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INTRODUCTION




Introduction
Camp Grayling Water System Study

Background

The Camp Grayling water system study is to assist the State of Michigan in analyzing the existing
capacity of the water system in order to determine the potential for future expansion and also to determine
the feasibility of making it a year-round training facility. The Camp’s water supply and storage system
currently consists of two (2) water production wells, one (1) 500,000-gallon in-ground storage reservoir
and a water distribution system consisting of approximately 10 miles of 2 to 8” diameter water main (see

Figure 2.1 — Existing Water System Map and Table 1.1: Water Distribution System Inventory).

Table 1.1

Water Distribution System Inventory
PIFESIZE | 1pugrn | or1oTaL

2" 19,319 ft 36.59%

3 4,590 ft 8.69%

47 9,443 ft 17.8%%

6" 7,724 ft 14.63%

8” 11,717 ft 22.19%

TOTALS* 52,793 ft 100%

*Does not include < 2” diameter service lines

The existing water service area varies in elevation from +/-1,134’ along the shore of Lake
Margrethe to +/-1,336” (the topographic information provided for the project is limited primarily to the
inhabited aréa of the Camp). Based upon the review of USGS maps, elevations reach upwards of 1,470°
near the Southeasterly corner of Camp Grayling in the vicinity of the proposed SIRE complex. The in-
ground storage reservoir hags a top elevation of 1,328.62’. Under normal operating conditions the static

water pressures in the systern range between 55 pounds per square inch-gauge (psig) and 70 psig.

Purpose and Scope.

The purpose and scope of the Water System Study was to build a hydraulic computer model of
Camp Grayling’s water system using the updated electronic water system map and the topographic survey
provided by Camp Grayling staff. That information, along with hydrant flow testing, acoustic surveying
and destructive testing of the in-ground pipe, helped to create the model necessary to analyze the

adequacy of the existing water system. The model then enabled analysis of potential future changes to the
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water system in order to see their impact and benefits. After analyzing a number of future scenarios,
prioritized recommendations for improvements and additions to the Camp’s water system were made.
The analysis includes available fire flow, system operating pressures, water storage capacity,
present and future water demands, potential water main replacements, potential looping of the existing
system, expansion of the transmission main network, future expansions to the distribution system, firm
capacity of the Camp’s wells, future storage tank options, general maintenance recommendations and
overall reliability of the water system. The recommendations include cost opinions of the proposed work

for budget planning.
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Exﬁtiﬁé‘fiﬁter System Assessment
Camp Grayling Water Systent Study

Existing Well Production

Currently, Camp Grayling does not maintain daily or monthly water production or demand
records. Production numbers are taken periodically, sometimes monthly and otherwise quartcrly. The two
wells at Buildings 410 and 552, generally operate 1 week on and 1- week off and supply water to the
500,000-gallon in-ground storage reservoir and distribution system on an alternating basis. The wells
operate on demand, based on the water level in the storage reservoir tank. The Building 410 well,
constructed in 1952, had an original design yield of 760 gpm and currently produces in the vicinity of 600
gpm. This well is considered the primary well and for the purposes of this report it will be referred to as
Well No. 1. The Building 552 well (Well No. 2), constructed in 1970, had an original design yield of 750
gpm. Well No. 2 is considered a secondary well but is used interchangeably with Well No. 1. According
to Camp Grayling, in October of 2000, Well No. 2 pumped up to 1000 gpm during testing and

maintenance procedures.

The firm capacity is a measure of the water system’s well production capacity with the highest
producing well (assumed to be Well No. 1) out of service. This is used to identify the capacity of the
system under worst case conditions; when the demand is highest and the highest producing well is under
maintenance. The Camp’s firm well capacity is 864,000 gallons per day, with Well No. 1 out of service.
Therefore, the Camp Grayling water system, with the normal operation of alternating the wells, operates

under a firm capacity status. This information is shown below in Table 2.1: Existing Well Capacity.

Table 2.1
Existing Well Capacity

Well Name (Vg‘;ggl‘i‘{fol) Xigg‘;ﬁ Totals
Actual Flow (gpm) 600* 600* 1,200
Gallons Per Day (gpd) 864,000 | 864,000 | 1,728,000
Well Firm Capacity (gpd) ; 864,000 | 864,000

* Camp Grayling estimated well production (current use).

Both Well No. 1 and No. 2 have had recent work completed in the Fall of 2008 to improve
performance, efficiency and safety. Both production wells had new backflow prevention devices and flow
meters installed each with a 4-20mA remote read capability. A number of other cantonment area

buildings also had backflow prevention devices installed.
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Existing Water Storage and Fire Flow Capacity

Guidelines for available fire flows for public water systems are set by the ISO Commercial Risk
Services. The range of needed fire flows is between 1,000 gallons per minute (gpm) for residential type
arcas and 5,000 gpm for large commercial facilities, industry and hotels. The majority of commercial
businesses have needed fire flows in the range of 3,000 to 3,500 gpm. In order to have a full credit rating
by the ISO, the needed fire flow rate must be supplied for a specific duration. The existing available fire
flow within the Camp’s water system ranges from a low 0f 137 gpm to a high of 1,398 gpm. There are
many limiting factors for the low fire flow areas, including a low relative elevation difference between the
storage reservoir and some of the existing hydrants, especially hydrants located on 2” and 3” water lines
(existing hydrants 3, 4, 10, 11, 19 & 20).

Community water storage is sized to provide sufficient storage, when combined with the firm
pumping capacity of the water supply wells, to meet maximum daily consumption requirements during a
maximum fire flow demand. The Camp’s in-ground storage tank provides a total storage capacity of
500,000 gallons to the water system. The Camp’s water supply wells have a total pumping capacity of an
estimated 1,200 gallons per minute, although typically only one well is operated at a time with
approximately 600 gallons per minute. It is therefore assumed that the capacity of the active well meets
the average daily demand, assumed to be 600 gallons per minute, and the storage reservoir provides the

additional volume necessary to meet maximum daily demands when the Camp is at full seasonal capacity.

The maximum daily demand for the water system is unknown due to insufficient records and can
only be estimated. Typically, the maximum daily demand ranges from between 1.7 and 2.2 times the
average daily demand. Therefore, it is assumed that the maximum day would be 2 times the average daily
demand over an 18-hour period of usage. Assuming that the in-ground storage reservoir is starting full,
the amount of available fire flow during the maximum daily demand over a 3 hour duration can therefore

be calculated as follows:

Available Fire Flow = Storage+ Well Capacity ~ Maximum Consumption
(Maximum Day) = 500,000 + (600 x 3 x 60) — (1,200 x 3 x 60) = 392,000 gallons
= 392,000 gallons / 180 min. (3 hour duration) = 2,178 gallons per minute

Nommal recommended fire flows from the ISO Commercial Risk Services range from 3,000 to
6,000 gallons per minute for 3 to 5-hour durations for commercial and industrial aréas. Normal
recommended residential fire flow is a minimum of 1,000 gpm for up to two hours. The estimated

available fire flow currently provided by the Camp water system during maximum day demands is under

08623 2-2 May 2009



the ISO recommended range of fire flow for commercial and industrial areas, but meets the recommended

residential fire flow.

The limiting factor for the ability of the Camp’s water system to provide adequate fire flow
protection is the distribution system. Some existing hydrants are currently ¢connected to 2” water lines,
which cannot provide the required flow to the hvdrants. The calculated available fire flow above indicates
that the reservoir can provide more supply than the distribution systems capacity. |

With the anticipated future growth of Camp Grayling and the desire to make it a year-round

facility, this is an issue that will need to be addressed.

Existing Water Distribution System

The Camp Grayling water distribution system consists of 3" to 8 water mains. There are also a
large number of 1” to 2” service lines, abandoned water lines and dead-end lines. The original installation
dates of the majority of the water system lines is unknown but is estimated to be constructed in the 1950’s
based on the original construction date of Well No.1 (1952). The water system mains are mainly cast iron
with some asbestos cement (transite) mains. The service lines are cast iron and copper. See Figure 2.1

Existing Water System Map.

There ate 20 active existing hydrants throughout the Camp’s water system, Seven of the hydrants
were flow-tested.in order to-assist in the calibration of the hydraulic model (see Appendix A - Hydrant
Flow Test Reports). All of the existing hydrants were inventoried and the results are in Appendix B -
Hydrant Inventory & Photographs. The hydrant flow test locations and the existing hydrant numbers are
indicatcd on Figure 2.1. The majority of the existing hydrants are very old and in poor working condition.
Repair parts are no longer available for most; the exceptions are 5 newer hydrants in good condition
(hydrant #°s 1, 3,7,13 and 20). Many of the hydrants have previously or are currently experiencing issues
with leaking and are in imminent need of replacement. The hydrants are often located on small diameter

water lines and often have too large of separation to previde adequate fire protection for all facilities.

There are'a limited number of isolation valves throughout the system. The Camp Grayling
maintenance staff has difficulties in isolating portions of the water system during repairs due‘to a limited
number of valves with inadequate frequency and poor working condition. This requires a larger portion of
the water system to be shut down during required repairs and makes. the systern unreliable and non-
redundant. If repairs are required during times when the Camp is fully utilized, it plays a large impact on

the Camp operations.
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There are a large number of undersized water mains of less than 6" diameter throughout the water
distribution system. 2 to 4” diameter water mains account for approximately 63% of the existing water
system. These water lines are no longer permitted by the Michigan Department of Environmental Quality
as new main sizes; the currént minimum is 6” diameter for distribution mains and 8” diameter for
transmission mains. Typically, older mains become hydraulically less efficient over time due to excessive

build-up on the insides of the pipcs.

The 2” through 4” water mains are restrictive hydraulically and typically with age have low “C-
factors” due to build-up in the pipe. However, based upon past underground exploration at Camp
Grayling and the results of the destructive testing completed for this project, the existing mains are
surprisingly clean on the inside. There is very little, if any, buildup within the pipes and therefore the
condition of the pipes are not limiting the flow hydraulically; only the small diameter. See Appendix C —
Destructive Testing: Underground Pipe Photographs for example photographs of the exterior and interior
of the inside of the existing water mains. Each undersized water main should be evaluated based on its
location, relative. demand and need for fire flow, and replaced as necessary with a larger diameter main in
the future,

In addition to the existing water mains with diameters less than 6”, other undersized transmission
mains throughout the water system should be considered for replacement. Undersized water mains may
cause isolated areas throughout the water distribution system to experience minimal flows and pressures
during peak demand conditions. Wherever the transmission mains reduce down to a smaller diameter

there is a resulting hydraulic impact.

There are a number of existing or proposed critical facilities within the system that currently
either do not have water service or have very low pressures based on their location and elevation. The

following is a list of those facilities:

. Building 413 Distinguished Visitors Quarters (DVQ)

+  Building 950 Ammunition Supply Point (ASP)

. Building 955 Surveillance Inspection Residue (SIRE), proposed
s Buildings 48 Generals Mess Hall

»  Buildings49Q  Generals Officers BOQ

»  Buildings S0 Latrine
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The DVQ, which currently is supplied by service pumps with backup pump and generator, has
water supplied by gravity at approximately 12 psi. Buildings 48-50 are currently supplied by gravity with
pressures at approximately 20 psi. The ASP and the future SIRE are located south of the main cantonment
area and the existing water reservoir near the Taylor Hill area (per the USGS maps), nearly 100 feet in
elevation higher than the next highest facility. The elevations at these two facilities make it impractical
and [Inancially restrictive to connect to the water system. If water service is desired for these facilities,
they should have either a stand-alone water system or an alternative-type system to provide the required

fire flow. Designing the cantonment area water system around these facilities is not recommended.

In portions of the cantonment area there is a high water table, despite the fact that the soils are
primarily well-drained sand. Portions of Parade Route and the majority of Soldiers Drive along Lake
Margrethe have a high water table. Existing water main along Soldiers Drive had to be abandoned due to
issues with high water table, settling, freeze-thaw cycles and subsequent leaking joints. Therefore, these

areas will be avoided for future water main consideration.

As other improvements are made to the Camp’s infrastructure, such as road reconstruction, site
development, storm and/or sanitary sewer construction, etc., the looping and replacement of undersized
water mains is highly recommended. The replacement of undersized existing water mains will provide
improved fransmission throughout the entire water distribution system. The Camp’s transmission mains
are adequate in size; the suggested replacements outlined in Table 2.2 include undersized distribution

mains, primarily leads up t0 existing hydrants.and extended length, small-diameter service lines.

Table 2.2
Undersized Water Mains
EXISTING | PROPOSE
STREET NAME SI;E RS SIZE D LENGTH EROM TO

Howe Road 2 6” 300 | Building 12 (H19) Building 3 (H20
Howe Road 3” 67 180° Building 316Q Bldg. 310Q (H10)
Kitchen Road 3” 6” 80° 8 Main Hydrant 11
Brigade Road > 6" 45Q° 8" Main Hydrants 3 & 4

Total Length 1,010’

The preferred layout of water main in a public water system incorporates as much looping of the
water mains as possible. Looping of the water main will provide improved reliability, redundant supply
(secondary source in case of a water main break), improving hydraulics for normal and fire flow

demands, and water quality. Factors to be considered in the looping of dead-end mains include existing
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right-of-way (if applicable), cost, location, need and size, type and use of the affected existing facilities
and potential future development, The suggested areas for looping water mains are listed in Table 2.3:

Potential Water Main Looping.

Table 2.3
Potential Watér Main Looping

STREET NAME PR(;II,;)ESED LENGTH FROM TO

Howe Road 8 2,650° 8" Street 4™ Street

th th -
8%, 107, Soldiers, & 8” 5,350’ Howe Road Soldiers Drive
Howc Road
2 Street 6’ 1,750° Soldiers Drive Wilson Hill Road
Kitchen Road 6” 425° Building 208M Building 206B
Cross-Country 6” 1,060’ Building 191 Trailer Park
11,235

Svstem Controls

The existing water system has SCADA (Supervisory Control and Data Acquisition) system
communication equipment connecting the two production wells. Camp Grayling has plans to expand the
SCADA system in the near future.. The following is a summary of the Camp Grayling Well House and
Storage Reservoir Control Equipment: ‘

o Water Storage Reservoir: The tank is equipped with a float and level transmitter connected to the

wells for on-demand pumping.

e Well No. | (Bldg. 410): Communication with the Water Storage Reservoir and Well No. 2. The
primary well alternating on a weekly basis with Well No. 2, with manual control.

e  Well No. 2 (Bldg, 552);: Commuriication with the Water Storage Reservoir and Well No. 1. The

secondary well alternating on a weekly basis with Well No. 1, with manual control.

Lost Water

Lost water is the volume of water produced at the wells less the volume of waler actually
consumed by the Camp. Because the Camp only provides water for its own use and does not sell water to
customers, the water consumption is not currently metered. Non-metered water systems are difficult to
monitor for lost water. Typically, examples of causes of lost water in a metered municipal system can be
non-metered consumption by the municipality, such as; non-metered water for landscaping; non-working
or inaccurate water meters; water used from hydrants for construction or flushing; water fountains, park

and cemetery fauccts and/or locations where water is intentionally lefl running to prevent freezing of the
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water lines. For Camp Grayling sources of lost water are leaking water mains, valves, hydrants, services.
and various fixtures throughout the water distribution system. Without adequate metering, the only way to
determine lost water throughout the system is by either reservoir monitoring or leak detection surveys.
While both provide valuable information, monitoring a reservoir will only provide information on the
degree of water loss and not locate the source or sources. A leak detection survey, like the one that was
completed for this study, will acoustically pinpoint water leaks throughout the system and estimate the
rate of water loss through the leak. See Appendix D — Water Leak Detection Survey for details on the
results of the survey completed for this project in the Fall of 2008. The majorities of the 5 leaks identified
were at known locations of leaking valves, hydrants, etc. and were relatively minor in volume when

compared to the total volume of water produced per day.

A 10 to 15 percent lost water component represents a relatively sound system. A lost water
component of 20 percent and above indicates significant water losses are occurring in the water
distribution system. For Camp Grayling’s water systern, the most efficient method of reducing the lost
water is to schedule regular leak detection surveys every 2-3 years. Especially with an aged system, new
leaks will happen regularly and scheduling regular leak detection surveys will help to minimize the loss of
water. Pinpointing the locations and severity of the lost water will also help the Camp’s staff to most
efficiently use its monetary and staff resources. Leak detection surveys are an inexpensive, quick and

non-destructive approach as a first-level of water system operation and maintenance.

Future replacement or abandonment of existing old water mains with sub-standard joints should

lower the amount of lost water.
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Future Water System Demands
Camp Grayling Water System Study

Future Populatiox Trends and Projections

According to the staff, the currént population at Camp Grayling varies seasonally. Currently,
Camp Grayling does not operate year-round as a {raining facility and has a limited year-round staff. Based
upon population data supplied for the year 2008, winter time use averaged 644 bed uses per day. The bed
spaces available year-round is currently 2,114 with a seasonal maximum of 6,383 hed spaces. With the
Future 600-Block buildout, an additional 2,000 bed spaces is anticipated, including all winter time.
Therefore, the total year-round capacity will be 4,114 and the seasonal capacity for Camp Grayling would
then be 8,383 with the 600 Block build-out. See Appendix E - Camp Grayling Population Estimates.

Camp Grayling is interested in turning into a year-round training facility, and therefore it is
anticipated that the total capacity of the Camp will continue to grow over time. The expansion of Camp
Grayling, including the water system, will have an impact on the Camp’s existing sanitary sewer
collection, treatment, storage and discharge capacity. Sce Appendix F - Camp Grayling Sanitary Sewer
Evaluation for information on the existing and future capacity of the sanitary treatment system.

Future Water Demand Projections

Without a definite plan and concrete numbers on how much expansion the Camp will experience
in the future, it is difficult to make any projections on water demand. However, the existing system
currently operates under a firm capacity status, with only alternating use of the two groundwater wells.
Therefore, the water system has room for future expansion without further development of groundwater
wells. Because the two wells have similar production yields, the water system could nearly double the
water production if both were in service siinultaneously. If the system gets to a poinl where utilizing both
wells simultaneously is the normal standard, then the system’s water dernand, firm capacity and water
storage should be monitored closely to determine the adequacy of the overall system over time. In order
to better monitor the water system, regular production data including muximum daily use should be

maintained. The future demands for the 600-block facilities have been included within the analysis.
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Future Fire Flow Requirements

The base should look towards improving the distribution and fire-protection capabilities of the
system. Currently, parts of the existing water system have very low available fire flow. For the majority
of the facilities in the Camp, a typical 1,000 gpm available fire flow is acceptable and is the Camp’s target
fire flow availability. However, a few of the facilities, especially facilities with ammunition, fuel or other
combustible sto;age (as previously noted) should have available fire flows ranging from 2,000 to 3,500
gpm, Typically, commercial facilities would require 3,000 gpm for a 3-hour duration fire. As the Camp
continues to grow in the future and additional facilities are constructed, providing adequate fire flow and

duration will be increasingly important.
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Computer Modeling Summary
Camp Grayling Water System Study

WaterCAD®, by Haestad Methods, is computer simulation software that analyzes steady state
and/or dynamic flows in pressure pipe networks. This software was used to model the steady state of the
Camp’s water distribution and storage system, including the pressure pipes, the wells and the water
reservoir. Once developed, the water model can help provide valuable information for future

infrastructure expenditures.

A physical description of the pipe network (i.e., diameter, length, elevations, material type, age,
roughness coefticient “C-factor” and condition) is required for the analysis. The roughness coefficient or
“C-factor” is a measure of the “roughness™ of the interior of the pipe. It varies depending upon the
diameter, the age and the type of pipe material. Scale build-up on the interior of the pipe causes the
equivalent flow diameter of the pipe to decrease, which in turn affects the flow capacity. The C-factors
were initially assumed and then adjusted asnecessary in order to provide an accurate tmodel when
compared with the actual field results. This existing system information was input into the software in

order to develop a base model from which to evaluate existing and proposed conditions.

The base model was developed from Camp Grayling water system schematic maps provided by
staff, Camp Grayling staff assisted with additional system information in rclationship to operation and

maintenance of the water storage reservoir, the supply wells and the distribution system.

Calibration of Model

The calibration model run must reflect the same conditions that existed within the water
distribution and storage system at the time of the fire flow tests, These conditions include the
water storage reservoir settings, well pumping status, the status of all valves and residual and static
pressures in the system. With limited water production records and control systems on the water system
components, it was not possible to identify the existing status of the water storage reservoir during fire
flow testing. Therefore, the calibration of the model is limited in ac¢uracy and must rely on straight field
results of the fire-flow tests, accurate elevations of the model junctions and estimated water pumpage. Fire
flow test locations were selected and reviewed with Camp Grayling staff. The fire flow test locations
were selected based upon location within the system, pipe diameter and hydrant conditions. Out of 20
active hydrants, 7 were selected for fire flows with 7 other hydrants used to determine the respective
residual pressures. Several hydrants are on very small diameter water lines and would not give valuable

information for calibrating; thercfore they were not utilized for flow testing.
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During calibration of the water system model, the three variables to set and/or adjust are the node
demands, the pipe “C” factors and the node elevations. The node elevations, once determined from field
data or topographic mapping, are fixed and are not adjusted in the calibration. The hydraulic model was
adjusted until the static flow conditions simulated by the computer significantly matched the field-tested

results witnessed in the water distribution system during hydrant flow tests.

Results of Model

The calibration results reflect that the model can be used to reliably predict conditions throughout
the water system. In addition to the physical descriptions of the pipe network, the output from the model
may include the following information: flow rate, flow velocity, direction of flow, pressure head,
hydraulic grade, pressure, demand, available fire flow, calculated residual pressure, reservoir status

reports and valve status reports.

After completion of the calibrated model, the model was utilized to evaluate proposed
improvements to the water distribution system. See Figure 4.2 Hydraulic Water System Model map. The
following Table 4.1: Description of Model Scenarios is a list of all the scenarios of the proposed
improvements to the water system with descriptions of the current system and reasons for evaluating each
-scenario. All scenarios assume that the existing water storage reservoir is full, well pumps are on and

average annual daily demands are present.

Copies of the final hydraulic model for the Camp Grayling water system will be provided.
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Description of Model Scenarios

Table 4.1
Description of Model Scenarios

Water Calibration Run Update the water system and model with additions/changes. Setting up the
Model model for evaluation by using known field test settings and results to recreate the same results
_ Scenario | in the model.
List Reason For Evaluation: To create a rcliable model of the Camp’s Water System.
. Estimated Annual Average Daily Demand — Well 1 on, Well 2 on, full reservoir.
Scenario 2 . . T . . .
(Baseline) Reason For Evgluahon: This scenario is tl_'le‘ baseline for all Scex?ano comparisons to see the
’ impact of running both wells with the anticipated new construction on the base.
Estimated Annual Average Daily Demand — Well 1 on, Well 2 on, full reservoir.
Proposed Construction: Hydrant Lead Improvements (6” mains)
Scenario 2A | This scenario would improve the available fire flow to several hydrants across the Camp.

Currently, hydrants 3, 4, 10, 11, 19 and 20 are at the ends of 2” or 3” water lines. These small
diameter lines severely limit the available fire flow to each hydrant.

Scenario 2B

Estimated Annual Average Daily Demand — Well 1 on, Well 2 on, full reservoir.

Proposed Construction: 600 Block Loop (8” mains) plus Scenario 2A

This scenario would provide 2 new water main loop to the area of future construction of
several new buildings in the area defined by 8® and 10” Streets, Soldiers Drive and Howe
Road. Currently there is no existing water service in the area. This loop should utilize the
existing &” diameter main along 8 Street between Howe Road and Parade Route and connect

back to the existing 8 main hear Building 552 (Well 2) for a complete 8" diameter loop.
‘Without a loop for this new construction area, a single water main break could shut down the

use of the facilities. A loop will improve reliability, water quality and redundancy.

Scenario 2C

Estimated Annual Average Daily Demand — Well 1 on, Well 2 on, full reservoir.

Proposed Construction: Howe Route Loop (8” mains) plus Scenario 2B

This scenario would increase the overall reliability and redundancy of the system. The new
600 block construction would be on a very long, single-source connection to the existing
water rescrvoir without this second connection. This constiuction would connect the existing

8" water mains on 8" Street and 4™ Street and provide a second transmission source to the

system in case of a water main break or shut-down.

Scenario 2D

Estimated Annual Average Daily Demand — Well 1 on, Well 2 on, full reservoir.
Proposed-Construction: Second Streéet Loop (6” mains) plus Scenario 2C

This scenario would improve the reliability and redundancy of the system. The Second Street
Loop would shorten the length of the existing by connecting the existing 6”, 8" and 4” mains
crossing Second Street on Soldiers Drive, Howe Road and Wilson Hill Road. In conjunction
with Seenario:2J, the water lines between Kitchen Road and the new Tank at Wilson Hill
would become 8" diameter-instead of the 6” (new) and 4” (existing) mains.

Scenario 2E

Estimated Annual Average Daily Demand — Well 1 on, Well 2 on, full reservoir.

Proposed Construction: 200 Block Main ( 6” mains) plus Scenario 2D

This scenario would provide improved fire flow for this area, which is currently low and in an
area of dense buildings with distant hydrants.

Scenario 2F

Estimated Annual Average Daily Démand —~ Well 1 on, Well 2 on, full reservoit.

Proposed Construction: Trailer Park Loop (6” mains) plus Scenario 2E

This scenario would help improve the circulation, water quality, redundancy and reliability of
this portion of the water system by connecting the existing dead-end 4” mains and 6” mains
on the North end of the water system.
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Estimated Annual Average Daily Demand — Well 1 on, Well 2 on, full reservoir.
Proposed Construction: New North Transmission plus Scenario 2F

Scenario 2G | This scenario will help improve the capacity and transmission capabilities of the water
system, especially in the niortheasterly area of the water sysiem. This line will replace the
failed and abandoned 6” water main south and along Soldiers Drive.

Estimated Annual Average Daily Demand — Well 1 on, Well 2 on, full reservoirs.
Proposed Construction: New 300,000-gallon Reservoir plus Scenario 2G

This scenario will help improve the capacity and transmission capabilities of the water
system, especially in the area of new construction in the 600 block.

Scenario 2H

Estimated Annual Average Daily Demand - Well 1 on, Well 2 on, full reservoir & tank 2.
Proposed Construction: New 300,000-gallon Elevated Tank 2 plus Scenario 2G
Scenario 2I | This scenario will help improve the capacity and transmission capabilities and system
pressures of the water system, especially in the area of new construction in the 600 block and
the westerly portions of the system.

Estimated Annual Average Daily Demand — Well 1 on, Well 2 on, full reservoir & tank 2.
Proposed Construction: New 300,000-gallon Elevated Tank 2 plus Scenario 2G

Scenario 2J | This scenario will help improve the capacity and transmission capabilities and system
pressures of the water system, especially in the easterly half of the water system & the Wilson
Hill area.

Estimated Annual Average Daily Demand — Well 1 on, Well 2 on, full reservoir & tank 2.
Proposed Construction: New 300,000-galton Elevated Tank 2 plus Scenario 2G
Scenario 2K | This scenario will help improve the capacity and transmission capabilities and system
pressures of the water system, especially in the middle section of the water system along 4™
Street and the higher elevations (Building 413).

Estimated Annual Average Daily Demand — Well 1 on, Well 2 on, full reservoir & tank 2.
Proposed Construction: New Booster Stations (2) plus Scenario 2G

Scenario 2L | This scenario will help improve the pressures and capacity of select facilities if a second tank
is not constructed. One booster would primarily service Building 413 and the other Buildings
48 through 50.

*See Figure 4.1 for Proposed Water System Map-and Proposed Scenario Locations

Scenarios A through G are potential upgrades to the water system that were selected based on a
comprehensive analysis of the existing water system. They will be evaluated on a cost-benefit basis when
compared to the baseline scenario. The Scenarios are cumulative, to show the effect of completing all of
the proposed construction. Each scenario can also be compared to the previous one (compare 2C to 2B,
etc.) in order to see the benefit of each individual scenario improvement. Scenarios H through L are

options for a second elevated tank or booster stations if a tank is not selected for construction.

Table 4.2: Model Scenario Comparison of Fire Flows (gpm), summarizes the results of the
scenarios listed above for the available fire flow at the fire flow test locations only, for the Camp’s water
system. The available fire flow at all other junctions will be shown later in Table 4.3 through 4.6 in order

to show the relative improvements,

All of the scenarios were modeled and the results were compared to its baseline scenario to show

the individual effect on the overall water system.
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Table 4.2
Model Scenario Comparison of Fire Flows (gpm)

1 2 3 4 5 6 7
TEST # J-700- | J-40- t J-770- | J-780- | J-320- | J-460- | J-760-
JUNCTION # H2 HS H12 | HI15 H17 | H14 H10

Fire Flow Test | 838 | 1060 | 918 | 375 | 375 | 443 | 375
Scenario 2 1768 | 1326 | 567 | NA* | 452 | 441 | 271
Scenario 2A | 1768 | 1326 | 567 | NA* | 452 | 441 | 401
Scenario 2B 830 | 688 | 389 | NA* | 324 [ 332 | 339
Scenario 2C 786 | 676 | 381 | NA* [ 317 | 325 | 336
Scenario 2D 794 | 683 | 389 | NA* | 384 | 355 336
Scenario 2E | 794 | 683 | 389 | NA* | 384 | 355 | 336
Scenario 2F 794 | 683 | 389 | NA* | 384 | 386 | 336
Scenario2G | 830 | 718 | 563 | NA* | 558 | se6 | 351
Scenario2H | 2374 | 1489 | 911 | 208 | 897 | 679 | 399
Scenario 21 | 3000 | 2083 | 1190 | 570 | 1172 | 744 | 488
Scenario 2J | 2476 | 3000 | 3000 | 3000 | 2335 | 868 | 532
Scenario 2K | 2826 | 2333 | 1487 | 856 | 1468 | 832 | 588

Test Locations See Figure 2.1

e  Did not meet minimum zone residual pressure of 20 psi required for fire flow cvaluation. This hydrant and
junction is on Wilson Hill near Building 48M and has a high elevation when compared to the existing water
storage reservoir.

Tables 4.3 through 4.6 on the following pages show all of the hydraulic model components and
the results of each of the scenarios. A through K for the Base Scenario 2. For Base Scenario 2, Table 4.3
indicates the available fire flow at each junction in the model for each of the scenarios 2 through 2K, It
also lists a comparison of the fire flow between each consecutive scenario in order to show where and
how much the available fire flow improved for each junction in the hydraulic model, as a result of the
proposed construction. Table 4.4 lists the junction name, elevation, zone and pressiire at each junction in
the hydraulic model and also lists the junction demand for each scenario 2 through 2K. Table 4.5 lists the
pipe name, start and stop junctions, diameter, material, C Factor, length, zone and open-close status for all
pipes in the model. Table 4.6 lists the status of the existing and future rescrvoirs for each scenario 2
through 2K; including name, zone, base ¢levation, minimum elevation, initial elevation, maximum

elevation, outflow and hydraulic grade,

The main item of intezest in reviewing the results in Tables 4.3 through 4.6 is the available fire

flow. The system already has been evaluated for potential areas of replacing hydrants, upsizing
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Soenario Fthro
Fire-Flow Reportand

[ Junction |2Fire Flow.}2A Fire Flow
ool | Available | Avallabie

25 Fire Flow# Gnmpareﬁl.. g

J-320-H17 - 452
J-330 | 443

J-340-H16] 394
J-350 367
J-360 341
J-380 83

4-390-H39 410

J-400-H13 515
J-410 515
5420 515
J-430 515

J-440° 446
{ J450:H18 465

J-460-H14 | 441
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- Junction |

| AT

J-720

j -' J-730-H4

3740 |

375015

{-3-760-H10

J-770-H12 |

‘ +J-780-H15:-

J-790

J-800

J-810

| 820122

_J-830-H23

" J-840-H24

~J-850-H25 §

. J-860-H26 |

_J-870-H27

"J-900-H530 |







CoF | s ]
DReriand| Demand] He

Pressure} Pressure | PrassurePressure] 2 |
2:2H 21 25 | 2K [Demand)

555 | 734 964 00, 00 | o0
559 | 736 05

76:2:

16
T

J-320-H17
J-330
J-340-H16
J-350
J-360
J-380
J-390-H39 § 9.6 ] )
J-400-H13 8.0 80 | 840 8.0
._J-410 0.0 0.0 0.0 0.0
J-420 1.6 16 | 16 i.6
J-430 0.0 00 | 06 0.0
J-440 0.0 00 | 00 0.0
J-450-H18 16 16 | 18 _ 16
J=460-H14 48 48 V 48 | 4.8
_J-470 16" 16 | 16 | 1.6 :
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Junction

Préssure:

Prossure:

J-710-H3 1 593 81.2

J-720 1-EX 62.3 84.2.
J-730-H4 1-EX] 567 786

J-740 1EX) 478 63.2
J-750-H5 1-EX 59.3 78.9
J-760-H10 1-EX 45.7 64.0
J-770-H12 1-EX 59.0 77.2
J-780-H15 1-EX] 213 39.6.

J-790 1-EX ] 625 87.7

J-800 - 1-EX ] 620 87.3

J-810 1-EX | 63.6 89.0
J-820-H22 1-EX 59.6 86.2
J-830-H23 1-EX 62.3 89.7
J-840-H24 1-EX 62.6' 0.9
J-850-H25 1-EX | 621 917
J-860-H28 1-EX ] 608 958
J-870-H27 1-EX] 587 98.5
J-900-H30 1-EX | 678 95.4
J-g10-H31 1-EX | 696 96.7
J-920-H32 1-EX | 69.6 95.8
J-930-H33 1-EX ] 693 94:4
J-080-H38 1-EX ]| 688 87.0

J-990 1-EX 727 909
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Table 4.5

Scenario 2 through 2K
Pipe Report
Hazen-
Williams C | Scaled Pipe
Pipe Label | Start Node | Stop Node | Diameter Material Factor Length Zone Open?
P-10- J-1-H6 J-10 8 IN Cast iron 130 50" 1-EX TRUE
P-20 J-10 J-20 8 IN Cast lron 130 180" 1-EX TRUE
P-30 J-20 J-30 8 IN Cast Iron 130 73 1-EX TRUE
P-50 J-40-H8 J-50 8 IN Cast Iron 130 74' 1-EX TRUE
P-100 J-90 J-100-H9 8IN Cast Iron 130 71 1-EX TRUE
P-110 J-100-H9 J-110 8IN Cast iron 130 21 1-EX TRUE
P-120 J-110 J-120 8 IN Cast Iron 130 94’ 1-EX TRUE
P-130 J-120 J-130 8IN Cast Iron 130 341" 1-EX TRUE
P-140 J-130 J-140 8IN Cast Iron 130 240" 1-EX TRUE
P-150 J-140 J-150 8 IN Cast lron 130 100° 1-EX TRUE
P-160 J-150 J-160-H11 8IN Cast Iron 130 52' 1-EX TRUE
P-170 J-160-H11 J-170 8 IN Cast lron 130 90’ 1-EX TRUE
P-180 J170 J-180 8IN Cast lron 130 173" 1-EX TRUE
P-190 J-180 J-190 8 IN Cast lron 130 125 1-EX TRUE
P-200 J-190 J-200 8 IN ‘Cast Iron 130 38 1-EX TRUE
P-210 J-1060 J-100-H9 4 1IN Cast iron 130 60’ 1-EX TRUE
P-220 J-210 J-220 8 IN Cast iron 130 481" 1-EX TRUE
P-230 J-1-H6 J-250 8 IN Cast iron 130 41" 1-EX TRUE
P-240 J-250 J-560 8IN Cast iron 130 339" 1-EX TRUE
P-250 H-9 J-1060 4N Cast iron 130 36' 1-EX TRUE
P-260 J-570 J-580 8 IN Cast iron 130 313 1-EX TRUE
P-280 J-590 J-600 8IN Cast iron 130 378" 1-EX TRUE
P-290 J-600 J-630-H1 8 IN Cast iron 130 521" 1-EX TRUE
P-310 J-240 J-250 6 IN Cast iron 130 103" 1-EX TRUE
P-330 J-260 J-2790 6 IN Cast iron 130 195" 1-EX TRUE
P-350 J-280 J-290 6 IN Cast iron 130 212" 1-EX TRUE
P-360 J-290 J-300 6 IN Cast iron 130 353" 1-EX TRUE
P-370 J-300 J<220 6IN Cast iron 130 143" 1-EX TRUE
P-380 J-220 J-310 6 IN Castiron 130 287" 1-EX TRUE
P-390 J-310 J-320-H17 6 IN Cast iron 130 103° 1-EX TRUE
P-400 J-320-H17 J-330 6 IN Cast iron 130 69' 1-EX TRUE
P-410 J-330 J-340-H16 68 IN Cast iron 130 507" 1-EX TRUE
P-420 J-310 J-660 6 IN Cast iron 130 289" 1-EX TRUE
P-430 J-660 J-450-H18: 6 IN Cast iron 130 118’ 1-EX TRUE
P-440 J-450-H18 ]J-480-H19.20] 6 IN Cast iron 130 177! 1-EX TRUE
P-450 J-610 J-600 41N Cast iron 130 434 1-EX TRUE
P-460 J-600 J-620 4 IN Cast iron 130 404" 1-EX TRUE
P-470. J-30 J-550-H7 4 1IN Cast iron 130 307’ 1-EX TRUE
P-480 J-70 J-540 4IN Cast iron 130 236" 1-EX TRUE
P-490 J-80 J-520 4IN Cast iron 130 190" 1-EX TRUE
P-500 J-80 J=530 4 IN Cast iron 130 159’ 1-EX TRUE
P-510 J-120 J-510 4N Cast iron 130 501’ 1-EX TRUE
P-520 J-150 J-500 41N Cast iron 130 171" 1-EX TRUE
P-530 J-280 J-390-H39 4 IN Cast iron 130 893’ 1-EX TRUE
P-540 J-300 J-670 6 IN Cast iron 130 216’ 1-EX TRUE
P-550 J-670 J-400-H13 6 IN Cast iron 130 477" 1-EX TRUE
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Table 4.5
Scenario 2 through 2K

Pipe Report
Hazen-
Williams C | Scaled Pipe
Pipe Label | Start Node | Stop Node | Diameter Material Factor Length Open?
P-560 J-670 J-410 4IN Cast iron 130 122 TRUE
P-570 J-410 J-430 4 IN Cast iron 130 151 TRUE
P-580 J-410 J-420 4N Cast iron 130 60’ TRUE
P-590 J-450-H18 | J-460-H14 4 IN Castiron 130 618" TRUE
P-610 J-340-H16 J-350 4 IN Cast iron 130 53’ TRUE
P-620 J-350 J-360 4 IN Castiron 130 62' 1-EX TRUE
P-630 J-360 J-1170 4 IN Castiron 130 33 1-EX TRUE
P-650 J-350 J-490 4 IN Cast iron 130 1164’ 1-EX TRUE
P-690 J-430 J-440 3 IN Castiron 130 105" 1-EX TRUE
P-700 J-630-H1 H-1 6 IN Cast iron 130 65' 1-EX TRUE
P-710 J-580 J-700-H2 8IN Cast iron 130 129" 1-EX TRUE
P-720 H-2 J-700-H2 6 IN Cast iron 130 52’ 1-EX TRUE
P-730 J-700-H2 J-720 8IN Cast iron 130 216" 1-EX TRUE
P-740 J-720 J-590 8 IN Cast iron 130 104" 1-EX TRUE
P-750 J-710-H3 J-720 6 IN PVC 150 167" 1-EX TRUE
P-760 H-3 J-710-H3 6 IN PVC 150 61" 1-EX TRUE
P-770 J-730-H4 J-710-H3 6 IN PVC 150 265" 1-EX TRUE
P-780 H-4 J-730-H4 6 IN PVC 150 60’ 1-EX TRUE
P-790 J-560 J-750-H5 8 IN Cast iron 130 577" 1-EX TRUE
P-800 -J-750-H5 -J-570 8N Cast iron 130 419" 1-EX TRUE
P-810 H-5 J-750-H5 6 IN Cast iron 130 54’ 1-EX TRUE
P-820 H-6 J-1-HB 6 IN Cast iron 130 49" 1-EX TRUE
P-830 H-7 J-550-H7 4 IN Cast iron 130 41" 1-EX TRUE
P-840 H-8 J-40-H8 6 IN Cast iron 130 42" 4-EX TRUE
P-860 J-510 J-760-H10 6 IN PVC 150 168’ 1-EX TRUE
P-870 H-10 J-760-H10 6 IN Ductile Iron 130 64’ 1-EX TRUE
P-900 J-770-H12 J-210 8 IN Cast Iron 130 2977 1-EX TRUE
P-910 H-12 J-770-H12 6 IN Cast iron 130 72" 1-EX TRUE
P-920 H-13 J-400-H13 6IN’ Castjron 130 63 1-EX TRUE
P-930 H-14 J-460-H14 4 IN. Cast iron 130 69" 1-EX TRUE
P-940 H-18 J-450-H18 6 IN Cast iron 130 56" 1-EX TRUE
P-970 H-17 J-320-H17 6 IN Castiron 130 58' 1-EX TRUE
P-980 H-16 J-340-H16 6 IN Cast iron 130 58’ 1-EX TRUE
P-990 J1170 J-780-H15 41N Cast iron 130 1018 1-EX TRUE
P-1000 J-780-H15 J-380 4 1IN Castiron 130 296' 1-EX TRUE
P-1010 H-15 J-780-H15 4 IN Cast iron 130 60" 1-EX TRUE
P-1020 J-240 J-230 8 IN Cast iron 130 42’ 1-EX TRUE
P-1030 J-230 J-1-H6 8 IN Cast iron 130 102" 1-EX TRUE
P-1040 J-260 J-40-H8 6 IN Cast iron 130 52" 1-EX TRUE
P-1040 | Reservoir 1 J-1120 8 IN Cast Iron 130 1038' 1-EX TRUE
P-1050 J-1120 J-740 8IN Cast Iron 130 313! 1-EX TRUE
P-1060 J-740 J-1-HB6 8IN Cast Iron 130 267’ 1-EX TRUE
P-1080 J-790 J-640-H21 8 IN Cast iron 130 52’ 1-EX TRUE
P-1090 J-630-H1 J-800 8IN Cast iron 130 319° 1-EX TRUE
P-1100 J-800 J-790 8IN Cast iron 130 66' 1-EX TRUE
P-1110 J-680 J-920-H32 8 IN Cast iron 130 318' 1-EX TRUE
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Table 4.5

Scenario 2 through 2K
Pipe Report
Hazen-
Williams C | Scaled Pipe
Pipe Label | Start Node | Stop Node | Diameter Material Factor Length Open?
P-1120 J-920-H32 J-650 8IN Cast iron 130 487" TRUE
P-1130 J-690 J-930-H33 8 IN Cast iron 130 238 TRUE
P-1140 | J-930-H33 J-680 8 IN Cast iron 130 214 TRUE
P-1150 J-270 J-990 6 IN Cast iron 130 271" TRUE
P-1160 J-800 J-810 8 IN PVC 150 71 TRUE
P-1170 J-810 J-820-H22 8 IN PVC 150 628’ TRUE
P-1180 J-820-H22 | J-830-H23 8 IN PVC 150 500 , TRUE
P-1190 | J-830-H23 | J-840-H24 8N PVC 150 500' 1-EX TRUE
P-1200 J-840-H24 | J-850-H25 8 IN PVC 150 500' 1-EX TRUE
P-1210 | J-850-H25 ] J-860-H26 8IN PVC 150 500' 1-EX TRUE
P-1220 | J-860-H26 | J-870-H27 8 IN PVC 150 443" 1-EX TRUE
P-1230 | J-870-H27 J-1100 8 IN PVC 150 190' 1-EX (N/A)
P-1240 J-1100 T2-Option 2 12 1IN PVC 150 890’ 1-EX (N/A)
P-1250 J-850-H25 | J-900-H30 8 IN PVC 150 768' 1-EX TRUE
P-1260 | J-900-H30 | J-910-H31 8IN PVC 150 216" 1-EX TRUE
P-1270 J-910-H31 | J-020-H32 8IN PVC 150 524" 1-EX TRUE
P-1330 J-980-H38 J-990 8'IN PVC 150 214 1-EX TRUE
P-1350 | J-460-H14 J-1000 4IN Cast iron 130 107" 1-EX TRUE
P-1360 J-1000 J-470 4 IN Cast iron 130 321" 1-EX TRUE
P-1370 | J-390-H39 J-1010 6 IN PVC 150 390 1-EX TRUE
P-1380 J-1010 J-1000 6IN PVC 150 459" 1-EX TRUE
P-1390 J-1010 J-400-H13 6 IN PVC 150 193" 1-EX TRUE
P-1400 J-210 J-1020-H40 6 IN PVC 150 423" 1-EX TRUE
P-1430 J-200 J-1050 8 IN Cast Iron 130 592" 1-EX TRUE
P-1440 J-1050 J-770-H12 8IN Cast Iron 130 78 1-EX TRUE
P-1450 J-1030 J-1040-H41 6 IN PVC 150 94’ 1-EX TRUE
P-1460 |J-1040-H41 J-1060 6 IN PVC 150 422" 1-EX TRUE
P-1470 J-1050 J-780-H15 6 IN PVC 150 962" 1-EX TRUE
P-1480 | T2-Option 1] J-870-H27 12 IN PVC 150 484 1-EX {N/A)
P-1490 H-11 J-1070 6 IN PVC 150 41" 1-EX TRUE
P-1500 J-1070 J-160-H11 6 IN PVC 150 66" 1-EX TRUE
P-1510 [-480-H19.2( J-1080 6 IN PVC 150 245" 1-EX TRUE
P-1520 J-1080 H-20 6 IN PVC 150 62' 1-EX TRUE
P-1530 H-19 J-1090 6 IN PVC 150 49" 1-EX TRUE
P-1540 J-1090 |J-480-H19.20 6 IN PVC 150 66' 1-EX TRUE
P-1550 J-380 T2-Option 3 12 IN PVC 150 231" 1-EX (N/A)
P-1560 J-1110 J-50 8 iN PVC 150 136" 1-EX FALSE
P-1570 J-630-H1 J-1130 8IN Cast iron 130 23" 1-EX TRUE
P-1580 J-1130 J-690 8IN Cast iron 130 240° 1-EX TRUE"
P<1590 J-1130 J-620 8 IN PVC 150 138" 1-EX TRUE
P-1600 J-250 J-1150 6 IN Cast iron 130 482 1-EX TRUE
P-1610 J-1150 J-260 6 IN Cast iron 130 521" 1-EX TRUE
P-1620 J-620 J-1150 8IN PVC 150 2467 1-EX TRUE
P-1630 J-30 J-1160 8 IN Cast Iron 130 179’ 1-EX TRUE
P-1640 J-1160 J-40-H8 8 IN Cast Iron 130 521" 1-EX TRUE
P-1650 J-1150 J-1160 8 IN PVC 150 46" 1-EX TRUE
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Table 4.5

Scenario 2 through 2K
Pipe Report
Hazen-
Williams C | Scaled Pipe
Pipe Label | Start Node | Stop Node | Diameter Material Factor Length Zone Open?
P-1660 J-1110 J-980-H38 8 IN PVC 150 109" 1-EX TRUE
P-1670 J-980-H38 J-1030 8.IN PVC 150 2459 1-EX TRUE
P-1680 J-1030 J-290 8 IN PVC 150 654" 1-EX TRUE
P-1690 J-40-H8 J-70 8 IN PVC 150 524’ 1-EX TRUE
P-1700 J-70 J-80 8 IN PVC 150 341" 1-EX TRUE
P-1710 J-80 J-90 8 IN PVC 150 265" 1-EX TRUE
P-1720 J-1140 J-1180 4 IN PVC 150 186" 1-EX TRUE
P-1730 J-1180 J-1120 4iN PVC 150 72 1-EX TRUE
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‘Table 4.6

Scenario 2 through 2K
Tank Report
Minimum Maximum Hydraulic
Label Zone |BaseElevation] Elevation [initial Elevation] Elevation Outflow gpm CGrade
TANK SUMMARY 2
Reservoir 1]  1-EX 1,314.33 1,314.33 1,320.33 1,326.33 -767.73 1320.33
T2-Option 1]  1-EX 1,314.33 1,314.33 1,320.33 1,326.33 (N/A) {N/A)
T2-Option 2] 1-EX 1,270.00 1,373.00 1,405.50 1,405.50. (N/A) (N/A)
T2-Option 3 1-EX 1,270.00 1,373.00 1,405.50 1,405.50 (N/A) (N/A)
T2-Option 4] 1-EX 0.00 0.00 1,440.50 0.00 (N/A) {N/A)
TANK SUMMARY 2A
Reservoir 1] 1-EX 1,314 1,314 1320.33 1326.33 -767.73 1320.33
T2-Option 1 1-EX 1,314 1,314 1320.33 1326.33 (N/A) (N/A)
T2-Option 2] 1-EX 1,270 1,373 1405.5 1405.5 (N/A) (N/A)
T2-Option 3]  1-EX 1,270 1,373 1405.5 1405.5 (N/A) (NJA)
T2-Option 4] 1-EX 0 0 14405 0 (N/A) (NIA)
B _ TANK SUMMARY 2B
Reservoir 1 1-EX 1314.33 1314.33 1320.33 1326.33 170.28 1320.33
T2-Option 1] 1-EX 1314.33 1314.33 1320.33 1326.33 (N/A) (N/A)
T2-Option 2| 1-EX 1270 1373 1405.5 1405.5 (N/A) (NJA)
T2-Option 3] 1-EX 1270 1373 1405.5 1405.5 {N/A) {N/A)
T2-Option 4| 1-EX 0 0 14405 0 (N/A) (N/A)
= _ TANK SUMMARY 2C
Reservoir 1] 1-EX 1314.33 1314.33 1320.33 1326.33 170.28 1320.33
T2-Option 1 1-EX 1314.33 1314.33 1320.33. 1326.33 (N/A) {N/A)
T2-Option2] 1-EX 1270 1373 1405.5 1405.5 (N/A) (N/A)
T2-Option'3] 1-EX 1270 1373 1405.5 1405.5 (N/A) (N/A)
T2-Option4| 1-EX 0 0 1440.5 0 (N/A) © (N/A)
TANK SUMMARY 2D
Reservair 1 1314.33 1314.33 1320.33 1326.33 - 170.25 1320.33
T2-Option 1 1314.33 1314:33 1320.33 1328.33. {N/A) {(N/A)
T2-Option 2 1270 1373 1405.5 1405.5 (N/A) {N/A)
T2-Option 3 1270 1373 1405.5 1405.5 (N/A) (N/A)
T2-Option 4 0 0 14405 0 (NJA) (N/A)
TANK SUMMARY 2E
Reservoir 1 1314.33 1314.33 1320.33 1326.33 170.25 132033
T2-Option 1 1314.33 1314.33 1320.33 1326.33 (N/A) (N/A)
T2-Option 2 1270 1373 1405.5 1405.5 {N/A) (N/A)
T2-Option 3 1270 1373 1405.5 - 1405.5 {N/A) (N/A)
T2-Option 4 0 0 1440.5 0 (NJA) (N/A)
— TANK SUMMARY 2F
Reservoir 4 1314.33 1314.33 1320.33 1326.33 170.25 1320.33,
‘T2-Qption 1 1314.33 1314.33 1320.33 1326.33 (N/A) (N/A)
T2-Option 2 1270 1373 1405.5 1405.5 (N/A) {(N/A)
T2-Option 3 1270 1373 1405.5 14055 {N/A) {(N/A)
T2-Option 4 0 0 1440.5 0 (N/A) (N/A)
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Table 4.6

Yable

Scenario 2 through 2K
Tank Report
Minimum Maximum Hydraulic
Label Zone |Base Elevation] Elevation |[Initial Elevation] Elevation Qutflow gpm Grade
TANK SUMMARY 2G
Reservoir 1 1-EX 1314.33 1314.33 1320.33 1326.33 170.25 1320.33
T2-Option 1 1-EX 1314.33 1314.33 1320.33 1326.33 0 1320.33
T2-Option 2 1-EX 1270 1373 1405.5 1405.5 (N/A) (N/A)
T2-Option 3] 1-EX 1270 1373 1405.5 1405.5 (N/A) {N/A)
T2-Option 4 1-EX 0 0 1440.5 0 (N/A) {N/A)
TANK SUMMARY 2H
Reservoir 1 1-EX 1314.33 1314.33 1320.33 1326.33 -158.63 1320.33
T2-Option 1 1-EX 1314.33 1314.33 1320.33 1326.33 328.88 1320.33
T2-Option 2] 1-EX 1270 1373 1405.5 1405.5 (N/A) (N/A)
T2-Option 3 1-EX 1270 1373 1405.5 1405.5 {N/A) (N/A)
T2-Option 4 1-EX 0 0 14405 0 {N/A) (N/A)
TANK SUMMARY 2|
Reservoir 1 1-EX 1314.33 1314.33 1320.33 1326.33 -1203.91 1320.33
T2-Option 1 1-EX 1314.33 1314.33 1320.33 1326.33 0 1320.33
T2-Option 2 1-EX 1270 1373 1405.5 1405.5 1374.18 1405.5
T2-Option 3] 1-EX 1270 1373 1405.5 1405.5 (N/A) (N/A)
T2-Option 4| 1-EX 0 0 1440.5 0 (N/A) (N/A)
TANK SUMMARY 2J
Reservoir 1 1-EX 1314.33. 1314.33 1320.33 1326.33 -1135.69 1320.33
T2-Option 1 1-EX 1314.33 1314.33 1320.33 1326.33 (N/A) {N/A)
T2-Option 2 1-EX 1270 1373 1405.5 1405.5 (N/A) (N/A)
T2-Option 3] 1-EX 1270 1373 1405.5 1405.5 1305.96 1405.5
T2-Option 4] 1-EX 0 0 1440.5 0 (NIA) (N/A)
_ TANK SUMMARY 2K
Reservoir 1 1-EX 1314.33 1314.33 1320.33 1326.33 -1750.48 1320.33
T2-Option 1 1-EX 1314.33 1314.33 1320.33 1326.33 0 1320.33
T2-Option 2] 1-EX 1270 1373 1405.5 1405.5 (N/A) {N/A)
T2-Option 3] 1-EX 1270 1373 1405.5 1405.5 (N/A) (N/A)
T2-Option 4 1-EX 1300 1408 1440.5 1440.5 1920.75 1440.5
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Compiiter Modeling Summary
Camp Grayling Water System Study

undersized mains, creating new systein loops and increasing storage capacity. Pressures in the

water system vary at all of the junctions based on elevation, hydraulics and system component location.

The new reservoir was set at the same elevation as the existing reservoir in order to avoid
separate pressure zones in a relatively small water system. This option will supply increased capacity and
reliability; however will not increase system pressures for a select few facilities that are higher in
elevation. The new tank options were set at higher elevations to address the low pressure areas within the
main cantonment areas. The SIRE and ASP facilities are at a large distance away and have approximately
100 feet of elevation difference to the existing facilities in the main cantonment area. They are not

practical to be connected to the water system.

The recommended water system improvements will he prioritized based upon the level of benefit

provided to the overall water system reliability and the associated construction costs.
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CHAPTER FIVE

RECOMMENDED WATER SYSTEM IMPROVEMENTS




= — e Recommended Water System Improvements
Camp Grayling Water System Study

Water Supply & Firm Capacity

Camp Grayling does not currently maintain daily records on the well production or water
consumption within its water system. It is assumed that based on the fact that only one production well is
in service at any given time (Well 1 and 2 are altemnately used, not simultaneously), that the combination
of ground water production from one well and the reservoir storage are able to meet the maximum daily
use. Even during full capacity of the Camp during summer training, the Camp’s firm capacity of 600 gpm
(estimated) (864,000 gpd) has provided adequate supply to the storage reservoir and distribution system.
Metering and recording maximum daily demands in the future would help to monitor the status of the

system, its ability to provide water during peak times and the percent of firm capacity utilized.

‘When the demand regularly exceeds 90 percent of the system’s firm capacity and occasionally
exceeds it, it is time to incorporate tandem use of the groundwater supply wells. In general, the Camp’s
water production should be closely monitored and as the Camp continues to grow in the future, the
monitoring will become increasingly important. Due to known high future demands, the'modeling has

been completed with both wells on-line and in service.

Water Storage & Fire Flow Capacity

As previously discussed,_.the 500,000-gallon storage reservoir currently provides enough storage
capacity in combination with the water production wells to supply the Camp’s needs. Under a maximum
daily demand of two times the assumed average daily demand, the Camp ’s water system currently can
provide 2,178 gallons per minute for three-hour duration (as shown in Chapter 2). This is a decent fire
flow for a water system, but below standard for commercial and industrial facilities. The additional
production of Well #2 added to the system will help increase this fire flow capacity. However, due to
constraints within the distribution system, the largest available fire flow across the entire water system
currently is 1,398 gpm, with many areas below 1,000 gpm and some areas having almost negligible
available fire flow. With the current water system, the Camp cannot adequately provide the fire flow
capacity and duration necessary for all of the facilities. The Camp currently meets the required fire ﬂnw‘
capacity and duration necessary for some of the residential-type facilities. Camp Grayling personnel have
indicated that 1,000 gpm of available fire flow is sufficient for the vast majority of the facilities. While
the majority of facilities are considered non-combustible and hon-hazardous, there are a few facilities . that

would be considered something other than residential in nature. The following is a list of these facilities:

« POL. Buildinig 570
« ASP Building 950
» Officer’s Club Building 311
s [LSF Building 560
¢  Camp Commander’s Building 117
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¢ Headquarters Building 103

These facilities are atypical and should be reviewed independently during future infrastructure design.

With the completion of the Camp’s new water model, the proposed improvement scenarios
indicate that the Camp will be able to obtain much higher available fire flows in most locations. The
computer model assumes that the system can draw a fire flow until the minimum system residual pressure
reaches 20 psi. In some cases, due to a high elevation relative to the water reservoir, some junctions (J-
780-H15 & J-380) cannot meet the minimum requirements and are omitted from the firc flow

computations (except for scenarios H through K).

Increasing the Camp’s current capacity of water storage should be monitored over time, however

currently it should not be the highest priority for the water system.

‘Water Distribution & Svstem Maintenance

The Camp’s distribution system currently is the biggest obstacle for the efficiency, reliability and
capacity of the water system. There are many maintenance and recommended new construction work
items identified within this Water System Study and Master Plan that will help make substantial
improvements to the distribution system, The Camp should implement a program to replace smaller and
older mains during other Camp construction projects and/or for future developments to help improve the

water system and minimize the cost impact to the general funds.

The distribution system currently is limiting the capacity of the water system. There is more
storage available than the sys,tém can flow to the hydrants. Numerous hydrants are located on very small
diameter water lines and are ineffective for fire flow. According to the recently updated Camp Grayling
water system maps, there are four existing hydrants (3, 4, 19 & 20) on 2” water lines, two existing
hydrants (10 & 11) on 3” water lines and five existing hydrants (7, 9, 14, 15 & 16) on 4” water lines. Of
the 20 existing hydrants, only five are of recent construction. The improvements shown in the modeling
indicate that a significant improvement in available fire flow is possible with relatively small changes to
the water system distribution system. Genérally, the 8” transmission mains are adequate for the current
size of the system; the limitations are within the 2 to 6” water lines that make up the water distribution

system.

There are many key items to consider that will upgrade the distrtbution system’s strength and
reliability. All of these items will help the Camp’s staff maintain the highest level of capacity, pressure,
quality, redundancy and reliability for the water system:
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10.

11.
12.

13.

14.

Is.

16.

17.

. Maintain annual inspections of key components with water system including the water reservoir,

wells, hydrants, valves and service connections.

Maintain annual (minimum) or semi-annual hydrant flushing,

Maintain annual (minimum) vr semi-annual valve turning program.

Maintain regular well production records: Maximum Daily, Monthly, Annual Yield

Install new high-capacity (fire flow) water meter on the 8” transmission main downhill of Well
No. 1 (Bldg. 410) to help determine system demands.

Install new hydrants to improve hydrant spacing for fire-fighting capabilities. Maximum spacing
should be 500" or less based upon available hose length from the fire department. The spacing,
the offset from roadways, the proximity to facilities and the hydrant specifications should be
determined by the Camp Grayling Facility Engineering in conjunction with the Post Fire
Department.

Install a metered hydrant to track major water usage for construction and training use.
Install replacerment lines for shallow water services and mains.
Install new projects to improve system looping, whenever possible,

Reduce the numbers and lengths of dead-end mains. Provide hydrants or blow-off valves at each
dead-end for the flushing program and water quality.

Replace old hydrants.
Replace small diameter hydrant leads (smaller than 6" diameter) back to the transmission main.

Replace smaller diameter and older water mains whenever possible, These have the most
potential of leaking, breaking and reducing the available flow and pressure. Concentrated areas of
smaller diameter mains should be eliminated, or surrounded by a larger diameter loop. Smaller
distribution mains that arc between large diameter transmission mains should be replaced lo
eliminate bottlenecks. Consider using 6™ diameter pipe as a minimum for all new water main
installation.

Install new isolation valves. Typically, maximum spacing of 800 feet and install one less valve
than the number of water mains intersecting at any junction (depends on the spacing of junctions).

Install individual services and not clustered services that rely on a single connection to the main.
Completc a comprehensive review of system controls communicating belween wells, reservoir,
pump stations and the DPW facility. Expand the water system SCADA equipment to assist in
monitoring the system. Include SCADA equipment within future infrastructure expenditures.

Complete Acoustic Leak Detection Survey every 2-3 years.

Many of the items listed above are general recommendations in nature, and are not hydraulically

modeled.
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Flushing Program

A flushing program is intended to be a systematic method to isolate and flush portions of the
water system in order to improve the quality of the water distributed throughout the entire system.
Regular flushing of the water distribution system will help to improve aesthetic water quality, will help
monitor water treatment residuals throughout the system, will improve the operation and maintenance of

fire hydrants and valves, and can improve the systems hydraulic performance.

Unidirectional flushing of the water system is a systematic method of isolating and flushing
predetermined sections of the system starting from the water source and continuing to the outer limits of
the distribution system. Hydrants and valves are opened and closed in a planned pattern in order to pull
clean water from the source during the directional flushing of that section. The flushing operations should
start with the large diameter transmission mains and finish with the small distribution mains. Flushing
operations should also start with a cleaned section and work into the next section, continuously flushing

away from the water source.

The flushing operations should obtain a minimum flow velocity of § to 6 feet per second;
however the relative difference between the normal flow velocity and the flushing velocity is the critical
factor. Matching the normal flow velocity during flushing will not clean out the settled particulates and
will not produce the desired results. High flushing velocities are harder to obtain in large diameter water
mains. Flushing velocity is the best indication of the effectiveness of the flushing operations. The
hydrants that are used to flush the system should have free discharge during the flushing operations. The
flushing must have duration long enough to produce clean water at the flowed hydrant. The flushing
frequency should be determined based on experience once the flushing program has been implemented.
Sensitive water users within the system should be considered when flushin g operations are donc. Mcdical
facilities, laundry facilities, living quarters and food preparing facilities are examplés of sensitive users.

All efforts should be made to minimize the impact on these types of users.

Flushing operations should be aware of the following items:

* Dead-end mains: These valves/hydrants should be flushed regularly regardless of whether they
are utilized in the sectional flushing of the-overall system, for operational and water quality
reasons.

e Large pipes w/small demands: These water mains should be flushed if normal demands are low
(seasonal) in order to have water tumover.

o Status of water system valves: Intentionally closed valves and/or buried valves should be noted.
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* Aged water mains, hydrants and valves: The flushing opcrations. should be done without putting

aged materials at risk of failure due to higher pressures during flushing. Notes should be taken of
these locdtions in order to put them higher on the priority list for repair or replacement.

¢ Best flushing times: If possible, the flushing operations should be done during low demand times
with a full water reservoir. This will allow the flushing operations to have higher than average
pressures and the increased flow velocities required to properly flush the water system.

» Residual pressures: The water crew should note residual pressures during the flushing operations
and avoid flushing where low residuals exist or are created by the flushing.

In addition to a regular flushing program, there are numerous items that can be reviewed and
improved for locating and using the system hydrants. The hydrants can be color-coded by available fire
flow. The specifications for hydrants and valves should be standardized for the whole water system to
facilitate Fire Department use. Hydrant flags could be added to the hydrants to make them more visible
and easier to locate during the winter. In the interim until hydrants can be replaced, Storz pumping
connectors could be added to all existing hydrants to provide a umiversal connection for fire hoses. The
hydrant locations and spacing should be reviewed. Hydrants should be easily accessible by the Firc
Department; typically located adjacent to roadways or in open space with typical 500-foot spacing.

Prioritized Recommendations

Based on an‘analysis of the updated Camp’s water model, the following Table 5.1: Master Plan
Priorities presents a prioritized list of the recommended improvements to the Camp Grayling water
system with the associated construction cost opinions. The ranking of the priorities is based on several
factors, including-types of benefits to the system, location and number of user benefits, system reliability,
redundancy, available fire flow and cost. The associated cost includes the design and construction

engineering as well as the construction cost with a 10% construction contingency.

There are twelve main scenarios that were evaluated for the water system, and numerous minor
recommendations for improvements. The twelve scenarios previously listed are A through L, which are

prioritized in the following:
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Table 5.1
Master Plan Priorities

Priority
No.

Scenaria

No.

Priority Descriptions — See Figure 5.1 Master Plan Priorities

Cost
Opinion

2B

Construct the 8” 600 Block Loop for the proposed new
construction between 8" and 10™ Streets and Howe Road &
Soldiers Drive. Utilize the existing 8” main on 8" Street. Do

“not use the 6” existing main as a connection point on Howe

Road near Building 552, but add a new 8” connection to the
existing 8” main.

$415,000

2C

Construct the 8” Howe Road Loop, anew 8” diameter
transmission water main from 8" Street to 4™ Street. This
will add a second source from the existing reservoir to the
new 600 Block facilitics for system redundancy and
reliability. This will not make any significant improvements
to fire flow, only to insure continuous service. This will be
especially important until such time as a second reservoir is
constructed.

$227,000

2A

Construct New Hydrant Lead Improvements for existing
hydrants #3, 4, 10, 11, 19 & 20. The existing hydrant leads,
which vary in length, are conmected to either 27, 3” or 4”
maing, which hydraulically limit their fire flow capacities.

$105,000

NA

Fire Hydrants: Replace Old & Install Additional. 15 of
the 20 existing hydrants are very old, do not have spare
parts, and are in need of replacément. The hydrant separation
across the Camp should be standardized. Typically,
maximum separation distance should be limited to 500 feet,
based upon available hose length of the fire department.
Currently, the spacing is irregular and too far between
hydrants. Approximately 26 additiona] hydrants should be
considered just for the existing water system; a total of 44
additional hydrants with all of the proposed.scenarios
constructed.

$143,000

NA

Isolation Valves: Replace Old & Install Additional.
Improve separation distance to 800-1000 feet maximum and
add at critieal junctions. There should be one less valve than
the number of intersecting pipes at any given junction.
Across the existing water system, approximately 29
additional valves should be considered; a total of 37
additional valves with all of the proposed scenarios
constructed.

$72,000

2D

Construct the Second Street Loop. A new 6” main should
be installed along 2™ Street from Soldiers Drive to Building
48M near Wilson Hill road to connect the three existing
water mains (67, 8” and 4”) that it would ¢toss. This loop
would provide system redundancy, would make minor
improvements to fire flow and improve water circulation in
this area of the system. If Scenario 2J (Wilson Hill Tank) is
selected, then the 6” (new) and 4 (existing) mains from
Kitchen Road up to Junction 380 should be replaced with 8”
diameter transmissien main.

$133,000
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2]

T Construct a 300,000-gallon elevated tank (Wilson ITill)

When the existing reservoir cannot maintain the desired
level of service, inchiding the desired fire flow and
pressures, a second source should be constructed in the
Camp to supplement the fire flow and to improve system
pressures for high elevation facilities (excluding ASP and,
SIRE). This would make dramatic increases in the available
fire flow across the entire system, but especially east of 4n
Street. A second storage facility would facilitate
maintcnance such that one storage facility would always be
on-line during maintenance of the other. The tank should be
constructed at an elevation higher than the existing reservoir
and that provides the additional pressure desired at higher
elevated facilities.

$1,282,000

Construct the North Transmission main. A new 8” main
should be installed to replace the failed and abandoned 6”
main south of Soldiers Drive near the lake between 4™ Street
and 1 Street. This will improve the whole system east of 4™
Street, especially in conjunction with the addition of
Scenarios 2J and 2D.

$296,000

2F

Construct the Trailer Park Loop. A new 6” main should
be installed cross country to connect three existing dead-end
mains; 4” main near Building 191, 6” main near Building
100A and 4” main at the trailer park. This loop would
provide system redundancy, would make minor localized
improvemetits to fire flow and improve water circulation in
this area of the system.

$91,000

10

2E

Construct the 6 200 Block Main. This' would be a minor
project to improve fire flow in the vicinity of the cluster of
buildings surrounding Building 206B. Install a 6” main from
Kitchen Road to the sidewalk North of Building 206B. The
improvements from this scenario wouild be local to this area.

$53,000

11

NA

Complete an Acoustic Leak Detection Survey-every 2-3
years in order to maintain the system. The distribution pipes
are in good condition but are old and susceptible to leaking.
The survey can pinpoint leaks and estimate the water loss.

$4,000

12

NA

Install a New High Capacity Meter (fire flow capable) on
the 8” transmission line downstream from Well No. 1 (Bldg.
410) to monitor the water demand for the Camp

$32,000

Total Cost Opinion For Top 12 Water System Priorities
See Figure 5.2: Priority Cost Opinions

2,853,00

A long list of general recommendations for the water system that are important to the operation

and maintenance ot the system were previously listed in the section entitled Water Distribution & System

Maintenance. Some of that list made the primary priority list. The remaining recommendations are also

vital to the water system operation and should also be considered and addressed.
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