headloss From Fittings [hy..] for PVC:
Enter Number of STD 45° Elbows:

The Equivalent Length of

Pipe is: [ft]
Enter Number of 90° Elbows:

The Equivalent Length of
|Pipeis: [it]
Enter Number of Tees (Flow Through Run):
The Equivalent Length of|
Pipe is:

Enter Number of Gate Valves:

The Equivalent Length of

Pipe is: [ft]
Enter Number of Globe Valves:

The Equivalent Length of|

Pipe is: [ft}
Enter Number of Ball Valves:

The Equivalent Length of|
Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 1/4):
The Equivalent Length of
Pipe is: | [ft]

Enter Number of Expansion Fittings (d/D = 1/2):
The Equivalent Length of
Pipe is:

[ft]

[ft]

Enter Number of Expansion Fittings (d/D = 3/4):
The Equivalent Length of
Pipe is:

[ft]

Enter Number of Reducer Fittings (d/D = 1/4):
The Equivalent Length of

Pipe is: [ft]
Enter Number of Reducer Fittings (d/D = 1/2):
The Equivalent Length of|

Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 3/4):
The Equivalent Length of ’

Pipe is: [ft]
nter Number o itional Fittings (Tee w/kFlow

thru Branchy):

Enter the Equivalent

Length of Pipe for That

Fitting: [ft]

The Equivalent Length of -

Pipe is: [ft] 12 - 44 66 22 44 4
Total Equivalent Length 4

of Pipe From Fittings: [ft] 36.4 59.8 89.7 40.8 70 68.4
The Friction Coefficient
|[Alis: [dimensionless] 0.035 0.029 0.026 0.036 0.024 0.022
The Headloss [higecq N

From the Fittings is: [psi] 0.01024 0.0025 0.00757 0.0031 0.0118 0.0165
TOTAL HEADLOSS [h,,,,] DUE TO FRICTION

AND FITTINGS:

Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.

1101 1102 1103 1104 1105 1106

Njoss = Riossp + Niosst [psi] 0.0457 0.0069 0.0174 0.0061 0.0249 0.0422
Length of Pipe (] 126 107 117 40 78 107
55100 t Pipe [psi] 0.036 0.006 0.015 0.015 0.032 0.039

TOTAL HEAD LOSS Note:
GW-3 (psi) 1. This calculation includes conveyance pipe headioss calculations (well head and down well head loss is not included).
0.143 2. All pipe fittings are included in the calculation.
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Pressure Drop Results ' Page 1 of 1

Straight Line Loss Calculation Results

Pressure Loss (psi): 0.049 Head Loss
(ft): 0.113

Job Number: Groundwater Line GW-2
Client:

Date: 2/8/08

Line Number: Pipe 1009 Confirmation
Fluid: Water

Pipe/Tubing ID (in): 4.026

Flow Rate (gpm): 36.8

Viscosity (cP): 1 .
Specific Gravity (water=1): 1
Temperature (F): 70

Pipe Roughness (ft): 0.000005

Fluid Velocity (ft/sec): 0.93

Reynolds Number: 28908

Flow Region: Turbulent

Friction Factor: 0.024

Piping Length (ft): 119

Pressure Loss (psi): 0.049

Head Loss (ft): 0.113

Iterations: 5

'Copy and Paste' Pressure Loss or Head Loss into other applications
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings fields contain
values, enter 0 if necessary

http://www freecalc.com/frdiresl.htm?job_num=Groundwater+Line+GW-2&client=&date=... 2/8/2006



Pressure Drop Results

Straight Line Loss Calculation Results

Pressure Loss (psi): 0.2 Head Loss
(ft): 0.463

Job Number: Groundwater Line GW-1
Client:

Date: 2/8/08

Line Number: Pipe 903 Confirmation
Fluid: Water

Pipe/Tubing ID (in): 2.067

Flow Rate (gpm): 13.8

Viscosity (cP): 1

Specific Gravity (water=1): 1
Temperature (F): 60

Pipe Roughness (ft): 0.000005

Fluid Velocity (ft/sec):; 1.32
Reynolds Number: 21114

Flow Region: Turbulent

Friction Factor: 0.026

Piping Length (ft): 115

Pressure Loss (psi): 0.2

Head Loss (ft): 0.463

Iterations: 5

'Copy and Paste' Pressure Loss or Head Loss into other applications

Page 1 of 1

If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings fields contain

values, enter 0 if necessary

http://www.freecalc.com/frdiresl.htm?job_num=Groundwater+Line+GW-1&client=&date=...

2/8/2006
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Flow Velocity & Friction Loss

FRICTION LOSS

Friction loss through PVC and CPVC pipeis most commonly
obtuined by the use of the Hazen-Williams equations as
expressed below for waley .

2 A%
r= asax (A" x Sgg

where;
f = frietion head of feel of water per 100’ Ior the specific
pipe size and LD. o
C = a constant for internal pipe roughness, 150 is the
commonly uccepted value for PVC and CIPVC pipe,
G = flow rate of gallons per minute (U.S. gallons).
di = inside diameler of pipe in inches.

Compared to othar materials on construction for pipe, thermo-

plastie pipe smaothnoss remains relatively constant through-

out its serviea life.

- WATER VELOCITIES

Valocities for water in feet per second at different GPM'sand
pipe inside diameters can bo calculuted ag follows:

v = 3208 &

A
whore:
V = velocity in feel per seeond
(¢ = gallons per minute -
A = juside cross scctional area in square inches

THRUST BLOCKING

In addition to limiting velocities Lo 5'/sec,, eapecially with
Jarger dinmoeters (6 and above), consideration should be given
ta stregnes induced with intermittent pump operation, quick
opening valves and back flow in elevated discharge lines, Use
of hypasa piping with electrically actuated time cycle valves or
vuriable speed pumps and cheek valves on the discharge side
arc sugprested with the higher GPM rates.

Thrust blacking should be consjdered for directional changos
nnd pump operations in buried lines 10“ and above, particu-

larly where fabricaled fittings are utilized. Above grude instal. -
latlans 10" and above should have equivalent bracing 1o simy.
latethrust blacking ut direclional changes and for intermiitens,
pump oporations. ‘Thrust hlocking of direclional ehanges and
titne cyele volves are also recommended for lurge diameter
drain lines in inatallations such au large swhnming peols nnd
tanks. Use of appropriate pump vibration dampors are also
rocommended. . [ e

YHAUST IN PAUNDS

FAOM STATIC INTERNAL PRESSURE | JolntRe- | 80"

e |ttt ol e T || S| B
' n ] alt

inches ] _jin} f’.‘},a';h 2% [} q;l:[ Thrust flﬂlﬂ?‘
6 6 7.170| 2.800) 5480{10,140| 37.464| 3.7
8 6 |11,240] 4350 8,590]15,890] 48.774 3.1
10 8 |16,280 | 6,350 | 12,440 123,020| 81,054 | 35
12 8'% 123,04D| 8,960 17,600 32,580 | 102,141 | 3.1
14 9 |26.610]10,300]20,330 |37,630 | 115,782 | 3.1
16 10 ]34,910|13,620 | 26,670 |1 49,36D | 150,798 | 3.1
18 12 144,290 117,270 )23,840 | 62,630 ) 203,677 | 3.3
20 12 [43,410]16,5840]32,400)59,970]226,194 | 8.8
24 14 161,040123,810]46.640]86,310| 316,600) 3,7

Sacket depths are from ASTMD 2672 for bielled end 1VC pipe.
Waorking pressures utilized for the tabulation above are for Sch
80 27-18" sizes and SDR 160 psi for 20" and 24" sizes,

The calculution for thrusts due to static interna) preagure is
Thrust = ({Av 1.D.)An) (working pressure) (x)
4

x = 1.0 for Lues, 60° ells, plugs und caps, 390 for 22'4° Lends,
1764 for 45° ells, 1.414 for 00? ¢lls :
Joint Resistance io Thyust 2(0.D.) (7) (socket dupth) (300 psi)
. . 300psi = Min cement shear strength with good field cement-
ing technigue. '

FRICTION LOSS THROUGH FITTINGS

Friction loss through fittings is expressed in equivalent fect
of the sume pipe size and schedule for the system flow rate.

Schedule 40 head loss per 100’ values nrcusually used forother
wall thicknesses and slandard iron pipe size O.D,'s,

Average Friclion Loss for PYC and CPVC Filtings in Equivalent Feet of Straight Run Pipe

Item % % 1 W | W | 2 | 2% | 4 g B 10 12 14 1] 1" 0 1A
Teo Run 1.0 |14 {17 |23 |27 |40 |49 |61 | 7.0|123 140|175 |200|25.0 |27.0 | 32.0f 35.0] 420
Toe Branch 38 | 49|60 | 7.3 | 8.4 [120 1147 |164 |22.0|32.7 | 49.0 | 57.0 | 67.0 | 78.0 | 88.0 |107.0{118.01137.0
80° Ell 1.5 [20 |25 |38 |40 (67|69 |79 |114]16.7|21.0]260]320]a7.0]420] 6301 58.0] 670
45° Fl 811 1418212831 ]40])] 511 solt106]135]|155]18.0 {200 23.0] 250] 304

Values 10"-24"; Approximate valuss lrom Nomograph -

PRESSURE DROP IN VALVES & STRAINERS

Pressure drop culculations can be made for valves and
etrainers for diffeyent flulds, flow rates and sizes using the CV
‘values and the following equalion:

P AG)*_ (spevific gravity tquid)

whare: b
P = Pregsure drop in PSI; fect of water = 75:5%

G = Gallons pot minute

(CV Yactor)* CV = Gallons per nminute per 1 PSI pressure dyop
CV Factors GPM ' ) .
_ Mewm % % %. % 1 W 1% ] e 2% 3 {

True Union Ball Valve 1.0 8.0 a.0 15.0 29.0 75.0 90.0 1400 330.0 480.0 600.0
Single Entry Ball Vaive 1.0 8.0 8.0 16.0 200 75.0 90.0 140.0 330.0 4180.0 600.0
QlC Ball Valve - —~ 8.0 15.0 29.0 75.0 80.0 146.0 -— — —_
Trua Ohock Ball Valve 1.0 3.0 46 10.0 28.0 45.0 55.0 90.0 | 226.0 | 3240 | 3450
Y-Check Volve f—- - 6.0 6.0 125 40.0 40.70 65,0 130.9 160,0 2600
3-Way Flanged Ball Vaive —_ —_ 5.0 10.0 16,0 - 45.0 55.0 — 200.0 350.0
Needle Valve Full Open 5. 7.5 8.0 - - . — —_ — -— -
Angle Valve 1.0 - 8.0 10.0 16.0 —_ 45.0 70.0 —_ - —_
¥-Strainer (clean screen) — — 338 66 8.4 20.0 25.0 a5.0 60.0 60.0 95.0
Simplex Baskel Strainer

{cloan scrosn) - —_ 6.0 9.5 29.0 —_ 40.0 55.0 —_ 125.0 155.0
Duplex Basketl Siralner

(clean screon) . — — 50 8.0 7.0 — 28.0 350 — 80.0 100.0

29
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m TABLE B.1
Physical Properties of Water (BG Units)®

Specific Dynamic Kinematic Surface Vapor Speed of
Density, Weight?, Viscosity, Viscosity, Tension®, Pressure, Sound?,
Temperature p y 1) v i 4 Py ¢
CPH  Glugs/f) @b/ b/t t/s) @b/f)  [b/in@bs)] (@)
32 1.940 6242 3732 E—5 1924 E-5 518 E—3 8854 E-2 4603
40 1.940 62.43 3228 E—5 1664 E—5 513 E—3 1217 E—-1 4672
50 1.940 62.41 2730 E—5 1407 E—5 509 E—3 1781 E—-1 4748
e BB———— 1.938 62.37 2344 E-5 1210 E-5 503 E—3 253 E-1 4814
253 Jowy .10 1.936 6230 2037 E—-S5 1052 E—-5 497 E—3 3631 E—-1 4871
Afs 80 1.934 62.22 1791 E—5 9262 E—-6 491 E—3 5069 E -1 4819
90 1.931 62.11 1500 E—5 8233 E—6 48 E—-3 6979 E—1 4960
100 1.927 62.00 1423 E—5 7383 E—6 479 E-3 9493 E-1 4995
,Qém L1206 "1.918 61.71 1164 E—5 6067 E—6 467 E—3 1692 E+0 -5049 -
7/ A’ 140 1.908 61.38 9743 E—6 5106 E—6 453 E-3 288 E+0 - 5091
‘ 160 1.896 61.00 8315 E—-6 4385 E—-6 440 E-3 4736 E+ 0 5101
180 1.883 60.58 7207 E—-6 3827 E-6 426 E-3 7507 E+ 0 5195
200 1.869 60.12 6342 E—6 3393 E—6 412 E-3 1152 E+1 5089
212 1.860 5983 5886 E-6 3165 E—6 404 E—3 1469 E+ 1 5062
2Based on data from Handbook of Chemistry and Physics, 69th Ed., CRC Press, 1988. Where necessary, values obtained by interpolation.
*Density and specific weight are related through the equation ¥ = pg. For this table, g = 32.174 ft/s%
In contact with air.
%From R. D. Blevins, Applied Fluid Dynamics Handbook, Van Nostrand Reinhold Co., Inc., New York, 1984.
m TABLE B.2
Physical Properties of Water (SI Units)*
Specific Dynamic Kinematic Surface Vapor  Speed of
Density, Weight®, Viscosity, Viscosity, Tension®, Pressure, - Soundd,
Temperature p Y 1% v T " Py e
0 (kg/m’) @N/m®)  N-s/m?) (m?/s) (N/m) [N/m*abs)] = :(m/s)
0 999.9 9.806 1787 E—3 1787 E—-6 1756 E—2 6105 E+'2 1403’
5 1000.0 9.807 1519 E—~3 1519 E~6 749 E—-2 8722 E+2 1427
10 999.7 9.804 1307 E~3 1307 E—-6 742 E—2 1228 E+3 1447
20 998.2 9.789 1002 E—3 1004 E—~6 728 E—2 2338 E+ 3 1481
30 995.7 9.765 7975 E—4 8009 E—~7 712 E—2 4243 E+ 3 1507
40 9922 9.731 6520 E~4 6580 E—~7 69 E—2 7376 E+3 1526
50 988.1 9.690 5468 E—4 5534 E-7 679 E—2 1233 E+ 4 1541
60 983.2 9.642 4665 E—4 4745 E—-7 662 E—2 1992 E+ 4 1552
70 977.8 9.589 4042 E—4 4134 E—~7 644 E—-2 3116 E+ 4 1555
80 971.8 9.530 3547 E~4 3650 E-7 626 E—2 4734 E+ 4 1555
90 965.3 9.467 3147 E~4 3260 E—~7 608 E—2 7010 E + 4 1550
100 958.4 9.399 2818 E~4 2940 E~7 58 E-2 1013 E+5 1543

S
2Based on data from Handbook of Chemistry and Physics, 69th Ed., CRC Press, 1988.
*Density and specific weight are related through the equation v = pg. For this table, g = 9.807 m/s2.
°In contact with air.
%From R. D. Blevins, Applied Fluid Dynamics Handbook, Van Nostrand Reinhold Co., Inc., New York, 1984.




VC SCHEDULE 40 PIPE

SPECIFICATIONS

+ N.S.F.: All PVC Pipe from the Ryan Herco Products Corp. will meet or exceed the requirements of the
National Sanitation Foundation No. 61 for conveying potable water.

+ ASTM: The material used in the manufacture of pipe for the Ryan Herco Products Corp. will meet ASTM-
D-1784-65T for a PVC Type 1 material. The Schedule 40 and Schedule 80 Pipe conforms to ASTM-D-1785.

+ CS (Commercial Standard): CS-207-60 is the industry standard for Schedule 40 and Schedule 80 PVC

NSE

SAFE FOR

CONVEYING
POTABLE WATER

pipe, and is met by pipe from the Ryan Herco Products Corp. in both schedules. PVC pipe meeting this
specification has the same O.D. and I.D. as the corresponding schedule of iron or galvanized pipe.

ORDER: 3900.(Size No.) PVC PIPE, SCHEDULE 40 20 ft. length standard

Nom. Minimum Price
Pipe Average Wall Nom. Wt. | Max. Work| Per Foot
Size 0.D. 1.D. Thickness (Ibs./ Pressure Plain
(in.) (mm) in (mm) i 100 ft.) (psi)* End

E=

i

SCHEDULE 40 LARGE-DIAMETER PROCESS PIPE

(34.5)

20 ft length standard

{mm)

007 3/4 1.050 (26.7) (20.4) 0.123 (2.9) 218 480 .26
010 1 1.315 (33.4) 1.029 (26.1) 0.143 (3.6) 32.1 450 .38
012 1-1/4 1.660 (42.2) 1.360 0.150 (3.8) 43.4 370 .50

030 3 3.500 (88.9) 3.042 (77.3) 0.229 (5.9) 143.4 260 1.64
040 4 4.500 (114.3) 3.998 (101.5) 0.251 (6.3) 204.1 220 2.32
050 5 5.563 (141.3) 5.015 (127.4) 0.273 (6.9) 272.6 190 3.18

29.60

160 16 16.000 (406.0) 14,940 (379.0) 0.500 (12.7) 1542.0 130
180 18 18.000 (457.2) 16.809 (426.9) 0.562 (14.3) 2011.2 130 42.07
200 20 20.000 (508.0) 18.743 (476.1) 0.593 (15.1) 2362.4 120 92.60
240 24 24.000 (609.6) 22.540 (572.6) 0.687 (17.4) 3287.3 120 75.17

We can square-cut pipe to your requirements.
Minimum available quantity is one length.

*Maximum working pressure is calculated at 73°F.

110.310.110 Al

ENOT RECOMMENDED FOR COMPRESSED AIR OR GAS'

LARGE DIAMETER MOLDED
IPE FITTINGS

TEES, all-socket, PVC

3401.100 tee, 10" (140 psi) ............. $655.06
3401.120 tee, 12" (130psi) ............. 967.88

90° ELL, socket x socket, PVC
3406.100 ell, 10" (140 psi) ............ 526.21
3406.120 ell, 12" (130 psi)....ocvveen.- 705.75

45° ELL, socket x socket, PVC
3417.100 ell, 10" (140psi)............. 343.77
3417120 ell, 12" (130psi)............. 509.44

COUPLING, socket x socket, PVC

3429.100 coupling, 10" (140 psi) ........ 57.58
FEATURES 3429.120 coupling, 12" (130 psi) ........ 84.76
+ We have tees and elbows available, injection-molded from 3429.140F coupling, 14" (130 psi) ..... 137.63
type 1 PVC at 73°F for the pressures (listed at ambient 3429:160F coupling: 16" (130 psi) T 45350

temperatures) shown in parentheses.

+ Ten through sixteen-inch couplings are fabricated from
Schedule 40 PVC pipe.

« Complete listings of other fabricated fittings appear on
pages 146-147.

110.320.110 Tee
110.340.110 90"
110.340.230 45"
110.410.180 Cply

aniierco

D R

FLUID FLOW SOLUTIONS




156

l-TEMIP CPVC PIPE

FEATURES

+ Conforms to the following standards:

+ ASTM-F-1784-CPVC compound used in the manufacture
of pipe and fittings.

+ ASTM-F-441-CPVC Schedules 40 and 80 pipe dimensions.

+ ASTM-F-437-CPVC threaded fittings, Schedule 80.

+ ASTM-F-439-CPVC socket fittings, Schedule 80.

+ ASTM-F-493—Solvent cement.

- Temperature ratings up to 210°F.

+ Joining systems: Solvent-cementing pipe to socket fittings
is the most common joining method. Threaded systems
permit approximately one-half the working pressure of a
solvent-cemented joint at ambient temperatures.

+ Your Ryan Herco Service Center can provide a number of
other products in CPVC to complete your system including
pumps, valves, switches, and other accessory items.

SPECIFICATIONS .

+ Material: CPVC type 4, grade 1 (Cell Classification 23477-B)
“meets the specifications for rigid CPVC per ASTM-D-1784.

« Dimensions: Schedule 80 CPVC fittings from your Ryan Herco
Service Center meet or exceed the requirements of ASTM-F-
437 (threaded fittings) and ASTM-F-439 (socket fittings).

NOTE: DO NOT THREAD SCHEDULE 40 PIPE

INOT RECOMMENDED FOR COMPRESSED AIR OR GAS |

3668.(Size No.) CPVC STANDARD PIPE, SCHEDULE 40

Standard Lengths: 20 it.

030 3.042 0.216
040 3.998 0.237
0.280

060

0.722
0.935

(18.3)
(23.7)

2.864 (72.7)
3.786 (96.2)

5.709 (144.8)
. )

* The maximum working pressure is calculated at 73°F. See the Ryan Herco engineering
section, page 635, to derate for higher temperatures. Minimum available quantity is one length.

SRR N R
peczowes FLUID FLOW SOLUTIGONS

Nominal Minimum Nominal

Size Pipe 0.D. Wwall Weight
No. Size Thickness (Ibs./
(in.) in. (mm) i (mm) 100 ft.)

157.2
223.9
394.5

Maximum
Working
Pressure

Price
per Foot
Plain
End

7.10

10.12

110.110.110 Standard

110.120.110

Heavy Wall

YES! WE OFFER QUANTITY DISCOUNTS



St

: . DATE APP | DESIGN GUIDE NUMBER | SHEET OF
encINEERING DEPARTHENT orsien cune | >/27/76 | Al|  pscp-en | a2 - aczg
Table 1 - Normal Fittings - Equivalent Lengths
Elbows [1] Sudden Contracfion Sudden Enlargement
: Full < -
90 deg 90 deg Run | Branch _ Port | Butter- -1_1;‘i' di--r_E- [2]
R e e N e NN B e b A o I i B e S B L A
(in.) ma | Mgt | ma | T | me | g valve VA v A B VA
Eqdivalent Length .(ft)
1/2 1.9 3.7 .0.8 0.4 1.7 --- 1.1 0.7 1.1 3.3 0.7 17 0.9 | 7.3 0.7 -—- 1.6 i.ZI 0.7 3.2 2.1 0.7 6.8
3/4 2.5 4.9 1.0 0.6 2.1. --- 1.4 0.9 1.4 4,2 0.9 23 1.2 9.7 6;9 -—- 2.1 1.6 0.9 4.3 2.7 0.9 9.0
1 3.1 6.2 1.2 0,7 2.6 1.6 1.8 1.2 1.8 5.3 1.1 28 1.5 12,1 1.1 --- 2.7 2.0 1.1 5.4 3.4 1.1 11.3
1-1/2 4.5 9.9 1.9 1.1 4.1 2.4 2.7 1.8 2.7 8.1 1.7 45 4 19 1.7 --- 4,3 1. 1.6 1.7 8.7 5.5 1.7 18
2 6.2 12.3 2.4 1.5 5.2 3.1 3.5 2.3 3.5 10.4 2.2 5 3 25 2.2 -— 53| 4.0 2.2 10.8 6.8 2.2 23
2-1/2 7.7 15.4 2,9 1.7 6.2 3.7 4,2 2.7 4.2 12,4 2,7 --- 3.8 -- 2.7 --- 6.7 5.0 2,7 13.5 8.5 217 28
3 9.3 19 3.6 2.2 7.7 5. 5.2 3.4 5.7 15.5 3.3 86 4,5 38 3.3 --- 8.1 6.0 3.3.- 16.3 10.3 3.3 34
4 12 25 5 3 10 7 7 4 7 20 4 112 | 6 48 4 7 11 8" 4 22 14 4 45
6 16 37 8 5 15 10 10 7 10 30 7 170 9 73 7 20 16 12 6 33 21 6 70
8 23 46 9 6. 20 13 13 9 13 40-° 9 -225 12 98 9 28 20 15 8 43 26 8 90
10 30 60 13 7 25 16 17 11 17 52 S 120 .280 15 121 12 34 26 20 11 53 34 11 110
12 37 74 14 9 30 19 20 13 20 60 13 340 | 18 145 13 40 32 24 13 65 41 13 135
14 42 84 - 10 -—- 21 -—- 15 22 6@ 15 397 | 21 169 15 44 36 28 15 74 47 15 158
16 50 100 -—- 11 --- 24 --- 17 25 78 17 453 | 23 193 17 50 43 33 18 88 53 18 180°
18 58 111 - 13 -— 27 -—- 19 28 85 19 510 27 218 19 56 50 38 19 98 62 19 203
20 62 123 - 14 --- 29 --- 21 32 95 21 567 | 30 242 21 60 53 40 21 108 68 21 225
24 74 148 - 17 -—- 35 -—- 26 40 léO 25 680 | 36 290 25 76 64 48 25 .130 82 25 270
30 93 185 --- 21 --- 44 --- 32 50 150° 32 850 | 46 360 32 100 80 60 32 163 103 32 338
36 111 222° --- 25 -~ 53 - - 39. 60 175 38 -1,020 | 53 435 38 120 96 72 38 195 123 38 405
42 130' 259 --=- 30 -~-- | 63 --- 45 68 200 46 1,190 | 62 508 46 140 112 84 46 228 144 46 473
[1] For reduced port, check manufacturer's catalog

[2]

For mission duo-chek valve, check manufacturer's catalog




CALCULATIONS FOR COMPRESSED AIR PIPING HEAD LOSS



TABLE D4
HEAD LOSS CALCULATION
SOUTH TRENCH COMPRESSED AIR-LINE ABS-1

Enter Pipe ID No. :

Pipe No.
2037

Caicuiation of the Reynoids Number
Re ={[(dy v p)iH]

Diameter of Pipe [dy]: [inches] 0.754 0.754 0.754 0.754 0.754 0.754 0.754 0.754
Assumed STP

Temperature [T]: [°F] 65
Line Pressure [P] psig]
|Enter Flow [QI: scfm] :

Actual Flow: acfm] . . . . X 0.6088

The Velocity [v] is: [ft's] 327 6.54 9.82 6.54 16.36 19.63 3.27 22.91
The Density [p] of Air at .

T =65F [lbm/f] 0.436 0.436 0.436 0.436 0.436 0.436 0.436 0.436
Absolute Viscosity [y] of

Air at T = 65°F: [ibf-sec/f’] 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07
The Reynoids Number

[Re] is: [dimensioniess] 7,287.94 14,575.87 21,863.81 14,575.87 36,439.69 43,727.62 7,287.94 51,015.56

The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent.

Calculation of the Friction Coefficient [A]

The Friction

If Flow is Laminar:
Coefficient [A] is:

| [dimensionless]

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Enter Friction

If Flow is Turbulent:
Coefficient [A]:

[dimensionless]

0.034

0.029

0.026

0.029

0.024

0.023

0.034

0.022

Caiculation of Major Headloss Due to Friction
Loss
Using the Darcy-Weisbach Equation

Headloss hy,,s = A (1 dy) (p V¥/2)

Relative Roughness for PYC, CPVC & ABS [g] = 0.0000233

Headloss From SVE Pipe [hy,.,,] for PVC:

Enter Length [1] of SVE
Pipe: [f]

The Headloss [hyee,;
From the SVE Pipe is:

[psi]

0.0289

0.1060

0.2171

0.1088

0.5466

0.4194

0.0218

0.4336

Headloss From Fittings [h...] for PVC:

Enter Number of STD 45° Elbows:

The Equivalent Length
of Pipe is: [it]

Enter Number of 90° Elbows:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Tees (Flow Through Run):

The Equivalent Length
of Pipe is:

I

Enter Number of Gate Valves:

The Equivalent Length
of Pipe is: {ft]

Enter Number of Globe Valves:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Ball Valves:

The Equivalent Length
of Pipe is: [fi]

Enter Number of Expansion Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is: {ft}

Enter Number of Expansion Fittings (d/D = 1/2):

The Equivalent Length
of Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 3/4):

The Equivalent Length
of Pipe is: [t

Enter Number of Reducer Fittings (d/D = 1/4):

The Equivalent Length
of Pipe is:

ffi]

Enter Number of Reducer Fittings (d/D = 1/2):

The Equivalent Length
of Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 3/4):

The Equivalent Length
of Pipe is: [ft]

nter Number of itional Fittings (Tee w/Flow
thru Branch):

Enter the Equivalent

Length of Pipe for That
Fitting: ft}
The Equivalent Length
of Pipe is: [ft)

Total Equivalent Length

of Pipe From Fittings: [ft] 2.1 6.5 6.5 7.6 8.7 10.2 7.2 7.2

The Friction Coefficient

| is: [dimensionless] 0.034 0.029 0.026 0.029 0.024 0.023 0.034 0.022

The Headloss [hyssq

From the Fittings is: [psi] 0.00058 0.0060 0.01227 0.0070 0.0410 0.0668 0.0020 0.0624

TOTAL HEADLOSS [h..] DUE TO FRICTION

AND FITTINGS:

Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.
1201 1202 1203 1204 1205 1206 1207 1208

hioss = Pigssp + Pigssr [psi] 0.0295 0.1120 0.2294 0.1158 0.5876 0.4862 0.0238 0.4960

Length of Pipe [ft] 105 115 115 118 116 64 79 50

hios,/100 ft Pipe [psi] 0.028 0.10 0.20 0.10 0.507 0.76 0.030 0.992

TOTAL HEAD LOSS
ABS-1 (psi)
2.080

Note:

1. This table includes conveyance pipe headloss calculations (well head and down well head loss is not included).
2. All conveyance pipe fittings are included in the calculation.

Page 1 of 1



TABLE D4

HEAD LOSS CALCULATION

WEST TRENCH COMPRESSED AIR-LINE ABS-2

Enter Pips ID No. :

Fro.

1 To

Calculation of the Reynolds Number
Re =[(dy, v p)iH]

Pipe No.
308

Diameter of Pipe [d]: finches] 0.754 0.754 0.754 0.754 0.754 0.754 0.754 0.754 0.754
Assumed STP

Temperature [T]: {°F] 65

Line Pressure [P] [pﬂ 70
[Enter Flow [QJ: [scfm] 3:628

Actual Flow: [acfm] 623

[The Velocity [v] is: [fUs] 3.35 3.35

The Density [p] of Air at

T = 65°F [Ibm/ft:] 0.436 0.436 0.436 0.436 0.436 0.436 0.436 0.436 0.436
Absolute Viscosity [u] of

Air at T = 65°F: [Iof-sec/ft] 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07
The Reynolds Number

[Re] is: [dimensionless] 7,287.94 14,752.83 7,464.89 29,682.60 7,464.89 14,929.78 52,077.27 7,464.89 59,542.16

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

The Flow is Turbulent.

Calculation of the Friction Coefficient [A]

If Flow is Laminar:

The Friction
Coefficient [A] is:

{dimensioniess]

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

If Flow is Turbulent:

Enter Friction

Coefficient [A): [dimensionless]

0.034

0.029

0.034

0.025

0.034

0.029

0.022

0.034

0.022

Calculation of Major Headloss Due to Friction
Loss
Using the Darcy-Weisbach Equation

Headloss hje, = A (1 dy ) (p V¥2)
Relative Roughness for PVC, CPVC & ABS

Headloss From SVE Pipe [hy,,s,] for PVC:

[€] = 0.0000233

[Enter Length [I] of SVE
Pipe: Ift]

The Headloss [hy.,.
From the SVE Pipe is:

[psi]

0.0311

0.1469

0.0365

0.3356

0.0345

0.1057

0.7473

0.0152

1.7248

Headloss From Fittings [h,,..] for PVC:

Enter Number of STD 45° Elbows:

of Pipe is: Ift}

ll'he Equivalent Length

Enter Number of 90° Elbows:

The Equivalent Length
of Pipe is: [ft]

Enter Number of Tees (Flow Through Run}:

of Pipe is. [ft]

Fhe Equivalent Length

Enter Number of Gate Valves:

f Pipe is: [ft]

Fhe Equivalent Length
o

Enter Number of Globe Valves:

The Equivalent Length
of Pipe is. [ft]

nter Number of Ball Valves:

The Equivalent Length

of Pipe is: [

Enter Number of Expansion Fittings (d/D = 1/4):
The Equivalent Length
lgf Pipe is: [it]

Enter Number of Expansion Fittings (d/D = 1/2):
The Equivalent Length

of Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 3/4):

The Equivalent Length
of Pipe is: [f]

Enter Number of Reducer Fittings (d/D = 1/4):

The Equivalent Length |

of Pips is: [ft]

Enter Number of Reducer Fittings (d/D = 1/2):
The Equivalent Length

of Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 3/4):
The Equivalent Length

of Pipe is: [ft]

nter Number o} TTional FItings (16e Wi low

thru Branch):

Enter the Equivalent

Length of Pipe for That

Fitting: [ft]

The Equivalent Length

of Pipe is: [ft]

Total Equivalent Length

of Pipe From Fittings: [it] 14 18.1 11.1 14.4 10 18.8 79 13.7 14

The Friction Coefficient

[A]is: dir 0.034 0.029 0.034 0.025 0.034 0.029 0.022 0.034 0.022

The Headloss [hy..q

From the Fittings is: fpsi] 0.00033 0,0170 0.00319 0.0463 0.0029 0.0181 0.0711 0.0039 0.1610

TOTAL HEADLOSS [h;.,.] DUE TO FRICTION

AND FITTINGS:

Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.
) 1301 1302 1303 1304 1305 1306 1307 1308 1309

Picgs = Njosap # Niggst [psi] 0.0315 0.1639 0.0397 0.3826 0.0373 0.1238 0.8184 0.0192 1.8857

Length of Pipe Ift] 113 156 127 103 120 110 83 53 150

T100] 100 7 Pipe Ipsi] 0.0279 0.1051 0.0312 0.3714 0.0311 0.1126 0.9860 0.0362 1.2572

TOTAL HEAD LOSS
ABS-2 (psi)
3.502

Note:

1. This table includes conveyance pipe headloss calculations (well head and down well head loss is not included).

2. All conveyance pipe fittings are included in the calculation.

Page 1 0f 1



TABLE D4
HEAD LOSS CALCULATION
EAST TRENCH COMPRESSED AIR-LINE ABS-3

Enter Pipe ID No. :

Pipe N e No.

Calculation of the Reynolds Number
Re =[(d, v p)iul

Diameter of Pipe [dy]: [inches] 0.754 0.754 0.754 0.754 0.754 0.754

Assumed STP

Temperature [T]: [°F]

Line Pressure [P] psig]

Enter Flow [Q]: scfm]

Actual Flow: acfm] 10;2856

The Velocity [v] is: [f/s] 1.53

The Density [p] of Air at

T = 60°F [lom/f] 0.59 0.59 0.59 0.59 0.59 0.59

Absolute Viscosity [u] of

Air at T = 60°F: [Ibf-sec/f’] 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07 3.82E-07

The Reynolds Number

[Re] is: [dimensioniess] 7,459.39 14,918.79 27,004.32 4,626.14 34,463.71 41,923.11
The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent. | The Flow is Turbulent.

Calculation of the Friction Coefficient [A]

If Flow is Laminar:

The Friction Coefficient
[A] is:

[dimensionless]

Flow Not Laminar

Flow Not Laminar Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Flow Not Laminar

Enter Friction

If Flow is Turbulent:
Coefficient [A]:

[dimensionless]

0.034

0.029 0.025

0.039

0.024

0.023

Calculation of Major Headloss Due to Friction
Loss
Using the Darcy-Weisbach Equation

Headloss hyes = A (I dy ) (p V¥/2)

Relative Roughness for PVC, CPVC & ABS [£] = 0.0000233

Headloss From SVE Pipe [hy,.,] for PVC:

Enter Length [I] of SVE
Pipe: [f]

The Headloss [h;g.q;

From the SVE Pipe is: [psi]

0.0267

0.0759 0.2378

0.0037

0.2457

0.4890

Headloss From Fittings [h..] for PVC:

Enter Number of STD 45° Elbows:

The Equivalent Length of]

Pipe is: [ft]
Enter Number of 90° Elbows:

The Equivalent Length of]

Pipe is: [f]
Enter Number of Tees (Flow Through Run):
The Equivalent Length of]

Pipe is: i}

Enter Number of Gate Valves:

The Equivalent Length of]
Pipe is: [fi]

Enter Number of Globe Valves:

The Equivalent Length of
Pipe is: [ft]

Enter Number of Ball Valves:

The Equivalent Length of]
Pipe is: [ff]

Enter Number of Expansion Fittings (d/D = 1/4):

The Equivalent Length of]

Pipe is: fft}

Enter Number of Expansion Fittings (d/D = 1/2):
The Equivalent Length of]

Pipe is: [ft]

Enter Number of Expansion Fittings (d/D = 3/4):
The Equivalent Length of]

Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 1/4):

The Equivalent Length of]

Pipe is: id]

Enter Number of Reducer Fittings (d/D = 1/2):

The Equivalent Length of]

Pipe is: [ft]

Enter Number of Reducer Fittings (d/D = 3/4):

The Equivalent Length of]

Pipe is: [ft]

nter Number of itional Fittings (Tee w/Flow

thru Branch):

Enter the Equivalent

Length of Pipe for That

Fitting: [ft]

The Equivalent Length of]

Pipe is: [ft] 5.1 10.2 10.2 5.1 10.2 153
Total Equivalent Length

of Pipe From Fittings: [ft] 10 13 14.4 5.1 15.2 22.4
The Friction Coefficient
| is: [dimensionless] 0.034 0.029 0.025 0.039 0.024 0.023
The Headloss [hiossq

From the Fittings is: [psi] 0.00212 0.0092 0.02927 0.0005 0.0479 0.1005
TOTAL HEADLOSS [h,,;,] DUE TO FRICTION

AND FITTINGS:

Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No. Pipe No.

1401 1402 1403 1404 1405 1406

Pross = Miossp + Miassr [psi] 0.0288 0.0851 0.2671 0.0042 0.2935 0.5895
Length of Pipe [ft] 126 107 117 40 78 109
hioss/100 ft Pipe [psil 0.02 0.08 0.228 0.01 0.376 0.5408

TOTAL HEAD LOSS
ABS-3 (psi)
1.268

Note:

1. This table includes conveyance pipe headloss calculations (well head and down well head loss is not included).

2. All conveyance pipe fittings are included in the calculation.
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Compressible Flow Pressure Loss Results

Compressible Flow Pressure Loss Results

Pressure Loss (psi): 0.034

Job Number: Pemaco Friction Loss
Client:

Date: 6/1/06

Line Number: ABS-1, Pipe 1201
Fluid: Compressed Air
Piping/Tubing Inner Diameter (in): 0.754
Flow Rate: 3.542 SCFM

Piping Length (ft): 107
Viscosity (cP): 0.018

Inlet Pressure (PSIG): 70
Temperature (F): 65

Pipe Roughness (ft): 0.00021
Actual Pipe ID (in,): 0.754
Fluid Velocity (ft/sec): 3.34
Reynolds Number: 7560

Flow Region: Turbulent
Friction Factor: 0.0375
Pressure Loss (psi): 0.034

Net Expansion Factor: 0.994
Inlet Mach Number: 0.003
QOutlet Mach Number: 0.003
Density at Inlet: 0.436

Specific Volume at Inlet: 2.293
K1: 80844.07

K2: 80780.21

Overall K: 63.86

Specific Heat Ratio: 1.4

M iterations: 169

Friction Factor iterations: 5

Piping, Valves, and Fittings

'Copy and Paste' Pressure Loss or Head Loss into other applications
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings fields contain

values, enter 0 if necessary

http://www .freecalc.com/gasdiare.htm?job_num=Pemaco+Friction+Loss&client=&date=6...

Page 1 of 1
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Enter temperature to compute gas dynamic
(absolute) viscosity.

Air, natural gas; hydrocarbon vapor,
ammonia, carbon dioxide, carbon
monoxide, hydrogen, nitrogen, sulfur

dioxide
To: LMNO Engineering home page Unit Conversions Trouble printing? |

Gas Viscosity Calculator

Your browser does not support Java, or Java is disabled in your browser. Calculation should be here.

Units:

OC=degrees Celsuis, K=Kelvin, °F=degrees Fahrenheit, CR=degrees Rankine, 1b- s/ftz—pound second per square

foot, slug/ft-s=slug per foot per second, N- s/mz—Newton-second per square meter, kg/m-s=kilogram per meter
per second, SG=specific gravity

The viscosity on this page is the dynamic (or absolute) viscosity. Dynamic viscosity of gases is primarily a
function of temperature. This variation is provided in Crane (1988) as a graph for hydrocarbon vapors and
natural gases, and as an equation for other common gases. The impact of pressure is minor and the viscosity
correction for pressure is less than 10% for the gases in our calculation for pressures up to 500 psi (34.5 bar)
(Crane, 1988).

Hydrocarbon vapors and Natural gases

The LMNO Engineering calculation takes the user input temperature and extracts viscosity from the graph on
page A-5 in Crane (1988), performing linear interpolation if needed. The input temperature is restricted to the
range 0 < temperature < 1000°F.

Other gases
Viscosity is computed using Sutherland's formula (Crane, 1988):

b= *(@/b)*(T/To)*?

a=0.555T +C
b=0.555T+C
where

B = viscosity in centipoise at input temperature T

1, = reference viscosity in centipoise at reference temperature T
T = input temperature in degrees Rankine

T, = reference temperature in degrees Rankine

C = Sutherland's constant

The following table gives the values of Sutherland's constant and the reference temperature and viscosity for the
gases used in the LMNO Engineering calculation. Values of Sutherland's constant are from Crane (1988, p.A-
5). The reference temperatures and viscosities were selected from CRC (1984, pp.F-42-44).

B Sutherland's constant,C [T (°R) ] U (centipoise)-
Istandard air [120 524.07 | 0.01827
|[ammonia, NH, 370 527.67 - 0.00982
carbon dioxide, CO, 240 527.67 0.01480
: .c?;arbon monoxide, CO  [[118 |1518.67 10.01720




| . 'hydfgg_en, H,

72 528.93 0.00876
nitrogen, N, 111 540.99 0.01781
foxygen, O, 127 526.05 0.02018
sulfur dioxide, SO, 416 528.57 0.01254

Validity

For hydrocarbon vapors and natural gases, input temperature T is restricted to the range

0 < temperature < 1000°F.
For other gases, input temperature must be at least absolute zero (0 K).
If the input temperature is outside the valid range, an error message is printed and viscosity is not computed.

The impact of pressure is minor, and the viscosity correction for pressure is less than 10% for the gases in our

calculation for pressures up to 500 psi (34.5 bar) (Crane, 1988).

References

Chemical Rubber Company (CRC). 1984. CRC Handbook of Chemistry and Physics. Weast, Robert C., editor.
65th edition. CRC Press, Inc. Boca Raton, Florida. USA.

Crane Company. 1988. Flow of fluids through valves, fittings, and pipe. Technical Paper No. 410 (TP 410).

© 2003 LMNO Engineering, Research, and Software, Ltd. (All Rights Reserved)

LMNO Engineering, Research, and Software, Ltd.

7860 Angel Ridge Rd.  Athens, Ohio 45701 USA +1 (740) 592-1890
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Pipe 185. psi

805 644 2167

T-083  P.004/007 F-127

0. = 0.76Y nch

Bolts/screws not supplied.

. ) min, sch. 40
Pipe Sz | d, (nominal) | t(nominal) |wall thickneas
_mm _|inch | mm | inch | mm | inch || Inches Code
20 | 12 | 204 79 | 28 [ .114) 109 3553306
25 | 34 | 254 | 8 | 30 | .18’ 113 3553307
32| 1 321 | 126 | 26 141 .133 3553308
50 | 1% | 504 | 197 | 4B | .19 .145 3553310
63 | 2 631 | 248 | 59 | 23 .154 3553311
% | 3 9.2 [ 355 | 82 | .32 216 3553313
110 | 4 | 1102 | 434 | 99 .39 .287 3553314
N wt,
At d, | Bl c |1 G| H| L |Oz| Code
i 20 |125] 98| 62[1.25[ 19 | .35| 434 306
: 25 |165(1.06( 660137 .21 | 39 434 307
i 32 [1.82[18] 66[153| 21 | 46 | 434808
50| 267157 | .80[2.04] .23 [ 1.20| 434310
63 | 8.14]1.96| .90[2.79] .27 | 1.59 | 434 311
75 |374[2.28| 98[3.26( .33 | 244 | 434312
—m 90 | 464 | 2.75 | 1.06 | 3.85] .33 | 3.88 | 434313
i i 110 [5.43[314[1.06[ 438 | .33 [5.30 | 484314
G | (©) ;lj ltustration refers to 50mm and above sizes only,
i ! i - smaller sizes are without retaining strap.

Coupling-socket

Z

>

- B

—-——

[ -—)

) ‘ Wt.
d, | 2, | A | B | Oz Code
20| 11 | .e8(1.42]| .25 1008306
25 | 11 |1.22[1.62| .42] 100307
32 | 11 }1.56 |1.89 | .88| 100 308
50 | .11 |2.43 266 2,72] 100310
63 | .11 [ 3.07[3.17 ] 5.44] 100311
a0 | .15 |4.38 [ 4.33 (1341 100313
110 | .23 [ 5.35 | 5.19 [24.36| 100 314

Alriine is metric sized. Equivalent inch sizes are: 20 (172"), 25 (3/4"), 32 (1”), 50 (1%"), 63 (2”), 90 (3"), 110 (47).




_Engineering and Design

Given a flow of 1000 scfm of free air, an initial pressure of 120 psig, and an

assumed pipe diameter of 2 inches, what is the pressure drop per 100 feet

of pipe?

120 +14.7
14.7

Read opposite 1000 s¢fm and below 2-inch diameter in the table to find a
Z value = 57.4, The pressure drop per 100 feet of pipe is:

Solution: The ratio of compression is r = =9.163, or see Table l.

Given a required flow of 40 scfm free air, a pipe diameter of 3/4 inches,
and a desired pressure drop of less than 2 psi per 100 feet of pipe, what
initial operating pressure (P;) will be required?

Solution: In the table opposite 40 scfm for a 3/4 inch pipe, the Z value is
8.81. The compression ratio for a pressure drop of 2 psi per 100 feet of
pipe is:

7 881
r= Moo 4,405
o Pe1a7
Since: r= 127 P,=(14.7xr1)- 147
Therefore:

P, = (14.7 x 4.405) - 14.7 = 50 psig

drop {AP) of about 1.6 psi per 100 feet of pipe, what will be the flow in scfm
of free air?

Sqlution: The desired Z value can be determined as follows:

80 + 14.7
TN 6.442, or see Table |l

The Zvaiue =r x AP = 6.442 x 1,6 = 10.3.

The compression ratio r =

Looking down the column in Table V for 1 1/2 inch pipe, a Z value of 10.9 is
found opposite 225 scfm, while a value of 8.81 is found opposite 200 scfm.
Therefore, the answer is slightly less than 225 scfm,

Pressure drop in fittings—Due to their more complex internal
configurations, fittings, valves, filters, and other piping accessories can
significantly affect friction losses in a piping system. To determine the
friction losses caused by fittings, use an equivalent length of pipe of the
same diameter, Table VI outlines the equivatent pipe length in feet for
various sizes of several common fittings. By using Table V and Table VI,

the pressure loss for fittings can be calculated for air flows at any pressure.

Table VI

To determine the pressure loss across a 2" 90° elbow, at 80 psi with a 350
scfm flow rate, use Table VI to find the equivalent fength for a 2" 90° elbow,
which is 5.5 feet of pipe. From Table V, the friction loss in 5.5 feet of 2"
Chem-Aire pipe operating at 80 psi with 350 scfm air flow would be:

55t 7

Pressure Drop (AP) = Wt T

Therefore:

55ft  8.22

AP = 00T, X 5 - 0.07 psi

If the system were operating at a pressure of 20 psi, the pressure drop
would be: '

55 822 .
AP = 136 X m =0.19 pst
Chem-Aire bal! valves are of full-port design, so that at the fully open
pasition they are equivalent to a straight piece of pipe. Therefore, the
pressure drop through Chem-Aire ball valves is negligible. For pressure
drops across other piping accessories, refer to the particular manufacturers’
literature.

Refer to the current Chemtrol Technicat Bulletin for compressor lubricants approved for use with Cliem-Aire systems.
WARNING: Before mixing compressor oils, contact Chemtrol Technical Service for recommendation. Oils used for in-line lubricators should also follow these guidelines.

NOTE: Chem-Aire is not recommended for the transmission of any flammable gas, abave or below ground. Please contact Tech Services for ather compressed gas applications.
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AP-4 Manual

QED Environmental Systems

3/4—INCH INSIDE DIAMETER DISCHARGE HOSE

MAXIMUM FLOW -RATES *
6—INCH SUBMERGENCE OF PUMP HEAD

14

APPROXIMATE 19
GALLONS 10
PER
MINUTE
WITH
'3/4—INCH
1.D. HOSE

R
\_ \\

[ —)
\ —

100 PS|

|40 PSI| |7o ps||

14

APPROXIMATE 12

GALLONS 10
PER -

MINUTE

6
WITH A 42

3/4-INCH & @

1.D. HOSEc “2
0

20

40 60 80 100 120 140 160 180
DEPTH IN WELL

200 FT.

2 FT. SUBMERGENCE OF PUMP HEAD

S —=r | -[l

P

40 psi]

1[70 psi]

100 PSI|
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E e
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4% grm

> o

o 4o M (6 o Il

70 Pg,;» = ( of) [I

/op aféf,#\_ 7o P50

A ccr\of E'Zam

* FLOW RATES MAY VARY WITH ON-SITE CONDITIONS.

> ’-é

?0 QJC{){’A . 7o /95,‘ = 4,5 gpm (k)

> 2.2

600451 03

CALL CEE FOR TECHNICAL ASSISTANCE.

Figure . 23 - Long AP-4/BL Performance Curves: 3/4-inch 1.D. Discharge
U.S. UNITS (Includes Leachate Models)
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AP-4 Manual QED Environmental Svstems

3/4—INCH 1.D. FLUID . DISCHARGE HOSE

1.6
1.5
1.4
1.3
1.2°
1.1 —{ 00 Psi ] —
//
1.0 //
APPROXIMATE {70 psi |
STANDARD . A
CUBIC FEET : //
PER 91 /
GALLON PUMPED °: /.‘
(SCF/GAL) 271 —
01U ¥ ,’
7 / /
// y. :
A zone -+ 6 '//,/ .
[\¢ . /
074 g x0T am / [Zo pst |
= 0,518 SGEA .S
.
B Zorc - . /
i 3
0.8 S& x L6 apm
= 1.27( SCFM 3
A ond B Zone 2 '
077 5% - apm 2 60 80 7° 100 120 140 160 180 200 ft.
AR DEPTH IN WELL
= .77 SaM
MAXIMUM AIR USE IN STANDARD CUBIC FEET (SCF) PER
54 GALLON PUMPED. (SURFACE LINE MAY INCREASE AIR USE.)
= sa] X - [
3 THIS GRAPH FLOW RATE CURVES MAXIMUM STANDARD
3 CUBIC FEET PER MINUTE

Figure 43- Long AP-4 Air Consumption Curves: 3/4-inch L.D. Discharge
U.S. UNITS (Includes Leachate Models)
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1/2-INCH INSIDE DIAMETER DISCHARGE HOSE

MAXIMUM FLOW RATES®
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PER . [AIR INLET PRESSURES]
MINUTE i
WITH NanY
I.D. HOSE .40 P8I i,u Ps]i ]
0
0 20 40 60 80 100 120 140 160 180 200 FT.
DEPTH IN WELL
2 FT. SUBMERGENCE OF PUMP HEAD
GALLONS 2
PER Q |AIR INLET PRESSURES|
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WITH ‘\~ﬂ<~"“==ﬂ;--..__
1/2-INCH [40 Fai ~ 100 Psf}
1.D. HOSE {70 Psi
0
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PER Qk\& [AIR INLET PRESSURES|
MINUTE ' Q\\
[ T
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1/2~INCH 40 Ps)| 70 Psi] ~—~——
1.D. HOSE
° 100 120 140 160 180 200 FT.

0O 20 40 60 80
DEPTH IN WELL

¢ FLOW RATES MAY VARY WITH ON-SITE CONDITIONS.
" CALL CEE FOR TECHNICAL ASSISTANCE.
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200 FT,
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= {25 SCFM
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Clean Envikonmen'r Equipment

EQUIPMENT FOR GROUNDWATER REMEDIATION
AND LEACHATE EXTRACTION
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—— OAKLAND, CA 94607
b (510> 891-0860 . (B0O> 537-1767  FAX (510> 444-6789
t
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MOISTURE SEPARATOR SIZING
(KNOCKOUT DRUM)



MODEL IT:IILFT QUTLET DlAMETER HEIGHT BASE WEIGHT
A g ne "o ey W G
5 4 4" 30" 6'-7" 31" x 407 750#
10 6" 6" 36" 77" 37" x 48" 900§
20 8" 8" 72" 7-7" BA" x B4" 16004
LIFTING EYE DEMISTER ACCESS
FOR EASE OF COVER 16" 1.D.
TRANSPORT
DEMISTER
/ 304 S5
GLOBAL -
™
SYSTEM_INLET FLANGE €]
IPS 150, o0,
PIPE FLANGE
ShuT-bown Swirch
HUT—DOWN SWI
)/ 2° NPT, 1D
/ D]
3/4" PLEXIGLAS [
(OPTIONAL) SIGHTGAUGE ;
HIGH LIQUID LEVEL !
;ump $rTART PORT . '
= NPT,
(al i
gOPTIONALL ]
:I/ AYONET HEATER PORT | ]
5 2" NPT, Qm:/‘(D o I ep—

OUTLET FLANGE
IPS 150 Le.
PIPE FLANGE

E

. VORTEX BREAKER

LOW LIQUID LEVEL -/\\ ra

PUMP STOP PORT
2" N.P.T.
(OPTIONAL)

DRAIN_ PORT
2" NPT,

r

LIFTING SLOT
FOR EASE OF TRANSPORT

GLOBAL TECHNOLOGIES, INC.

MODEL S5 AND 10 VAPOR SEPARATOR MODULE
—REMOVES 95% OF ALL LIQUID DROPLETS.
~CONSTRUCTION 1/4" HOT ROLLED STEEL THROUGHOUT.
~MAXIMUM VACUUM CAPACITY ~30"HG.

Global Technologies, Inc.
Milwaukee, Wisconsin

GLOBAL

SCALE: NTS CUSTOMER:

DRAWN BY; V.. | DATE: 8-27-92 | CTY, 3TATK:

CHECKED: AT 08 ft | oramanG §: vsu | wev.
APPAGVED: [ sm4 T0; [Pace 1 o 1 |

TITLET VAGUUN SEPARATOR MODULE
QLRIRAL ARRANCEMENT
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HOLDING TANK AND SECONDARY CONTAINMENT
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COMPRESSOR SIZING



AP4B

Flow Rates!

3/4 inch (19 mm) 1 inch (25.4 mm)
Inside Diameter Discharge Hose Inside Diameter Discharge Hose
(Equivalent to 1-Inch 0.D. Tubing) (Equivalent to 1.25-Inch 0.D. Tubing)
6-INCH (15 cm) | SUBMERGENCE OF PUMP HEAD 6-INCH (15 cn) | SUBMERGENCE OF PUMP HEAD
18 f 68.1 18 68.1
16 60.6 16 60.6
caLons 4 53 APPROXIMATE callons 14 53 PPROXIMATE
PER 12 |' AIR INLET PRESSURES — 454 LITERS PER 12 |' AIR INLET PRESSURES — 454 LITERS
MINUTE 10 379 PER MINUTE 10 379 PER
WITH MINUTE WITH MINUTE
3/4-INCH 8 303 WITH 8 §\ 303
\\ 1INCH Q\ WITH
1.D. HOSE 6 \\§\ ~ooper T 227 19.mm 1.0. HOSE 6 ] 100 P5|2 227 254mm
SN 7 Kafem 2 1D, HOSE \‘\\ IR 1D. HOSE
4 g \\ g 15.1 4 N 15.1
2 —I:o PSI S 76 2 3‘;0;’5' , 0P51 H 76
R 3 Kg/em 2 skgiem? || o 0 grcm 5 Kgfcm 2 o
0 20 40 60 80 100 120 140 160 180 200 FT. DEPTH 0 20 40 60 80 100 120 140 160 180 200 FT. DEPTH
6.1 12.218.324.4 30.536.642.748.8 549 61 Meters IN'WELL 6.1 12.218.324.4 30.536.6 42.748.8 549 61 Meters IN WELL
2FT.(60 cm) | SUBMERGENCE OF PUMP HEAD 2FT (60 cm) | SUBMERGENCE OF PUMP HEAD
18 68.1 18 68.1
16 60.6 16 60.6
14 5
GALLONS 14 53 APPROXIMATE GALLONS 3 APPROXIMATE
PER 12 s AIRINLETPRESSURES [ 454 LIRS PER 12 [ ARINET PRESSURES 454 LneRs
MINUTE 10 379 PER MINUTE 10 —Re] 379 e
WITH N MINUTE WITH RN MINUTE
3/4-INCH 8 \\Q\ 303 WiTH T4NCH 8 N \\\ 303 WITH
1.0, HOSE 6 \\ ~— —sper Tl 227 19mm 1.D. HOSE 6 \\ ] ;}i’;ﬁ‘z 227 254mm
N — J 2 1.D. HOSE \ e 1.D. HOSE
4 g < 7 Kg/em 15.1 4 N \ |‘1\ 15.1
P, ™, T 2 20PS] ~70ps| 756
2 40 PS ot 76 Jorst) =
2 1 #11] am
0 o Sl 0 ° 20 4?) 60 80 100 120 140 16?) 180 200 OFT DEPTH
0 20 40 60 80 100 120 140 160 180 200 FT. DEPTH 0 J .
61 12218.324.430536.6 427488 549 61 Meters _|INWELL 6.1 122183244 305366 427488 549 61 Meters _|INWELL
10FT. {300 cm)| SUBMERGENCE OF PUMP HEAD T0FT.(300 cm) | SUBMERGENCE OF PUMP HEAD
18 68.1 18 68.1
16 60.6 16 60.6
5
caons 4 33 apPROXIMATE GALLONS " N > averoxmATE
PER 12 — ARINLETPRESSURES [ 454 LITERS PER 12 T NN R INLET PRESSURES |asa umems
MINUTE 10 \\ 379 PER MINUTE 10— < 379 PER
WITH \\\ MINUTE WITH \ - MINUTE
8 b 30.3 1ANCH 8 A 0N 303 wiTH
3/4-INCH N \\ - WITH - \ N 100 PSI
1.D. HOSE 6 N 100PSL f 227 19mm 10.HOSE 6 N q_7Kgem? | 227 254mm
I~ 7 Kgfcrm 2 .. HOSE N ~ 1.D.HOSE
L L D. 4 15.1
4 < < 15.1 AN
5 40 PS| N 5 s I 2 40 PSI 70Psl H 76
] <{ 70Ps . : 2 2
o 3Kgfem? SKgfem? o o 3 Kg/cm 5 Kg/cm 0
G 20 40 60 80 100120 140760 180200 FT.  |DEPTH 8 2 183204 305 366 427 453 549 61 Meters _|INWELL
6.1 12.218324.430.536.642.748.8 549 61 Meters IN WELL ’

IFLOW RATES MAY VARY WITH SITE CONDITIONS. CALL QED FOR TECHNICAL ASSISTANCE.

YQED
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Air Consumption

16 12 3/4 inch (19 mm)
15 112 Inside Diameter Discharge Hose
- : (Equivalent to 14nch O.D. Tubing)
14 105
13 9.7
1.2 9.0
1 ] roopst ] 82
STANDARD ‘ L Thglm? [ A “* APPROXIMATE
CUBICFEETOFAR o] ‘ 5 STANDARD
PER ’ 5 LITER OF AIR
PER
GS/ELFbgzL';UMpm 9 6.7 LITER PUMPED
¢ (STD L/LITER)
8 6.0
7 5.2
6 = 45
D I 40 PSIZJ L
3Kg/em
5 T 37
A 3.0
3 S S ELT SHILE S REE )
2 e — — — 15
20 40 60 80 100 120 140 160 180 200 FT, DEPTH
61 122 183 244 305 366 427 488 549 61 Meters _|INWELL
16 , , 12 .
~ T 1 1 T T ] 1 inch {25.4 mm)
15 n2 Inside Diameter Discharge Hose
(Equivalent to 1.254nch O.D. Tubing)
14 105
13 97
2ttt L L9
k — | 100751 T :
. — - — —] 7K .
STANDARD R I P L £ 82 ppproximate
CUBIC FEET OF AR 1 ] STANDARD
PER 1.0 — 7 7.5 LITER OF AR
- ‘ PER
GALLON PUMPED : )
(SCF/GAL) 9 7 LITER PUMPED
(STD L/LITER)
8 ; 60
- P
7 ‘ ;’ 52
6 ; 45
//) I 4OPS|2J[
3 Kg/em
5 l/ e 37
/// //
4 // - 3.0
’
3 22
!
( 2 15
A 20 40 60 80 100 120 140 160 180 200 fT. DEPTH
v 61 122 183 244 305 366 427 488 549 61 Meters _| INWELL

U

P.0. Box 3726 Ann Arbor, Ml 48106-3726 USA  1.800.624.2026 F 1.734.995.1170 info@qgedenv.com  www.gedenv.com
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Compressible Flow Pressure
Loss Results-

Piping, Valves, and Fittings

Pressure Loss (psi):- 0:628

Job Number:

Client:

Date:

Line Number:

| Fluid:

(Nominal Pipe Size: 1 -—
Pipé Schedule: SCH 40.

Flow: Rate: 51 SCFM--
Viscosity (cP): 0:018-

Inlet Pressure (PSIG): 125
Temperature (F): 200"

Pipe Roughness-(ft); 000015
Actual Pipe ID (in.):.1:049 .
Fluid Velocity (ft/sec): 18.92.
Reynolds Number: 78239 -~
Flow Region: Turbulent
Friction Factor: 00248
Pressure Loss (psi):-0.628

Net Expansion Factor: 0:996
Inlet Mach Number: 0.015...
Outlet Mach Number: 0.015-
Density at Inlet: 0:572-
Specific Volume at Tiilet: 1.748
K1: 3153.94

K2: 3125.58

Overall K: 2836 :
Specific Heat Ratio: 1.4

M iterations: 168

Friction Factor iterations: 4

3 Way Plug: 0

_||Lift Check : 0 -

Ball: 0
Piping Length (ft): 100 |{Plug: O
Long Radius Elbows: 0 _[|Butterfly 2in. to 8in.: 0
Short Radius Elbows: 0 “[[Butterfly 10in. to 14in.
S Diameter-Elbows: 0 40"
45 degree Elbows : 0 -[{Butterfly Greater Than
1Standard 90: degreeThreaded {{I4in. : 0
~ |[Elbows:--0-- -'Angle Valve Flow Up: 0
_||45 degree Standard’ -[tAngle Valve Flow
. ||Elbows "0 1[Down : 0
- Tee Flow-Through: 0" “|{Pipe:Entrance: 0
-|[Fee Flow Branch : -0 }?lpe Exit: 0
Gate:.:i'O 1iNo. of Reducers: O
Globe : TIReéducer Qutlet Size
Swing Check: 0-- ~ H@n): O

No. of Increasers: 0
Increaser Qutlet Size
(in): 0

'Copy and Paste' Pressure Loss or Head Loss into other applications
If any output is NaN click back button and make sure all Fluid and Plpmg and Valves and Fittings

fields contain values, enter 0 if necessary

. http://www freecalc.com/gresults itm?job num=&¢lient=& date=&line num=&fluid=&pipes...

8/31/04



Compressible Flow Pressure Loss Kesults

Page 1 of 1
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Compressible Flow Pressure
Loss Results

Piping, Valvés, and Fittings

Pressure Loss (psn) 0.072

Job Number:

Client:

Date:

Line Number:

Fluid:

Nominal Pipe Size: 1. 57
Pipe Schedule: SCH 40
Flow Rate: 51 SCFM
Viscosity (cP): 0.018-
Inlet Pressure (PSIG):.. 125
Temperature (F): 200

~{|5-Diameter Elbows: 0

Piping Length (ft): 100
Long Radius Elbows: 0
Short Radius Elbows: 0

Pipe Roughness (ft);-0.00015
Actual Pipe ID (in.)::1.61..
Fluid Velocity (ft/sec):. - 8.03.. .
Reynolds Number:-50977 -

'"-Elbows :

45-degree Elbows :

5-degree Standard -
0

Flow Region: Turbulent
Friction Factor: 0.0243
Pressure Loss (psi): 0.072
Net Expansion Factor: 0.996
Inlet Mach Number:. 0.006....
Outlet Mach Number: 0.006--
Density at Inlet: 0.572
Specific Volume at Talet: "1.748™
Ki1: 1753447

K2: 1751637

Overall K: 18.1

Specific Heat Ratio: 1.4

M iterations: 168

Friction Factor iterations: 4 -

| -{{Tee Flow Through: 0 "
-_Tee Flow Branch : 0

|{Swing Check:--0-
___,Llft Check 0

te: O
obe: O

|{Butterfly 2in. to 8in. :

3 Way Plug: 0

Ball: 0

Plug: 0

0

“|[Butterfly 10in. to 14in.

1 : Butterﬂy Greater Than
"":Standard 90. degreeThreaded

o .:__.FE“WWS 0. |{Angle Valve Flow Up: 0

o)
14in.: O

A-u-.

le Valve Flow

- |iAng)
~[[Down.: O

: Pipe Entrance: 0

[Réducer Outlet Size
im0

Pipe Exit : 0
No:of Reducers: 0

No. of Increasers: 0
Increaser Qutlet Size
(in): O

'Copy and Paste' Pressure Loss or Head Loss into other applications
If any output is NaN click back biitton and make sure all Fluid and Piping : and Valves and Fittings

fields contain values, enter 0 if necessary

8/31/04



Compressible Fiow Pressure L.oss Kesults

Page 1 of 1
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Compressible Flow Pressure
Loss Results

Piping, Valves, and Fittings

Pressure Loss (psi): 0.021-

Job Number:

Client:

Date:

Line Number:

Fluid:

Nominal Pipe Size: 2 -
Pipe Schedule: SCH 40..
Flow Rate: 51 SCEM--
Viscosity (cP): 0.018~
Inlet Pressure. (PSIG): 125
Temperature (E): 200"
Pipe Roughness (ft);-0.00015 -
Actual Pipe ID (ii.):.2.067. .

Piping Length (ft): 100
Long Radius Elbows: 0
Short Radius Elbows: 0~
S Diameter-Elbows: 0

“||45 degree-Elbows :
"|[Standard:-90. degreeThreaded

Fluid Velocity (ft/sec):- 487
Reynolds Number:-39706---
Flow Region: Turbulent -
Friction Factor:. 0' 0245 )

Net Expansion Fa_ctor 0 99
Inlet Mach Number::/0.004...
Outlet Mach Number:-0.004--
Density at Inlet: 0.572
Specific Volume at Inlet: '1.748
K1: 47652.7

K2: 47638.48

Overall K: 14.22

M iterations: 169
Friction Factor iterations: 4 -

1145 degree Standard -
.{[Elbows : 0
-|[Tee Flow Through: 0™
-{fFee Flow Branch : 0
“NGate: 0

“[{Globe : O

“[{Swing Check: 0

_|jLLift Check : O

Specific Heat Ratio: 1.4 -

Elbows: 0.

{Plug: 0
_.-||Butterfly 2in. to 8in.: 0
-{{Butterfly 10in. to 14in.

-||Butterfly Greater Than

- _|{Angle Valve Flow
—...[[Down :.0

-{{Pipe Entrance: 0
-|[Pipe Exit : 0

~ |[(im): O
- |{No. of Increasers: 0

3 Way Plug: O
Ball: O

00_

14in.: 0
Angle Valve Flow Up: 0

No. of Reducers: 0

Reducer Outlet Size

Increaser Qutlet Size
(in): 0

'Copy and Paste' Pressure Loss or Head Loss into other applications
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Flttmgs

fields contain values, enter 0 if necessary

8/31/04
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Compressible Flow Pressure
Loss Results

Piping, Valves, and Fittings

Pressure Loss (psi): 1.459

Job Number:

'||Client:

Date:

Line Number:

Fluid:

Nominal Pipe Size: 1

Pipe Schedule: SCH 40

Flow Rate: 74 SCEM.-
Viscosity (cP): 0.018- ‘
Inlet Pressure (PSIG): 125
Pipe Roughness-(ft); -0:00021
Actual Pipe ID (in.):..1.049
Fluid Velocity (ft/sec): 27.46..
Reynolds Number: 113524
Flow Region: Turbulent
Friction Factor: 0.0259"
Pressure Loss (psi): 1:459
Net Expansion Factor:0.995
Inlet Mach Number: 0.022...
Outlet Mach Number: - 0.022-
Density at Inlet:-0:572
||Specific Volume at Talet: 1:748™
K1: 1494.63

K2: 1463.45

Overall K: 31.18
Specific Heat Ratio: 1.4

M iterations: 167

1|Short Radius Elbows: 0
115 Diameter Elbows: 0

"[[Standard:90.degreeThreaded .
" |[Elbows: 0. '
1145 degree Standard -
_.||[Elbows : 0
-||Tee Flow Through: 0"

iGate: O
“lIGlobe : O
_[{Swing Check: -0- -
|{LAft Check : -0

Piping Length (ft): 100
Long Radius Elbows: 0

Tee Flow Branch : 0

| Butterfly 10in. to 14in.

-||Butterfly Greater Than

_|Down: O

{|Pipe Entrance: 1
-|[Pipe Exit : 1
~||No. of Reducers: 0
"|IReducer Outlet Size
_||@m): 0

- ||No. of Increasers: O

3 Way Plug: 0

Ball: 0

Plug: 0

Butterfly 2in. to 8in.: 0

0
14in.: O

Angle Valve Flow Up: 0
Angle Valve Flow

Tiicreaser Qutlet Size
(in): O

Friction Factor iterations: 3

'Copy and Paste' Pressure Loss or Head Loss into other applications
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings

fields contain values, enter 0 if necessary

http:/f'www freecal¢.com/gresults.htm?job _num=&client=& date=&line_num=&fluid=&pipes... 8/31/04




||Temperature-(F): 200

{|Specific Heat Ratio: 1.4

compressible Flow Pressure L.oss Kesults

Page 1 of 1
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Compressible Flow Pressure
Loss Results-

Piping, Valves, and Fittings

Pressure Loss (psi):0:145

Job Number:

Client:

Date:

Line Number:

Fluid:

Nominal Pipe Size: 1.5
Pipe Schedule: SCH 40
Flow Rate: 74 SCFM.- -
Viscosity (cP): 0:018--

Piping Length (ft): 100
Long Radius Elbows: 0

Inlet Pressure (PSIG): 125~

.. ||Short Radius Elbows: 0

~{(Butterfly 2in. to 8in.: 0

3 Way Plug: 0
Ball: O
Plug: 0

Pipe Roughness(ft): -0.00015
Actual Pipe ID (in.): 1.61..

Reynolds Number: 73967

Fluid Velocity (ft/sec): 11.66.. H

Flow Region: Turbulent

Friction Factor: 0.0232
Pressure Loss (psi):-0:145
Net Expansion Factor: -0:997
Inlet Mach Number:0.009...
Density at Inlet: 0:572
Specific Volume at Inlét:: 17748
K1: 8324.35 '

K2: 8307.03

Overall K: 17.32

M iterations: 163

Qutlet Mach Numbeyr:-0.009--- !

Friction Factor iterations: 4

o _Jiutterﬂy 10in. to 14in.

:5£iameter Elbows: 0 -0

4S5-degree Elbows : 0 _Butterﬂy Greater Than
‘ Standard 90. degreeThreaded 14in,.: O

{EIbows: O ‘[{Angle Valve Flow Up: 0
45 degree Stag_d_ard Angle Valve Flow
-J[Elbows : ||Pown.: O

Tee Flow Through 0 “}[Pipe Entrance: 0

Tee Flow Branch: 0 - - ([Pipe Exit: 0
~[IGate: O {No. of Reducers: 0
“HGlobe : 0 l{Reducer Qutlet Size

Swing Check: 0 ~[{@n): O

"|[Lift Check: 0

No. of Increasers: 0
Increaser Outlet Size
(in): O

'Copy and Paste' Pressure Loss or Head Loss into other applications
If any output is NaN click back button and make sure all Fluid and Piping and Valves and Fittings

fields contam values, enter 0 if necessary

http://www freecalc.com/gresults.itm?job_num=&c¢client=&date=&line_num=~&fluid=&pipes...

8/31/04
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Page 1 of 1
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Compressible Flow Pressure
Loss Results

Piping, Valves, and Fittings

Pressure Loss (psi): 0.048

Job Number:

Client:

Date:

Line Number:

Fluid:

Nominal Pipe Size: 2

'[[Pipe Schedule: SCH 40
Flow Rate: 74 SCFM
Viscosity (cP):-0.018

Inlet Pressure (PSIG): 125~
Temperature (F): 200

Pipe Roughness (ft); -0.00021
Actual Pipe ID (in.): 2.067.
Fluid Velocity (ft/sec): 7.07..
Reynolds Number: 57613 -

Piping Length (ft): 100
Long Radius Elbows: 0

-||Short Radius Elbows: 0
-l{5-Diameter Elbows: 0

“1|14S degree Elbows : 0
|{Standard 90 degreeThreaded.
ElbOWS' '

Flow Region: Turbulent

-: ‘ Elbows H )

45 degree Standard

Friction Factor: .0.0242""
Pressure Loss (psi): 0.048

Net Expansion Factor: -0.995
Inlet Mach Number:"0.006....
Outlet Mach Number: 0.006--
Density at Inlet: 0.572
Specific Volume at Inlet: 1.748™
K1: 22629.51

K2: 22613.97

Overall K: 15.54

Specific Heat Ratio: 1.4

M iterations: 169

{|Tée Flow Through: .0
-{[Fee Flow Branch :-0

- Jﬁate: 0

iGlobe : 0 -
“|{Swing Check: 0 -
_HLift-Check : O

Friction Factor iterations: 4

~{|Angle Valve Flow
~||Pown: 0

-{|Pipe Entrance: 1
-|[Pipe Exit : 1
~|No. of Reducers: 0
||[Reducer Outlet Size

3 Way Plug: 0

Ball: 0

Plug: 0

Butterfly 2in. to 8in. : 0
Butterﬂy 10in. to 14in.

+ 0

Butterﬂy Greater Than
Idin.: O ‘
-{{Angle Valve Flow Up: 0

(in):.0
No. of Increasers: 0
Increaser Qutlet Size
(in): O

'Copy and Paste Pressure Loss or Head Loss into other applications

fields contain values, enter 0 if necessary

¢
\

http://www freecalc.com/gresults.htm?job_num==&client=& date=&line_num=~& fluid=&pipes...

8/31/04
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Compressible Flow Pressure
Loss Results .

Piping, Valves, and Fittings

Pressure Loss (psi):~0:145

Job Number:

Client:

Date:

Line Number:

Fluid:

Nominal Pipe Size: 1.5

Pipe Schedule: SCH 40

Flow Rate: 74 SCFM

Viscosity (cP): 0.018

Inlet Pressure (PSIG) 125 -

Piping Length (ft): 100
Long Radius Elbows: 0
Short Radiiis Elbows: 0
5’ Diameter Elbows: 0

Pipe Roughness__(ft): 6:00015

Actual Pipe ID (in.): 1.61 ..
Fluid Velocity (ft/sec): 11.66..
Reynolds Number: 73967
Flow Region: Turbulent
Friction Factor:..0.0232
Pressure Loss (psi):--0-145

——r

45-degree Elbows : 0

"’:Standard 90: degreeThreaded
 |{ETbows: 0 .-
45__!!_egree Standard
-|[[Elbows :

Tnn

Flow Branch O

Net Expansion Factor: 0.997 -
Inlet Mach Number:. 0.009. N
Outlet Mach Number:- - 0.009-- -
Density at'Inlet: 0.572 -
Specific Volume at Tiilef: . 1748
K1: 832435 o

K2: 8307.03

Overall K: 1732

M iterations: 168

Specific Heat Ratio: 1.4 L _

;:"ia_te: 0
lobe: O

_[{Swing Check: 0
L'lft ‘Check : -0

Friction Factor iterations: 4~

{Butterfly Greater Than

3 Way Plug O

Ball :

Plug: O

Butterfly 2in. to 8in. :
Biitterfly 10in. to 14in.
e

0

14in.: O

|{Angle Valve Flow Up: 0
" |tAngle Valve Flow

".||IReducer Outlet Size

" {|{No: of Increasers: 0

Down 0

;l_?;pe Exlt O
No. of Reducers: O

(in): O

Increaser Outlet Size
@im): O

'Copy and Paste' Pressure Loss or Head Loss into other applications
If any output is NaN click biack button and make sure all Fluid and Piping and Valves and Fittings

fields contam values, enter 0 if necessary

http://www freecal¢.com/gresults itm?job_num=&client=& date=&line_num=&fluid=&pipes...

8/31/04
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APPENDIX F
Cost Estimate
(Prepared 2005 Cost Data)
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Pemaco Superfund Site RA Proposal
USACE - Omaha District

Format of TN&A Cost Proposal

Our Cost Proposal is divided into 2 Sections:
Section 1: A detailed breakdown of costs per Phase/Task, as listed above (as listed/defined in the RFP).
Section 2: A corresponding breakdown per Phase/Task, listing key technical assumptions, quantities, etc.

Cost Sheet Summary

1 1 Project Management 1a__ |Project Planning 3 -
1 Project Management 1b _ |Overall Project Resource Planning $ -
1 1 Project Management 1c__|Overall Project Schedulin $ -

1 Project Management 1d |Procurement $ 23,800.02

1 Project Management 1e _|Cost Control and Tracking (non-field) $ 24,464.14
Project Management 1f | Project meetings $ 27,009.51
Profoct M ity Partici s

7 Project Plans Site Safety and Health Plan b 13,703.40
8 Project Plans Sampling and Analysis Plan b 28,963.14
9 : _l_?_r_g ect Plans Construction Quam!z Control Plan 17,316.65

10 3 Construction and O&M 3a__|Mobilization/Demobilization $ 59,907.35
11 3 Consfruction and O&M 3b |Well and Piping Installation - Phase 1 $ 1,244,643.56
12 3 Construction and O&M 3c__|Well and Piping Installation - Phase 2 $ 350,707.88
13 3 Construction and O&M 3d__[Treatment Building and Compound Construction $ 588,981.43
14 3 Construction and O&M 3e |Treatment System Construction $ 2,219,835.00
15 3 Construction and O&M 3f |MPE, SVE and Groundwater System Shakedown $ 460,721.27
{including Source Testing)
16 3 Construction and O&M 39 _|ERH Construction $ 2,191,767.93
17 3 Construction and O&M 3h__|Monthly O&M (1 Month) $ 127,921.46
Monthly O&M (11 Months) $ 1,407,136.09
18 .3 [Construction and O&M 3i__|Validation Sampling $ 90,936.68
lg 3 Construction and O&M 3j m'ect Demobilization . $ 132,965.94

20 4 Engineering Support During Construction [ 4a | $ 176,078.87

Integration and Operation of Remedial System

23 7 ERH Final Technical Memorandum 7a $

USACE - Omaha District i .
Cost Worksheet CS4 Sumnary 10f1 Confidential Information



Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #1

Phase 1 - Project Management

Task 1a - Project Planning

Task 1b - Overall Project Resource Planning

Task 1c - Overall Project Scheduling

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 520 $ 12112 $ 62,984.10
Engineer (senior) 48 $ 11363 | $ 5,454.03
Engineer (mid) $ 777118 -
Chemist (senior) $ 10438 [ $ -
Chemist (mid) $ 7183 | $ -
Hydro / Geo (senior) $ 11187 | § -
Hydro / Geo (mid) 24 $ 7204 | $ 1,728.96
Clerical (admin, data entry, etc.) 24 $ 4854 | $ 1,165.01
Field Personnel
Site Supervisor $ 79531 % -
Cost Tracker| $ 54321 % -
CQC Officer $ 638418 -
SSHO $ 63.84| % -
Env. Technician (senior) $ 5432 |8 -
Env. Technician (jr/mid) $ 4519 | $ -
Laborer| $ 3298 | % -

Subconiracts

Units

Unit Cost

Subtotal

|| |n

Materials/Supplies/Misc Costs

Units

Unit Cost

Subtotal

Equipment

Units

Unit Cost

Subtotal

1enlenlen
1P| |P

ODCs Units Unit Cost Subtotal
Travel - $ -
Shipping 1 266.95 | § 266.95
Copying 1 260131 % 260.18

Other|

7y
\7

USACE - Omaha District
Cost Worksheet CS4 Tasks 1a, 1b, 1c
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #2

Phase 1 - Project Management

Task 1d - Procurement

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 40 $ 12112 | $ 4,844.93
Engineer (senior) 8 $ 11363 | $ 909.00
Engineer (mid) 60 $ 777118 4,662.51
Chemist (senior) $ 104.38 | $ -
Chemist (mid) 60 $ 7183 $ 4,310.04
Hydro / Geo (senior) $ 111.87 | $ -
Hydro / Geo (mid) 24 $ 7204 | $ 1,728.96
Clerical (admin, data entry, etc.) 120 $ 48541 % 5,825.05
Field Personnel
Site Supervisor $ 7953| $ -
Cost Tracker $ 5432 | % -
CQC Officer $ 63.84| % -
SSHO $ 63.84 | $ -
Env. Technician (senior) $ 5432 | $ -
Env. Technician (jr/mid) $ 45191 $ -

Subcontracts

Units

Unit Cost

Subtotal

Materials/Supplies/Misc Costs

Units

Unit Cost

Subitotal

Equipment

Units

Unit Cost

Subtotal

ODCs Units Unit Cost Subtotal
Travel $ - $ -
Shipping 1 $ 558.00 | $ 667.37
Copying 1 $ 71250 | $ 852.15
Other $ -

USACE - Omaha District
Cost Worksheet CS4 Task 1d
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #3

Phase 1 - Project Management
Task 1e - Cost Control and Tracking - (non-field)

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 60 3 12112 | $ 7,267.40
Engineer (senior) 40 $ 11863 | $ 4,545.02
Engineer (mid) $ 77711 % -
Chemist (senior) $ 104.38 | $ -
Chemist (mid) 16 $ 7183 1| 9% 1,149.34
Hydro / Geo (senior) $ 11187 | $ -
Hydro / Geo (mid) 24 $ 7204 | $ 1,728.96
Clerical (admin, data entry, etc.) 200 $ 4854 | $ 9,708.41
Field Personnel
Site Supervisor $ 7953 | % -
Cost Tracker $ 5432 | % -
CQC Officer $ 63.84 | $ -
SSHO $ 6384 | $ -
Env. Technician (senior) $ 54321|3% -
Env. Technician (r/mid) $ 4519 | $ -

Subcontracts

Units

Unit Cost

Subtotal

Materials/Supplies/Misc Cosls

Units

Unit Cost

Subtotal

Equipment

Units

Unit Cost

Subtotal

uip
ODCs Units Unit Cost Subtotal
Travel $ - $ -
Shipping $ - 13 -
Copying 1 $ 65.00 | $ 65.00
Other $ -

USACE - Omaha District
Cost Worksheet CS4 Task 1e
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #4

Phase 1 - Project Management
Task 1f - Project Meetings (non-field)

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 64 $ 121121 $ 7,751.89
Engineer (senior) 64 $ 11363 | $ 7,272.03
Engineer (mid) $ 777118% -
Chemist (senior) $ 10438 ] % -
Chemist (mid) $ 7183 | % -
Hydro / Geo (senior) 40 $ 11187 1] $ 4,474.94
Hydro / Geo (mid) $ 7204 | % -
Clerical (admin, data entry, etc.) 8 $ 4854 | $ 388.34
Field Personnel
Site Supervisor 8 $ 79531 9% 636.25
Cost Tracker 8 $ 5432 1| % 434.53
CQC Officer 8 $ 63.84 | % 510.76
SSHO 8 $ 63.84| % 510.76
Env. Technician (senior) $ 5432 | % -
Env. Technician (jr/mid) $ 4519 | $ -

.............. y t=ak

Subcontracts

Units

Unit Cost

Subtotal

Materials/Supplies/Misc Costs

Units

Unit Cost

Subtotal

Equipment

Units

Unit Cost

Subtotal

fjel
ODCs Units Unit Cost Subtotal
Travel 1 $ 4,396.14 | 4,396.14
Shipping $ -
Copying 1 $ 63388 | $ 633.88
Other $

USACE - Omaha District
Cost Worksheet CS4 Task 1f
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #5

Phase 1 - Project Management
Task 1g - Community Participation

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 60 $ 12112 § 7,267.40
Engineer (senior) 60 $ 11363 | $ 6,817.53
Engineer (mid) 60 $ 77711 $ 4,662.51
Chemist (senior) $ 10438 | $ -
Chemist (mid) 16 $ 71831 $ 1,149.34
Hydro / Geo (senior) 60 $ 111.87 [ $ 6,712.41
Hydro / Geo (mid) 120 $ 7204 | $ 8,644.82
Clerical (admin, data entry, etc.) 40 $ 4854 | $ 1,941.68
Field Personnel -
Site Supervisor $ 7953 $ -
Cost Tracker| $ 5432 | $ -
CQC Officer $ 6384 | $ -
SSHO $ 63.84 | $ -
Env. Technician (senior) $ 5432 | $ -
Env. Technician (jr/mid) $ 4519 | $ -

y- A

Subcontracts Units Unit Cost Subtotal
Translation Services 4 $ 1,5643.95 | $ 6,175.80
Graphics Services 2 $ 2,57325| 9% 5,146.50

® 2

Materials/Supplies/Misc Costs

Unit Cost

Subtotal

Misc.

1,196.00

1,196.00

Equipment

Units

Unit Cost

Subtotal

ODCs Units Unit Cost Subtotal
Travel 1 $ 4,089.42 | $ 4,089.42
Shipping $ -
‘Copying 1 $ 463450 | $ 4,634.50
Other $ -

USACE - Omaha District
Cost Worksheet CS4 Task 1g
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #6

Phase 2 - Project Plans
Task 2a - Task-Specific Remedial Action Work Plans

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 8 $ 12112 | $ 968.99
Engineer (senior) 120 $ 11363 | $ 13,635.06
Engineer (mid) 160 $ 7771 1% 12,433.36
Chemist (senior) $ 10438 | $ -
Chemist (mid) $ 71.83 | % -
~ Hydro / Geo (senior) 12 $ 11187 | $ 1,342.48
Hydro / Geo (mid) 24 $ 7204 | $ 1,728.96
Clerical (admin, data entry, etc.) 48 $ 4854 | $ 2,330.02
Field Personnel
Site Supervisor $ 79.53 | $ -
Cost Tracker $ 54321 % -
CQC Officer $ 63.84 | % -
SSHO $ 63.84 | $ -
Env. Technician (senior) $ 54321 % -
Env. Technician (jr/mid) $ 4519 1| $ -

,,,,,,,,,,,,,,,, Iy

Subconiracts

Units

Unit Cost

Subtotal

Materials/Supplies/Misc Costs

Units

Unit Cost

Subtotal

Equipment

Units

Unit Cost

Subtotal

ODCs Units Unit Cost Subtotal
Travel 1 $ 1,380.18 | § 1,380.18
Shipping 1 $ 556.14 | $ 556.14
Copying 1 $ 2511.60| % 2,511.60
Other $ -

USACE - Omaha District
Cost Worksheet CS4 Task 2a
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #7

Phase 2 - Project Plans

Task 2b - Site Safety and Health Plans

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 4 3 12112 9$ 484.49
Engineer (senior) 40 $ 11363 ] $ 4,545.02
Engineer (mid) 80 $ 77711 % 6,216.68
Chemist (senior) $ 104.38 | $ -
Chemist (mid) $ 7183 (% -
Hydro / Geo (senior) $ 11187 | § -
Hydro / Geo (mid) 4 $ 72.04 | $ 288.16
Clerical (admin, data entry, etc.) 16 $ 48.54 | $ 776.67
Field Personnel
Site Supervisor| 4 $ 79.53 | % 318.12
Cost Tracker $ 5432 | $ -
CQC Officer $ 63.84 | $ -
SSHO $ 63.84| % -
Env. Technician (senior) $ 5432 | % -
Env. Technician (jr/mid) $ 4519 $ -

Subcontracis

Units

Unit Cost

Subtotal

Materials/Supplies/Misc Costs

Unlts

Unit Cost

Subtotal

Equipment

Units

Unit Cost

Subtotal

ODCs Units Unit Cost Subtotal
Travel $ - $ -
Shipping 1 $ 266.95 | $ 266.95
Copying 1 $ 80730 [ $ 807.30
Other $ -

USACE - Omaha District
Cost Worksheet CS4 Task 2b
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #8

Phase 2 - Project Plans

Task 2c - Sampling and Analysis Plan

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 12 $ 12112 § 1,453.48
Engineer (senior) 24 $ 11363 | § 2,727.01
Engineer (mid) 24 $ 77711 % 1,865.00
Chemist (senior) 16 $ 104.38 | $ 1,670.01
Chemist (mid) 160 $ 7183 | $ 11,493.44
Hydro / Geo (senior) 40 $ 11187 | $ 4,474.94
Hydro / Geo (mid) $ 72.04 | $ -
Clerical (admin, data entry, etc.) 24 $ 4854 | $ 1,165.01
Field Personnel
Site Supervisor| $ 7953 | $ -
Cost Tracker $ 5432 | $ -
CQC Officer $ 6384 |9% -
SSHO $ 63.84 | $ -
Env. Technician (senior) $ 54321 % -
Env. Technician (jr/mid) $ 45191 % -

Subcontracts

Units

Unit Cost

Subtotal

Materials/Supplies/Misc Costs

Units

Unit Cost

Subtotal

Equipment

Units

Unit Cost

Subtotal

P
ODCs Units Unit Cost Subtotal
Travel 1 $ 1,380.18 | § 1,380.18
Shipping 1 $ 22246 | $ 222.46
Copying 1 $ 251160 $ 2,511.60
Other $ -

USACE - Omaha District
Cost Worksheet CS4 Task 2¢
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #9

Phase 2 - Project Plans

Task 2d - Construction Quality Control Plan

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 8 $ 12112 | $ 968.99
Engineer (senior) 40 $ 11363 | $ 4,545.02
Engineer (mid) 100 $ 77711 $ 7,770.85
Chemist (senior) $ 10438 | $ -
Chemist (mid) 4 $ 7183 1| $ 287.34
Hydro / Geo (senior) $ 111.87 | $ -
Hydro / Geo (mid) 16 $ 7204 | $ 1,152.64
Clerical (admin, data entry, etc.) 24 $ 4854 | $ 1,165.01
Field Personnel
Site Supervisor 8 $ 7953| § 636.25
Cost Tracker $ 54321 % -
CQC Officer $ 6384 | % -
SSHO $ 63.84 | $ -
Env. Technician (senior) $ 5432 1% -
Env. Technician (jr/mid) $ 45191 % -

Subcontracts

Units

Unit Cost

Subtotal

Materials/Supplies/Misc Costs

Units

Unit Cost

Subtotal

Equipment

Units

Unit Cost

Subtotal

Other

ODCs . Units Unit Cost Subtotal
Travel $ - $ -
Shipping 1 $ 22246 | $ 222.46
Copying 1 $ 568.10 | $ 568.10
$

USACE - Omaha District
Cost Worksheet CS4 Task 2d
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #10

Phase 3 - Contruction and O&M

Task 3a - Project Mobilization

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 12 $ 121.12 | $ 1,453.48
Engineer (senior) 16 $ 11363 | § 1,818.01
Engineer (mid) 40 $ 77.71 | § 3,108.34
Chemist (senior) $ 104.38 | § -
Chemist (mid) 5 $ 7183 | § 359.17
Hydro / Geo (senior) $ 111.87 [ § -
Hydro / Geo (mid) 60 $ 7204 | $ 4,322.41
Clerical (admin, data entry, etc.) 12 $ 4854 | § 582.50
Field Personnel
Site Supervisor 100 $ 7953 | % 7,953.10
Cost Tracker 48 $ 54321 % 2,607.15
CQC Officer $ 6384 | $ -
SSHO 48 $ 6384 | % 3,064.55
Env. Technician (senior) 24 $ 5432 | $ 1,303.58
Env. Technician (jr/mid) 48 $ 4519 1| % 2,169.11
b 39
Subcontracits Units Unit Cost Subtotal
Note: subcontractor mobilization costs
are estimated at ~$27,000; costs shown
under respective construction subtask 0 $ - $

Materials/Supplies/Misc Costs Units Unit Cost Subtotal
Field Office Materials/Supplies, etc. 8 $ 71760 | $ 5,740.80
Dumpster/Waste Removal 8 $ 448.50 3,588.00

FZy
\oid hid

Ty

Equipment Units Unit Cost Subtotal

Field Trailer and Storage (8 months) 8 $ 1,196.00 | $ 9,568.00
Temporary Fencing 8 $ 358.80 | $ 2,870.40
Other (Porta-toilet, H&S, etc.) 8 $ 358.80 | $ 2,870.40

ODCs Units Unit Cost Subtotal
Travel 1 $ 6,372.89 | $ 6,372.89
Shipping $ - $ -
Copying 1 $ 155.48 | § 155.48
Oth

USACE - Omaha District

Cost Worksheet CS4 Task 3a Confidential Information
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Pemaco Remedial Action - Cost Worksheet #11

Phase 3 - Contruction and O&M
Task 3b - Well and Piping Installation - Phase 1 ("Park Area")

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager $ 121.12] $ -
Engineer (senior) $ 11363 | $ -
Engineer (mid) $ 77711 8% -
Chemist (senior) $ 104.38 | $ -
Chemist (mid) 40 $ 7183] % 2,873.36
Hydro / Geo (senior) 40 $ 11187 ] $ 4,474.94
Hydro / Geo (mid) 400 $ 72.04]9% 28,816.05
Clerical (admin, data entry, eic.) 16 $ 4854 | % 776.67
Field Personnel
Site Supervisor 510 $ 79.53 | $ 40,560.80
Cost Tracker 510 $ 5432 % 27,700.97
CQC 250 $ 63.84 | $ 15,961.17
SSHO 250 $ 63.84 | % 15,961.17
Env. Technician (senior) 255 $ 54.32 | $ 13,850.49
Env. Technician (jr/mid) 510 $ 4519 ] $ 23,046.76

Subcontracts Units Unit Cost Subtotal
Well Installation *Park” (lump sum) 1 $ 273282.34|% 273,282.34
Trench and Pipe (lump sum) 1 $ 671837122 |$ 671,371.22
Soil Removal/Disposal (c.y.) $ 6793 % 23,437.16
Site Security (days) $ 18527 | § 11,116.44
Geophysical Survey (lump) $ 3,602.55 | $ 3,602.55
Construction Surveyor (day) $ 1,543.95 | $ 4,631.85
i $ 25733 [ $ 3

Materials/Supplies/Misc Costs Units Unit Cost Subtotal
H&S 1 $ 657.80 | $ 657.80
Sampling 160 $ 29.90 | § 4,784.00
Misc. marking, staking, flagging 1 $ 299.00 | $ 299.00
Visqeen Plastic (soil cover) 6 $ 11960 | $ 717.60

Equipment Units Unit Cost Subtotal

Baker Tank Rental 1 $ 77740 | $ 777.40
Bin Rental (17 bins for 90 days) 1530 g 5981% 9,149.40
Equipment Rental (generator, etc.) 1 $ 2,990.00 | $ 2,990.00
PID (VOC monitor) 1 $ 1,31560 | $ 1,315.60
Aerosol monitor 1 $ 598.00 | $ 598.00
Horiba U-10 (well development) 1 $ 598.00 | $ 598.00
Walter level indicator 1 $ 179.40 | $ 179.40
Misc. Hand Tools 1 $ $ 179.40

179.40

0:

Other

ODCs Units Unit Cost Subtotal
Travel 1 $ 5251158 | % 52,511.58
Shipping 1 $ 466440 | $ 4,664.40
Copying 1 $ 15548 | $ 155.48
$

USACE - Omaha District

Cost Worksheet CS4 Task 8b Confidential Information
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #12

Phase 3 - Contruction and O&M
Task 3c - Well and Piping Installation - Phase 2 (60th Street)

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager $ 121121 9% -
Engineer (senior) $ 113.63 | $ -
Engineer (mid) $ 777118 -
Chemist (senior) $ 104.38 | $ -
Chemist (mid) 20 $ 7183 [ § 1,436 .68
Hydro / Geo (senior) 40 $ 111.87 | § 4,474.94
Hydro / Geo (mid) 140 $ 7204 1% 10,085.62
Clerical (admin, data entry, etc.) 16 $ 4854 | § 776.67
Field Personnel
Site Supervisor 310 $ 7953] 8% 24,654.61
Cost Tracker 310 $ 5432 | $ 16,837.85
CQC Officer 155 $ 63.84 | $ 9,895.93
SSHO 155 $ 63.84| % 9,895.93
Env. Technician {(senior) $ 5432 | $ -
Env. Technician (jr/mid) 140 $ 4519 | $ 6,326.56

Walter level indicator

Sampl

Subcontracts Units Unit Cost Subtotal
W ell Instatlation 60th Street (lump) 1 $ 39,675.29 | § 39,675.29
Trench and Pipe (lump) 1 $ 160,351.56|$ 160,351.56
Soil Removal/Disposal (c. y.) 64 $ 49.41 1% 3,162.01
Site Security (day) 55 $ 185.27 | $ 10,190.07
Geophysical Survey (lump) 1 $ 2,57325{ % 2,573.25
Construction Surveyor (day) 2 $ 1,54395| § 3,087.90
Traffic Control (flagmen) (day) 31 $ 257331 9% 7,977.08

Materials/Supplies/Misc Costs Units Unit Cost Subtotal
H&S 5 $ 299.00 | $ 1,495.00
Traffic Control/Safety Equipment 1 $ 2,392.00 | $ 2,392.00
Misc. marking, staking, flagging 1 $ 299.00 | $ 299.00
Visgeen Plastic (soil cover) 6 $ 119.60 | $ 717.60
Drums (55 gallon) 32 $ 45.45 | $ 1,454.34

Equipment Units Unit Cost Subtotal
Bin Rental (5 bins for 90 days) 150 $ 598 |9 897.00
Equipment Rental {(generator, etc.) 1 $ 2,990.00 | $ 2,990.00
PID (VOC monitor) 1 $ 1,31560 | $ 1,315.60
Aerosol monitor 1 $ 598.00 | § 598.00
Horiba U-10 (well development) 1 $ 598.00 | $ 598.00
Equipment Rental (generator, etc.) 1 $ 2,392.00 | $ 2,392.00
1 $ $ 179.40

= 3

00

ODCs Units Unit Cost Subtotal
Travel 1 2262653 $ 22,626.53
Shipping $ -
Copying 1 155.48 | $ 155.48
Other $ -

USACE - Omaha District
Cost Worksheet CS4 Task 3¢
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #13

Phase 3 - Contruction and O&M

Task 3d - Treatment Building and Compound Construction

T N & Associates, inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 16 $ 12112 | $ 1,937.97
Engineer (senior) $ 11363 ] $ -
Engineer (mid) $ 777118 .
Chemist (senior) $ 104.38 | $ -
Chemist (mid) $ 7183 $ -
Hydro / Geo (senior) 0 $ 11187 ] $ -
Hydro / Geo (mid) $ 72.04 | $ -
Clerical (admin, data entry, etc.) 16 $ 48541 $ 776.67
Field Personnel
Site Supervisor| 200 $ 79.53| % 15,906.20
Cost Tracker 200 $ 5432 |9 10,863.13
CQC Officer 100 $ 6384 | % 6,384.47
SSHO 100 $ 63.84 | % 6,384.47
Env. Technician (senior) 100 $ 54321 % 5,431.56
Env. Technician (jrimid) 100 $ 451918 4,518.97

Alarm System

Subcontracts Units Unit Cost Subtotal
External Elec.Connections-Incl. ERH 1 $ 138,955.50 | $ 138,955.50
Building Construction 1 $ 5969940 | $ 59,699.40
Concrete Pads and Access Ways 1 $ 169,83450| % 169,834.50
Transfommer T1 (Drawing E-2) 1 $ 33,966.90 | $ 33,966.90
Fencing & Gates 1 $ 13,380.90 | $ 13,380.90
Elec. Switches Panel, Stepdown trans. 1 $ 32,93760 | $ 32,937.60
Interior/Exterior Wiring and Lighting 1 $ 44,259.90 | $ 44,259.90
Site Security (day) 20 $ 18527 | $ 3,705.48
1 $ 12,351.60 | $ 12,351.60

Materials/Supplies/Misc Costs Units Unit Cost Subtotal
Misc. Hardware/Fittings, etc. 1 $ 1,43520 | $ 1,435.20
Misc. exterior lights and wiring 1 $ 1,91360 | $ 1,913.60
Misc. paints and coatings 1 $ 4,186.00 | $ 4,186.00
H&S 1 $ 299.00 | $ 299.00
Equipment Units Unit Cost Subtotal
Small Tools 1 $ 598.00 | $ 598.00
Equipment Rental (generator, etc.) 1 $ 2,392.00| $ 2,392.00
Paint/Coating Sprayer 1 $ 41860 | $ 418.60
$ N
ODCs . Units Unit Cost Subtotal
Travel 1 $ 16,288.32 | $ 16,288.32
Shipping $ -
Copying 1 3 165.48 [ § 155.48
Other| $

USACE - Omabha District
Cost Worksheet CS4 Task 3d
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Pemaco Superfund Site RA Proposal

USACE - Omaha District
Cost Workshest CS4 Task 3e

Pemaco Remedial Action - Cost Worksheet #14

Phase 3 - Contruction and O&M
Task 3e- Treatment System Construction

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 16 $ 121121 $ 1,937.97
Engineer (senior) $ 11363 | $ -
Engineer (mid) b 777118 -
Chemist (senior) $ 104.38 | $ -
Chemist (mid) b 7183 | 8 -
Hydro / Geo (senior) $ 11187 | § -
Hydro / Geo (mid) $ 7204 | § -
Clerical (admin, data entry, etc.) 12 $ 48.54 582.50
Field Personnel
Site Supetvisor| 300 § 79.53 | ¢ 23,859.30
Cost Tracker| 300 § 54.32 16,294.69
CQC Officer 150 § 6384 | % 98,676.70
SSHO 150 § 6384 ]9% 9,576.70
Env. Technician (senior) 300 $ 54.32 | § 16,294.69
Env. Technician (jr/mid) 600 $ 45.19 | § 27,113.84

Subcontracts Units Unit Cost Subtotal
Specialized Technicians 1 16,211.48 | § 16,211.48
Site Security (day) 38 b 7,040.41
Materials/Supplies/Misc Costs Units Unit Cost Subtotal
Misc. Hardware/Fittings, etc. 2,990.00
[Misc. int. wiring and connections 1,435.20
[Misc. paints and labels 2,152.80
|H&S - PPE, respiratory 1,076.40
Misc. Office Furniture/Shelves 3,827.20
Emergency Response - spillfire 3,229.2
tibtotd 0:80;
Equipment Units Unit Cost Subtotal
Multi-phase Extraction System 1 $ 18944754 % 189,447.54
Infiluent Water Conditioning 1 $ 20,560.56 | $ 20,560.56
Carbon Adsorber 2 $ 32,709.11 65,418.21
Vapor Conditioning 2 b 17,655.17 35,110.34
Flameless Thermal Oxidizer 1 5  603,874.75 | § 603,874.75
Piping Materials 1 5 110,032.00 [$  110,032.00
Valves for W ater Filters 16 5 299.00 | $ 4,784.00
Vapor Valving and Gauges 1 g 56,212.00 | ¢ 56,212.00
Instrumentation, PLC, meters 1 $ 81,328.00| $ 81,328.00
Well Pumps and Assemblies 36 3 521243 | $ 187,647.54
W ater Conveyance and Tanks 1 $ 16,071.25 | $ 16,071.25
Water Filtration § 27963118 27,963.08
Flow Totalizers and Indicators § 1,495.00 | § 1,495.00
Air Compressor $ 18,881.49 ] % 18,881.49
UV Oxidizer System b 598,000.00 | $ 598,000.00
Forklift rental $ 1,435.20 | § 1,435.20
Interior lighting $ 33,488.00 | $ 33,488.00
[

299.00

ODCs Units Unit Cost Subtotal
Travel 1 $ 24,432.49 | § 24,432.49
Shipping $ -
Copying| 1 $ 155.48 | § 155.48
Other| $

150f49

T N & Associates, Inc.
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Pemaco Superfund Site RA Proposal

USACE - Omaha District
Cost Worksheet CS4 Task 3f

Pemaco Remedial Action - Cost Worksheet #15

Phase 3 - Contruction and O&M
Task 3f- MPE, SVE, and Groundwaler System Shakedown (including Sou;

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 16 $ 121121 § 1,937.97
Engineer (senior) 200 $ 11363 | $ 22,725.11
Engineer (mid) 120 $ 777118 9,325.02
Chemist (senior) 8 $ 104.38 | $ 835.01
Chemist (mid) 80 $ 7183 ] $ 5,746.72
Hydro / Geo (senior) 8 $ 11187 | $ 894.99
Hydro / Geo (mid) 40 $ 7204 | $ 2,881.61
Clerical (admin, data entry, eic.) 32 $ 48.54 | $ 1,553.35
Field Personnel
Site Supervisor 240 $ 7953 % 19,087.44
Cost Tracker, $ 54321 % -
CQC Officer $ 63.84 | 3% -
SSHO 40 $ 63.84 | % 2,553.79
Env. Technician (senior) 400 $ 5432 | $ 21,726.25
Env. Technician (jr/mid) 400 $ 45191 % 18,075.89

Subcontracts Units Unit Cost Subtotal

Analytical 1 $ 112,780.40|$ 112,780.40
Source Testing 1 $ 102,930.00|$% 102,930.00
Liquid waste disposal 1 3 8749118 874.91

Materials/Supplies/Misc Costs Units Unit Cost Subtotal

Misc. lubricants 1 $ 11960 | $ 119.60
H&S Sample Collection 1 $ 657.80 | $ 657.80
55-gallon drums 6 E 45451 9% 272.69
Electrical Costs (month) 1 $ 36,597.60 | $  36,597.60
Water (month) 1 $ 275080 | % 2,750.80
Sewer (month) 1 $ 418.60 | 4 418.60
Gas (month) 1 $ 19,674.20 | § 19,674.20
Sodium Hydroxide {month) 1 $ 6,099.60 | § 6,099.60
Peroxide 1 $ 251160 $ 2,511.60

Equipment Units Unit Cost Subtotal
Baker Tank 1 $ 777.40 | $ 777.40
Misc. gages and meters 1 $ 1,435.20 | $ 1,435.20
Misc controlls 1 $ 251160] $ 2,511.60
Vapor Monitoring Equip. 1 $ 932880 % 9,328.80
Water Monitoring Equip. 1 $ 6,578.00 | $ 6,578.00
Misc. hardware 1 $ 299.00] % 299.00
Dioxin/Furan samp. collect. train 1 $ 23,794.27 | § 23,794.27

7

ODCs Units Unit Cost Subtotal
Travel 1 $ 22,810.59 | $ 22,810.59

Shipping $ -
Copying 1 $ 155.48 | $ 155.48

Other $ -

16 0f 49
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Pemaco Remedial Action - Cost Worksheet #16

Phase 3 - Contruction and O&M
Task 3g - ERH Construction

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 6 $ 12112 $ 726.74
Engineer (senior) 40 $ 11363 | $ 4,545.02
Engineer (mid) 60 $ 77711 % 4,662.51
Chemist (senior) $ 104.38 | $ -
Chemist (mid) 20 $ 7183 | § 1,436.68
Hydro / Geo (senior) $ 11187 | $ -
Hydro / Geo (mid) 100 $ 72.04 [ $ 7,204.01
Clerical (admin, data entry, etc.) 6 $ 4854 | $ 291.25
Field Personnel
Site Supervisor 120 $ 7953 | $ 9,543.72
Cost Tracker 30 $ 54321 % 1,629.47
CQC Officer 60 $ 63841 % 3,830.68
SSHO 60 $ 63841 % 3,830.68
Env. Technician (senior) 40 $ 5432 1| §% 2,172.63
Env. Technician (jr/mid) 80 $ 4519 | $ 3,615.18

Subcontracts Units Unit Cost Subtotal
ERH Construction and Operation 1 $ 2,058,600.00 | $ 2,058,600.00
Drilling (SVE Wells in ERH Area) 8 $ 743155]| % 59,452.37

Materials/Supplies/Misc Costs Unlts Unit Cost Subtotal
Sampling Equipment 100 $ 29.90 | $ 2,990.00
Well Vaults and Well Head Assembly 8 $ 598.00 | $ 4,784.00

Equipment Units Unit Cost Subtotal
Fencing 1 $ 14,950.00 | $ 14,950.00

ODCs Units Unit Cost Subtotal
Travel 1 $ 7425251 % 7,425.25
Shipping $ -
Copying 1 $ 77.74 | $ 77.74
Other $ -

USACE - Omaha District \ , ,
Cost Worksheet CS4 Task 3g 17 0f 49 Confidential Information



Pemaco Superfund Site RA Proposal

USACE - Omaha District
Cost Worksheet CS4 Task 3h

Pemaco Remedial Action - Cost Worksheet #17

Phase 3 - Contruction and O&M

Task 3h - Monthly O&M

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 2 $ 121.12 ] § 242.25
Engineer (senior) 24 $ 113.63| $ 2,727.01
Engineer (mid) 32 g 77711 % 2,486.67
Chemist (senior) 4 3 104.38 | $ 417.50
Chemist (mid) 14 3 71831 9% 1,005.68
Hydro / Geo (senior) 4 $ 111.87 | § 447.49
Hydro / Geo (mid) 8 $ T 72.04 ] 9 576.32
Clerical (admin, data entry, etc.) 24 $ 4854 $ 1,165.01
Field Personnel
Site Supervisor| $ 79531 % -
Cost Tracker $ 54.32|% -
CQC Officer, $ 63.84 ] % -
SSHO g 63.84 | § -
Env. Technician (senior] 160 $ 5432 | § 8,690.50
Env. Technician (jr/mid 80 $ 4519 ] § 3,615.18

Misc

Ibtotal; 1,37.3:62
Subcontracts Units Unit Cost Subtotal
Analytical (month) 1 [ 22,696.071 % 22,696.07
Carbon Sampling/Disposal 0.0833 $ 7,874.15] $ 655.92
Sludge disposal 1 $ 257.33| $ 257.33
Dumpster/Waste Removal 8 $ 385.99 | $ 3,087.90
26;697.21;
Materials/Supplies/Misc Costs Units Unit Cost Subtotal
Bag Filters 104 $ 38.57 | $ 4,011.38
Vapor Phase Carbon Replace. 0.0833 |$  14,950.00 (9% 1,245.34
Electrical Costs (month) 1 $ 36,597.60 | $ 36,597.60
Water (month) 1 $ 2,750.80 | $ 2,750.80
Sewer (month) 1 $ 418.60 | $ 418.60
Gas (month) 1 $ 19,674.20 | § 19,674.20
Sodium Hydroxide (month) 1 $ 6,099.60 | $ 6,099.60
Peroxide 1 $ 2511.60( $ 2,511.60
Misc. lubricants 1 $ 119.60 | § 119.60
Cleaning/Maintenance supplies 1 $ 119.60 | $ 119.60
Ice 1 $ 299.00 | $ 299.00
PPE, Spill, H&S 1 $ g 328.90
Calibrati $ $ 71.7
Equipment Units Unit Cost Subtotal
Air Monitoring Equip. 1 $ 299.00| $ 299.00
Misc. Replacement Parts 1 $ 1,435.20 | $ 1,435.20
iping, valves, fittings 1 $ 986.70 | $

986.70

ODCs Units Unit Cost Subtotal
Travel 1 $ 2,726.28 | $ 2,726.28

Shipping $ -
Copying 1 $ 15548 | $ 155.48

Oth g -

180f49
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #18

Phase 3 - Contruction and O&M

Task 3i - Validation Sampling

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 6 $ 121121 $ 726.74
Engineer (senior) 24 $ 11363 | $ 2,727.01
Engineer (mid) 24 $ 7771 1% 1,865.00
Chemist (senior) $ 104.38 | $ -
Chemist (mid) 60 $ 7183 1| % 4,310.04
Hydro / Geo (senior) 32 $ 11187 | $ 3,5679.95
Hydro / Geo (mid) 120 $ 72041 8% 8,644.82
Clerical (admin, data entry, etc.) 24 $ 4854 1| $ 1,165.01
Field Personnel
Site Supervisor $ 7953 | § -
Cost Tracker $ 5432 | % -
CQC Officer $ 63.84|9% -
SSHO $ 63.84| % -
Env. Technician (senior) $ 5432 1% -
Env. Technician (jr/mid) 120 $ 4519 | $ 5,422.77

5,

Subcontracis

Units

Unit Cost »

Subtotal

Drilling

$  56,611.50

$

56,611.50

Materials/Supplies/Misc Costs

Unit Cost

Subtotal

Miscellaneous

$ 657.80

$

657.80

e s/Mi:

Equipment

Unit Cost

Subtotal

ipi
ODCs Units Unit Cost Sublotal
Travel 1 $ 5,07056 | $ 5,070.56
Shipping $ -
Copying 1 $ 15548 | § 155.48
Other $ -

USACE - Omaha District
Cost Worksheet CS4 Task 3i
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Pemaco Remedial Action - Cost Worksheet #19

Phase 3 - Contruction and O&M
Task 3j - Project Demobilization

Estimated
Labor ' Hours Unit Cost Subtotal
Home Office Support
Project Manager 4 $ 121.12 | § 484.49
Engineer (senior) $ 11363 | § -
Engineer (mid) $ 7771 | $ -
Chemist (senior) $ 104.38 | $§ -
Chemist (mid) $ 7183 ] $ -
Hydro / Geo (senior) $ 11187 | § -
Hydro / Geo (mid) $ 72.04 | $ -
Clerical (admin, data entry, etc.) 12 $ 4854 | $ 582.50
Field Personnel
Site Supervisor 80 $ 7953 | $ 6,362.48
Cost Tracker 50 $ 5432 | % 2,715.78
CQC Officer 24 $ 63.84 | $ 1,632.27
SSHO 10 $ 63.84 | $ 638.45
Env. Technician (senior) $ 63.84| $ -
Env. Technician (jr/mid) 80 $ 4519 | § 3,615.18

Subcontracts Units Unit Cost Subtotal
Analytical 0 $ 23,159.25 | $ -
Liguid waste disposal 8 $ 257.33 | $ 2,058.60
Dumpster/Waste Removal 7 $ 385.99 | $ 2,701.91
Equipment Moving (FTO and Carh 1 $ 32,937.60 | §  32,937.60
Industrial Cleaning 1 $ 10,087.14 | $ 10,087.14
Remove Overhead lines to ERH 1 $ 60,214.05 | $ 60,214.05
Utility Lockout 0 $ 13,895.55 | $ -

Materials/Supplies/Misc Costs Units Unit Cost Subtotal
H&S - PPE, respiratory 1 $ 1,076.40 | $ 1,076.40
Misc. Cleaning materials 1 $ 65780 | $ 657.80

Equipment Units Unit Cost Subtotal
Steam Cleaner 1 $ 299.00 | $ 299.00
Forklift 1 $ 1,435.20 | § 1,435.20
Flatbed 5 $ 448.50 | § 2,242.50
it 70;

ODCs Units Unit Cost Subtotal
Travel 1 $ 3,169.10 | $ 3,169.10

Shipping $ -
Copying 1 $ 15548 [ $ 155.48

Other $

USACE - Omaha District o .
Cost Worksheet CS4 Task 3 200f49 Confidential Information
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #20

Phase 4 - Engineering Support during Construction
Task 4a - Engineering Support During Construction

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subftotal
Home Office Support
Project Manager 6 $ 12112 | $ 726.74
Engineer (senior) 700 $ 11363 | $ 79,537.88
Engineer {mid) 700 $ 777118 54,395.97
Chemist (senior) 6 $ 10438 | $ 626.25
Chemist (mid) 60 $ 7183 $ 4,310.04
Hydro / Geo (senior) 80 $ 111.87 | $ 8,949.88
Hydro / Geo (mid) 40 $ 72.04 [ § 2,881.61
Clerical (admin, data entry, etc.) 32 $ 4854 | $ 1,558.35
Field Personnel
Site Supervisor $ 51.911|$ -
Cost Tracker $ 3545 | % -
CQC Officer $ 41671 9% -
SSHO $ 41671 9% -
Env. Technician (senior) $ 3545 | % -
Env. Technician (jr/mid) $ 2949 | $ -

ot o

Subcontracts

Units

Unit Cost

Subtotal

Materials/Supplies/Misc Costs

Units

Unit Cost

Subtotal

Equipment

Units

Unit Cost

Subtotal

ODCs Units Unit Cost Subtotal
Travel 1 $ 21,74089 | $ 21,740.89
Shipping 1 $ 333.68 | $ 333.68
Copying 1 $ 1,022.58 | $ 1,022.58
Other $ -

USACE - Omaha District
Cost Worksheet CS4 Task 4a
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #21

Phase 5 - Integration and Operation of Remedial Systems

Task 5a - Integration and Operation of Remedial Systems

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 3 121121 $ -
Engineer (senior) 240 $ 11363 | $ 27,270.13
Engineer (mid) 400 $ 77711% 31,083.41
Chemist (senior) $ 104.38 | $ -
Chemist (mid) $ 7183 ] % -
Hydro / Geo (senior) $ 11187 | $ -
Hydro / Geo {mid) $ 7204 | $ -
Clerical (admin, data entry, etc.) $ 4854 | $ -
Field Personnel
Site Supervisor $ 111821 % -
Cost Tracker $ 76.37 | $ -
CQC Officer $ 89.77 1 $ -
SSHO $ 89.77 1% -
Env. Technician (senior) $ 76371 $ -
Env. Technician (jr/mid) $ 63.54 | $ -

Subcontracts

Units

Unit Cost

Subtotal

Materials/Supplies/Misc Costs

Units

Unit Cost

Subtotal

Equipment

Units

Unit Cost

Subtotal

ODCs Units Unit Cost Subtotal
Travel $ -
Shipping 1 $ 667.37 | $ 667.37
Copying 1 $ 1,255.80 | $ 1,255.80
Oth $

USACE - Omaha District
Cost Worksheet CS4 Task 5a
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #22

Phase 6 - O&M Plan
Task 6a - O&M Plan

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager, 6 $ 121121 $ 726.74
Engineer (senior) 80 $ 113.63 ] $ 9,090.04
Engineer (mid) 200 $ 77711 % 15,541.71
Chemist (senior) 4 $ 104.38 | $ 417.50
Chemist (mid) 80 $ 71831 8% 5,746.72
Hydro / Geo (senior) 80 $ 11187 | $ 8,949.88
Hydro / Geo (mid) 40 $ 72041 $ 2,881.61
Clerical (admin, data entry, etc.) 32 $ 4854 | $ 1,653.35
Field Personnel
Site Supervisor $ 7953 | $ -
Cost Tracker $ 5432 | % -
CQC Officer $ 6384 | % -
SSHO 8 $ 6384 | $ 510.76
Env. Technician (senior) $ 5432 | $ -
Env. Technician (jr/mid) $ 4519 | $ -

Subc_ontracts

Units

Unit Cost

Subtotal

Materials/Supplies/Misc Costs

Units

Unit Cost

Subtotal

Equipment

Units

Unit Cost

Subtotal

ODCs Units Unit Cost Subtotal
Travel $ - $ -
Shipping 1 $ 333.68 | $ 333.68
Copying 1 $ 1,285.70 | § 1,285.70
Other $ -

USACE - Omaha District
Cost Worksheet CS4 Task 6a
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #23

Phase 7 - ERH Final Tech Memo

Task 7a - ERH Final Tech Memo

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 6 $ 12112 | $ 726.74
Engineer (senior) 80 $ 11363 | $ 9,090.04
Engineer (mid) 80 $ 77711 % 6,216.68
Chemist (senior) $ 104.38 | $ -
Chemist (mid) 24 $ 7183 ] $ 1,724.02
Hydro / Geo (senior) 40 $ 11187 $ 4,474.94
Hydro / Geo (mid) 80 $ 7204 | $ 5,763.21
Clerical (admin, data entry, etc.) 24 $ 48541 % 1,165.01
Field Personnel
Site Supervisor $ 79531 % -
Cost Tracker $ 54321| % -
CQC Officer $ 63.84|9% -
SSHO $ 6384 ]| % -
Env. Technician (senior) $ 54321% -
Env. Technician (jr/mid) $ 4519 % -

Subcontracts

Units

Unit Cost

Subtotal

Materials/Supplies/Misc Costs

Units

Unit Cost

Subtotal

Equipment

Units

Unit Cost

Subtolal

ODCs Units Unit Cost Subtotal
Travel $ - $ -
Shippin 1 $ 22246 | $ 222 46
Copyin 1 $ 246.38 | $ 246.38
Other $ -

USACE - Omaha District
Cost Worksheet CS4 Task 7a
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Pemaco Superfund Site RA Proposal

Pemaco Remedial Action - Cost Worksheet #24

Phase 8 - Enhanced MPE Final Tech Memo
Task 8a - MPE, SVE, and Groundwater System Technical Memorandum

T N & Associates, Inc.

Estimated
Labor Hours Unit Cost Subtotal
Home Office Support
Project Manager 8 $ 12112 | $ 968.99
Engineer (senior) 40 $ 11363 § 4,545.02
Engineer (mid) 160 $ 77711 % 12,433.36
Chemist (senior) 24 $ 104.38 [ $ 2,505.02
Chemist (mid) 200 $ 71831 % 14,366.80
Hydro / Geo (senior) 40 $ 11187 | $ 4,474.94
Hydro / Geo (mid) 120 $ 72.04 ] % 8,644.82
Clerical (admin, data entry, etc.) 60 $ 4854 | $ 2,912.52
Field Personnel
Site Supervisor $ 7953 | $ -
Cost Tracker $ 5432 | $ -
CQC Officer $ 63.84 ] % -
SSHO $ 63.84 ] $ -
Env. Technician (senior) $ 5432 | % -
Env. Technician (jr/mid) $ 4519 3 -

Subconiracts

Units

Unit Cost

Subtotal

Materials/Supplies/Misc Cosis

Units

Unit Cost

Subtotal

Equipment

Units

Unit Cost

Subtotal

............. quIpe
ODCs Units Unit Cost Sublotal
Travel $ - $ -
Shipping 1 $ 33368 | $ 333.68
Copying 1 $ 867.10 | § 867.10
Other $ - $ -

USACE - Omaha District
Cost Worksheet CS4 Task 8a
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Pemaco Superfund Site RA Proposal

Technical Assumptions and ODC Breakdown
Phase 1 - Project Management
Tasks 1a, b and ¢ - Project Planning, Resource Scheduling and Overall Scheduling

Technical Assumptions for Tasks 1a, b and c:
1. Meeting attendance is included in Task 1f.

T N & Associates, Inc.

USACE - Omaha District

Cost Worksheet CS4 Ph1 T1a,b,c 26 of 49
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 1 - Project Management
Tasks 1d - Procurement

No technical assumptions to add.

Copying

USACE - Omaha District

Cost Worksheet CS4 Ph1 T1d 270f49 Confidential Information



Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 1 - Project Management
Tasks 1d - Procurement

No technical assumptions to add.

Copying

USACE - Omaha District

Cost Worksheet CS4 Ph1 T1d 270f49 Confidential Information



Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
~ Phase 1 - Project Management
Task 1e - Cost Control and Tracking (non-field)

Technical Assumptions for Task 1e:
1. Includes cost tracking on overall project basis, review of subcontractor invoices and tracking/comparison with field data.

2. Daily construction cost tracking included in Tasks 3a-3f.

Shipping

Copying

USACE - Omaha District
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T N & Associates, Inc.

Pemaco Superfund Site RA Proposal

Technical Assumptions and ODC Breakdown
Phase 1 - Project Management
Task 1g - Community Participation

Technical Assumptions for Task 1g:
1. Assumes 1 "full" community meeting and 5 meetings with communtiy focus groups.

2. Assumes preparation and translation of 1 Fact Sheet.
3. Assumes Fact Sheet postage paid by EPA

Shipping

Copying

USACE - Omaha District , , ,
Cost Worksheet CS4 Ph1 T1g 290f 49 Confidential Information



Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 1 - Project Management
Tasks 1f - Project Meetings

Technical Assumptions for Task 1f:

1. Includes 2 trips for 2 people to San Francisco. 6 trips for PM to project site (see table below).

2. Attendence of weekly field meetings during construction by Site Manage and Lead Engineers are bugeted in Phase 3 tasks
and in Task 4a.

3. Attendence of Community meetings budgeted in Task 1g.

Shipping

USACE - Omaha District . . .
Cost Worksheet CS4 Ph1 T1f 300f 49 Confidential Information



Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 2 - Project Plans
Task 2a - Task-Specific Work Plans

Technical Assumptions for Task 2a: :

1. TN&A will coordinate Work Plan production with the US EPA and USACE to assure that the content and presentation meet
or exceed expectations.

2 Cost for possible Work Plans to address supplementary insitu technologies; e.g., ISCO or EISB, have not been included.

3. Costs are included to develop individual and/or composite Work Plans for separate construction phases, if necessary to
meet project schedule.

Copying

USACE - Omaha District . . ,
Cost Worksheet CS4 PH2 T2a 310f49 Confidential Information



Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 2 - Project Plans
Task 2b - Site Safey and Health Plan

Technical Assumptions for Task 2b:

1. TN&A will coordinate Site Safety and Health Plan production with the US EPA and USACE to assure that content and
presentation meets or exceeds expectations.

2. Assumes one Site Safety and Health Plan for the entire project and separate AHA chapters/addenda for various project
phases/tasks.

Shipping 10.00

Copying

USACE - Omaha District ] ] .
Cost Worksheet CS4 PH2 T2b 320f49 Confidential Information



Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 2 - Project Plans
Task 2c - Sampling and Analysis Plan

Technical Assumptions for Task 2c:

1. TN&A will coordinate SAP production with the US EPA and USACE to assure that content and presentation meets or
exceeds expectations.

2. Assume SAP preparation treatment system processs monitoring, remediation progress monitoring, and verification
sampling.

Shipping

Copying

fN

USACE - Omaha District o )
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 2 - Project Plans
Task 2d - Construction Quality Control Plan

Technical Assumptions for Task 2d:
1. TN&A will coordinate CQC Plan production with the US EPA and USACE to assure that the content and presentation meet or

exceed expectations.

Shipping

USACE - Omaha District

Cost Worksheet CS4 PH2 T2d 340f 49 Confidential Information



Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 3 - Construction and O&M
Task 3a - Project Mobilization

Technical Assumptions for Task 3a:

1. Subcontractor mobilization costs are estimated at ~$27,000 and are not shown under this Task. Costs for subcontractor
mobilizations are shown under respective construction tasks (Tasks 3b-3g).
2. Mobilization charges shown include mobilize construction facilities, manage utility connections and locating/marking,

facilitate equipment and material deliveries, facilitate subcontractor mobilizations and coordinate transitions with park

construction activities.
3. Note: While the RFP listed this initial Task as Mobilization/Demobilization, Demobilization was also listed as a separate

Task. In this cost estimate, demobilization costs are included in Task 3J, Project Demobilization.

Shipping

Copying

USACE - Omaha District
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
-Phase 3 - Construction and O&M
Task 3b - Well and Piping Installation - Phase 1

Technical Assumptions for Task 3b:

1

B W

® ~N O O

©

10
11
12

13
14
15

It is assumed that the proposed Walker Avenue and 59th Place pipe and trench network will cross over existing water, gas and sewer
pipelines. The "As Built" depth of these networks cannot be confirmed from available drawings, therefare it is anticipated that some
design/build decisions will be made in the field regarding final pipeline depth.

It is assumed that traffic control and safety equipment, including: cover plates, cones, temporary fencing, construction signs and barriers
are included in the lump-sum total for *Trench and Pipe.”

It is assumed that 345 c.y. of trench spoils requires disposal as "non-hazardous waste" at a Class | disposal facility.

Estimate includes analytical sampling from 12 wells in and surrounding the ERH area, averaging 12 samples per well using an Encore
sampler.

The health and safety oversight and quality control oversight will be performed by the same person.

The estimate includes all wells, vaults, and wellhead assemblies for *Park Area.*

The park area includes all wells within the park boundary plus all wells on 5Sth Place and Walker Ave.

Since the park grading activity and former use has compacted the site, a minimal amount of compaction testing will be required for trench
floors.

A "one-sack sand slurry® will be used to backfill pipes to 6 inches above the pipe, the remainder of the trench will be backfilled with
trench spails.

Trench plates will be used in all Streets.

The costs of removal or relocation of any utilities is not included.

Excavations less than 5 ft in depth and in which a competent person examines and determines there to be no

potential for cave-in do not require protective systems. Trench shoring will be used, as needed, in accordance with ACE and OSHA
requirements.

Asphailt will be replaced to the same specification as it was found.

Asphalt will be replaced to the same specification as exists currently.

Well Installation and Trenching/Piping Sucontractor costs based on initial quotes from several candidate subcontractors.

Shipping

Copying

USACE - Omaha District , . .
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 3 - Construction and O&M
Task 3c - Well and Piping Installation - Phase 2

Technical Assumptions for task 3c:

1. The drilling estimate includes all wells planned for 60th St. (shown on RD Drawing C-2). The total number of wells is 8 for
Phase 2.
2. It is assumed that the proposed 60th St. pipe and trench network will cross over numerous existing water, gas, and sewer

pipelines. The "As Built" depth of these networks cannot be confirmed from available drawings, therefore it is anticipated
that some design/build decisions will be made in the field regarding final pipeline depth.
3. It is assumed that traffic control and safety equipment, including: cover plates, cones, temporary fencing, construction signs
and barriers are included in the lump-sum total for "Trench and Pipe."
It is assumed that 64 c.y. of soil will be recycled as waste soil.
The health and safety oversight and quality control oversight will be performed by the same person.
The estimate includes all wells, vaults, and wellhead assemblies for "Park Area."
The park area includes all wells within the park boundary plus all wells on 59th Place and Walker Ave.
Since the park grading activity and former use has compacted the site, a minimal amount of compaction testing will be
required for trench floors.
A "one-sack sand slurry" will be used to backfill pipes to 6 inches above the pipe, the remainder of the trench will be
backfilled with trench spoils.
10.  Trench plates will be used in all streets.
11.  The costs of removal or relocation of any utilities is not included.
12.  Excavations less than 5 ft in depth and in which a competent person examines and determines there to be no
potential for cave-in do not require protective systems. Trench shoring will be used, as needed, in accordance with ACE and
OSHA requirements.
13.  Asphalt will be replaced to the same specification as exists currently.
14.  Well Installation and Trenching/Piping Sucontractor costs based on initial quotes from several candidate subcontractors.

© N oA

©

Shipping

Copying
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 3 - Construction and O&M
Task 3d - Treatment Building and Compound Construction

Technical Assumptions for Task 3d:

1. Subcontract costs shown are based on initial quotes from candidate subcontractors. Gates and alarm system from R.S.
Means. '

2. The external electrical connections include approx. $75,000 for high voltage cables to connect S.C. Edison lines to the ERH
compound. Additional installation costs are from all electrical connector & conveyance equipment (6 poles to ERH area, 2
poles to main compound) necessary to bring power to both the main treatment compound and the ERH area.

3. The pre-engineered steel building design will be compatible with the concrete sections shown in drawing C-10. Structure will
not require any additional permits.

4. Concrete Pad includes items shown in Drawings C-9 and C-10 plus (1) 20-foot wide asphalt access road from 60th Steet to
the compound.

5. The transformer T1 is for the main compound only. The transformer will be provided by SCE and the cost may vary based
on availability.

6. All interior electical components and recepticles are included.

Shipping

USACE - Omaha District : . . .
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 3 - Construction and O&M
Task 3e - Treatment System Construction

Technical Assumptions for Task 3e:
1. Task 3e includes installation of all interior manifolds and conveyance piping for water and vapor treatment systems. All
treatment equipment shown in the General P&ID drawing M-1 are included.

2. Specialized technician (shown under Subcontracts) may be multiple subcontractors required for integration of systems,
control refinement, etc.

3. System appurtunances such as flowmeters and gauges will be installed as per design.

4. Includes purchase of specified FTO and UV/Oxidation treatment units based initial vendor quotes.

5. Post-FTO vapor conditioning and carbon treatment system included.

6. Does not include carbon treatment system for water treatment.

7.

The MPE system line item (under Equipment) includes: high vac pumps (P-101 and P-102); moisture seperator (V-101),

control systems; inlet filters (F-101, F-102); transfer pump (P-201); exhaust filters (F-103, F-104); gauges and meters

(influent and effluent); etc.

8. Includes all downhole well pumps, assemblies and controls. Unit cost of $4,358.22 is weighted average of heat-tolerant
pumps required for ERH area and regular pumps for wells outside ERH area; based on initial vendor quote.

9. Treatment system installation does not include supplementary insitu technologies; e.g., ISCO or EISB.
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Pemaco Superfund Site RA Proposal T N & Associales, Inc.

Technical Assumptions and ODC Breakdown
Phase 3 - Construction and O&M
Task 3f - MPE, SVE and Groundwater System Shakedown (including Source Testing)

Technical Assumptions for Task 3f:

1. Volatile Organic for air matrix list includes 1,4-Dioxane.

2. Estimated cost for sampling train/equipment for dioxin and furan analysis by method EPA 23 is $13,500.

3. Estimated cost for sampling/train equipment for dioxin and furan analysis by method TO-9 is $5,050.

4 Only a very limited “baseline sampling” from new wells is included (30 total water analyses for shakedown period - includes
influent and effluent testing). Other baseline lab data could be provided by CLP at no direct cost to project.

5. Estimate for Source Testing {must be independent 3rd parly) based on discussions with EPA. Assumes dioxin testing is
required.

6.  Assumes limited ambient air sampling program (see quantities below).

T ——.

Task 3F, Total Analytical: $ 109,570.00
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 3 - Construction and O&M
Task 3g - ERH Construction

Technical Assumptions for Task 3g:

1. Per RFP, a $2M Subcontractor cost is assumed.

2 ERH contractor will include all costs associated with the ERH program with the exception of SVE well installation and
operation.

3. All ERH construction, operation, maintenance, sampling, utility/energy and mobilization/demobilization costs are included in
this task.

4. Assumes installation of 8 additional VE wells in the ERH area to 90 ft bg.

5. Assumes soil sampling of additional 8 wells, 12 samples per well. Lab analysis by CLP (analytical cost not included).
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 3 - Construction and O&M
Task 3h - Monthly O&M

Technical Assumptions for Task 3h:

Estimated cost for sampling equipment for dioxin and furan analysis by method EPA 23 is $13,500.

Estimated cost for sampling equipment for dioxin and furan analysis by method TO-9 is $5,050.

No continous monitoring is included.

Costs for ERH O&M not included - they are included in the $2M lump sum under ERH construction (Task 3g)

Assumed that UV/Ox system will be primary water treatment unit for first year of operation. No carbon costs included.

Note: Most of the electrical costs estimated for O&M ($30,600/mo) are associated with operation of the UV/Ox system.

Gas costs for FTO were provided by vendor and are contingent on contaminant loading.

Labor level of effort was weighted over a 1 year period (more intensive the first 4 months). Includes ail sampling and general
maintenance/repair.

ONOO A WN =

Task 3H, Total Analytical (for 12 months): $ 264,600.00
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 3 - Construction and O&M
* Task 3i - Validation Sampling

Technical Assumptions for Task 3i:

1. Validation sampling program for ERH area only.
2. Assumes 2 rounds of CPT MIP sampling in the ERH area
3. Does not include analytical costs (other than MIP). Assumed soil vapor sampling will be covered as part of O&M program

Assumed that any "fixed lab" analyses for in situ soil, groundwater or vapor sampling will be by CLP lab.
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 3 - Construction and O&M
" Task 3j - Project Demobilization

Technical Assumptions for Task 3j:

1. General construction demobilization included.

2. Main tasks include complete utility demob. of ERH area (main components of system included in ERH subcontractor bid;
however, utility abandonment will still be required). This will require removal of 6 electrical poles and high voltage electrical
lines, connections, and meters.

3. No well abandonment or analytical testing included.

4. Includes removal of FTO and conversion of MPE vapor treatment system to carbon. Includes transport of FTO to EPA
designated CA storage location.

5. No park restoration included. No restoration of hardscape or landscape.

Shipping

N,
——

USACE - Omaha District . . .
Cost Worksheet CS4 PH3 T3j 44 0f 49 Confidential Information



Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 4 - Engineering Support During Construction
Task 4a - Engineering Support During Construction

Technical Assumptions for Task 4a:

1. Task 4a includes all engineering support hours for the following construction tasks: Task 3b (Well Piping and Installation -
Phase I), Task 3¢ (Well Piping and Installation - Phase 2), Task 3d (Treatment Building and Compound Construction}, and
Task 3e (Treatment System Construction).

2. Assume all engineering support hours are necessary for the elimination of down time and to facilitate field implementation of
the design intent.
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 5 -Integration and Operation of Remedial Systems
Task 5a - Integration and Operation of Remedial Systems

Technical Assumptions for Task 5a:

1. Task 5a includes all engineering support hours for integration and optimization of the treatment systems. The are no hours
for this task placed under Task 4a (Engineering Support During Construction).
2 Assumes the three major treatment networks; namely vapor extraction, conveyance, and treatment system, the groundwater

extraction, conveyance, and treatment system, and the ERH heating system are integrated and balanced through system
interlocks, fail-safe control, and process logic controls to operate efficiently, effectively, and safely.
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 6 - O&M Plan
Task 6a - O&M Plan

Technical Assumptions for Task 6a:

1. Assume O&M Plan will provide manufacturer recommended maintenance schedules for all major pieces of equipment.
2. Estimate does not include andy O&M plans for ERH.

3. O&M plan will not contain decomissioning procedures.

4, O&M Pian will address all requirements outlined in the RFP and applicable USEPA and USACE guidance documents.
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Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 7 - ERH Technical Memorandum
Task 7a - ERH Technical Memoradum

Technical Assumptions for Task 7a:

1. Assumes an ERH Technical Memo will be provided by the ERH contractor. TN&A will augment with sudsidiary data and
provide an evaluation (discussion section) and project conclusions.

Shipping

Copying

USACE - Omaha District

Cost Worksheet CS4 PH7 T7a 480f 49 Confidential Information



Pemaco Superfund Site RA Proposal T N & Associates, Inc.

Technical Assumptions and ODC Breakdown
Phase 8 - MPE, SVE and Groundwater System Technical Memorandum
Task 8a - MPE, SVE and Groundwater System Technical Memorandum

Technical Assumptions for Task 8a:
1. TN&A will prepare the MPE, SVE and Groundwater System Technical Memorandum per the requirements stated in the RFP,

and to meet US EPA and USACE requirements.
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