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- ..-. . - 
Introduction 

Camp Grayling Wafer 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 

*Does not include < 2" diameter service lines 

The existing water service area varies in elevation from +I-1,134' along the shore of Lake 

Margrethe to +I-1,336' (the topographic information provided for the project is limited primarily to thc 

inhabited area of the Camp). Based upon the review of USGS maps, elevations reach upwards of 1,470' 

near the Southeasterly comer of Camp Grayling in the vicinity of the proposed SIRE complex. The in- 

ground storage reservoir has a top elevation of 1,328.62'. Under normal operating conditions the static 

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

Puripose 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 suweying 

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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Exating Water System Assessment 
Cump Grayling FYalar Syslam 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 quarterly. Thc 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. Thc 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), constructcd 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, WellNo. 2 pumped up to 1000 gpm during testing and 

maintenance procedures. 

The fm 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 fm 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 

1 Well Finn Capacity (gpd) - 1 864,000 

Totals 

I , 
* Camp Grayling estimated well production (current use). 

Both Well No. 1 and No. 2 have had reccnt work complctcd in the Pall 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 deviccs 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 IS0 Commercial Risk 

Senrices. The range of needed fire flows is between 1,000 gallons per minute (gprn) for residential type 

mcas and 5,000 gpm for large ccnnnlercial facilities, indust~y 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 systzill ranges  om a low vf 137 gprn to a high of 1,398 gpm. There are 

many limiting factors for the low frre 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, 1 1, 19 & 20). 

Community water storage is sized to provide sufficient storage, when combined with the fm 

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 fiom 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 storagc 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 

Normal recommended fire flows fYom the IS0 Commercial Risk Services range from 3,000 to 

6,000 gallons per minute for 3 to 5-hour durations for commercial and industrial areas. Normal 

recommended residential fire flow is a minimum of 1,000 gprn for up to two hours. The estimated 

avaiTable fxe flow currently provided by the Camp water system during maximum day demands is under 
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the I S 0  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 hydrants. 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 Systcm 

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 Nn.1 (1 952). 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 are 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 - Hyh-atlt 

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 

indicated on Figure 2.1. The majority of the existing llyd~arlts are vely old and in poor working condition. 

Repair parts are no longer available for most; the exceptions are 5 newer hydrants in good condition 

(hydrant fi's 1,3, 7, 13 and 20). Many of the hydrants have previously or are currently experiencing issues 

with leaking and are in ind i 'ka~ t  need of I-eplacenlmt. The hyclrads arc: ofkn located on small diameter 

water lines and often have too large of separation to provide 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 w t h  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 system unreliable and non- 

redundant. If repairs are required during times when the Camp is filly 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 longcr pcrmittcd by thc Michigan Department of Ei~viroimental Quality 

as new main sizes; the current 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 thc 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 B", other undersized transmission 

mains throughout the water system should be considered for replacement. Undersized water mains may 

cause isolated areas thro~~ghout 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 Insptscliun Residue (SIRE), proposed 

Buildings 48 Generals Mess Hall 

Buildings 494  Generals Officers BOQ 

Buildings 50 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 a1 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 @er the USGS maps), nearly 100 feet in 

elevation higher than the next highest facility. The elevations at these two facilities make it impractical 

and financially 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 ~econstruction, 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 transmission 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 to existing hydrants and extended length, small-diameter service lines. 

Table 2.2 
LTndersized Water Mains 

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 atld 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 Maill Looping. 

Table 2.3 

System 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. Thc following is a summary of the Camp Grayling We11 House and 

Storage Reservoir Control Equipment: 

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

wells for on-denland punlying. 

Well No. 1 IBldn. 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. 

Well No. 2 (Bldg. 552): Communication 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 thc volume of water produced at the wells less the volume of walcr aclually 

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 andor locations where water is inter~tionally leli 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 fmtures throughout the water distribution system. Without adequate metering, the only way to 

determine lost water tluoughout the systcm is by eil1lt.r rescrvrvoir monilrvoring 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 

colnplctcd for this study, will acous~ically 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 

wele at howl looaliuns orlcaking valves, hyclrants, 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 system, 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 staffto 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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1 Future Water System Demands 
Camp Gruyling Water System Study 

f i b r e  Population Trends and Proiections 

According to the staff, the current population at Camp Grayling varies seasonally. Currently, 

Camp Grayling does not operate year-round as a training 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 bed 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 Ccayling Pnpl~lation Estimates. 

Camp Grayling is interested in turning into a ycar-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. Scc Appendix F - Camp Grayling Sanitary Sewer 

Evaluation for information on the existing and future capacity of the sanitary treatment system. 

Future Water Demand Proiections 

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 gl-owldwater 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 Lo a puinl where utilizing both 

wells simultaneously is the normal standard, then the system's water demand, firm capacity and water 

storage should be monitored closely to determine the adequacy of the overall system over time. In order 

to bcttcr monitor the water system, regular production data including maximum daily use should be 

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

The base should look towards improving the distribution and fue-protection capabilities of the 

system. Currently, parts of the existing water system have very low available fire flow. For the majnrily 

of the facilities in the Camp, a typical 1,000 gpm available fire flow is acceptable and is the Camp's target 

fire flow availabiIity. However, a few of the facilities, especially facilities with ammunition, fie1 or other 

combustible storage (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 wilI be increasingly important. 
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CHAPTER FOUR 

COMPUTER MODELING SLTMMARY 



I - - . -. . - 
Computer Modeling Summary 

Camp Grayling Water System Study 

wuter~AD@, by Haestad Methods, is computer simulation software that analyzes steady state 

andor dynamic flows in pressure pipe networks. This software was used to model the steady state of the 

Camp's water distribution and storage s y s ~ m ,  including the pressure pipes, the wells and the water 

reservoir. Once developed, the water model can help provide valuable information for future 

infiasmcture expenditures. 

A physical description of the pipe network (i.e., diameter, length, elevations, material type, age, 

roughness coeificient "C-factory' and condition) is required for the analysis. The roughness coeficient 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 as necessary in order to provide an accurate model 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 relationship 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 stalio 

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 thc model is limited in accuracy and nust rely on slrdighl 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 dianleta 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; thcrcfore they were not utilized for flow testing. 
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During calibration of the water system model. the three variables to set andtor 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 wihessed 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 o f  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 thc Camp Gayling water system will be provided. 
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Description of Model Scenarios 

Table 4.1 

Scenario 2B 

severely limit the available fire flow to each hSl_drant. diameter lines - 
Eshmated Annual Average Daily Demand - Well 1 on, Well 2 on, k l l  reservoir. 
Proposed Construction: 600 Block Loop (8" mains) plus Scenario 2A 
This scenario would provide a 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 8" diameter main along gth Street between Howe Road and Parade Route and connect 
back to the existing 8" main near 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 

Proposed ~ o n s t r u c t i o n ~ ~ o w e - ~ o u t e  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 reservoir without this second connectioil. This coilst~uctiorl would ~onncct the existing 
8" water mains on 8" Street and 4" Street and provide a second transmission source to the 

Scenario 2D 

Scenario 2E 

Scenario 2F 

Proposed Construction: Second Street Loop (fin 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 Scenario 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. 
Estimated Annual Average Daily Demand - Well 1 on, We11 2 on, full reservoir. 
Proposed Construction: 200 Block Maim ( 6" mains) plus Scenario 2D 
This scenario would provide improved fire flow for this area, which is currently low and in an 

- - 
Estimated Annual Average Daily Demand - Well 1 on, Well 2 on, I11 reservoir. 
Proposed Construction: Trailer Park Lonp (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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( system, especially in the northeasterly area of the water system. This line will replace the 

Proposed ~ o n s t r u c t i o n ~ ~ e w  300,000-gallon Reservoir plus Scenario 2G 
This scenario will help improve the capacity and transmission capabilities of the water 

Scenario 21 
Proposed Construction: New 300,000-gallon Elevated Tank 2 plus Scenario 2G 
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 

Scenario 2J 
Proposed ~ o n s t r u c t i o n ~ ~ e w  300,000-gallon Elevated Tank 2 plus Scenario 2G 
This scena-io will help irrlprove the oapa~ity and transmission capabilities and system 
pressures of the water system, especially in the easterly half of the water system & the Wilson 

Scenario 2K 

Scenario 2L 

- 

Estimated Annual Average Daily Demand - Well 1 on, Well 2 on, full reservoir & tank 2. , Proposed Construction: New 300,000-gallon Elevated Tank 2 p111s Scenario 2G 
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' 

Proposed construction-:~ew Booster Stations (2) plus Scenario 2 6  
This scenario will help improve the pressures and capacity of select facilities if a second tank 
is not conshucted. One boosla wvuld primarily service Building 413 and the other Buildings 

*See Figure 4.1 for Proposcd Watcr System Map and Proposed Scenario Locations 

Scenarios A through G are potenha1 upgrades to the water system that were selected based on a 

compl-ehensive 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 fie flow at all other junctions will be shown later in Table 4.3 bough  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 

Did not meet minimum zone residual pressure of 20 psi required f'or 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 fae flow at each junction in the model for each of the sccnarios 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 prcssure 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 hturc rcscrvoirs for each scenario 2 

through 2K; including name, zone, base elevation, minimum elevation, initial elevation, maximum 

elevation, outflow and hydraulic grade. 

The main item of interest in reviewing the results in Tables 4.3 through 4.6 is the available f i e  

flow. Tht: system already has been evaluated for potential areas of replacing hydrants, upsizing 
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Table4.3 
&cen*o 2 tluolgh2K 

Pire P10,w Report and Comparisons 
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~ o m ~ u t k r  ~ o d e l i n ~  ~ u n t m a ~  
Cunap Gruyling Wuter System Study 

undersized mains, creating new system loops and increasing storage capacity. Pressures in thc 

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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1 CHAPTER FIVE 

RECOMMENDED WATER SYSTEM IMPROVEMENTS 



-- -- -- R e c o m n i e n d ~ u & e r  System Improvements 
Canlp GrayZi~rrg Water Sysfem Study 

Water Supplv & 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 alternately 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 fm 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 

mnnitonng will become increasingly important. Due to known high future demands, the modeling has 

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

Wader 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 tire 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 non-hazardous, there aTe a few facilities that 

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

P.O.L, Building 570 
A.S.P. Building 950 
Officer's Club Building 3 1 1 
LSF Building 560 
Camp Commander's Building 1 17 
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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. Thc 

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-HI5 & 5-380) cannot meet the minimum requirements and are omitted &om 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 andlor 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 system 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. Generally, 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 distribution system's strength and 

reliability. All o f  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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1. Maintain annual inspections of key components with water system including the water reservoir, 
wells, hydrants, valves and service connections. 

2. Maintain annual (minimum) or semi-annual hydrant flushing. 

3. Maintain annual (minimum) or semi-annual valve nuning program. 

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

5. 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. 

6.  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, 
tlie uITset livm 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. 

7. Install a metered hydrant to track major water usage for construction and training use. 

8. Install replacement lines for shallow water services and mains. 

9. Install new projects to improve system looping, whenever possible. 

10. 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. 

1 1. Replace old hydrants. 

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

13. Replace smaller diameter and older water mains whenever possible. These have the most 
potendal 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 bctwcen large diameter transnlission mains sllould be replaced 10 
eliminate bottlenecks. Consider using 6" diameter pipe as a minimum for all new water main 
installation. 

14. 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 ofjunctions). 

15. Install individual services and not clustered services that rely on a single connection to the main. 

16. Completc a comprehensive review of systell~ controls culllmullicating belwem 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. 

17. 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. 



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 aestl~etic 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 fiom the source during the directional flushing of that section. The flushing operations should 

start with the large diameter transmission mains and iinish with the small distribution mains. Flushing 

operations should also start with a cleaned section and work into the next section, continuously flushng 

away from the water source. 

The flushing operations should obtain a minimum flow velocity of 5 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 veIocity 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 flushing operations are donc. Mcdical , 

facilities, laundry facilities, living quarters and food preparing facilities are examples 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 valvesihydnnts should be flushed regularly regardless of whether they 
are utilized in the sectional flushing of the overall system, for operational and water quality 
reasons. 

Lawe ~ i p e s  wlsrnall demands: These water mains should be flushed if normal demands are low 
(seasonal) in order to have water turnover. 

Status of water svstem valves: Intentionally closed valves andlor buried valves should be noted. 
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Aged water mains, hydrants and valves: The flushing operations should be done without putting 
aged materials at risk of failure due to higher pressures during flushing. Notes should be taken of 
these locations in order to put them higher on the prinrity list for repair or replacement. 

Best flushing times: If possible, the flushing operations should be done during low demand times 
with a h l l  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 wtiorc: 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 visiblc 

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 universal connection for f r e  hoses. The 

hydrant locations and spacing should be reviewed. Hydrants should be easily accessiblc by thc Firc 

Department; typically located adjacent to roadways or in open space with typical 500-foot spacing. 

Prioritized Recc~mmendations 

Based on an analysis of the updated Camp's water model, the following Table 5 .I : 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 priarities 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 improvcrncnts. 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 

I I I I 1 
Priority Scenario 1 No. 1 No. I Priority 1)escriptions - See Figure 5.1 Master Plan Priorities 1 6b;n I 

Construct the 8" 600 Block Loop for the pl.o.oposed new 
construction between 8'" and 10" Streets and Howe Road & 
Snldiers 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. 
Construct the 8" Howe Road Loop, a new 8" diameter 
transmission water main from 8"' Street to 4& Street. This 
will add a second source from the existing reservoir to the 
IIW 600 Block Ia~ililies Tor 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. 
Construct New Hydrant Lead Improvements for existing 
hydrants #3,4, 10, 11, 19 & 20. The existing hydrant leads, 
which vary in length, are connected to either 2", 3" or 4" 

Fire Hydrants: Replace Old & Install Additional. 15 of 
the 20 existing hydrants are very old, do not have spare 
parts, and ase in need of rcplaccment. 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 additional hydrants should be 
considered just for the existing water system; a total of 44 
additional hydrants with all of the proposed scenarios 
constructed. 
Isolation Valves: Replace Old & Install Additional. 
Improve separation distance to 800-1000 feet maximum and 
add at critical 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. 
Construct the Second Street Loop, A new 6" main should 
be ins tallcd along 2""treet from Soldiers Drive to Building 
48Mnear Wilson Hill road to connect the three existing 
water mains (6", 8" and 4") that it would cross. 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 transmission main. 
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Construct a 300,000-gallon elevated tank (Wilson IIill) 
When the existing reservoir cannot maintain the desired 
level of service, including 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 Cexcludinp; ASP and, 
SIRE). This would make dramatic increases in the available - 
fire flow across the entire system, but especially east of 3' 
Street. A second storage facility would facilitate 
maintenance such that one storage facility would always be 
on-line during maintenance of the other. The tank should be 
constnlcted at  an elevation higher than the existing reservoir 
and that provides the additional pressure desired at higher 
elevated -- facilities. 
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" Sheet. This will improve the whole system east of 4" 
Street, especially 111 coriiurlcliori with tht: addition of 
scenarios 25 and 2D. - 
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 
improvements to fire flow and improve water circulation in 

I this area of the system. 
I Construct the 6" 200 Block Main. This would be a minor I 

2E 

NA 

project to improve fire flow in the vicinity of the cluster of 
buildings surrounding Building 206B. Install a 6" main fiom 
Kitchen Road to the sidewalk North of Building 206B. The 
improvements from this scenario would be local to this area- 
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. 

NA 

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

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 

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

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

2,853,OO 

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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