
Case No. 84739 

IN THE SUPREME COURT OF THE STATE OF NEVADA 

ADAM SULLIVAN, P.E., NEVADA 

STATE ENGINEER, et al. 

Appellants, 

vs. 

LINCOLN COUNTY WATER 

DISTRICT, et al. 

JOINT APPENDIX 

VOLUME 16 OF 49 

Electronically Filed 
Nov 08 2022 04:38 p.m. 
Elizabeth A. Brown 
Clerk of Supreme Court

Docket 84739 Document 2022-35244



SE ROA 34795
JA_7324



 
 
 

 
Apex Industrial Park 
Water and Wastewater Master Plan           PDG #LV08082C 
 

December 28, 2012  Page i  

ggemeyer.com 
 

TABLE OF CONTENTS         

 

EXECUTIVE SUMMARY ------------------------------------------------------------------------------- 1 

PURPOSE-------------------------------------------------------------------------------------------------- 3 

LOCATION------------------------------------------------------------------------------------------------- 4 

APEX INDUSTRIAL PARK PROJECT -------------------------------------------------------------- 6 

EXISTING WATER FACILITIES ---------------------------------------------------------------------- 9 

WATER DEMAND FORECAST--------------------------------------------------------------------- 11 

WATER SOURCE-------------------------------------------------------------------------------------- 13 

WATER PRESSURES AND PRESSURE ZONES --------------------------------------------- 14 

MASTER PLAN WATER FACILITIES ------------------------------------------------------------- 16 

HYDRAULIC MODELING ---------------------------------------------------------------------------- 19 

EXISTING WASTEWATER FACILITIES---------------------------------------------------------- 21 

MASTER PLAN WASTEWATER FACILITIES--------------------------------------------------- 22 

WASTEWATER MANAGEMENT CONSIDERATIONS---------------------------------------- 25 

OPINION OF PROBABLE COSTS ----------------------------------------------------------------- 27 

CONCLUSION ------------------------------------------------------------------------------------------ 27 

APPENDIX A   EXHIBITS --------------------------------------------------------------------------- A-1 

APPENDIX B   OPINION OF PROBABLE COSTS-------------------------------------------- B-1 

APPENDIX C   WATER NETWORK ANALYSIS REPORTS -------------------------------- C-1 

APPENDIX D    WASTEWATER AND WATER DESIGN DATA---------------------------- D-1 

APPENDIX E    EXISTING WATER FACILITIES ---------------------------------------------E-21 

APPENDIX F    EXISTING WASTEWATER FACILITIES ------------------------------------ F-1 

 

SE ROA 34796
JA_7325



 
 
 

 
Apex Industrial Park 
Water and Wastewater Master Plan           PDG #LV08082C 
 

December 28, 2012  Page ii  

 

 

APPENDICES 

APPENDIX A   Exhibits 

Exhibit A-1 - Water System Pressure Zone Map 

Exhibit A-2 - Master Planned Water System 

Exhibit A-3 - Water System Points of Connection to CNLV Supply 

Exhibit A-4 - Master Planned Wastewater System 

Exhibit A-5 - Wastewater Point of Connection to CNLV System 

 

APPENDIX B   Opinion of Probable Costs 

Item B1 - Water System with North Hills Point of Connection  

Item B2 - Water System with North Las Vegas Point of Connection  

Item B3 - Master Plan Wastewater System 

Item B4 - Opinion of Probable Water Cost - Notes 

 

APPENDIX C   Water Network Analysis Reports 

Item C1 - Maximum Day Plus Fire Flow Demand - Pumps Off 

Item C2 - Average Day Demand - Pumps Off 

Item C3 - Maximum Day Demand - Pumps Off 

Item C4 - Peak Hour Demands - Pumps Off 

Item C5 - Average Day Demand - Pumps On 

Item C6 - Peak Hour Plus Fire Flow Demand - Pumps Off (Worst Case) 

 

APPENDIX D   Wastewater Calculations 

Item D1 - Wastewater Design Flow Calculations  

Item D2 - Sewershed Acreages and Design Flows 

Item D3 - Wastewater Collection System Pipeline Design Point Tributary Acreages 

Item D4 - Wastewater Collection System Gravity Pipeline Sizes 

Item D5 - Maximum Velocity Met Calculations 

Item D6 - Minimum Velocity Met Calculations 

Item D7 - Force Main Sizing 

Item D8 - Lift Station Discharge Head Calculations 

Item D9 - Water Demands and Required Tank Storage Volume 

  

APPENDIX E   Existing Water Facilities  

June 2004, Apex Nevada Plant Water System Site Plan 

SE ROA 34797
JA_7326



 
 
 

 
Apex Industrial Park 
Water and Wastewater Master Plan           PDG #LV08082C 
 

December 28, 2012  Page iii  

April 2004, Apex Nevada Plant Battery Testing Center Civil Site Utilities Plan 

June 2004, Apex Nevada Plant Water System Diagram 

November 1995, Ammonium Perchlorate (APEX) Water Purification, Chemical Bldg 

February 1990 Well Driller’s Report, Permit 54232 / 55674 

July 2001 Well Driller’s Report, Permit 66784 

May 1990, Patterson Pump Company pump data 

January 2008, Gesco Pump Rest Reports 

 

APPENDIX F   Existing Wastewater Facilities 

June 2004, Apex Nevada Plant Water System Site Plan  

 

 

LIST OF FIGURES 

Figure 1 - Location Map-----------------------------------------------------------------------------------5  

Figure 2 - Site Plan  ---------------------------------------------------------------------------------------7 

Figure 3 - CNLV Zoning Map ---------------------------------------------------------------------------8 

 
 

LIST OF TABLES 

Table 1  Apex Industrial Park Water Demands by Subpark-----------------------------------12  

Table 2  Water System Pressure Zones  ----------------------------------------------------------14 

Table 3  Minimum Water System Pressure Standards -----------------------------------------15 

Table 4  Minimum Water Pressures Apex Industrial Park -------------------------------------16 

Table 5  Proposed Water Storage Reservoirs-----------------------------------------------------17 

Table 6  Minimum and Maximum System Pressure Locations -------------------------------20 

Table 7  Water System Pump Stations -------------------------------------------------------------21 

Table 8  Wastewater Lift Stations --------------------------------------------------------------------24 

Table 9 Water and Wastewater Probable Costs -------------------------------------------------27 

 
 
  

SE ROA 34798
JA_7327



 
 
 

 
Apex Industrial Park 
Water and Wastewater Master Plan           PDG #LV08082C 
 

December 28, 2012  Page iv  

ACRONYMS AND ABBREVIATIONS 

 

                                       ∅ diameter 

@ at 

AC Acre 

AFA acre-feet per annum 

avg average 

BLM Bureau of Land Management 

CNLV City of North Las Vegas 

E East 

EA each 

ESFR Early Suppression Fast 

Response 

eww wire to water efficiency 

ft feet 

FU Fixture Unit 

gpd gallons per day 

gpm gallons per minute 

HGL Hydraulic Grade Line 

I Interstate 

in inches 

IP motor horsepower 

LF Linear Feet 

LVVW

D 

Las Vegas Valley Water District 

MG million gallons 

MGD million gallons per day 

NDEP Nevada Division of 

Environmental Protection 

NWR National Wildlife Refuge 

ppm parts per million 

psi/PSI pounds per square inch 

PRV Pressure Reducing Valve 

PZ Pressure Zone 

R Range 

RO Reverse Osmosis 

S South 

SID Special Improvement District 

T Township, Tank 

TDS Total Dissolved Solids 

UDAC

S 

Uniform Design and 

Construction Standards 

VFD variable frequency drives 

WP Water Horsepower 

WWTP Wastewater Treatment Plant 

SE ROA 34799
JA_7328



 
 
 

Apex Industrial Park 
Water and Wastewater Master Plan           PDG #LV08082C 
 

December 28, 2012 Page 1  

 

EXECUTIVE SUMMARY 

The Apex Industrial Park Water and Wastewater Master Plan presents the “backbone” 

infrastructure required for water and wastewater systems to serve the proposed Apex 

Industrial Park.  The Apex Industrial Park is located at the northern edge of the City of 

North Las Vegas with US Highway 93 as its northern boundary, see Figure 1 (page 5) 

for a location map.  The Master Plan includes connection to the potable water system of  

the City of North Las Vegas system as the source of water supply and connection to the 

wastewater collection system of the City of North Las Vegas for treatment and disposal. 

 

The Apex Industrial Park comprises a total of approximately 11,478 acres of which 

approximately 7,523 acres are suitable for development.  Areas with a ground slope 

exceeding 15% are not considered developable and are not included as service territory 

of the master planned water and wastewater systems.  The Apex Industrial Park 

includes 16 subparks as shown in Figure 2 (page 7) and is within land zoned as 

General Industrial District M2 as shown in Figure 3 (page 8).   

 

Existing water and wastewater facilities within the limits of the Apex Industrial Park will 

mostly be abandoned upon construction of the master planned improvements.  If 

existing water system infrastructure, including water supply wells, are slated for 

continued use, they will require upgrade to meet current City of North Las Vegas 

standards.   

 

The Master Plan estimates the annual average water demand to be 1,225 million 

gallons which is equal to 3,761 acre-feet the required water right.  The master planned 

water system infrastructure is shown in Exhibit A2 in Appendix A.  The Master Plan 

presents the water system infrastructure necessary to serve the entire Apex Industrial 

Park and generally includes the following components.  

� 157,298 linear feet (29.8 miles) of water main pipelines varying in diameter from 

16 to 42 inches  

� Four water storage reservoir sites including three with a total storage of 5 million 
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gallons and one site with 10 million gallons of water storage. Water storage will 

be provided in ground level, welded steel storage tanks, of varying size. 

� Two water pump stations one with a 2,739 gallon per minute capacity and the 

other with a 2,143 gallon per minute capacity.   

� Ten pressure reducing valve facilities serving six different water pressure zones.   

 

The target water pressure range within four of the six pressures zones of the Apex 

Industrial Park is 90 to 150 psi.  This pressure range is higher than normal and intends 

to reduce the need for additional fire suppression booster pumps within the individual 

building structures of the Apex Industrial Park.  The higher pressures result in some 

locations within the water transmission pipelines to exceed the typical water system 

maximum of 150 psi and will require a higher pressure class of pipe.   Individual 

pressure reducing valves will be utilized to reduce the domestic water pressure at the 

water service connection for each user within the Apex Industrial Park.    

 

The water distribution system of smaller diameter pipelines and service laterals are not 

included in the Master Plan.  Facility planning and detailed design of the water 

distribution system would be performed as the Apex Industrial Park is further planned 

and developed.    

 

Based on an average daily flow of 0.707 gpm/acre (see Appendix D Item D1) over 

7,670 acres, including 147 acres of utility corridor, the Master Plan estimates the annual 

volume of wastewater generated to be 2,850 million gallons which is equal to 7.81 

million gallons per day.  This value considerably exceeds the estimated annual water 

demand.  The wastewater infrastructure was master planned based on City standards 

whereas the water demand is based on a assumed annual water demand of 0.5 acre 

feet per acre (1,225 million gallons per year).  The wastewater infrastructure was 

conservatively planned in the event water demand in the Apex Industrial Park exceeds 

the estimated value.  The master planned wastewater system is shown in Exhibit A4 in 

Appendix A. The wastewater system infrastructure necessary to collect all the 

wastewater generated in the Apex Industrial Park and generally includes the following 
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components.  

� 228,854 linear feet (43.34 miles) of wastewater collection gravity pipelines 

varying in diameter from 8 inches to 48 inches. 

� Five wastewater lift stations including the following 

o Lift Station 1A - 7752 gallons per minute 

o Lift Station 1B - 8006 gallons per minutes 

o Lift Station 1C - 12587 gallons per minute 

o Lift Station 2 - 2359 gallons per minute 

o Lift Station 3 - 2468 gallons per minute 

� 44,493 linear feet of force main (8.43 Miles) with force main diameters varying 

from 14 to 30 inches including 16002 linear feet of 14-inch diameter force main, 

23373 linear feet of 24-inch diameter force main, and 5118 linear feet of 30-inch 

diameter force main.    

The wastewater collection system of smaller diameter pipelines and service laterals 

within each subpark are not included in the Master Plan.  Facility planning and detailed 

design of the smaller diameter wastewater collection system within each subpark would 

be performed as the Apex Industrial Park is further planned and developed.    

 

The estimated cost for on site and off site water system infrastructure varies from $78.5 

million to $79.0 million with the difference being the point of connection to the existing 

City of North Las Vegas water distribution system.  The estimated cost of the 

wastewater collection and export infrastructure and off site improvements is $90.6 

million. 

 

PURPOSE 

The Apex Industrial Park Water and Wastewater Master Plan (Master Plan) identifies 

the necessary “backbone” water and wastewater infrastructure to support the Apex 

Industrial Park Special Improvement District (SID).  The Master Plan addresses water 

and wastewater service, identifying demands and design flows for potable water, fire 

protection and wastewater discharges.  A system of potable water pipelines, tanks, 

pump stations and pressure reducing valves (PRV) is preliminarily sized based upon a 
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water network computer model analysis.   A system of gravity sewer lines, lift stations 

and force mains is also preliminarily sized.  This information will be useful for providing 

estimated project costs in support of the proposed City of North Las Vegas SID. 

 

The Master Plan establishes service locations to address potential development areas 

within Apex Industrial Park as well as regional service connection locations.  The utility 

service for each parcel shall be the owner’s responsibility.  

 

LOCATION 

The Apex Industrial Park encompasses a total of approximately 11,478 acres and is 

located in the northeast portion of North Las Vegas, Nevada.  The developable acreage 

is approximately 7,523 acres when slope limited and right of way limited areas are 

excluded. The development is bound on the north by US 93, on the west by a Bureau of 

Land Management (BLM) utility corridor (this utility corridor separates Apex from the 

Desert National Wildlife Refuge) and on the south and east by Interstate Highway 15 (I-

15).  Three portions of the Apex Industrial extend east I-15 and consist of roughly 619 

acres on portions of Sections 26 and 35 of T18S, R63E and Sections 2, 3, and 9 of 

T19S and R63E.  See Figure 1 for the location of the Apex Industrial Park and Figure 2 

for the layout of the Apex Industrial Park.  

 

The Apex Industrial Park topography is relatively unique for the Las Vegas metropolitan 

area as much of the development is considered mountainous, with elevations ranging 

from 2,150 feet to 3,375 feet.  The predominantly developable areas range from 2,430 

to 2,680 feet, which encompass 60% to 70% of the total available land.
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                 Figure 1 - Location Map 
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APEX INDUSTRIAL PARK PROJECT 

The Apex Industrial Park is comprised of 16 separate industrial subparks crisscrossed 

by Bureau of Land Management utility corridors.  The utility corridors are not included 

as developable land however they are planned to be used for a portion of the water and 

sewer pipeline alignments.  Use of the utility corridors is allowable by the BLM.  Use 

requires attendance of a pre-application meeting, submission of a right of way 

application, and BLM approval.   The majority of Apex is zoned General Industrial 

District M-2* (see Figure 1-3), with a Heavy Industrial land-use designation.  See Figure 

2 for a site plan of the Apex Industrial Park and the 16 individual subparks.   

 

*(per CNLV Zoning Map - http://www.cityofnorthlasvegas.com/Departments/PlanningAndZoning/PDFs/ZoningMap.pdf 
December 31, 2008) 

 

The 16 subparks include the following.   

1. Black Mountain 

2. Central 

3. Commercial Center North 

4. Commercial Center South 

5. Foothills 

6. Industrial Rail 

7. Kapex 

8. Miners Mesa 

9. Northern Apex 

10. Northern Flats 

11. Northern Flats West 

12. Northern Highlands 

13. North Hills 

14. Pinnacle 

15. Solo Mountain 

16. Vegas Vista 
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                 Figure 2 - Site Plan 
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Figure 3 CNLV Zoning Map 
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EXISTING WATER FACILITIES 

There are existing water and wastewater facilities at various locations throughout Apex 

Industrial Park.  It’s assumed that the existing facilities will remain in service until the 

Master Plan is implemented.  Upon master plan implementation the existing facilities will 

either be abandoned or incorporated into the master planned water or wastewater 

systems.  Existing water and wastewater facilities incorporated into the Master Plan 

water and wastewater systems will require upgrade to meet City of North Las Vegas 

Standards.   It’s also assumed that any development prior to the SID Master Plan 

implementation will be constructed in accordance with the Master Plan requirements.  

When the SID is complete, these improvements will be incorporated into the SID (this is 

applicable for the Apex Industrial Park water and wastewater developments).  There are 

several existing wells, including one in the Kapex subpark, one in the Central subpark 

(Dry Lake Water) and two near the Vegas Vista subpark see Appendix E for the Kapex 

and Central well driller’s reports. 

 

A portion of Kapex was owned and operated by the Kerr-McGee Chemical Corporation.  

Kerr-McGee utilized a 10 acre-feet per annum water righted potable water supply well, 

two reverse osmosis (RO) water treatment systems, a 1.2 million-gallon fire water 

storage tank, two 2,000 gpm fire pumps, a 50,000 gallon potable water tank and three 

high service pumps.  This infrastructure provided the potable water distribution and fire 

service systems.  

 

The dual water distribution systems of potable water and fire suppression water supply 

a portion of the development, including the former Kerr McGee Chemical plant.  The fire 

system pipelines range between 6-inch and 12-inch in diameter and the potable water 

pipelines are 2-inch and 3-inch diameter.  There are fire hydrants included in the fire 

water system and a 29,000 cubic foot (200,000 gallon) fire water containment pond.      
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Although both RO systems are no longer active and appear neglected, some of the 

equipment may be salvageable, subject to removal, cleaning, testing and service.  The 

existing equipment includes the following. 

Existing On-Site Water Facilities  (see Appendix E) 

Fire Water Storage Reservoir 
1,200,000 gallon ground-mounted steel tank 

90'∅ x 28' tall, Pitt-Des Moines 59302, 1990 AWWA D100-84 
high water line (HGL): 2289 feet 
floor elevation: 2261 feet 

Potable Water Storage Reservoir 
50,000 gallon, ground mounted steel tank 
20'∅ x 24' tall, Pitt-Des Moines 50142, 1990  
high water line (HGL):  2285 feet 
floor elevation: 2261 feet 

RO System #1 (at tank) 
RO System #2 (at process building) 
2 - 500 gallon diesel fuel tanks 

Well Pump (permit 77745) 
200 gpm with 21' drawdown  
(Driller’s Log - Appendix E) 
1145' depth, 578' water level 
1000 ppm TDS 
250 gpm avg for 24 hour (owner data) 

Gorman-Rupp fire pumps 
Patterson Pump 89PT14043L6 
Caterpillar engines 266 bhp 
2 @ 10x8m 
2000 gpm, 1750 rpm 
148 psi capacity 
101# max suction 
149# discharge 

(pump curve - Appendix E) 

Generator CAT PA0067 90 
(for emergency power) 

Baldor jockey pump 
3,450 rpm 
2 hp 
Grundfos 
CR2 
 
300 psi Max 
 
Rated: 254' head 
@11 gpm 

High Service Potable 
Pumps 
3 @ 5 hp (inoperative) 
3,500 rpm 
230 volt, 3-phase 
Motor: Reliance XE 
87.5% efficiency 
ID#2YAB60465A3 
180TC 
(Pump curve not available) 

1 Goulds Pump , 55 gpm, 

Model #2SVBK3, 3HP 
motor 

 

The 1.2 million gallon storage reservoir contains untreated well water for the fire water 

system.  The fire pump house, located on the west side of the water storage reservoir, 

has a concrete floor and concrete block walls.  The pump house contains two diesel 

powered engines which operate the two 2,000 gpm fire water pumps supplying the fire 

water distribution system.  A diesel powered emergency generator is located on the 
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south side of the pump building to operate the water components.  A jockey pump 

maintains fire water pipeline pressure when the fire pumps are inactive.  None of the 

pumps are equipped with variable frequency drives (VFD)  

 

Located to the east of the 1.2 million gallon tank is a 50,000 gallon potable water tank 

with three (3) high service pumps serving the existing potable water system.  Adjacent 

to the potable water tank is a concrete water treatment building containing the reverse-

osmosis units, water softener and disinfection equipment.   See Appendix E for the 

existing Kapex facility water system plan and water system schematic diagram.  

 

WATER DEMAND FORECAST 

The domestic water demands of average day, maximum day and peak hour are 

calculated using an estimated annual average water consumption of 0.5 acre-feet per 

acre year.  This rate is less than City of North Las Vegas standards and its use is based 

in the fact that water demand for the Apex Industrial Park will be less than typical 

because of the fact that no landscaping will be utilized and the implementation of other 

water conservation measures.  Maximum day and peak hour demands were established 

using heavy industrial use factors of 1.36 (the maximum day standard of 1.5 gpm/acre 

divided by average day standard of 1.1 gpm/acre) and 2.09 (peak hour standard of 2.3 

gpm divided by average day standard of 1.1 gpm/acre) in accordance with City of North 

Las Vegas Network Hydraulic Analysis Guidelines Average Water Consumption of 

Various Types of Development.    

 

The total developable acreage excluding areas with average ground slopes exceeding 

15% and the Bureau of Land Management utility corridors is approximately 7,523 acres.  

Using an annual average demand of 0.5 acre feet per acre (per year), the average daily 

water demand at buildout is 3.36 million gallons per day (MGD), the maximum day 

demand is 4.56 MGD and the peak hour demand is 4,874 gallons per minute.  See 

Table 1 for the tabulated water demands for each of the 16 subparks of the Apex 

Industrial Park. 
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                  Table 1 Apex Industrial Park Water Demands by Subpark 

 

The total average day water demand of 3.36 million gallons equates to an annual water 

demand of 3,761 acre-feet which represents the annual water right required for the 

Apex Industrial Park.   

 

Subpark Name 

Water 
Service 

Territory 
Acreage 
(acres) 

Average 
Day Water 
Demand 

(gpm) 

Maximum 
Day Water 
Demand 

(gpm) 

Peak Hour 
Water 

Demand 
(gpm) 

Black Mountain 444.2 137.7 187.3 287.8 

Central 492.6 152.7 207.7 319.2 

Commercial Center North 174.5 54.1 73.6 113.1 

Commercial Center South 333.9 103.5 140.8 216.3 

Foothills 326.1 101.1 137.5 211.3 

Industrial Rail 131.1 40.6 55.3 84.9 

Kapex 2,504.2 776.3 1,055.8 1,622.5 

Miners Mesa 238.1 73.8 100.4 154.3 

Northern Apex 354.3 109.8 149.4 229.6 

Northern Flats 556.3 172.5 234.5 360.4 

Northern Flats West 103.4 32.1 43.6 67.0 

Northern Highlands 362.7 112.4 152.9 235.0 

North Hills 333.3 103.3 140.5 215.9 

Pinnacle 297.5 92.2 125.4 192.8 

Solo Mountain 348.0 107.9 146.7 225.5 

Vegas Vista 523.0 162.1  220.5 338.9 

Totals  7,523 2,332 3,172 4,874 

Totals (MGD) NA 3.36 4.57 7.02 
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It was determined that the area should be served, to the extent possible, by a looped 

system of high pressure water  mains accessing all projected development with one or 

more connection points.  This looped system will normally operate as two pressure 

zones, 2795 and 2920, that are interconnected by PRV’s to supply water to the other 

four pressure zones, 2430, 2445, 2545 and 2670 and jointly supply water to pressure 

zones 2670 and 2445.   

 

The fire flow rate throughout the Apex Industrial Park is 6,000 gpm for a duration of 4 

hours.  This fire flow rate intends to meet the highest fire flow requirement expected in 

the Apex Industrial Park.  Distribution system pressures will operate to a maximum 

pressure of 150 PSI, with four exceptions (as determined by hydraulic modeling) 

including junctions J-SID04, J-SID12, J-SID39, and J-SID61, see Appendix C. Of these 

the maximum pressure is 190 (junction J-SID61), to address the pressure exceeding 

150 psi, 200 psi rated pipes will be used for the distribution mains.  The transmission 

system pressures will operate to 231 PSI maximum (computer model junction J-SID57),  

and therefore the transmission mains will utilize 250 psi rated pipes.  Four junctions will 

operate below 90 psi including junctions J-SID30, J-SID31, J-SID32, and J-SID33, the 

buildings on the parcels served by these junctions will have to have a separate fire 

pump system to provide adequate pressure for a fire sprinkler system.  Pressure 

reducing valves (PRV) will regulate pipeline pressures between 90 PSI and 150 PSI.  

The higher than standard water distribution system pressures will require individual 

pressure reducing valves for the domestic water service for each building structure.  

 

WATER SOURCE 

The source of water supply serving the Apex Industrial Park will be by connection to the 

existing City of North Las Vegas water transmission and distribution system. There are 

two proposed CNLV connection points for the buildout water system condition.  The first 

connection point is Las Vegas Boulevard at the Las Vegas Speedway (known as the 

North Las Vegas point of connection), where two (2) 16-inch pipelines currently 

terminate (PZ 2145) and where a 5-MGD pump station is proposed.  The existing 

source for this connection is a 3-MG storage reservoir located at Carey, east of 

SE ROA 34812
JA_7341



 
 
 

Apex Industrial Park 
Water and Wastewater Master Plan           PDG #LV08082C 
 

December 28, 2012 Page 14  

Hollywood Boulevard.  A supplemental 3-MG storage reservoir is proposed at this 

location to offset the projected system demands.  The second CNLV source is the 

connection to an existing 24-inch pipeline near the Auto Auction site (Centennial 

Parkway and Hollywood Boulevard) known as the North Hills point of connection.  

Improvements for this connection point include a 5 MGD pump station and 

approximately 15,000 linear feet of 24-inch diameter water pipeline.  See Exhibit A-3 for 

the proposed points of connection and alignment of connecting pipelines.  

 

Both sources are connected upstream of a proposed booster pump station along the 

Farm Road alignment.  The proposed 30-inch Apex pipeline will begin at the Farm Road 

alignment, and the Speedway Eastern property line extension north, approximately 1.5 

miles north of Centennial and one mile east of the Hollywood Boulevard alignment.   

 

WATER PRESSURES AND PRESSURE ZONES 

Six water system pressure zones are required for the developable areas of the Apex 

Industrial Park.  Except for PZ 2430 and PZ 2920, the established Apex Industrial Park 

pressure zones are planned to provide static pressures between 90 and 150 PSI.  The 

ground elevations for each pressure zone are provided in Table 2. 

                                 Table 2  Water System Pressure Zones 

GROUND ELEV RANGE 
BASIN PZ 

CONTROL 
SOURCE(S) 

LOW (FT) HIGH (FT) 

Las Vegas 
Valley 

2430 T-SID2 2200 2325 

2445 PRV 2100 2200 

2545 PRV 2200 2325 

2670 T-SID1, PRV 2325 2450 

2795 T-SID3, PRV 2450 2575 

Garnet 
Valley 

2920 T-SID4 2575 2815 
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Since the ground elevations vary from 2150 to 3375, the higher elevation service areas 

are excluded.  These areas will remain undeveloped due to the mountainous terrain 

(slopes greater than 15%) and are not part of the master planned water system.   Only 

the areas below elevation 2815 are being addressed at this time and considered in the 

developable land area calculations.  There is no significant land area above this 

elevation considered developable (for the purpose of this master plan, developable is 

defined as land with average ground slopes of 15% or less).  See Exhibit A-1 in 

Appendix A for the limits of the six water system pressure zones.   

 

The water system is master planned such that these pressure zones will allow each 

building or parcel to utilize an Early Suppression Fast-Response (ESFR) fire 

suppression system without the need for fire suppression booster pumps.  The sprinkler 

system demand will vary with the building design but the minimum demand is 

approximately 2000 gpm.  The Uniform Design and Construction Standards (UDACS) 

minimum pressures are presented in Table 3.  

                              Table 3  Minimum Water Pressures - Standards 

MINIMUM WATER PRESSURE STANDARDS 
(UDACS Section 2.01.03) 

STATIC PRESSURE 45 PSI 

MAXIMUM  DAY 40 PSI 

PEAK HOUR 30 PSI 

MAXIMUM DAY + FIRE 20 PSI 

 

Ultimately, the Apex Industrial Park pressure zones will have static pressures between 

90 and 150 PSI.  In most cases, this pressure range should allow each building 

protection from an Early Suppression Fast-Response (ESFR) fire suppression system 

without the addition of building fire suppression booster pumps.  Due to ESFR system 
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pressure requirements, the water system is sized to maintain pressures 50 PSI greater 

than standard pressures as presented in Table 4.  

                                  Table 4  Minimum Water Pressures - Apex 

MINIMUM WATER PRESSURES  
APEX INDUSTRIAL PARK 

UDACS + 50 PSI 

STATIC PRESSURE 95 PSI 

MAXIMUM  DAY 90 PSI 

PEAK HOUR 80 PSI 

MAXIMUM DAY + FIRE 70 PSI 

 

MASTER PLAN WATER FACILITIES 

Exhibit A-2 in Appendix A depicts the proposed water system overlaid on the pressure 

zones for the Apex Industrial Park.  Exhibit A-2 also includes the hydraulic model 

junction nodes and pipe numbers. The City of North Las Vegas water is pumped 

through a series of tanks and pressure zones to four ground level storage tank areas.  

Proposed is 5 million gallon reservoir storage site(T-SID4) at the top of the hill at the 

northern edge of the Foothills subpark directly serving pressure zone 2920, one site 

with 10 million gallons of reservoir storage (T-SID3) and one other 5 million gallon  

reservoir storage site (T-SID1).  A fourth  reservoir site with 5 million gallons of reservoir 

storage (T-SID2) with a Pump Station B1, serves as the supply to Tank T-SID3 and in 

turn the northern portion of the Apex Industrial Park.  Tank T-SID2 also serves as the 

gravity reservoir for the North Hills subpark and parts of Commercial Center South 

subpark, which are all part of the Apex Industrial Park.  This results in a total of 25 

million gallons of system storage.  All booster pump stations will provide 100% pumping 

capacity redundancy of the peak hour flow demand and include an auxiliary power 

supply engine generator. The booster pump stations will be equipped with variable 

frequency drives and slow-acting valves to control water hammer potential.  The potable 

water storage tank facilities would be made of welded steel, designed to local, regional, 

and state standards and would include intrusion alarming, level monitoring 
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instrumentation and telemetry (for pump control), electrical power supply, and security 

fencing.  

 

Due to elevation differential, all four reservoir storage sites act to maintain system 

pressure in various pressure zones.  Two reservoir storage sites also provide 

supplemental storage for pumping to fill higher pressure zone tanks.  The tanks are 

utilized to offset maximum day demands, peak hour demands, and supply fire flow 

duration volumes during fire events.   

 

The proposed Apex development water system storage tanks are summarized in Table 

5.  

          Table 5  Proposed Water Storage Reservoirs 

Reservoir 
Location by Section, 

Township & Range 

Total 

Storage 

Capacity 

(million 

gallons) 

Maximum 

Elevation 

Minimum 

Elevation 

T-SID1 S22 T18S R 63E 5  2,670 2,640 

T-SID2 S08 T19S R63E 5  2,430 2,400 

T-SID3 S04 T19S R63E 10  2,795 2,765 

T-SID4 S20 T18S R 63E 5  2,950 2,920 

 

Tank sizing criteria is based on Nevada Administrative Code Chapter 445A  

requirements which requires storage tank volume provide operating storage plus an 

emergency reserve and the required fire demands.  Operating storage is based on 

maximum day demand and must be at least 700 gallons per ERU.  Emergency reserve 

storage requirement is 75% of the operating storage.  Fire storage for the Apex 

Industrial Park is based on providing 6000 gallons per minute for a duration of 4 hours.  

The operating storage for Apex Industrial Park is 10.7 million gallons, the emergency 
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reserve storage is 8.0 million gallons, and the fire storage is 1.44 million gallons.  

Collectively, the tank storage volume requirement is 20.14 million gallons.  A total of 20 

million gallons of potable water storage is required for the Apex Industrial Park based on 

NAC Chapter 445A requirements.  See Appendix D Item D9 for tank sizing calculations 

based on NAC Chapter 445A requirements.  Computer modeling indicated that 

additional tank storage is required to meet fire demand requirements.  A criterion was 

established whereby no more than one half of any tank volume be consumed during a 

fire event which increased the total storage volume requirement to a total of 25 million 

gallons. 

 

With reservoir sizing based on NAC 445A and water demands based on an assumed 

0.5 acre-feet per acre per year the resultant reservoir sizes are relatively large 

compared to planned water demand.  While the reservoir provides sufficient storage to 

meet state of Nevada requirements it also results in potential water quality problems 

due to stagnation.  To address the water quality concerns this Master Plan recommends 

initially constructing smaller size storage tanks,  At the 5 million gallon reservoir sites 

(Tanks T-SID1, T-SID2, and T-SID4) tank construction should initially be 2.5 million 

gallons with additional tankage provided as required. For the 10 million gallon reservoir 

site initial; tank construction should be 3 million gallon tank with additional tankage 

added as required.       

 

Once gravity storage tanks are in service, the water system is pressurized by gravity 

and controlled by PRVs to provide water to the lower pressure zones.  With the use of a 

bypass valve and a PRV (PRV-SID16) at Booster Pump Station PMP-B2, Tank T-SID4 

at PZ 2920 can serve the entire Apex Industrial Park in an electrical outage emergency.   

 

The water transmission system pipelines are master planned using ductile iron pipe  

with design and construction complying with Uniform Design and Construction 

Standards for Potable Water Systems and includes in-line isolation valves, air and 

vacuum release valves, blow-off facilities, and fire hydrants.  
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The water system is designed to be completed as a single improvement phase with 

interim improvements by developers potentially constructing portions of the SID system 

in early phases along with their development.  These phases would be constructed to 

SID standards and become part of the master planned water system. 

 

HYDRAULIC MODELING 

The master planned water system was modeled using computer software to establish 

pipeline diameters and to verify required pressures and demand conditions are met.  

The buildout condition model depicts the entire SID water system of storage tanks, 

pumps, and pressure reducing valve facilities supplying water to the six water system 

pressure zones of the Apex Industrial Park.  The existing water supply wells could 

potentially remain in service and serve as supplemental source of supply utilizing the 

existing ground water rights.  If utilized, the existing wells will require upgrade to meet 

City of North Las Vegas standards.    

 

The master planned water system was analyzed using a computer model to verify that 

maximum day, peak hour, and maximum day plus fire flow demands are met.  The 

hydraulic model identifies the areas that exceed the target 150 psi desired maximum 

pressures as well as where pressure could be expected to be below 90 psi minimum 

static pressure conditions.  These pressure variances outside the target pressure of 

range of 90 to 150 psi occur in transmission lines outside of a designated service area 

and in a couple of locations within the distribution system as noted previously.  

 

The expected minimum and maximum system pressures, excluding surge pressures, 

are provided in Table 6.  
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          Table 6  Minimum & Maximum System Pressures  

CONDITION 

SYSTEM 

DEMAND 

(gpm) 

DIST. 

MIN 

PRESSURE 

(PSI) 

NODE # 

DIST. 

MAX 

PRESSURE 

(PSI) 

NODE # 

TRANS. 

MAX 

PRESSUR

E (PSI) 

NODE # 

MAX DAY +FIRE 

(Pumps Off) 
9,172 40.7 J-SID32 190.3 J-SID12 176.7 

J-SID49 

AVG DAY 

(Pumps On) 
2,332 67.0 J-SID33 187.52 J-SID12 231.4 

J-SID57 

AVG DAY 

(Pumps Off) 
2,332 40.7 J-SID32 190.3 J-SID12 176.8 

J-SID49 

MAX DAY 

(Pumps Off) 
3,172 40.7 J-SID32 190.3 J-SID12 176.7 

J-SID49 

PEAK HOUR 

(Pumps Off) 
4,874 40.7 J-SID32 190.2 J-SID12 176.7 

J-SID49 

 

In each case, the minimum pressure requirements are attained except for those 

previously discussed.  The ESFR sprinkled buildings located on parcels served from 

junctions J-SID30, J-SID 31, J-SID32,  and J-SID33, will need fire suppression booster 

pumps.  A worst case scenario of peak hour demands plus a fire flow of 6000 gpm was 

modeled with results presented in Appendix C, Item C6.  

 

Two water system pump stations are planned.  The pump station locations are shown in 

Exhibit A-2.  Each pump station has three pumps with a single large pump sized to meet 

peak hour plus fire flow demands and two smaller pumps each sized to meet peak hour 

flow rates.  While reservoir storage provides the flow rate and residual pressure 

required to meet fire flow demands, the large pump provides redundant fire protection in 

the event a reservoir is out of service.  The two smaller pumps provide 100% pump 

capacity redundancy for peak hour flow rate demands.  Typical pump station operation 

will utilize only one of the two smaller pumps with alternating starts based on tank filling 

demands.   Pump station pump design flow and head values  are provided in Table 7. 
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                    Table 7 Water System Pump Stations  

PUMP 

PUMP STA 
SECTION 

TOWNSHIP 
RANGE 

Pump 
Station 
Elev (ft) 

Discharge 
Grade (ft) 

Flow Rate 
(gpm) 

Pump 
Head (ft) 

PMP-B1A 2400  2850 8615 420 
PMP-B1B 2400 2850 2739 420 
PMP-B1C 

S08 T19S 
R63E 

2400 2850 2739 420 
PMP-B2A 2580 3115 8223 332 

PMP-B2B 2580 3115 2143 332 

PMP-B2C 

S04 T19S 
R63E 

2580 3115 2143 332 

 

Reservoir filling is accomplished using pump stations and flow from higher elevation 

reservoirs  to lower elevation reservoirs through pressure reducing valves.  Reservoir T-

SID2 with base elevation of 2400 feet is filled directly from the City of North Las Vegas 

water system.  Pump station B1 draws from reservoir T-SID2 and pumps water to 

reservoir T-SID3 with a base elevation of 2765 feet.  Pump station B2 boosts water from 

reservoir T-SID3 to reservoir T-SID4 with a base elevation of 2920 feet.  Reservoir T-

SID1 with a base elevation of 2640 feet is master planned to be filled from reservoir T-

SID4 with pressure reduced at pressure reducing valves PRV-SID05 and PRV-SID14.  

As an alternative Reservoir T-SID1 could be filled directly from reservoir T-SID3.  

Exhibit A-2 shows a dashed line connecting junction J-SID12 to reservoir T-SID2.  If this 

configuration is pursued detailed design will require establishing an engineered system 

for reservoir filling without overflowing the tank.  A redundant system would also be 

required in the event the primary engineered system fails.     

 

EXISTING WASTEWATER FACILITIES 

There are existing wastewater facilities within the Apex Industrial Park.  These existing 

facilities are not part of the master plan and would be abandoned once the master plan 

wastewater infrastructure is in place.  The area of the Kapex subpark that contained the 

former Kerr McGee Chemical Corporation includes four existing septic systems/leach 

fields permitted by NDEP.  The four existing on-site septic systems consist of two 1,000 

gallon septic tanks, one 1,500 gallon septic tank and one 2,500 gallon septic tank and 

associated leach fields.  See Appendix F for information on existing wastewater facilities 
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within the Kapex subpark.  The NDEP wastewater discharge permit (NEV89052) is 

limited to ten (10) outfalls.  Two (2) have been discontinued with the closure of the Kerr 

McGee processing facilities.  Four (4) septic system outfalls remain unused. 

 

MASTER PLAN WASTEWATER FACILITIES 

The wastewater master plan is based on buildout flow rates with export of raw sewage 

to the City of North Las Vegas for treatment. The buildout flow rates are the basis for 

sizing the wastewater facilities, including sewer trunk mains, lift stations and force 

mains.  The flows are estimated using City of North Las Vegas Code Section 13.24.070 

with the Office/Warehouse use classification and is assigned 0.45 Equivalent 

Residential Units (ERU) per fixture unit (FU).  Wastewater design flow is based on a 

typical building with 208 fixture units on a 23 acre site.  Using a typical 250 gpd/ERU 

and a peaking factor of 2.2 taken from the Design and Construction Standards for 

Wastewater Collection Systems (DCSWCS) Table C, wastewater flows are estimated 

using 1.94 gpm/acre.  This value includes a 25% wet weather factor as required by the 

Design and Construction Standards for Wastewater Collection System.  See item D1 in 

Appendix D for the wastewater design flow rate calculation.   

 

The Master Plan estimates the annual volume of wastewater generated to be 2,850 

million gallons which is equal to 7.66 MGD.  This value considerably exceeds the 

master planned annual water demand.  The wastewater infrastructure was master 

planned based on City standards whereas the water demand is based on a assumed 

annual water demand of 0.5 acre feet per acre (1,225 million gallons per year).  The 

wastewater infrastructure was conservatively planned in the event water demand in the 

Apex Industrial Park exceeds the master planned value.   

 

Topographic based sewersheds were established for the Apex Industrial Park as shown 

in item D2 in Appendix D.  The total acreage of the sewersheds is 7,670 acres which 

exceeds by 147 acres the developable acreage of 7,523 acres.  The sewershed 

acreage is greater then the developable acreage because the sewershed boundaries 

extend into BLM utility corridors.  The extra acreage results in a more conservative 
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design.  Design flow rates were determined for design points identified in Exhibit A-4 

(Appendix A) and item D3 of Appendix D.  Gravity wastewater pipes are sized using 

multiple DCSWCS requirements including: (1) determining the capacity of a given pipe 

size at DCSWCS minimum pipe slopes for each design point  and comparing that with 

the design flow based on the tributary sewershed to the design point to verify the 

conveyance capacity exceeds the design flow (see Appendix D, Item D4), (2) minimum 

pipe slope requirements to achieve a minimum flow velocity of 2 feet per second 

velocity flowing half full, (see Appendix D, Item D5), and, (3) using DCSWCS maximum 

pipe slopes with pipe flowing 3/4 full to verify pipeline flow velocities do not exceed 10 

feet per second,  (see item D6 in Appendix D).   The gravity wastewater pipelines must 

be constructed within the maximum and minimum slope limits presented in Items D5, 

and D6 at the sizes provided in Appendix D, Items D4, D5, and D6 to meet DCSWCS 

and CNLV flow requirements.  The Apex Industrial Park wastewater collection system 

gravity pipelines shall fall within these slope limits.  Detailed design of gravity sewer 

pipes should take into account site topography and the installed slope of the pipe.  

Gravity driven sewer pipe diameters could be reduced if installed pipe slopes exceed 

the minimum presented in Appendix D, Item D6.   

 

Lift station force mains sizes are based on the flow velocity not exceeding 6 feet per 

second. Lift stations and force mains are sized to pass the design flow rate including a 

wet weather allowance as presented in item D7 of Appendix D.  Wastewater lift station 

pumping heads are presented in item D8 in Appendix D.  A minimum of three pumps 

are required for each lift station providing 100% pumping capacity of the design flow 

rate and each lift station is planned to be equipped with an auxiliary power supply 

engine generator in the event of loss of electrical power supply.   

 

As depicted in Exhibit A-4 (Appendix A) a series of three lift stations along US93 and 

SR604 (Las Vegas Boulevard) are used to convey flows back to the City of North Las 

Vegas for treatment.  If the North Hills sewer does not exist as a point of connection, the 

gravity main will extend to Sloan Lane and Ann Road alignments and connect to a 

planned City of North Las Vegas wastewater collection system at that point.  Refer to 
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Exhibit A-5 in Appendix A for the point of connection configuration and pipeline 

alignment.   

 

The topography of the Apex Industrial Park allows gravity flow from the southern portion 

of the master plan area to the City of North Las Vegas.  The northern portion of the 

Apex Industrial Park requires lift stations to lift the wastewater over the ridgeline 

separating Apex from the Las Vegas Basin. A total of five lift stations are required.  Lift 

stations 1A, 1B, and 1C operate in series with corresponding force mains running 

generally parallel to Interstate 15.  Lift station 2 serves subparks including Northern 

Highlands, Foothills, Solo Mountain and Central.  Lift station 3 serves the Black 

Mountain subpark area.   

 

The lift stations are planned based on using self priming centrifugal wastewater pumps 

capable of passing a 3-inch sphere drawing from a wet well.  Wet well level monitoring 

instrumentation and telemetry will control lift station pumps.  The lift stations are master 

planned to pump the design flow based on the peak hour flow rate plus a 25% wet 

weather factor.  The lift stations utilize a three pump configuration with one large pump 

sized to pump the design flow and two smaller pumps working together capable of 

providing the design flow for a 100% of design flow pumping capacity redundancy.  The 

smaller pumps operating more frequently handle average day flow rates.   Lift station 

information including power requirements are presented in Table 8. 

                                 Table 8 Wastewater Lift Stations 

LIFT 
STA 

SECTION 
TOWNSHIP 

RANGE ELEV1 ELEV2 

STATIC 
HEAD 
(FT) 

TOTAL 
HEAD 
(FT) 

FLOW 
(gpm) 

WP 
(HP) eww 

IP 
(HP) 

IP 
(kW) 

1A 
S14 T18S 

R63E 2160 2335 175 235 7752 460 64% 714 533 

1B 
S26 T18S 

R63E 2335 2450 115 165 8006 333 64% 518 386 

1C 
S03 T19S 

R63E 2450 2550 100 132 12587 419 64% 652 486 

2 
S27 T18S 

R63E 2428 2500 72 120 2359 71 64% 111 83 

3 
S26 T18S 

R63E 2380 2500 120 188 2468 117 64% 182 136 

WP = Water Horsepower, eww = wire to water efficiency, IP = Motor Horsepower 
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Approximately 1.2 Megawatts of power is needed for the five lift stations. 

 

The master planned wastewater system includes manholes and other wastewater 

collection system appurtenances installed in accordance with the Design and 

Construction Standards for Wastewater Collection Systems.   

 

WASTEWATER MANAGEMENT CONSIDERATIONS  

Until the buildout wastewater flows are reached the master planned wastewater export 

system presents potential operation and maintenance issues including odors and 

septicity.  To combat this potential, smaller parallel force mains installed in the same 

trench along with the buildout capacity force main could be considered to minimize 

these issues. Additionally, for initial cost and operational considerations, smaller pumps 

could be used initially until wastewater flow rates reach higher levels.   

 

Another consideration for wastewater management during development and occupancy 

of the Apex Industrial Park includes the use of a wastewater treatment plant (WWTP) 

until wastewater flows reach a level that warrants export to the City of North Las Vegas.   

This concept involves directing wastewater flows generated outside of the Las Vegas 

basin (i.e. the northern portion of the Apex Industrial Park) northwards to the site of 

planned lift station 1A where a wastewater treatment plant providing tertiary treatment 

would be constructed.  The WWTP would be a phased facility starting with a treatment 

capacity of 50,000 gallons per day with expansion to an ultimate capacity of perhaps 

250,000 to 500,000 gallons per day.  When wastewater flows exceed the maximum 

treatment capacity of the interim WWTP the wastewater export system would be 

constructed.  The WWTP could be sequencing batch reactor type to account for 

variable influent flow rates and diurnal flow patterns and to allow for phased expansion.  

Alternatively, the WWTP could utilize other methods of treatment such as a 

conventional activated sludge plant with tertiary treatment, or a membrane bioreactor 

(MBR) plant.   The WWTP would require a solids dewatering system with off site 

disposal of dewatered solids.   The treated wastewater effluent would either be 

disposed to groundwater or potentially re-used for local industry use as process water 
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and other uses.  The collection system for this interim condition would be the same as 

the buildout configuration except an additional gravity flow pipeline constructed parallel 

to the force mains for Lift Stations 1A and 1B would be used to convey wastewater 

flows generated in the Foothills, Solo Mountain, Central, Industrial Rail, Black Mountain 

and Vegas Vista subparks to the interim WWTP.  The wastewater flows generated in 

the Northern Highlands, Miners Mesa, North Hills and Commercial Centre South 

subparks would still flow by gravity to the North Las Vegas Central Wastewater 

Treatment Plant.   

 

The capital, operations, and maintenance costs associated with an interim wastewater 

treatment plant are significantly higher than the master planned wastewater export 

pumping costs.  A permanent WWTP serving the buildout configuration of the Apex 

Industrial Park is not favorable to the master planned export system since the treated 

wastewater is not returned to the Las Vegas Valley and ultimately Lake Mead with the 

corresponding credit for return flows.  Lastly, with the unpredictable phased growth in 

the Apex Industrial Park the potential for reuse is also difficult to predict.  

 

With the capital cost difference and the operational cost increases associated with a 

wastewater treatment facility within the Apex Industrial park along with the unpredictable 

potential for treated wastewater reuse, it makes a treatment plant alternative a less 

cost-effective solution than the master planned wastewater export.  To run the WWTP 

serving the Apex Industrial park at buildout, roughly 8.6 megawatts of electrical power 

would be needed.  A sizable power supply would need to be extended to the WWTP 

and electrical infrastructure costs would be considerable. 
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OPINION OF PROBABLE COSTS 

The probable costs for the master planned water and wastewater systems are 

presented in Table 9.  

             Table 9 Water and Wastewater System Probable Costs 

System Description 
Cost  

(M$) 

Water Water System with North Hills Point of Connection $78.5 

Water Water System with North Las Vegas Pont of Connection  $79.0 

Wastewater Master Plan Wastewater System $90.6 

Wastewater Interim 250,000 Gallon Wastewater Treatment Plant $7.5 

See Appendix B for a breakdown of probable construction costs. 

 
 
 
 

CONCLUSION 

This Master Plan presented the “backbone” infrastructure of water transmission mains, 

water storage tanks, water pump stations, and pressure reducing valve facilities of the 

master planned water system and wastewater collection main pipelines, wastewater lift 

stations and their corresponding force mains of the master planned wastewater system 

required to serve the Apex Industrial Park.  The water distribution system and 

wastewater collection system within each subpark are not presented.  This level of 

detail would be performed by the industrial park’s design engineers during preliminary 

and detailed design within each subpark as the Apex Industrial Park is further planned 

and developed.   
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APPENDIX A       EXHIBITS 
 

Exhibit A-1  -  Water System Pressure Zone Map 

Exhibit A-2  -  Master Planned Water System 

Exhibit A-3  -  Water System Points of Connection to CNLV Supply 

Exhibit A-4  -  Master Planned Wastewater System 

Exhibit A-5  -  Wastewater Point of Connection to CNLV System 
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APPENDIX B    OPINION OF PROBABLE COSTS 
 

Item B1 - Water System with North Hills Point of Connection 

 

Item B2 - Water System with North Las Vegas Point of Connection 

 

Item B3 - Master Plan Wastewater System 

 

Item B4 - Opinion of Probable Cost Notes 
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APPENDIX C    WATER NETWORK ANALYSIS  REPORTS 
________________________________________________________________________ 

 

Item C1 - Maximum Day Plus Fire Flow Demand - Pumps Off 

Item C2 - Average Day Demand - Pumps Off 

Item C3 - Maximum Day Demand - Pumps Off 

Item C4 - Peak Hour Demand - Pumps Off 

Item C5 - Average Day Demand - Pumps On 

Item C6 - Peak Hour Plus Fire Flow Demand - Pumps Off (worst case) 
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APPENDIX D    WASTEWATER AND WATER DESIGN DATA 
 

Item D1 - Wastewater Design Flow Calculations 
 
Item D2  - Sewershed Acreages and Design Flows 
 
Item D3  - Wastewater Collection System Pipeline Design Point 
Tributary Acreages 
 
Item D4  - Wastewater Collection System Gravity Pipe Sizes 
 
Item D5  - Maximum Velocity Met Calculations 
 
Item D6  - Minimum Velocity Met Calculations 
 
Item D7  - Force Main Sizing 
 
Item D8  - Lift Station Discharge Head Calculations 
 
Item D9 - Water Demands and Required Tank Storage Volume 
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APPENDIX E    EXISTING WATER FACILITIES 
 

• June 2004, Apex Nevada Plant Water System Site Plan 

• April 2004, Apex Nevada Plant Battery Testing Center Civil Site 

Utilities Plan 

• June 2004, Apex Nevada Plant Water System Diagram 

• November 1995, Ammonium Perchlorate (APEX) Water 

Purification, Chemical Bldg 

• February 1990, Well Driller’s Report, Permit 54232 / 55674 

• July 2001, Well Driller’s Report, Permit 66784 

• May 1990, Patterson Pump Company pump data 

• January 2008, Gesco Pump Test Reports 
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APPENDIX F    EXISTING WASTEWATER FACILITIES 
 
June 2004, Apex Nevada Plant Water System Site Plan  
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Apex Industrial Park  

Water and Wastewater Master Plan, December 28, 2012

Appendix B - Item B1

Opinion of Probable Costs

Water System with North Hills Point of Connection

Construction of On-Site Improvements

Description Quantity Unit Unit Cost Cost

16-inch diameter Water Pipeline 49,675 LF $160 $7,948,000

24-inch diameter Water Pipeline 77,684 LF $195 $15,148,380

30-inch diameter Water Pipeline 24,848 LF $255 $6,336,240

36-inch diameter Water Pipeline 4,531 LF $300 $1,359,300

42-inch diameter Water Pipeline 560 LF $345 $193,200

48-inch diameter Boring 400 LF $1,030 $412,000

42-inch diameter Boring 400 LF $990 $396,000

30-inch diameter Boring 1,200 LF $800 $960,000

5.0 million gallon Water Storage Tank 3 EA $3,500,000 $10,500,000

10.0 million gallon Water Storage Tank 1 EA $7,500,000 $7,500,000

Pump Station No. 1 1 EA $1,000,000 $1,000,000

Pump Station No. 2 1 EA $750,000 $750,000

On-Site Improvements Subtotal $52,503,120

Construction of Off-Site Improvements

Description Quantity Unit Unit Cost Cost

5 MGD Pump Station 1 EA $375,000 $375,000

5 MG Tank 1 EA $3,500,000 $3,500,000

24-inch diameter Water Pipeline 15000 LF $195 $2,925,000

Off-Site Improvements Subtotal $6,800,000

Other Project Costs

Contingency (15%) $8,895,468

Engineering, Administration, Construction Management (17.5%) $10,378,046
Other Project Costs Subtotal $19,273,514

Total Cost

On-Site Improvements Subtotal $52,503,120
Off-Site Improvements Subtotal $6,800,000

Other Project Costs Subtotal $19,273,514
Total Cost $78,576,634

Note:  Excludes land and easement costs

Apex Industrial Park

Water and Wastewater Master Plan

December 28, 2012

PDG #LV08082C

Page B-2
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Apex Industrial Park 

Water and Wastewater Master Plan - December 28, 2012

Appendix B - Item B2

Opinion of Probable Costs

Water System with North Las Vegas Point of Connection

Construction of On-Site Improvements

Description Quantity Unit Unit Cost Cost

16-inch diameter Water Pipeline 49,675 LF $160 $7,948,000

24-inch diameter Water Pipeline 77,684 LF $195 $15,148,380

30-inch diameter Water Pipeline 24,848 LF $255 $6,336,240

36-inch diameter Water Pipeline 4,531 LF $300 $1,359,300

42-inch diameter Water Pipeline 560 LF $345 $193,200

48-inch diameter Boring 400 LF $990 $396,000

42-inch diameter Boring 400 LF $1,030 $412,000

30-inch diameter Boring 1,200 LF $800 $960,000

5.0 million gallon Water Storage Tank 3 EA $3,500,000 $10,500,000

10.0 million gallon Water Storage Tank 1 EA $7,500,000 $7,500,000

Pump Station No. 1 1 EA $1,000,000 $1,000,000

Pump Station No. 2 1 EA $750,000 $750,000

On-Site Improvements Subtotal $52,503,120

Construction of Off-Site Improvements

Description Quantity Unit Unit Cost Cost

3 MG Tank at Carey 1 EA $2,500,000 $2,500,000

5 MGD Pump Station 1 EA $375,000 $375,000

24-inch diameter Water Pipeline 18500 LF $195 $3,607,500

30-inch Boring 800 LF $800 $640,000

Off-Site Improvements Subtotal $7,122,500

Other Project Costs

Contingency (15%) $8,943,843

Engineering, Administration, Construction Management (17.5%) $10,434,484
Other Project Costs Subtotal $19,378,327

Total Cost

On-Site Improvements Subtotal $52,503,120
Off-Site Improvements Subtotal $7,122,500

Other Project Costs Subtotal $19,378,327
Total Cost $79,003,947

Note:  Excludes land and easement costs

Apex Industrial Park

Water and Wastewater Master Plan

December 28, 2012

PDG #LV08082

Page B-3
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Apex Industrial Park 

Water and Wastewater Master Plan - December 28, 2012

Appendix B - Item B3

Opinion of Probable Costs

Master Plan Wastewater System

On-Site Improvements

Description Quantity Unit Unit Cost Cost

8-inch diameter Gravity Pipeline 97659 LF $120 $11,719,080

10-inch diameter Gravity Pipeline 35018 LF $130 $4,552,340

12-inch diameter Gravity Pipeline 17104 LF $140 $2,394,560

15-inch diameter Gravity Pipeline 18983 LF $160 $3,037,280

18-inch diameter Gravity Pipeline 12484 LF $175 $2,184,700

21-inch diameter Gravity Pipeline 12230 LF $200 $2,446,000

24-inch diameter Gravity Pipeline 9619 LF $230 $2,212,370

27-inch diameter Gravity Pipeline 8780 LF $275 $2,414,500

36-inch diameter Gravity Pipeline 8203 LF $325 $2,665,975

48-inch diameter Gravity Pipeline 8774 LF $450 $3,948,300

14-inch diameter Force Main 16002 LF $150 $2,400,300

24-inch diameter Force Main 23373 LF $195 $4,557,735

30-inch diameter Force Main 5118 LF $255 $1,305,090

42-inch diameter Boring 400 LF $990 $396,000

30-inch diameter Boring 1600 LF $800 $1,280,000

24-inch diameter Boring 400 LF $700 $280,000

7,752 gpm Lift Station 1 EA $2,000,000 $2,000,000

8,006 gpm Lift Station 1 EA $2,000,000 $2,000,000

12,587 gpm Lift Station 1 EA $4,000,000 $4,000,000

2,359 gpm Lift Station 1 EA $1,500,000 $1,500,000

2,468 gpm Lift Station 1 EA $1,500,000 $1,500,000

On-Site Improvements Subtotal $58,794,230

Off-Site Improvements

Description Quantity Unit Unit Cost Cost

30-inch diameter Gravity Pipeline 32000 LF $275 $8,800,000

42-inch diameter Boring 800 LF $990 $792,000

Off-Site Improvements Subtotal $9,592,000

Other Project Costs

Contingency (15%) $10,257,935

Engineering, Administration, Construction Management (17.5%) $11,967,590
Other Project Costs Subtotal $22,225,525

Total Cost

On-Site Improvements Subtotal $58,794,230

Off-Site Improvements Subtotal $9,592,000

Other Project Costs Subtotal $22,225,525

Total Cost $90,611,755

Note:  Excludes land and easement costs

Apex Industrial Park

Water and Wastewater Master Plan

December 28, 2012

PDG# LV08082C

Page B-4
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APPENDIX B, ITEM B4 

OPINION OF PROBABLE COSTS - NOTES 

 
 
 

The probable costs presented include the following associated work.  
 
 

 

Tank Site work, site security, instrumentation, telemetry, 
electrical power supply, fencing, valves and fittings.   
 

Water Pump Stations 
Reservoir, and Well Sites 

Site work, site security improvements, instrumentation, 
telemetry 
 

Waterlines In line isolation valves, fire hydrants, air release valves, 
blow-off facilities, site preparation and restoration, rock 
excavation, anchoring/blocking, fittings, trenching and 
installing pipe to grade, and backfilling. 
 

Sewers Manholes, rock excavation, granular tiered grade, grade 
anchors, fittings for services, and restoration 
 

Site Security Site security improvements including fencing, alarming, 
and telemetry is included for all major facilities including 
water system pump stations, reservoirs, well sites and 
wastewater collection system lift stations. 
   

Cost Estimates All costs are probable costs based on similar projects and 
are presented without the benefit of sufficient 
geotechnical information.  Electrical power utility 
transmission improvements are not included. Land and 
easement costs are not included.   
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Current Time:  0.000 hours
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Run 

Balanced?

Pressure 
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Pressure 
(Calculated 

System Lower 
Limit)
(psi)

Pressure
(psi)

Fire Flow 
(Available)
(gpm)

Fire Flow 
(Needed)
(gpm)

Demand
(gpm)

Satisfies 
Fire Flow 
Constraint

s?

Label

Zone - 2545True20.040.7131.96,001.006,000.0081.22TrueJ-SID01

Zone - 2670True20.040.7125.46,001.006,000.0081.22TrueJ-SID02

Zone - 2670True20.040.7123.36,001.006,000.0081.22TrueJ-SID03

Zone - 2670True20.040.7155.86,001.006,000.0081.22TrueJ-SID04

Zone - 2670True20.040.7149.36,001.006,000.0081.22TrueJ-SID05

Zone - 2670True20.040.7145.06,001.006,000.0081.22TrueJ-SID06

Zone - 2670True20.040.7132.26,001.006,000.0081.22TrueJ-SID07

Zone - 2670True20.040.7128.36,001.006,000.0081.22TrueJ-SID08

Zone - 2670True20.040.7124.26,001.006,000.0081.22TrueJ-SID09

Zone - 2670True20.040.7105.36,001.006,000.0081.22TrueJ-SID10

Zone - 2670True20.040.795.26,001.006,000.0081.22TrueJ-SID11

Zone - 2670True20.040.7190.36,001.006,000.0034.38TrueJ-SID12

Zone - 2795True20.040.7136.26,001.006,000.0034.38TrueJ-SID13

Zone - 2430True20.038.195.26,001.006,000.000.00TrueJ-SID29

Zone - 2430True20.038.171.06,001.006,000.000.00TrueJ-SID30

Zone - 2430True20.038.156.26,001.006,000.000.00TrueJ-SID31

Zone - 2430True20.053.740.76,001.006,000.00140.76TrueJ-SID32

Zone - 2430True20.040.767.06,001.006,000.00140.49TrueJ-SID33

Zone - 2430True20.040.7113.46,001.006,000.0050.18TrueJ-SID34

Zone - 2795True20.040.793.06,001.006,000.0036.69TrueJ-SID35

Zone - 2795True20.040.7125.46,001.006,000.00244.36TrueJ-SID36

Zone - 2545True20.040.7123.46,001.006,000.000.00TrueJ-SID38

Zone - 2545True20.040.7153.76,001.006,000.0036.79TrueJ-SID39

Zone - 2445True20.040.7121.26,001.006,000.0036.79TrueJ-SID40

Zone - 2445True20.040.7119.16,001.006,000.000.00TrueJ-SID41

Zone - 2545True20.040.7136.26,001.006,000.00234.60TrueJ-SID43

Zone - 2545True20.040.7136.26,001.006,000.0081.22TrueJ-SID44

Zone - 2795True20.040.7149.26,001.006,000.00462.94TrueJ-SID46

Zone - 2920True20.040.7116.86,001.006,000.0071.07TrueJ-SID48

Zone - 2920True20.040.7176.76,001.006,000.000.00TrueJ-SID49

Zone - 2795True20.040.7139.26,001.006,000.00189.56TrueJ-SID51

Zone - 2795True20.040.7118.96,001.006,000.000.00TrueJ-SID52

Zone - 2795True20.040.7121.26,001.006,000.0074.66TrueJ-SID53

Zone - 2795True20.040.7168.76,001.006,000.000.00TrueJ-SID55

Zone - 2795True20.040.790.86,001.006,000.000.00TrueJ-SID56

Zone - 2795True20.040.7157.96,001.006,000.000.00TrueJ-SID57

Zone - 2920True20.040.7126.86,001.006,000.0074.66TrueJ-SID59

Zone - 2670True20.040.799.66,001.006,000.0043.66TrueJ-SID60

Zone - 2670True20.040.7157.96,001.006,000.0050.18TrueJ-SID61

Zone - 2920True20.040.7149.06,001.006,000.0034.38TrueJ-SID62

Zone - 2545True20.040.7138.46,001.006,000.0081.22TrueJ-SID74

Zone - 2795True20.040.7131.56,001.006,000.00125.39TrueJ-SID75

Zone - 2920True20.040.7110.36,001.006,000.000.00TrueJ-SID81
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Current Time:  0.000 hours

Is 
Active?

ZoneHydraulic 
Grade
(ft)

Pressure
(psi)

Demand
(gpm)

Elevation
(ft)

Label

TrueZone - 25452,544.9131.981.222,240.0J-SID01

TrueZone - 26702,544.9125.481.222,255.0J-SID02

TrueZone - 26702,545.0123.381.222,260.0J-SID03

TrueZone - 26702,665.0155.881.222,305.0J-SID04

TrueZone - 26702,665.0149.381.222,320.0J-SID05

TrueZone - 26702,665.1145.081.222,330.0J-SID06

TrueZone - 26702,665.4132.281.222,360.0J-SID07

TrueZone - 26702,666.5128.381.222,370.0J-SID08

TrueZone - 26702,667.1124.281.222,380.0J-SID09

TrueZone - 26702,668.4105.381.222,425.0J-SID10

TrueZone - 26702,670.095.281.222,450.0J-SID11

TrueZone - 26702,789.8190.334.382,350.0J-SID12

TrueZone - 27952,789.8136.234.382,475.0J-SID13

TrueZone - 24302,430.095.20.002,210.0J-SID29

TrueZone - 24302,430.071.00.002,266.0J-SID30

TrueZone - 24302,430.056.20.002,300.0J-SID31

TrueZone - 24302,430.040.7140.762,336.0J-SID32

TrueZone - 24302,429.967.0140.492,275.0J-SID33

TrueZone - 24302,670.1113.450.182,408.0J-SID34

TrueZone - 27952,790.093.036.692,575.0J-SID35

TrueZone - 27952,789.8125.4244.362,500.0J-SID36

TrueZone - 25452,545.2123.40.002,260.0J-SID38

TrueZone - 25452,545.2153.736.792,190.0J-SID39

TrueZone - 24452,445.2121.236.792,165.0J-SID40

TrueZone - 24452,445.2119.10.002,170.0J-SID41

TrueZone - 25452,544.9136.2234.602,230.0J-SID43

TrueZone - 25452,544.9136.281.222,230.0J-SID44

TrueZone - 27952,789.8149.2462.942,445.0J-SID46

TrueZone - 29202,944.9116.871.072,675.0J-SID48

TrueZone - 29202,943.3176.70.002,535.0J-SID49

TrueZone - 27952,944.8139.2189.562,623.0J-SID51

TrueZone - 27952,794.9118.90.002,520.0J-SID52

TrueZone - 27952,795.2121.274.662,515.0J-SID53

TrueZone - 27952,790.0168.70.002,400.0J-SID55

TrueZone - 27952,790.090.80.002,580.0J-SID56

TrueZone - 27952,944.8157.90.002,580.0J-SID57

TrueZone - 29202,943.0126.874.662,650.0J-SID59

TrueZone - 26702,670.199.643.662,440.0J-SID60

TrueZone - 26702,790.0157.950.182,425.0J-SID61

TrueZone - 29202,944.4149.034.382,600.0J-SID62

TrueZone - 25452,544.9138.481.222,225.0J-SID74

TrueZone - 27952,794.9131.5125.392,491.0J-SID75

TrueZone - 29202,944.9110.30.002,690.0J-SID81
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2545

0.06-188.450.301.690130.0
Ductile 
Iron

161,946J-SID02J-SID01P-SID02

Zone - 
2670

0.08-269.660.431.690130.0
Ductile 
Iron

161,356J-SID03J-SID02P-SID09

Zone - 
2670

0.37-769.291.230.960130.0
Ductile 
Iron

16898J-SID07J-SID06P-SID12

Zone - 
2670

1.03-850.511.361.960130.0
Ductile 
Iron

162,112J-SID08J-SID07P-SID13

Zone - 
2670

0.66-931.731.491.960130.0
Ductile 
Iron

161,090J-SID09J-SID08P-SID14

Zone - 
2670

1.24-1,012.951.620.960130.0
Ductile 
Iron

161,871J-SID10J-SID09P-SID15

Zone - 
2670

1.67-1,094.161.750.960130.0
Ductile 
Iron

162,206J-SID11J-SID10P-SID16

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

243,462J-SID51J-SID57P-SID39

Zone - 
2795

0.01-100.380.070.250130.0
Ductile 
Iron

245,187T-SID3J-SID55P-SID41

Zone - 
2545

0.00-55.210.091.690130.0
Ductile 
Iron

161,387J-SID43J-SID44P-SID44

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1AP-SID50

Zone - 
2445

0.000.000.001.690130.0
Ductile 
Iron

163,772J-SID41J-SID40P-SID51

Zone - 
2795

0.28333.470.531.690130.0
Ductile 
Iron

163,295J-SID52J-SID53P-SID57

Zone - 
2445

0.0073.580.030.500130.0
Ductile 
Iron

305,926J-SID39J-SID38P-SID58

Zone - 
2795

0.13386.700.270.500130.0
Ductile 
Iron

248,958J-SID36J-SID35P-SID63

Zone - 
2795

0.04886.340.280.250130.0
Ductile 
Iron

364,531J-SID35T-SID3P-SID64

Zone - 
2670

0.26-289.810.461.690130.0
Ductile 
Iron

163,972J-SID60PRV-SID07P-SID65

Zone - 
2430

0.07140.490.221.690130.0
Ductile 
Iron

164,302J-SID33T-SID2P-SID69

Zone - 
2430

0.01-140.770.100.500130.0
Ductile 
Iron

242,303T-SID2J-SID32P-SID70

Zone - 
2430

0.00-0.010.000.500130.0
Ductile 
Iron

243,237J-SID32J-SID31P-SID71

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

305,555J-SID31J-SID30P-SID72

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

301,841J-SID30J-SID29P-SID73

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1CP-SID77

Zone - 
2545

0.32-289.810.461.690130.0
Ductile 
Iron

164,919
PRV-
SID07

J-SID43P-SID80
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2BP-SID81

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2BJ-SID56P-SID84

Zone - 
2920

0.31482.800.341.690130.0
Ductile 
Iron

2413,461J-SID59J-SID49P-SID85

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2CP-SID86

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2CJ-SID56P-SID87

Zone - 
2795

0.09-333.470.531.690130.0
Ductile 
Iron

16960J-SID52PRV-SID08P-SID88

Zone - 
2795

0.03-189.560.130.600130.0
Ductile 
Iron

248,137J-SID48J-SID51P-SID89

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1BP-SID90

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2AJ-SID56P-SID91

Zone - 
2795

0.13462.940.331.690130.0
Ductile 
Iron

246,307J-SID46J-SID35P-SID94

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2AP-SID97

Zone - 
2795

0.00142.340.100.500130.0
Ductile 
Iron

241,169J-SID13J-SID36P-SID99

Zone - 
2920

0.031,300.780.920.960130.0
Ductile 
Iron

24149
PRV-
SID05

J-SID49P-SID114

Zone - 
2795

0.191,175.380.830.960130.0
Ductile 
Iron

241,533
PRV-
SID15

J-SID75P-SID115

Zone - 
2795

0.00107.960.080.250130.0
Ductile 
Iron

243,415J-SID12J-SID13P-SID121

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1CT-SID2P-SID122

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1BT-SID2P-SID123

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1AT-SID2P-SID124

Zone - 
2545

0.000.000.001.690130.0
Ductile 
Iron

16747
PRV-
SID10

J-SID43P-SID129

Zone - 
2445

0.000.000.001.690130.0
Ductile 
Iron

163,377J-SID41PRV-SID10P-SID130

Zone - 
2670

0.00-73.580.030.500130.0
Ductile 
Iron

302,293
PRV-
SID11

J-SID38P-SID131

Zone - 
2670

0.00-73.580.030.500130.0
Ductile 
Iron

30327J-SID12PRV-SID11P-SID132

Zone - 
2670

0.03-606.850.430.960130.0
Ductile 
Iron

24748J-SID05J-SID04P-SID150

Zone - 
2670

0.00-174.750.080.960130.0
Ductile 
Iron

304,087J-SID04T-SID1P-SID153
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2920

1.101,783.571.260.960130.0
Ductile 
Iron

244,256J-SID49J-SID62P-SID154

Zone - 
2920

0.03408.130.290.980130.0
Ductile 
Iron

242,038
PRV-
SID12

J-SID59P-SID157

Zone - 
2920

0.05-260.640.180.600130.0
Ductile 
Iron

246,506J-SID81J-SID48P-SID158

Zone - 
2795

0.03408.130.290.980130.0
Ductile 
Iron

241,807J-SID53PRV-SID12P-SID159

Zone - 
2670

0.04-688.070.490.960130.0
Ductile 
Iron

24908J-SID06J-SID05P-SID160

Zone - 
2430

0.000.000.000.250130.0
Ductile 
Iron

30296PMP-AR-1P-SID164

Zone - 
2430

0.000.000.000.250130.0
Ductile 
Iron

302,377J-SID29PMP-AP-SID165

<None
>

0.481,817.951.290.000130.0
Ductile 
Iron

241,823J-SID62J-SID81P-SID166

Zone - 
2670

0.02350.880.561.690130.0
Ductile 
Iron

16146
PRV-
SID14

J-SID04P-SID170

Zone - 
2670

0.14350.880.561.690130.0
Ductile 
Iron

161,443J-SID03PRV-SID14P-SID171

Zone - 
2795

0.221,300.780.920.960130.0
Ductile 
Iron

241,437J-SID75PRV-SID05P-SID175

Zone - 
2445

0.0036.790.020.500130.0
Ductile 
Iron

301,782J-SID40PRV-SID09P-SID176

Zone - 
2670

0.031,175.380.830.960130.0
Ductile 
Iron

24175J-SID11PRV-SID15P-SID178

Zone - 
2670

0.07-333.470.531.690130.0
Ductile 
Iron

16781
PRV-
SID08

J-SID60P-SID180

Zone - 
2545

0.01107.230.171.690130.0
Ductile 
Iron

16660J-SID74J-SID01P-SID186

Zone - 
2545

0.0026.010.041.690130.0
Ductile 
Iron

162,003J-SID44J-SID74P-SID187

Zone - 
2670

0.0150.180.080.000130.0
Ductile 
Iron

162,700
PRV-
SID16

J-SID61P-SID189

Zone - 
2795

0.03100.370.160.000130.0
Ductile 
Iron

163,051J-SID61J-SID55P-SID190

Zone - 
2430

0.0050.180.080.000130.0
Ductile 
Iron

16681J-SID34PRV-SID16P-SID191

Zone - 
2445

0.0036.790.020.500130.0
Ductile 
Iron

30214
PRV-
SID09

J-SID39P-SID192

Zone - 
2795

0.000.000.000.000130.0
Ductile 
Iron

42560J-SID56J-SID35P-SID194

Zone - 
2920

0.072,078.591.470.000130.0
Ductile 
Iron

24218J-SID81T-SID4P-SID196
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Current Time:  0.000 hours

ZoneDownstream 
Pipe

Pressure 
(To)
(psi)

Pressure 
(From)
(psi)

Flow
(gpm)

Pressure 
Setting 
(Initial)
(psi)

Hydraulic 
Grade 
Setting 
(Initial)
(ft)

Diameter 
(Valve)
(in)

Elevation
(ft)

Label

Zone - 2920P-SID175112.6176.71,300.78112.62,795.1242,535.0PRV-SID05

Zone - 2670P-SID8090.9144.9289.8190.92,545.0162,335.0PRV-SID07

Zone - 2795P-SID180101.8155.7333.47101.72,670.0162,435.0PRV-SID08

Zone - 2545P-SID176112.6155.836.79112.62,445.0302,185.0PRV-SID09

Zone - 2445P-SID130106.1149.20.00106.12,445.1162,200.0PRV-SID10

Zone - 2670P-SID13195.3201.173.5895.22,545.0302,325.0PRV-SID11

Zone - 2920P-SID15995.3159.2408.1395.22,795.0242,575.0PRV-SID12

Zone - 2670P-SID171106.1157.9350.88106.12,545.1162,300.0PRV-SID14

Zone - 2795P-SID17894.4148.31,175.3894.42,670.0242,452.0PRV-SID15

Zone - 2670P-SID19195.2147.150.1895.22,670.0162,450.0PRV-SID16
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Current Time:  0.000 hours

ZonePump 
Head
(ft)

Discharge
(gpm)

Discharge 
Grade
(ft)

Intake 
Grade
(ft)

Status 
(Initial)

Pump 
Definition

Elevation
(ft)

Label

Zone - 24300.000.002,430.02,220.0OffPMP A2,210.0PMP-A

Zone - 24300.000.002,790.02,430.0OffB1A2,400.0PMP-B1A

Zone - 24300.000.002,790.02,430.0OffB1B2,400.0PMP-B1B

Zone - 24300.000.002,790.02,430.0OffB1C2,400.0PMP-B1C

Zone - 27950.000.002,944.82,790.0OffB2A2,580.0PMP-B2A

Zone - 27950.000.002,944.82,790.0OffB2B2,580.0PMP-B2B

Zone - 27950.000.002,944.82,790.0OffB2C2,580.0PMP-B2C
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Current Time:  0.000 hours

ZoneFlow (Out net)
(gpm)

Flow (In net)
(gpm)

Elevation
(ft)

Label

Zone - 24300.000.002,220.0R-1
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Current Time:  0.000 hours

Hydraulic 
Grade
(ft)

Flow (Out 
net)

(gpm)

Diameter
(ft)

Elevation 
(Maximum)

(ft)

Elevation 
(Initial)

(ft)

Elevation 
(Minimum)

(ft)

Elevation 
(Base)
(ft)

Elevation
(ft)

Label

2,665.0-174.751702,670.02,665.02,655.02,640.02,640.0T-SID1

2,430.0281.251702,430.02,430.02,420.02,400.02,400.0T-SID2

2,790.0986.722402,795.02,790.02,780.02,765.02,765.0T-SID3

2,945.02,078.591702,950.02,945.02,935.02,920.02,920.0T-SID4

ZoneVolume 
Full 

(Input)
(MG)

Volume 
Full 

(Calculate
d)

(MG)

Zone - 26705.002.55

Zone - 24305.001.70

Zone - 279510.005.08

Zone - 29205.002.55
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Current Time:  0.000 hours

Is 
Active?

ZoneHydraulic 
Grade
(ft)

Pressure
(psi)

Demand
(gpm)

Elevation
(ft)

Label

TrueZone - 25452,545.0132.059.722,240.0J-SID01

TrueZone - 26702,545.0125.559.722,255.0J-SID02

TrueZone - 26702,545.1123.359.722,260.0J-SID03

TrueZone - 26702,665.0155.859.722,305.0J-SID04

TrueZone - 26702,665.1149.359.722,320.0J-SID05

TrueZone - 26702,665.1145.059.722,330.0J-SID06

TrueZone - 26702,665.5132.259.722,360.0J-SID07

TrueZone - 26702,666.6128.359.722,370.0J-SID08

TrueZone - 26702,667.3124.359.722,380.0J-SID09

TrueZone - 26702,668.5105.359.722,425.0J-SID10

TrueZone - 26702,670.195.259.722,450.0J-SID11

TrueZone - 26702,789.9190.325.282,350.0J-SID12

TrueZone - 27952,789.9136.225.282,475.0J-SID13

TrueZone - 24302,430.095.20.002,210.0J-SID29

TrueZone - 24302,430.071.00.002,266.0J-SID30

TrueZone - 24302,430.056.20.002,300.0J-SID31

TrueZone - 24302,430.040.7103.502,336.0J-SID32

TrueZone - 24302,430.067.0103.302,275.0J-SID33

TrueZone - 24302,670.1113.436.902,408.0J-SID34

TrueZone - 27952,790.093.026.982,575.0J-SID35

TrueZone - 27952,789.9125.4179.682,500.0J-SID36

TrueZone - 25452,545.2123.40.002,260.0J-SID38

TrueZone - 25452,545.2153.727.052,190.0J-SID39

TrueZone - 24452,445.2121.227.052,165.0J-SID40

TrueZone - 24452,445.2119.10.002,170.0J-SID41

TrueZone - 25452,545.0136.3172.502,230.0J-SID43

TrueZone - 25452,545.0136.359.722,230.0J-SID44

TrueZone - 27952,789.9149.2340.402,445.0J-SID46

TrueZone - 29202,944.9116.852.262,675.0J-SID48

TrueZone - 29202,943.7176.80.002,535.0J-SID49

TrueZone - 27952,944.9139.3139.382,623.0J-SID51

TrueZone - 27952,795.0119.00.002,520.0J-SID52

TrueZone - 27952,795.2121.254.902,515.0J-SID53

TrueZone - 27952,790.0168.70.002,400.0J-SID55

TrueZone - 27952,790.090.80.002,580.0J-SID56

TrueZone - 27952,944.9157.90.002,580.0J-SID57

TrueZone - 29202,943.5127.054.902,650.0J-SID59

TrueZone - 26702,670.299.632.102,440.0J-SID60

TrueZone - 26702,790.0157.936.902,425.0J-SID61

TrueZone - 29202,944.6149.125.282,600.0J-SID62

TrueZone - 25452,545.0138.459.722,225.0J-SID74

TrueZone - 27952,795.0131.592.202,491.0J-SID75

TrueZone - 29202,944.9110.30.002,690.0J-SID81
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2545

0.03-133.860.211.690130.0
Ductile 
Iron

161,946J-SID02J-SID01P-SID02

Zone - 
2670

0.04-193.580.311.690130.0
Ductile 
Iron

161,356J-SID03J-SID02P-SID09

Zone - 
2670

0.41-817.501.300.960130.0
Ductile 
Iron

16898J-SID07J-SID06P-SID12

Zone - 
2670

1.09-877.221.401.960130.0
Ductile 
Iron

162,112J-SID08J-SID07P-SID13

Zone - 
2670

0.67-936.941.501.960130.0
Ductile 
Iron

161,090J-SID09J-SID08P-SID14

Zone - 
2670

1.20-996.661.590.960130.0
Ductile 
Iron

161,871J-SID10J-SID09P-SID15

Zone - 
2670

1.57-1,056.381.690.960130.0
Ductile 
Iron

162,206J-SID11J-SID10P-SID16

Zone - 
2795

0.00-0.010.000.600130.0
Ductile 
Iron

243,462J-SID51J-SID57P-SID39

Zone - 
2795

0.00-73.810.050.250130.0
Ductile 
Iron

245,187T-SID3J-SID55P-SID41

Zone - 
2545

0.00-45.300.071.690130.0
Ductile 
Iron

161,387J-SID43J-SID44P-SID44

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1AP-SID50

Zone - 
2445

0.000.000.001.690130.0
Ductile 
Iron

163,772J-SID41J-SID40P-SID51

Zone - 
2795

0.16249.910.401.690130.0
Ductile 
Iron

163,295J-SID52J-SID53P-SID57

Zone - 
2445

0.0054.100.020.500130.0
Ductile 
Iron

305,926J-SID39J-SID38P-SID58

Zone - 
2795

0.08284.340.200.500130.0
Ductile 
Iron

248,958J-SID36J-SID35P-SID63

Zone - 
2795

0.02651.720.210.250130.0
Ductile 
Iron

364,531J-SID35T-SID3P-SID64

Zone - 
2670

0.15-217.810.351.690130.0
Ductile 
Iron

163,972J-SID60PRV-SID07P-SID65

Zone - 
2430

0.04103.300.161.690130.0
Ductile 
Iron

164,302J-SID33T-SID2P-SID69

Zone - 
2430

0.00-103.500.070.500130.0
Ductile 
Iron

242,303T-SID2J-SID32P-SID70

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

243,237J-SID32J-SID31P-SID71

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

305,555J-SID31J-SID30P-SID72

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

301,841J-SID30J-SID29P-SID73

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1CP-SID77

Zone - 
2545

0.19-217.810.351.690130.0
Ductile 
Iron

164,919
PRV-
SID07

J-SID43P-SID80
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2BP-SID81

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2BJ-SID56P-SID84

Zone - 
2920

0.18359.710.261.690130.0
Ductile 
Iron

2413,461J-SID59J-SID49P-SID85

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2CP-SID86

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2CJ-SID56P-SID87

Zone - 
2795

0.05-249.910.401.690130.0
Ductile 
Iron

16960J-SID52PRV-SID08P-SID88

Zone - 
2795

0.02-139.390.100.600130.0
Ductile 
Iron

248,137J-SID48J-SID51P-SID89

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1BP-SID90

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2AJ-SID56P-SID91

Zone - 
2795

0.08340.400.241.690130.0
Ductile 
Iron

246,307J-SID46J-SID35P-SID94

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2AP-SID97

Zone - 
2795

0.00104.660.070.500130.0
Ductile 
Iron

241,169J-SID13J-SID36P-SID99

Zone - 
2920

0.031,208.300.860.960130.0
Ductile 
Iron

24149
PRV-
SID05

J-SID49P-SID114

Zone - 
2795

0.171,116.100.790.960130.0
Ductile 
Iron

241,533
PRV-
SID15

J-SID75P-SID115

Zone - 
2795

0.0079.380.060.250130.0
Ductile 
Iron

243,415J-SID12J-SID13P-SID121

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1CT-SID2P-SID122

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1BT-SID2P-SID123

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1AT-SID2P-SID124

Zone - 
2545

0.000.000.001.690130.0
Ductile 
Iron

16747
PRV-
SID10

J-SID43P-SID129

Zone - 
2445

0.000.000.001.690130.0
Ductile 
Iron

163,377J-SID41PRV-SID10P-SID130

Zone - 
2670

0.00-54.100.020.500130.0
Ductile 
Iron

302,293
PRV-
SID11

J-SID38P-SID131

Zone - 
2670

0.00-54.100.020.500130.0
Ductile 
Iron

30327J-SID12PRV-SID11P-SID132

Zone - 
2670

0.04-698.060.500.960130.0
Ductile 
Iron

24748J-SID05J-SID04P-SID150

Zone - 
2670

0.02-385.050.170.960130.0
Ductile 
Iron

304,087J-SID04T-SID1P-SID153
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2920

0.871,568.011.110.960130.0
Ductile 
Iron

244,256J-SID49J-SID62P-SID154

Zone - 
2920

0.02304.810.220.980130.0
Ductile 
Iron

242,038
PRV-
SID12

J-SID59P-SID157

Zone - 
2920

0.03-191.650.140.600130.0
Ductile 
Iron

246,506J-SID81J-SID48P-SID158

Zone - 
2795

0.02304.810.220.980130.0
Ductile 
Iron

241,807J-SID53PRV-SID12P-SID159

Zone - 
2670

0.05-757.780.540.960130.0
Ductile 
Iron

24908J-SID06J-SID05P-SID160

Zone - 
2430

0.000.000.000.250130.0
Ductile 
Iron

30296PMP-AR-1P-SID164

Zone - 
2430

0.000.000.000.250130.0
Ductile 
Iron

302,377J-SID29PMP-AP-SID165

<None
>

0.371,593.291.130.000130.0
Ductile 
Iron

241,823J-SID62J-SID81P-SID166

Zone - 
2670

0.01253.300.401.690130.0
Ductile 
Iron

16146
PRV-
SID14

J-SID04P-SID170

Zone - 
2670

0.08253.300.401.690130.0
Ductile 
Iron

161,443J-SID03PRV-SID14P-SID171

Zone - 
2795

0.191,208.300.860.960130.0
Ductile 
Iron

241,437J-SID75PRV-SID05P-SID175

Zone - 
2445

0.0027.050.010.500130.0
Ductile 
Iron

301,782J-SID40PRV-SID09P-SID176

Zone - 
2670

0.031,116.100.790.960130.0
Ductile 
Iron

24175J-SID11PRV-SID15P-SID178

Zone - 
2670

0.04-249.910.401.690130.0
Ductile 
Iron

16781
PRV-
SID08

J-SID60P-SID180

Zone - 
2545

0.0074.140.121.690130.0
Ductile 
Iron

16660J-SID74J-SID01P-SID186

Zone - 
2545

0.0014.420.021.690130.0
Ductile 
Iron

162,003J-SID44J-SID74P-SID187

Zone - 
2670

0.0036.900.060.000130.0
Ductile 
Iron

162,700
PRV-
SID16

J-SID61P-SID189

Zone - 
2795

0.0273.800.120.000130.0
Ductile 
Iron

163,051J-SID61J-SID55P-SID190

Zone - 
2430

0.0036.900.060.000130.0
Ductile 
Iron

16681J-SID34PRV-SID16P-SID191

Zone - 
2445

0.0027.050.010.500130.0
Ductile 
Iron

30214
PRV-
SID09

J-SID39P-SID192

Zone - 
2795

0.000.000.000.000130.0
Ductile 
Iron

42560J-SID56J-SID35P-SID194

Zone - 
2920

0.061,784.931.270.000130.0
Ductile 
Iron

24218J-SID81T-SID4P-SID196
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Current Time:  0.000 hours

ZoneDownstream 
Pipe

Pressure 
(To)
(psi)

Pressure 
(From)
(psi)

Flow
(gpm)

Pressure 
Setting 
(Initial)
(psi)

Hydraulic 
Grade 
Setting 
(Initial)
(ft)

Diameter 
(Valve)
(in)

Elevation
(ft)

Label

Zone - 2920P-SID175112.6176.81,208.30112.62,795.1242,535.0PRV-SID05

Zone - 2670P-SID8090.9144.9217.8190.92,545.0162,335.0PRV-SID07

Zone - 2795P-SID180101.8155.7249.91101.72,670.0162,435.0PRV-SID08

Zone - 2545P-SID176112.6155.827.05112.62,445.0302,185.0PRV-SID09

Zone - 2445P-SID130106.1149.30.00106.12,445.1162,200.0PRV-SID10

Zone - 2670P-SID13195.3201.154.1095.22,545.0302,325.0PRV-SID11

Zone - 2920P-SID15995.3159.4304.8195.22,795.0242,575.0PRV-SID12

Zone - 2670P-SID171106.1157.9253.30106.12,545.1162,300.0PRV-SID14

Zone - 2795P-SID17894.4148.31,116.1094.42,670.0242,452.0PRV-SID15

Zone - 2670P-SID19195.2147.136.9095.22,670.0162,450.0PRV-SID16
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Current Time:  0.000 hours

ZonePump 
Head
(ft)

Discharge
(gpm)

Discharge 
Grade
(ft)

Intake 
Grade
(ft)

Status 
(Initial)

Pump 
Definition

Elevation
(ft)

Label

Zone - 24300.000.002,430.02,220.0OffPMP A2,210.0PMP-A

Zone - 24300.000.002,790.02,430.0OffB1A2,400.0PMP-B1A

Zone - 24300.000.002,790.02,430.0OffB1B2,400.0PMP-B1B

Zone - 24300.000.002,790.02,430.0OffB1C2,400.0PMP-B1C

Zone - 27950.000.002,944.92,790.0OffB2A2,580.0PMP-B2A

Zone - 27950.000.002,944.92,790.0OffB2B2,580.0PMP-B2B

Zone - 27950.000.002,944.92,790.0OffB2C2,580.0PMP-B2C
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Current Time:  0.000 hours

ZoneFlow (Out net)
(gpm)

Flow (In net)
(gpm)

Elevation
(ft)

Label

Zone - 24300.000.002,220.0R-1
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Current Time:  0.000 hours

Hydraulic 
Grade
(ft)

Flow (Out 
net)

(gpm)

Diameter
(ft)

Elevation 
(Maximum)

(ft)

Elevation 
(Initial)

(ft)

Elevation 
(Minimum)

(ft)

Elevation 
(Base)
(ft)

Elevation
(ft)

Label

2,665.0-385.051702,670.02,665.02,655.02,640.02,640.0T-SID1

2,430.0206.791702,430.02,430.02,420.02,400.02,400.0T-SID2

2,790.0725.532402,795.02,790.02,780.02,765.02,765.0T-SID3

2,945.01,784.931702,950.02,945.02,935.02,920.02,920.0T-SID4

ZoneVolume 
Full 

(Input)
(MG)

Volume 
Full 

(Calculate
d)

(MG)

Zone - 26705.002.55

Zone - 24305.001.70

Zone - 279510.005.08

Zone - 29205.002.55
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Current Time:  0.000 hours

Is 
Active?

ZoneHydraulic 
Grade
(ft)

Pressure
(psi)

Demand
(gpm)

Elevation
(ft)

Label

TrueZone - 25452,544.9131.983.012,240.0J-SID01

TrueZone - 26702,544.9125.483.012,255.0J-SID02

TrueZone - 26702,545.0123.383.012,260.0J-SID03

TrueZone - 26702,665.0155.883.012,305.0J-SID04

TrueZone - 26702,665.0149.383.012,320.0J-SID05

TrueZone - 26702,665.1145.083.012,330.0J-SID06

TrueZone - 26702,665.4132.183.012,360.0J-SID07

TrueZone - 26702,666.5128.383.012,370.0J-SID08

TrueZone - 26702,667.1124.283.012,380.0J-SID09

TrueZone - 26702,668.4105.383.012,425.0J-SID10

TrueZone - 26702,670.095.283.012,450.0J-SID11

TrueZone - 26702,789.8190.335.142,350.0J-SID12

TrueZone - 27952,789.8136.235.142,475.0J-SID13

TrueZone - 24302,430.095.20.002,210.0J-SID29

TrueZone - 24302,430.071.00.002,266.0J-SID30

TrueZone - 24302,430.056.20.002,300.0J-SID31

TrueZone - 24302,430.040.7143.872,336.0J-SID32

TrueZone - 24302,429.967.0143.592,275.0J-SID33

TrueZone - 24302,670.1113.451.292,408.0J-SID34

TrueZone - 27952,790.093.037.502,575.0J-SID35

TrueZone - 27952,789.8125.4249.762,500.0J-SID36

TrueZone - 25452,545.2123.40.002,260.0J-SID38

TrueZone - 25452,545.2153.737.602,190.0J-SID39

TrueZone - 24452,445.2121.237.602,165.0J-SID40

TrueZone - 24452,445.2119.10.002,170.0J-SID41

TrueZone - 25452,544.8136.2239.782,230.0J-SID43

TrueZone - 25452,544.8136.283.012,230.0J-SID44

TrueZone - 27952,789.8149.2473.162,445.0J-SID46

TrueZone - 29202,944.9116.872.642,675.0J-SID48

TrueZone - 29202,943.3176.70.002,535.0J-SID49

TrueZone - 27952,944.8139.2193.742,623.0J-SID51

TrueZone - 27952,794.9118.90.002,520.0J-SID52

TrueZone - 27952,795.2121.276.312,515.0J-SID53

TrueZone - 27952,790.0168.70.002,400.0J-SID55

TrueZone - 27952,790.090.80.002,580.0J-SID56

TrueZone - 27952,944.8157.80.002,580.0J-SID57

TrueZone - 29202,943.0126.876.312,650.0J-SID59

TrueZone - 26702,670.199.644.622,440.0J-SID60

TrueZone - 26702,790.0157.951.292,425.0J-SID61

TrueZone - 29202,944.4149.035.142,600.0J-SID62

TrueZone - 25452,544.8138.483.012,225.0J-SID74

TrueZone - 27952,794.9131.5128.162,491.0J-SID75

TrueZone - 29202,944.9110.30.002,690.0J-SID81

Page 1 of 1Poggemeyer Design Group, Inc.12/13/2012

Bentley WaterCAD V8i (SELECTseries 2)
[08.11.02.31]Jack A. Jones, P.E.

I:\6384\039 - KAPEX\October 2012\APEX 10 2012 
rev1.wtg

SE ROA 34862
JA_7391

henrionp
LOGO



Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2545

0.06-192.940.311.690130.0
Ductile 
Iron

161,946J-SID02J-SID01P-SID02

Zone - 
2670

0.08-275.950.441.690130.0
Ductile 
Iron

161,356J-SID03J-SID02P-SID09

Zone - 
2670

0.36-765.181.220.960130.0
Ductile 
Iron

16898J-SID07J-SID06P-SID12

Zone - 
2670

1.03-848.191.351.960130.0
Ductile 
Iron

162,112J-SID08J-SID07P-SID13

Zone - 
2670

0.66-931.201.491.960130.0
Ductile 
Iron

161,090J-SID09J-SID08P-SID14

Zone - 
2670

1.24-1,014.211.620.960130.0
Ductile 
Iron

161,871J-SID10J-SID09P-SID15

Zone - 
2670

1.68-1,097.221.750.960130.0
Ductile 
Iron

162,206J-SID11J-SID10P-SID16

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

243,462J-SID51J-SID57P-SID39

Zone - 
2795

0.01-102.590.070.250130.0
Ductile 
Iron

245,187T-SID3J-SID55P-SID41

Zone - 
2545

0.00-56.100.091.690130.0
Ductile 
Iron

161,387J-SID43J-SID44P-SID44

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1AP-SID50

Zone - 
2445

0.000.000.001.690130.0
Ductile 
Iron

163,772J-SID41J-SID40P-SID51

Zone - 
2795

0.29340.490.541.690130.0
Ductile 
Iron

163,295J-SID52J-SID53P-SID57

Zone - 
2445

0.0075.200.030.500130.0
Ductile 
Iron

305,926J-SID39J-SID38P-SID58

Zone - 
2795

0.14395.230.280.500130.0
Ductile 
Iron

248,958J-SID36J-SID35P-SID63

Zone - 
2795

0.05905.890.290.250130.0
Ductile 
Iron

364,531J-SID35T-SID3P-SID64

Zone - 
2670

0.27-295.870.471.690130.0
Ductile 
Iron

163,972J-SID60PRV-SID07P-SID65

Zone - 
2430

0.08143.590.231.690130.0
Ductile 
Iron

164,302J-SID33T-SID2P-SID69

Zone - 
2430

0.01-143.870.100.500130.0
Ductile 
Iron

242,303T-SID2J-SID32P-SID70

Zone - 
2430

0.00-0.010.000.500130.0
Ductile 
Iron

243,237J-SID32J-SID31P-SID71

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

305,555J-SID31J-SID30P-SID72

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

301,841J-SID30J-SID29P-SID73

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1CP-SID77

Zone - 
2545

0.33-295.870.471.690130.0
Ductile 
Iron

164,919
PRV-
SID07

J-SID43P-SID80
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2BP-SID81

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2BJ-SID56P-SID84

Zone - 
2920

0.32493.110.351.690130.0
Ductile 
Iron

2413,461J-SID59J-SID49P-SID85

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2CP-SID86

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2CJ-SID56P-SID87

Zone - 
2795

0.09-340.490.541.690130.0
Ductile 
Iron

16960J-SID52PRV-SID08P-SID88

Zone - 
2795

0.03-193.740.140.600130.0
Ductile 
Iron

248,137J-SID48J-SID51P-SID89

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1BP-SID90

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2AJ-SID56P-SID91

Zone - 
2795

0.14473.160.341.690130.0
Ductile 
Iron

246,307J-SID46J-SID35P-SID94

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2AP-SID97

Zone - 
2795

0.00145.480.100.500130.0
Ductile 
Iron

241,169J-SID13J-SID36P-SID99

Zone - 
2920

0.031,308.390.930.960130.0
Ductile 
Iron

24149
PRV-
SID05

J-SID49P-SID114

Zone - 
2795

0.191,180.230.840.960130.0
Ductile 
Iron

241,533
PRV-
SID15

J-SID75P-SID115

Zone - 
2795

0.01110.340.080.250130.0
Ductile 
Iron

243,415J-SID12J-SID13P-SID121

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1CT-SID2P-SID122

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1BT-SID2P-SID123

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1AT-SID2P-SID124

Zone - 
2545

0.000.000.001.690130.0
Ductile 
Iron

16747
PRV-
SID10

J-SID43P-SID129

Zone - 
2445

0.000.000.001.690130.0
Ductile 
Iron

163,377J-SID41PRV-SID10P-SID130

Zone - 
2670

0.00-75.200.030.500130.0
Ductile 
Iron

302,293
PRV-
SID11

J-SID38P-SID131

Zone - 
2670

0.00-75.200.030.500130.0
Ductile 
Iron

30327J-SID12PRV-SID11P-SID132

Zone - 
2670

0.03-599.160.420.960130.0
Ductile 
Iron

24748J-SID05J-SID04P-SID150

Zone - 
2670

0.00-157.190.070.960130.0
Ductile 
Iron

304,087J-SID04T-SID1P-SID153
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2920

1.121,801.501.280.960130.0
Ductile 
Iron

244,256J-SID49J-SID62P-SID154

Zone - 
2920

0.04416.800.300.980130.0
Ductile 
Iron

242,038
PRV-
SID12

J-SID59P-SID157

Zone - 
2920

0.05-266.380.190.600130.0
Ductile 
Iron

246,506J-SID81J-SID48P-SID158

Zone - 
2795

0.03416.800.300.980130.0
Ductile 
Iron

241,807J-SID53PRV-SID12P-SID159

Zone - 
2670

0.04-682.170.480.960130.0
Ductile 
Iron

24908J-SID06J-SID05P-SID160

Zone - 
2430

0.000.000.000.250130.0
Ductile 
Iron

30296PMP-AR-1P-SID164

Zone - 
2430

0.000.000.000.250130.0
Ductile 
Iron

302,377J-SID29PMP-AP-SID165

<None
>

0.491,836.641.300.000130.0
Ductile 
Iron

241,823J-SID62J-SID81P-SID166

Zone - 
2670

0.02358.960.571.690130.0
Ductile 
Iron

16146
PRV-
SID14

J-SID04P-SID170

Zone - 
2670

0.14358.960.571.690130.0
Ductile 
Iron

161,443J-SID03PRV-SID14P-SID171

Zone - 
2795

0.221,308.390.930.960130.0
Ductile 
Iron

241,437J-SID75PRV-SID05P-SID175

Zone - 
2445

0.0037.600.020.500130.0
Ductile 
Iron

301,782J-SID40PRV-SID09P-SID176

Zone - 
2670

0.031,180.230.840.960130.0
Ductile 
Iron

24175J-SID11PRV-SID15P-SID178

Zone - 
2670

0.07-340.490.541.690130.0
Ductile 
Iron

16781
PRV-
SID08

J-SID60P-SID180

Zone - 
2545

0.01109.930.181.690130.0
Ductile 
Iron

16660J-SID74J-SID01P-SID186

Zone - 
2545

0.0026.920.041.690130.0
Ductile 
Iron

162,003J-SID44J-SID74P-SID187

Zone - 
2670

0.0151.290.080.000130.0
Ductile 
Iron

162,700
PRV-
SID16

J-SID61P-SID189

Zone - 
2795

0.03102.580.160.000130.0
Ductile 
Iron

163,051J-SID61J-SID55P-SID190

Zone - 
2430

0.0051.290.080.000130.0
Ductile 
Iron

16681J-SID34PRV-SID16P-SID191

Zone - 
2445

0.0037.600.020.500130.0
Ductile 
Iron

30214
PRV-
SID09

J-SID39P-SID192

Zone - 
2795

0.000.000.000.000130.0
Ductile 
Iron

42560J-SID56J-SID35P-SID194

Zone - 
2920

0.072,103.031.490.000130.0
Ductile 
Iron

24218J-SID81T-SID4P-SID196
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Current Time:  0.000 hours

ZoneDownstream 
Pipe

Pressure 
(To)
(psi)

Pressure 
(From)
(psi)

Flow
(gpm)

Pressure 
Setting 
(Initial)
(psi)

Hydraulic 
Grade 
Setting 
(Initial)
(ft)

Diameter 
(Valve)
(in)

Elevation
(ft)

Label

Zone - 2920P-SID175112.6176.61,308.39112.62,795.1242,535.0PRV-SID05

Zone - 2670P-SID8090.9144.9295.8790.92,545.0162,335.0PRV-SID07

Zone - 2795P-SID180101.8155.7340.49101.72,670.0162,435.0PRV-SID08

Zone - 2545P-SID176112.6155.837.60112.62,445.0302,185.0PRV-SID09

Zone - 2445P-SID130106.1149.20.00106.12,445.1162,200.0PRV-SID10

Zone - 2670P-SID13195.3201.175.2095.22,545.0302,325.0PRV-SID11

Zone - 2920P-SID15995.3159.2416.8095.22,795.0242,575.0PRV-SID12

Zone - 2670P-SID171106.1157.9358.96106.12,545.1162,300.0PRV-SID14

Zone - 2795P-SID17894.4148.31,180.2394.42,670.0242,452.0PRV-SID15

Zone - 2670P-SID19195.2147.151.2995.22,670.0162,450.0PRV-SID16
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Current Time:  0.000 hours

ZonePump 
Head
(ft)

Discharge
(gpm)

Discharge 
Grade
(ft)

Intake 
Grade
(ft)

Status 
(Initial)

Pump 
Definition

Elevation
(ft)

Label

Zone - 24300.000.002,430.02,220.0OffPMP A2,210.0PMP-A

Zone - 24300.000.002,790.02,430.0OffB1A2,400.0PMP-B1A

Zone - 24300.000.002,790.02,430.0OffB1B2,400.0PMP-B1B

Zone - 24300.000.002,790.02,430.0OffB1C2,400.0PMP-B1C

Zone - 27950.000.002,944.82,790.0OffB2A2,580.0PMP-B2A

Zone - 27950.000.002,944.82,790.0OffB2B2,580.0PMP-B2B

Zone - 27950.000.002,944.82,790.0OffB2C2,580.0PMP-B2C
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Current Time:  0.000 hours

ZoneFlow (Out net)
(gpm)

Flow (In net)
(gpm)

Elevation
(ft)

Label

Zone - 24300.000.002,220.0R-1
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Current Time:  0.000 hours

Hydraulic 
Grade
(ft)

Flow (Out 
net)

(gpm)

Diameter
(ft)

Elevation 
(Maximum)

(ft)

Elevation 
(Initial)

(ft)

Elevation 
(Minimum)

(ft)

Elevation 
(Base)
(ft)

Elevation
(ft)

Label

2,665.0-157.191702,670.02,665.02,655.02,640.02,640.0T-SID1

2,430.0287.461702,430.02,430.02,420.02,400.02,400.0T-SID2

2,790.01,008.482402,795.02,790.02,780.02,765.02,765.0T-SID3

2,945.02,103.031702,950.02,945.02,935.02,920.02,920.0T-SID4

ZoneVolume 
Full 

(Input)
(MG)

Volume 
Full 

(Calculate
d)

(MG)

Zone - 26705.002.55

Zone - 24305.001.70

Zone - 279510.005.08

Zone - 29205.002.55
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Current Time:  0.000 hours

Is 
Active?

ZoneHydraulic 
Grade
(ft)

Pressure
(psi)

Demand
(gpm)

Elevation
(ft)

Label

TrueZone - 25452,544.5131.7124.812,240.0J-SID01

TrueZone - 26702,544.6125.3124.812,255.0J-SID02

TrueZone - 26702,544.8123.2124.812,260.0J-SID03

TrueZone - 26702,665.0155.8124.812,305.0J-SID04

TrueZone - 26702,665.0149.3124.812,320.0J-SID05

TrueZone - 26702,665.0145.0124.812,330.0J-SID06

TrueZone - 26702,665.3132.1124.812,360.0J-SID07

TrueZone - 26702,666.2128.2124.812,370.0J-SID08

TrueZone - 26702,666.9124.1124.812,380.0J-SID09

TrueZone - 26702,668.2105.2124.812,425.0J-SID10

TrueZone - 26702,670.095.2124.812,450.0J-SID11

TrueZone - 26702,789.6190.252.842,350.0J-SID12

TrueZone - 27952,789.6136.152.842,475.0J-SID13

TrueZone - 24302,430.095.20.002,210.0J-SID29

TrueZone - 24302,430.070.90.002,266.0J-SID30

TrueZone - 24302,430.056.20.002,300.0J-SID31

TrueZone - 24302,430.040.7216.322,336.0J-SID32

TrueZone - 24302,429.867.0215.902,275.0J-SID33

TrueZone - 24302,670.1113.477.122,408.0J-SID34

TrueZone - 27952,789.993.056.392,575.0J-SID35

TrueZone - 27952,789.6125.3375.532,500.0J-SID36

TrueZone - 25452,545.2123.40.002,260.0J-SID38

TrueZone - 25452,545.2153.756.532,190.0J-SID39

TrueZone - 24452,445.2121.256.532,165.0J-SID40

TrueZone - 24452,445.2119.10.002,170.0J-SID41

TrueZone - 25452,544.5136.1360.522,230.0J-SID43

TrueZone - 25452,544.5136.1124.812,230.0J-SID44

TrueZone - 27952,789.6149.1711.442,445.0J-SID46

TrueZone - 29202,944.8116.7109.222,675.0J-SID48

TrueZone - 29202,942.5176.30.002,535.0J-SID49

TrueZone - 27952,944.7139.2291.302,623.0J-SID51

TrueZone - 27952,794.5118.80.002,520.0J-SID52

TrueZone - 27952,795.1121.2114.742,515.0J-SID53

TrueZone - 27952,790.0168.70.002,400.0J-SID55

TrueZone - 27952,789.990.80.002,580.0J-SID56

TrueZone - 27952,944.7157.80.002,580.0J-SID57

TrueZone - 29202,941.8126.3114.742,650.0J-SID59

TrueZone - 26702,670.199.567.092,440.0J-SID60

TrueZone - 26702,789.9157.977.122,425.0J-SID61

TrueZone - 29202,944.2148.952.842,600.0J-SID62

TrueZone - 25452,544.5138.2124.812,225.0J-SID74

TrueZone - 27952,794.9131.5192.702,491.0J-SID75

TrueZone - 29202,944.9110.30.002,690.0J-SID81
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2545

0.13-296.450.471.690130.0
Ductile 
Iron

161,946J-SID02J-SID01P-SID02

Zone - 
2670

0.18-421.270.671.690130.0
Ductile 
Iron

161,356J-SID03J-SID02P-SID09

Zone - 
2670

0.28-666.671.060.960130.0
Ductile 
Iron

16898J-SID07J-SID06P-SID12

Zone - 
2670

0.90-791.491.261.960130.0
Ductile 
Iron

162,112J-SID08J-SID07P-SID13

Zone - 
2670

0.64-916.301.461.960130.0
Ductile 
Iron

161,090J-SID09J-SID08P-SID14

Zone - 
2670

1.30-1,041.111.660.960130.0
Ductile 
Iron

161,871J-SID10J-SID09P-SID15

Zone - 
2670

1.88-1,165.931.860.960130.0
Ductile 
Iron

162,206J-SID11J-SID10P-SID16

Zone - 
2795

0.00-0.010.000.600130.0
Ductile 
Iron

243,462J-SID51J-SID57P-SID39

Zone - 
2795

0.01-154.250.110.250130.0
Ductile 
Iron

245,187T-SID3J-SID55P-SID41

Zone - 
2545

0.01-77.990.121.690130.0
Ductile 
Iron

161,387J-SID43J-SID44P-SID44

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1AP-SID50

Zone - 
2445

0.000.000.001.690130.0
Ductile 
Iron

163,772J-SID41J-SID40P-SID51

Zone - 
2795

0.60505.610.811.690130.0
Ductile 
Iron

163,295J-SID52J-SID53P-SID57

Zone - 
2445

0.00113.070.050.500130.0
Ductile 
Iron

305,926J-SID39J-SID38P-SID58

Zone - 
2795

0.30594.270.420.500130.0
Ductile 
Iron

248,958J-SID36J-SID35P-SID63

Zone - 
2795

0.101,362.100.430.250130.0
Ductile 
Iron

364,531J-SID35T-SID3P-SID64

Zone - 
2670

0.55-438.520.701.690130.0
Ductile 
Iron

163,972J-SID60PRV-SID07P-SID65

Zone - 
2430

0.16215.900.341.690130.0
Ductile 
Iron

164,302J-SID33T-SID2P-SID69

Zone - 
2430

0.01-216.320.150.500130.0
Ductile 
Iron

242,303T-SID2J-SID32P-SID70

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

243,237J-SID32J-SID31P-SID71

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

305,555J-SID31J-SID30P-SID72

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

301,841J-SID30J-SID29P-SID73

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1CP-SID77

Zone - 
2545

0.68-438.520.701.690130.0
Ductile 
Iron

164,919
PRV-
SID07

J-SID43P-SID80
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2BP-SID81

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2BJ-SID56P-SID84

Zone - 
2920

0.67735.090.521.690130.0
Ductile 
Iron

2413,461J-SID59J-SID49P-SID85

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2CP-SID86

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2CJ-SID56P-SID87

Zone - 
2795

0.19-505.610.811.690130.0
Ductile 
Iron

16960J-SID52PRV-SID08P-SID88

Zone - 
2795

0.07-291.310.210.600130.0
Ductile 
Iron

248,137J-SID48J-SID51P-SID89

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1BP-SID90

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2AJ-SID56P-SID91

Zone - 
2795

0.30711.440.501.690130.0
Ductile 
Iron

246,307J-SID46J-SID35P-SID94

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2AP-SID97

Zone - 
2795

0.01218.740.160.500130.0
Ductile 
Iron

241,169J-SID13J-SID36P-SID99

Zone - 
2920

0.041,483.441.050.960130.0
Ductile 
Iron

24149
PRV-
SID05

J-SID49P-SID114

Zone - 
2795

0.231,290.740.920.960130.0
Ductile 
Iron

241,533
PRV-
SID15

J-SID75P-SID115

Zone - 
2795

0.01165.900.120.250130.0
Ductile 
Iron

243,415J-SID12J-SID13P-SID121

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1CT-SID2P-SID122

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1BT-SID2P-SID123

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1AT-SID2P-SID124

Zone - 
2545

0.000.000.001.690130.0
Ductile 
Iron

16747
PRV-
SID10

J-SID43P-SID129

Zone - 
2445

0.000.000.001.690130.0
Ductile 
Iron

163,377J-SID41PRV-SID10P-SID130

Zone - 
2670

0.00-113.070.050.500130.0
Ductile 
Iron

302,293
PRV-
SID11

J-SID38P-SID131

Zone - 
2670

0.00-113.070.050.500130.0
Ductile 
Iron

30327J-SID12PRV-SID11P-SID132

Zone - 
2670

0.01-417.040.300.960130.0
Ductile 
Iron

24748J-SID05J-SID04P-SID150

Zone - 
2670

0.01253.860.120.960130.0
Ductile 
Iron

304,087J-SID04T-SID1P-SID153
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2920

1.652,218.531.570.960130.0
Ductile 
Iron

244,256J-SID49J-SID62P-SID154

Zone - 
2920

0.08620.350.440.980130.0
Ductile 
Iron

242,038
PRV-
SID12

J-SID59P-SID157

Zone - 
2920

0.10-400.530.280.600130.0
Ductile 
Iron

246,506J-SID81J-SID48P-SID158

Zone - 
2795

0.07620.350.440.980130.0
Ductile 
Iron

241,807J-SID53PRV-SID12P-SID159

Zone - 
2670

0.03-541.860.380.960130.0
Ductile 
Iron

24908J-SID06J-SID05P-SID160

Zone - 
2430

0.000.000.000.250130.0
Ductile 
Iron

30296PMP-AR-1P-SID164

Zone - 
2430

0.000.000.000.250130.0
Ductile 
Iron

302,377J-SID29PMP-AP-SID165

<None
>

0.722,271.371.610.000130.0
Ductile 
Iron

241,823J-SID62J-SID81P-SID166

Zone - 
2670

0.05546.080.871.690130.0
Ductile 
Iron

16146
PRV-
SID14

J-SID04P-SID170

Zone - 
2670

0.31546.080.871.690130.0
Ductile 
Iron

161,443J-SID03PRV-SID14P-SID171

Zone - 
2795

0.271,483.441.050.960130.0
Ductile 
Iron

241,437J-SID75PRV-SID05P-SID175

Zone - 
2445

0.0056.530.030.500130.0
Ductile 
Iron

301,782J-SID40PRV-SID09P-SID176

Zone - 
2670

0.041,290.740.920.960130.0
Ductile 
Iron

24175J-SID11PRV-SID15P-SID178

Zone - 
2670

0.16-505.610.811.690130.0
Ductile 
Iron

16781
PRV-
SID08

J-SID60P-SID180

Zone - 
2545

0.02171.640.271.690130.0
Ductile 
Iron

16660J-SID74J-SID01P-SID186

Zone - 
2545

0.0046.820.071.690130.0
Ductile 
Iron

162,003J-SID44J-SID74P-SID187

Zone - 
2670

0.0177.120.120.000130.0
Ductile 
Iron

162,700
PRV-
SID16

J-SID61P-SID189

Zone - 
2795

0.06154.240.250.000130.0
Ductile 
Iron

163,051J-SID61J-SID55P-SID190

Zone - 
2430

0.0077.120.120.000130.0
Ductile 
Iron

16681J-SID34PRV-SID16P-SID191

Zone - 
2445

0.0056.530.030.500130.0
Ductile 
Iron

30214
PRV-
SID09

J-SID39P-SID192

Zone - 
2795

0.000.000.000.000130.0
Ductile 
Iron

42560J-SID56J-SID35P-SID194

Zone - 
2920

0.122,671.901.890.000130.0
Ductile 
Iron

24218J-SID81T-SID4P-SID196
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Current Time:  0.000 hours

ZoneDownstream 
Pipe

Pressure 
(To)
(psi)

Pressure 
(From)
(psi)

Flow
(gpm)

Pressure 
Setting 
(Initial)
(psi)

Hydraulic 
Grade 
Setting 
(Initial)
(ft)

Diameter 
(Valve)
(in)

Elevation
(ft)

Label

Zone - 2920P-SID175112.6176.31,483.44112.62,795.1242,535.0PRV-SID05

Zone - 2670P-SID8090.9144.7438.5290.92,545.0162,335.0PRV-SID07

Zone - 2795P-SID180101.8155.5505.61101.72,670.0162,435.0PRV-SID08

Zone - 2545P-SID176112.6155.856.53112.62,445.0302,185.0PRV-SID09

Zone - 2445P-SID130106.1149.00.00106.12,445.1162,200.0PRV-SID10

Zone - 2670P-SID13195.3201.0113.0795.22,545.0302,325.0PRV-SID11

Zone - 2920P-SID15995.3158.7620.3595.22,795.0242,575.0PRV-SID12

Zone - 2670P-SID171106.1157.9546.08106.12,545.1162,300.0PRV-SID14

Zone - 2795P-SID17894.4148.31,290.7494.42,670.0242,452.0PRV-SID15

Zone - 2670P-SID19195.2147.177.1295.22,670.0162,450.0PRV-SID16
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Current Time:  0.000 hours

ZonePump 
Head
(ft)

Discharge
(gpm)

Discharge 
Grade
(ft)

Intake 
Grade
(ft)

Status 
(Initial)

Pump 
Definition

Elevation
(ft)

Label

Zone - 24300.000.002,430.02,220.0OffPMP A2,210.0PMP-A

Zone - 24300.000.002,790.02,430.0OffB1A2,400.0PMP-B1A

Zone - 24300.000.002,790.02,430.0OffB1B2,400.0PMP-B1B

Zone - 24300.000.002,790.02,430.0OffB1C2,400.0PMP-B1C

Zone - 27950.000.002,944.72,789.9OffB2A2,580.0PMP-B2A

Zone - 27950.000.002,944.72,789.9OffB2B2,580.0PMP-B2B

Zone - 27950.000.002,944.72,789.9OffB2C2,580.0PMP-B2C
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Current Time:  0.000 hours

ZoneFlow (Out net)
(gpm)

Flow (In net)
(gpm)

Elevation
(ft)

Label

Zone - 24300.000.002,220.0R-1
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Current Time:  0.000 hours

Hydraulic 
Grade
(ft)

Flow (Out 
net)

(gpm)

Diameter
(ft)

Elevation 
(Maximum)

(ft)

Elevation 
(Initial)

(ft)

Elevation 
(Minimum)

(ft)

Elevation 
(Base)
(ft)

Elevation
(ft)

Label

2,665.0253.861702,670.02,665.02,655.02,640.02,640.0T-SID1

2,430.0432.211702,430.02,430.02,420.02,400.02,400.0T-SID2

2,790.01,516.342402,795.02,790.02,780.02,765.02,765.0T-SID3

2,945.02,671.901702,950.02,945.02,935.02,920.02,920.0T-SID4

ZoneVolume 
Full 

(Input)
(MG)

Volume 
Full 

(Calculate
d)

(MG)

Zone - 26705.002.55

Zone - 24305.001.70

Zone - 279510.005.08

Zone - 29205.002.55
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Current Time:  0.000 hours

Is 
Active?

ZoneHydraulic 
Grade
(ft)

Pressure
(psi)

Demand
(gpm)

Elevation
(ft)

Label

TrueZone - 25452,545.0132.059.722,240.0J-SID01

TrueZone - 26702,545.0125.559.722,255.0J-SID02

TrueZone - 26702,545.1123.359.722,260.0J-SID03

TrueZone - 26702,665.0155.859.722,305.0J-SID04

TrueZone - 26702,665.1149.359.722,320.0J-SID05

TrueZone - 26702,665.1145.059.722,330.0J-SID06

TrueZone - 26702,665.5132.259.722,360.0J-SID07

TrueZone - 26702,666.6128.359.722,370.0J-SID08

TrueZone - 26702,667.3124.359.722,380.0J-SID09

TrueZone - 26702,668.5105.359.722,425.0J-SID10

TrueZone - 26702,670.195.259.722,450.0J-SID11

TrueZone - 26702,783.4187.525.282,350.0J-SID12

TrueZone - 27952,783.4133.425.282,475.0J-SID13

TrueZone - 24302,520.0134.10.002,210.0J-SID29

TrueZone - 24302,520.0109.90.002,266.0J-SID30

TrueZone - 24302,520.095.20.002,300.0J-SID31

TrueZone - 24302,520.079.6103.502,336.0J-SID32

TrueZone - 24302,430.067.0103.302,275.0J-SID33

TrueZone - 24302,670.1113.436.902,408.0J-SID34

TrueZone - 27952,783.590.226.982,575.0J-SID35

TrueZone - 27952,783.4122.6179.682,500.0J-SID36

TrueZone - 25452,545.2123.40.002,260.0J-SID38

TrueZone - 25452,545.2153.727.052,190.0J-SID39

TrueZone - 24452,445.2121.227.052,165.0J-SID40

TrueZone - 24452,445.2119.10.002,170.0J-SID41

TrueZone - 25452,545.0136.3172.502,230.0J-SID43

TrueZone - 25452,545.0136.359.722,230.0J-SID44

TrueZone - 27952,783.4146.4340.402,445.0J-SID46

TrueZone - 29203,006.4143.452.262,675.0J-SID48

TrueZone - 29202,945.3177.50.002,535.0J-SID49

TrueZone - 27953,081.7198.5139.382,623.0J-SID51

TrueZone - 27952,795.0119.00.002,520.0J-SID52

TrueZone - 27952,795.2121.254.902,515.0J-SID53

TrueZone - 27952,850.1194.70.002,400.0J-SID55

TrueZone - 27952,783.187.90.002,580.0J-SID56

TrueZone - 27953,114.9231.40.002,580.0J-SID57

TrueZone - 29202,945.1127.754.902,650.0J-SID59

TrueZone - 26702,670.299.632.102,440.0J-SID60

TrueZone - 26702,850.1183.936.902,425.0J-SID61

TrueZone - 29202,946.2149.825.282,600.0J-SID62

TrueZone - 25452,545.0138.459.722,225.0J-SID74

TrueZone - 27952,795.0131.592.202,491.0J-SID75

TrueZone - 29202,946.5111.00.002,690.0J-SID81
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2545

0.03-133.860.211.690130.0
Ductile 
Iron

161,946J-SID02J-SID01P-SID02

Zone - 
2670

0.04-193.580.311.690130.0
Ductile 
Iron

161,356J-SID03J-SID02P-SID09

Zone - 
2670

0.41-817.501.300.960130.0
Ductile 
Iron

16898J-SID07J-SID06P-SID12

Zone - 
2670

1.09-877.221.401.960130.0
Ductile 
Iron

162,112J-SID08J-SID07P-SID13

Zone - 
2670

0.67-936.941.501.960130.0
Ductile 
Iron

161,090J-SID09J-SID08P-SID14

Zone - 
2670

1.20-996.661.590.960130.0
Ductile 
Iron

161,871J-SID10J-SID09P-SID15

Zone - 
2670

1.57-1,056.381.690.960130.0
Ductile 
Iron

162,206J-SID11J-SID10P-SID16

Zone - 
2795

33.1312,532.868.890.600130.0
Ductile 
Iron

243,462J-SID51J-SID57P-SID39

Zone - 
2795

60.1314,020.429.940.250130.0
Ductile 
Iron

245,187T-SID3J-SID55P-SID41

Zone - 
2545

0.00-45.300.071.690130.0
Ductile 
Iron

161,387J-SID43J-SID44P-SID44

Zone - 
2795

0.388,615.776.110.250130.0
Ductile 
Iron

2450J-SID55PMP-B1AP-SID50

Zone - 
2445

0.000.000.001.690130.0
Ductile 
Iron

163,772J-SID41J-SID40P-SID51

Zone - 
2795

0.16249.910.401.690130.0
Ductile 
Iron

163,295J-SID52J-SID53P-SID57

Zone - 
2445

0.0054.100.020.500130.0
Ductile 
Iron

305,926J-SID39J-SID38P-SID58

Zone - 
2795

0.08284.340.200.500130.0
Ductile 
Iron

248,958J-SID36J-SID35P-SID63

Zone - 
2795

6.5313,184.584.160.250130.0
Ductile 
Iron

364,531J-SID35T-SID3P-SID64

Zone - 
2670

0.15-217.810.351.690130.0
Ductile 
Iron

163,972J-SID60PRV-SID07P-SID65

Zone - 
2430

0.04103.300.161.690130.0
Ductile 
Iron

164,302J-SID33T-SID2P-SID69

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

242,303T-SID2J-SID32P-SID70

Zone - 
2430

0.00103.500.070.500130.0
Ductile 
Iron

243,237J-SID32J-SID31P-SID71

Zone - 
2430

0.00103.500.050.500130.0
Ductile 
Iron

305,555J-SID31J-SID30P-SID72

Zone - 
2430

0.00103.500.050.500130.0
Ductile 
Iron

301,841J-SID30J-SID29P-SID73

Zone - 
2795

0.042,739.221.940.250130.0
Ductile 
Iron

2450J-SID55PMP-B1CP-SID77

Zone - 
2545

0.19-217.810.351.690130.0
Ductile 
Iron

164,919
PRV-
SID07

J-SID43P-SID80
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2795

0.042,143.971.520.600130.0
Ductile 
Iron

2450J-SID57PMP-B2BP-SID81

Zone - 
2795

0.052,143.971.520.950130.0
Ductile 
Iron

2450PMP-B2BJ-SID56P-SID84

Zone - 
2920

0.18359.710.261.690130.0
Ductile 
Iron

2413,461J-SID59J-SID49P-SID85

Zone - 
2795

0.042,165.321.540.600130.0
Ductile 
Iron

2450J-SID57PMP-B2CP-SID86

Zone - 
2795

0.052,165.321.540.950130.0
Ductile 
Iron

2450PMP-B2CJ-SID56P-SID87

Zone - 
2795

0.05-249.910.401.690130.0
Ductile 
Iron

16960J-SID52PRV-SID08P-SID88

Zone - 
2795

75.3012,393.488.790.600130.0
Ductile 
Iron

248,137J-SID48J-SID51P-SID89

Zone - 
2795

0.042,739.221.940.250130.0
Ductile 
Iron

2450J-SID55PMP-B1BP-SID90

Zone - 
2795

0.728,223.565.830.950130.0
Ductile 
Iron

2450PMP-B2AJ-SID56P-SID91

Zone - 
2795

0.08340.400.241.690130.0
Ductile 
Iron

246,307J-SID46J-SID35P-SID94

Zone - 
2795

0.538,223.565.830.600130.0
Ductile 
Iron

2450J-SID57PMP-B2AP-SID97

Zone - 
2795

0.00104.660.070.500130.0
Ductile 
Iron

241,169J-SID13J-SID36P-SID99

Zone - 
2920

0.031,208.300.860.960130.0
Ductile 
Iron

24149
PRV-
SID05

J-SID49P-SID114

Zone - 
2795

0.171,116.100.790.960130.0
Ductile 
Iron

241,533
PRV-
SID15

J-SID75P-SID115

Zone - 
2795

0.0079.380.060.250130.0
Ductile 
Iron

243,415J-SID12J-SID13P-SID121

Zone - 
2430

0.012,739.221.240.160130.0
Ductile 
Iron

3050PMP-B1CT-SID2P-SID122

Zone - 
2430

0.012,739.221.240.160130.0
Ductile 
Iron

3050PMP-B1BT-SID2P-SID123

Zone - 
2430

0.128,615.773.910.160130.0
Ductile 
Iron

3050PMP-B1AT-SID2P-SID124

Zone - 
2545

0.000.000.001.690130.0
Ductile 
Iron

16747
PRV-
SID10

J-SID43P-SID129

Zone - 
2445

0.000.000.001.690130.0
Ductile 
Iron

163,377J-SID41PRV-SID10P-SID130

Zone - 
2670

0.00-54.100.020.500130.0
Ductile 
Iron

302,293
PRV-
SID11

J-SID38P-SID131

Zone - 
2670

0.00-54.100.020.500130.0
Ductile 
Iron

30327J-SID12PRV-SID11P-SID132

Zone - 
2670

0.04-698.060.500.960130.0
Ductile 
Iron

24748J-SID05J-SID04P-SID150

Zone - 
2670

0.02-385.040.170.960130.0
Ductile 
Iron

304,087J-SID04T-SID1P-SID153
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2920

0.871,568.011.110.960130.0
Ductile 
Iron

244,256J-SID49J-SID62P-SID154

Zone - 
2920

0.02304.810.220.980130.0
Ductile 
Iron

242,038
PRV-
SID12

J-SID59P-SID157

Zone - 
2920

59.8812,341.228.750.600130.0
Ductile 
Iron

246,506J-SID81J-SID48P-SID158

Zone - 
2795

0.02304.810.220.980130.0
Ductile 
Iron

241,807J-SID53PRV-SID12P-SID159

Zone - 
2670

0.05-757.780.540.960130.0
Ductile 
Iron

24908J-SID06J-SID05P-SID160

Zone - 
2430

0.00103.500.050.250130.0
Ductile 
Iron

30296PMP-AR-1P-SID164

Zone - 
2430

0.00103.500.050.250130.0
Ductile 
Iron

302,377J-SID29PMP-AP-SID165

<None
>

0.371,593.291.130.000130.0
Ductile 
Iron

241,823J-SID62J-SID81P-SID166

Zone - 
2670

0.01253.300.401.690130.0
Ductile 
Iron

16146
PRV-
SID14

J-SID04P-SID170

Zone - 
2670

0.08253.300.401.690130.0
Ductile 
Iron

161,443J-SID03PRV-SID14P-SID171

Zone - 
2795

0.191,208.300.860.960130.0
Ductile 
Iron

241,437J-SID75PRV-SID05P-SID175

Zone - 
2445

0.0027.050.010.500130.0
Ductile 
Iron

301,782J-SID40PRV-SID09P-SID176

Zone - 
2670

0.031,116.100.790.960130.0
Ductile 
Iron

24175J-SID11PRV-SID15P-SID178

Zone - 
2670

0.04-249.910.401.690130.0
Ductile 
Iron

16781
PRV-
SID08

J-SID60P-SID180

Zone - 
2545

0.0074.140.121.690130.0
Ductile 
Iron

16660J-SID74J-SID01P-SID186

Zone - 
2545

0.0014.420.021.690130.0
Ductile 
Iron

162,003J-SID44J-SID74P-SID187

Zone - 
2670

0.0036.900.060.000130.0
Ductile 
Iron

162,700
PRV-
SID16

J-SID61P-SID189

Zone - 
2795

0.0273.800.120.000130.0
Ductile 
Iron

163,051J-SID61J-SID55P-SID190

Zone - 
2430

0.0036.900.060.000130.0
Ductile 
Iron

16681J-SID34PRV-SID16P-SID191

Zone - 
2445

0.0027.050.010.500130.0
Ductile 
Iron

30214
PRV-
SID09

J-SID39P-SID192

Zone - 
2795

0.3412,532.862.900.000130.0
Ductile 
Iron

42560J-SID56J-SID35P-SID194

Zone - 
2920

1.53-10,747.937.620.000130.0
Ductile 
Iron

24218J-SID81T-SID4P-SID196
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Current Time:  0.000 hours

ZoneDownstream 
Pipe

Pressure 
(To)
(psi)

Pressure 
(From)
(psi)

Flow
(gpm)

Pressure 
Setting 
(Initial)
(psi)

Hydraulic 
Grade 
Setting 
(Initial)
(ft)

Diameter 
(Valve)
(in)

Elevation
(ft)

Label

Zone - 2920P-SID175112.6177.51,208.30112.62,795.1242,535.0PRV-SID05

Zone - 2670P-SID8090.9144.9217.8190.92,545.0162,335.0PRV-SID07

Zone - 2795P-SID180101.8155.7249.91101.72,670.0162,435.0PRV-SID08

Zone - 2545P-SID176112.6155.827.05112.62,445.0302,185.0PRV-SID09

Zone - 2445P-SID130106.1149.30.00106.12,445.1162,200.0PRV-SID10

Zone - 2670P-SID13195.3198.354.1095.22,545.0302,325.0PRV-SID11

Zone - 2920P-SID15995.3160.1304.8195.22,795.0242,575.0PRV-SID12

Zone - 2670P-SID171106.1157.9253.30106.12,545.1162,300.0PRV-SID14

Zone - 2795P-SID17894.4148.31,116.1094.42,670.0242,452.0PRV-SID15

Zone - 2670P-SID19195.2173.136.9095.22,670.0162,450.0PRV-SID16
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Current Time:  0.000 hours

ZonePump 
Head
(ft)

Discharge
(gpm)

Discharge 
Grade
(ft)

Intake 
Grade
(ft)

Status 
(Initial)

Pump 
Definition

Elevation
(ft)

Label

Zone - 2430300.00103.502,520.02,220.0OnPMP A2,210.0PMP-A

Zone - 2430420.628,615.772,850.52,429.9OnB1A2,400.0PMP-B1A

Zone - 2430420.192,739.222,850.22,430.0OnB1B2,400.0PMP-B1B

Zone - 2430420.192,739.222,850.22,430.0OnB1C2,400.0PMP-B1C

Zone - 2795332.978,223.563,115.42,782.4OnB2A2,580.0PMP-B2A

Zone - 2795331.822,143.973,114.92,783.1OnB2B2,580.0PMP-B2B

Zone - 2795331.822,165.323,114.92,783.1OnB2C2,580.0PMP-B2C
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Current Time:  0.000 hours

ZoneFlow (Out net)
(gpm)

Flow (In net)
(gpm)

Elevation
(ft)

Label

Zone - 2430103.50-103.502,220.0R-1
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Current Time:  0.000 hours

Volume 
Full 

(Calculate
d)

(MG)

Hydraulic 
Grade
(ft)

Flow (Out 
net)

(gpm)

Diameter
(ft)

Elevation 
(Maximum)

(ft)

Elevation 
(Initial)

(ft)

Elevation 
(Minimum)

(ft)

Elevation 
(Base)
(ft)

Elevation
(ft)

Label

2.552,665.0-385.041702,670.02,665.02,655.02,640.02,640.0T-SID1

1.702,430.014,197.521702,430.02,430.02,420.02,400.02,400.0T-SID2

5.082,790.0-835.842402,795.02,790.02,780.02,765.02,765.0T-SID3

2.552,945.0-10,747.931702,950.02,945.02,935.02,920.02,920.0T-SID4

ZoneVolume 
Full 

(Input)
(MG)

Zone - 26705.00

Zone - 24305.00

Zone - 279510.00

Zone - 29205.00
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Current Time:  0.000 hours

ZoneIs Fire Flow 
Run 

Balanced?

Pressure 
(System 
Lower 
Limit)
(psi)

Pressure 
(Calculated 

System Lower 
Limit)
(psi)

Pressure
(psi)

Fire Flow 
(Available)
(gpm)

Fire Flow 
(Needed)
(gpm)

Demand
(gpm)

Satisfies 
Fire Flow 
Constraint

s?

Label

Zone - 2545True20.040.7131.76,001.006,000.00124.81TrueJ-SID01

Zone - 2670True20.040.7125.36,001.006,000.00124.81TrueJ-SID02

Zone - 2670True20.040.7123.26,001.006,000.00124.81TrueJ-SID03

Zone - 2670True20.040.7155.86,001.006,000.00124.81TrueJ-SID04

Zone - 2670True20.040.7149.36,001.006,000.00124.81TrueJ-SID05

Zone - 2670True20.040.7145.06,001.006,000.00124.81TrueJ-SID06

Zone - 2670True20.040.7132.16,001.006,000.00124.81TrueJ-SID07

Zone - 2670True20.040.7128.26,001.006,000.00124.81TrueJ-SID08

Zone - 2670True20.040.7124.16,001.006,000.00124.81TrueJ-SID09

Zone - 2670True20.040.7105.26,001.006,000.00124.81TrueJ-SID10

Zone - 2670True20.040.795.26,001.006,000.00124.81TrueJ-SID11

Zone - 2670True20.040.7190.26,001.006,000.0052.84TrueJ-SID12

Zone - 2795True20.040.7136.16,001.006,000.0052.84TrueJ-SID13

Zone - 2430True20.038.195.26,001.006,000.000.00TrueJ-SID29

Zone - 2430True20.038.170.96,001.006,000.000.00TrueJ-SID30

Zone - 2430True20.038.156.26,001.006,000.000.00TrueJ-SID31

Zone - 2430True20.053.640.76,001.006,000.00216.32TrueJ-SID32

Zone - 2430True20.040.767.06,001.006,000.00215.90TrueJ-SID33

Zone - 2430True20.040.7113.46,001.006,000.0077.12TrueJ-SID34

Zone - 2795True20.040.793.06,001.006,000.0056.39TrueJ-SID35

Zone - 2795True20.040.7125.36,001.006,000.00375.53TrueJ-SID36

Zone - 2545True20.040.7123.46,001.006,000.000.00TrueJ-SID38

Zone - 2545True20.040.7153.76,001.006,000.0056.53TrueJ-SID39

Zone - 2445True20.040.7121.26,001.006,000.0056.53TrueJ-SID40

Zone - 2445True20.040.7119.16,001.006,000.000.00TrueJ-SID41

Zone - 2545True20.040.7136.16,001.006,000.00360.52TrueJ-SID43

Zone - 2545True20.040.7136.16,001.006,000.00124.81TrueJ-SID44

Zone - 2795True20.040.7149.16,001.006,000.00711.44TrueJ-SID46

Zone - 2920True20.040.7116.76,001.006,000.00109.22TrueJ-SID48

Zone - 2920True20.040.7176.36,001.006,000.000.00TrueJ-SID49

Zone - 2795True20.040.7139.26,001.006,000.00291.30TrueJ-SID51

Zone - 2795True20.040.7118.86,001.006,000.000.00TrueJ-SID52

Zone - 2795True20.040.7121.26,001.006,000.00114.74TrueJ-SID53

Zone - 2795True20.040.7168.76,001.006,000.000.00TrueJ-SID55

Zone - 2795True20.040.790.86,001.006,000.000.00TrueJ-SID56

Zone - 2795True20.040.7157.86,001.006,000.000.00TrueJ-SID57

Zone - 2920True20.040.7126.36,001.006,000.00114.74TrueJ-SID59

Zone - 2670True20.040.799.56,001.006,000.0067.09TrueJ-SID60

Zone - 2670True20.040.7157.96,001.006,000.0077.12TrueJ-SID61

Zone - 2920True20.040.7148.96,001.006,000.0052.84TrueJ-SID62

Zone - 2545True20.040.7138.26,001.006,000.00124.81TrueJ-SID74

Zone - 2795True20.040.7131.56,001.006,000.00192.70TrueJ-SID75

Zone - 2920True20.040.7110.36,001.006,000.000.00TrueJ-SID81
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Current Time:  0.000 hours

Is 
Active?

ZoneHydraulic 
Grade
(ft)

Pressure
(psi)

Demand
(gpm)

Elevation
(ft)

Label

TrueZone - 25452,544.5131.7124.812,240.0J-SID01

TrueZone - 26702,544.6125.3124.812,255.0J-SID02

TrueZone - 26702,544.8123.2124.812,260.0J-SID03

TrueZone - 26702,665.0155.8124.812,305.0J-SID04

TrueZone - 26702,665.0149.3124.812,320.0J-SID05

TrueZone - 26702,665.0145.0124.812,330.0J-SID06

TrueZone - 26702,665.3132.1124.812,360.0J-SID07

TrueZone - 26702,666.2128.2124.812,370.0J-SID08

TrueZone - 26702,666.9124.1124.812,380.0J-SID09

TrueZone - 26702,668.2105.2124.812,425.0J-SID10

TrueZone - 26702,670.095.2124.812,450.0J-SID11

TrueZone - 26702,789.6190.252.842,350.0J-SID12

TrueZone - 27952,789.6136.152.842,475.0J-SID13

TrueZone - 24302,430.095.20.002,210.0J-SID29

TrueZone - 24302,430.070.90.002,266.0J-SID30

TrueZone - 24302,430.056.20.002,300.0J-SID31

TrueZone - 24302,430.040.7216.322,336.0J-SID32

TrueZone - 24302,429.867.0215.902,275.0J-SID33

TrueZone - 24302,670.1113.477.122,408.0J-SID34

TrueZone - 27952,789.993.056.392,575.0J-SID35

TrueZone - 27952,789.6125.3375.532,500.0J-SID36

TrueZone - 25452,545.2123.40.002,260.0J-SID38

TrueZone - 25452,545.2153.756.532,190.0J-SID39

TrueZone - 24452,445.2121.256.532,165.0J-SID40

TrueZone - 24452,445.2119.10.002,170.0J-SID41

TrueZone - 25452,544.5136.1360.522,230.0J-SID43

TrueZone - 25452,544.5136.1124.812,230.0J-SID44

TrueZone - 27952,789.6149.1711.442,445.0J-SID46

TrueZone - 29202,944.8116.7109.222,675.0J-SID48

TrueZone - 29202,942.5176.30.002,535.0J-SID49

TrueZone - 27952,944.7139.2291.302,623.0J-SID51

TrueZone - 27952,794.5118.80.002,520.0J-SID52

TrueZone - 27952,795.1121.2114.742,515.0J-SID53

TrueZone - 27952,790.0168.70.002,400.0J-SID55

TrueZone - 27952,789.990.80.002,580.0J-SID56

TrueZone - 27952,944.7157.80.002,580.0J-SID57

TrueZone - 29202,941.8126.3114.742,650.0J-SID59

TrueZone - 26702,670.199.567.092,440.0J-SID60

TrueZone - 26702,789.9157.977.122,425.0J-SID61

TrueZone - 29202,944.2148.952.842,600.0J-SID62

TrueZone - 25452,544.5138.2124.812,225.0J-SID74

TrueZone - 27952,794.9131.5192.702,491.0J-SID75

TrueZone - 29202,944.9110.30.002,690.0J-SID81
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2545

0.13-296.450.471.690130.0
Ductile 
Iron

161,946J-SID02J-SID01P-SID02

Zone - 
2670

0.18-421.270.671.690130.0
Ductile 
Iron

161,356J-SID03J-SID02P-SID09

Zone - 
2670

0.28-666.671.060.960130.0
Ductile 
Iron

16898J-SID07J-SID06P-SID12

Zone - 
2670

0.90-791.491.261.960130.0
Ductile 
Iron

162,112J-SID08J-SID07P-SID13

Zone - 
2670

0.64-916.301.461.960130.0
Ductile 
Iron

161,090J-SID09J-SID08P-SID14

Zone - 
2670

1.30-1,041.111.660.960130.0
Ductile 
Iron

161,871J-SID10J-SID09P-SID15

Zone - 
2670

1.88-1,165.931.860.960130.0
Ductile 
Iron

162,206J-SID11J-SID10P-SID16

Zone - 
2795

0.00-0.010.000.600130.0
Ductile 
Iron

243,462J-SID51J-SID57P-SID39

Zone - 
2795

0.01-154.250.110.250130.0
Ductile 
Iron

245,187T-SID3J-SID55P-SID41

Zone - 
2545

0.01-77.990.121.690130.0
Ductile 
Iron

161,387J-SID43J-SID44P-SID44

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1AP-SID50

Zone - 
2445

0.000.000.001.690130.0
Ductile 
Iron

163,772J-SID41J-SID40P-SID51

Zone - 
2795

0.60505.610.811.690130.0
Ductile 
Iron

163,295J-SID52J-SID53P-SID57

Zone - 
2445

0.00113.070.050.500130.0
Ductile 
Iron

305,926J-SID39J-SID38P-SID58

Zone - 
2795

0.30594.270.420.500130.0
Ductile 
Iron

248,958J-SID36J-SID35P-SID63

Zone - 
2795

0.101,362.100.430.250130.0
Ductile 
Iron

364,531J-SID35T-SID3P-SID64

Zone - 
2670

0.55-438.520.701.690130.0
Ductile 
Iron

163,972J-SID60PRV-SID07P-SID65

Zone - 
2430

0.16215.900.341.690130.0
Ductile 
Iron

164,302J-SID33T-SID2P-SID69

Zone - 
2430

0.01-216.320.150.500130.0
Ductile 
Iron

242,303T-SID2J-SID32P-SID70

Zone - 
2430

0.00-0.010.000.500130.0
Ductile 
Iron

243,237J-SID32J-SID31P-SID71

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

305,555J-SID31J-SID30P-SID72

Zone - 
2430

0.000.000.000.500130.0
Ductile 
Iron

301,841J-SID30J-SID29P-SID73

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1CP-SID77

Zone - 
2545

0.68-438.520.701.690130.0
Ductile 
Iron

164,919
PRV-
SID07

J-SID43P-SID80
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2BP-SID81

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2BJ-SID56P-SID84

Zone - 
2920

0.67735.090.521.690130.0
Ductile 
Iron

2413,461J-SID59J-SID49P-SID85

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2CP-SID86

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2CJ-SID56P-SID87

Zone - 
2795

0.19-505.610.811.690130.0
Ductile 
Iron

16960J-SID52PRV-SID08P-SID88

Zone - 
2795

0.07-291.310.210.600130.0
Ductile 
Iron

248,137J-SID48J-SID51P-SID89

Zone - 
2795

0.000.000.000.250130.0
Ductile 
Iron

2450J-SID55PMP-B1BP-SID90

Zone - 
2795

0.000.000.000.950130.0
Ductile 
Iron

2450PMP-B2AJ-SID56P-SID91

Zone - 
2795

0.30711.440.501.690130.0
Ductile 
Iron

246,307J-SID46J-SID35P-SID94

Zone - 
2795

0.000.000.000.600130.0
Ductile 
Iron

2450J-SID57PMP-B2AP-SID97

Zone - 
2795

0.01218.740.160.500130.0
Ductile 
Iron

241,169J-SID13J-SID36P-SID99

Zone - 
2920

0.041,483.441.050.960130.0
Ductile 
Iron

24149
PRV-
SID05

J-SID49P-SID114

Zone - 
2795

0.231,290.740.920.960130.0
Ductile 
Iron

241,533
PRV-
SID15

J-SID75P-SID115

Zone - 
2795

0.01165.900.120.250130.0
Ductile 
Iron

243,415J-SID12J-SID13P-SID121

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1CT-SID2P-SID122

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1BT-SID2P-SID123

Zone - 
2430

0.000.000.000.160130.0
Ductile 
Iron

3050PMP-B1AT-SID2P-SID124

Zone - 
2545

0.000.000.001.690130.0
Ductile 
Iron

16747
PRV-
SID10

J-SID43P-SID129

Zone - 
2445

0.000.000.001.690130.0
Ductile 
Iron

163,377J-SID41PRV-SID10P-SID130

Zone - 
2670

0.00-113.070.050.500130.0
Ductile 
Iron

302,293
PRV-
SID11

J-SID38P-SID131

Zone - 
2670

0.00-113.070.050.500130.0
Ductile 
Iron

30327J-SID12PRV-SID11P-SID132

Zone - 
2670

0.01-417.040.300.960130.0
Ductile 
Iron

24748J-SID05J-SID04P-SID150

Zone - 
2670

0.01253.860.120.960130.0
Ductile 
Iron

304,087J-SID04T-SID1P-SID153

Zone - 
2920

1.652,218.531.570.960130.0
Ductile 
Iron

244,256J-SID49J-SID62P-SID154
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Current Time:  0.000 hours

ZoneHeadloss
(ft)

Flow
(gpm)

Velocity
(ft/s)

Minor Loss 
Coefficient 
(Local)

Hazen-
Williams 

C

MaterialDiameter
(in)

Length
(ft)

Stop NodeStart NodeLabel

Zone - 
2920

0.08620.350.440.980130.0
Ductile 
Iron

242,038
PRV-
SID12

J-SID59P-SID157

Zone - 
2920

0.10-400.530.280.600130.0
Ductile 
Iron

246,506J-SID81J-SID48P-SID158

Zone - 
2795

0.07620.350.440.980130.0
Ductile 
Iron

241,807J-SID53PRV-SID12P-SID159

Zone - 
2670

0.03-541.860.380.960130.0
Ductile 
Iron

24908J-SID06J-SID05P-SID160

Zone - 
2430

0.000.000.000.250130.0
Ductile 
Iron

30296PMP-AR-1P-SID164

Zone - 
2430

0.000.000.000.250130.0
Ductile 
Iron

302,377J-SID29PMP-AP-SID165

<None
>

0.722,271.371.610.000130.0
Ductile 
Iron

241,823J-SID62J-SID81P-SID166

Zone - 
2670

0.05546.080.871.690130.0
Ductile 
Iron

16146
PRV-
SID14

J-SID04P-SID170

Zone - 
2670

0.31546.080.871.690130.0
Ductile 
Iron

161,443J-SID03PRV-SID14P-SID171

Zone - 
2795

0.271,483.441.050.960130.0
Ductile 
Iron

241,437J-SID75PRV-SID05P-SID175

Zone - 
2445

0.0056.530.030.500130.0
Ductile 
Iron

301,782J-SID40PRV-SID09P-SID176

Zone - 
2670

0.041,290.740.920.960130.0
Ductile 
Iron

24175J-SID11PRV-SID15P-SID178

Zone - 
2670

0.16-505.610.811.690130.0
Ductile 
Iron

16781
PRV-
SID08

J-SID60P-SID180

Zone - 
2545

0.02171.640.271.690130.0
Ductile 
Iron

16660J-SID74J-SID01P-SID186

Zone - 
2545

0.0046.820.071.690130.0
Ductile 
Iron

162,003J-SID44J-SID74P-SID187

Zone - 
2670

0.0177.120.120.000130.0
Ductile 
Iron

162,700
PRV-
SID16

J-SID61P-SID189

Zone - 
2795

0.06154.240.250.000130.0
Ductile 
Iron

163,051J-SID61J-SID55P-SID190

Zone - 
2430

0.0077.120.120.000130.0
Ductile 
Iron

16681J-SID34PRV-SID16P-SID191

Zone - 
2445

0.0056.530.030.500130.0
Ductile 
Iron

30214
PRV-
SID09

J-SID39P-SID192

Zone - 
2795

0.000.000.000.000130.0
Ductile 
Iron

42560J-SID56J-SID35P-SID194

Zone - 
2920

0.122,671.901.890.000130.0
Ductile 
Iron

24218J-SID81T-SID4P-SID196
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Current Time:  0.000 hours

ZoneDownstream 
Pipe

Pressure 
(To)
(psi)

Pressure 
(From)
(psi)

Flow
(gpm)

Pressure 
Setting 
(Initial)
(psi)

Hydraulic 
Grade 
Setting 
(Initial)
(ft)

Diameter 
(Valve)
(in)

Elevation
(ft)

Label

Zone - 2920P-SID175112.6176.31,483.44112.62,795.1242,535.0PRV-SID05

Zone - 2670P-SID8090.9144.7438.5290.92,545.0162,335.0PRV-SID07

Zone - 2795P-SID180101.8155.5505.61101.72,670.0162,435.0PRV-SID08

Zone - 2545P-SID176112.6155.856.53112.62,445.0302,185.0PRV-SID09

Zone - 2445P-SID130106.1149.00.00106.12,445.1162,200.0PRV-SID10

Zone - 2670P-SID13195.3201.0113.0795.22,545.0302,325.0PRV-SID11

Zone - 2920P-SID15995.3158.7620.3595.22,795.0242,575.0PRV-SID12

Zone - 2670P-SID171106.1157.9546.08106.12,545.1162,300.0PRV-SID14

Zone - 2795P-SID17894.4148.31,290.7494.42,670.0242,452.0PRV-SID15

Zone - 2670P-SID19195.2147.177.1295.22,670.0162,450.0PRV-SID16
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Current Time:  0.000 hours

ZonePump 
Head
(ft)

Discharge
(gpm)

Discharge 
Grade
(ft)

Intake 
Grade
(ft)

Status 
(Initial)

Pump 
Definition

Elevation
(ft)

Label

Zone - 24300.000.002,430.02,220.0OffPMP A2,210.0PMP-A

Zone - 24300.000.002,790.02,430.0OffB1A2,400.0PMP-B1A

Zone - 24300.000.002,790.02,430.0OffB1B2,400.0PMP-B1B

Zone - 24300.000.002,790.02,430.0OffB1C2,400.0PMP-B1C

Zone - 27950.000.002,944.72,789.9OffB2A2,580.0PMP-B2A

Zone - 27950.000.002,944.72,789.9OffB2B2,580.0PMP-B2B

Zone - 27950.000.002,944.72,789.9OffB2C2,580.0PMP-B2C
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Current Time:  0.000 hours

ZoneFlow (Out net)
(gpm)

Flow (In net)
(gpm)

Elevation
(ft)

Label

Zone - 24300.000.002,220.0R-1
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Current Time:  0.000 hours

Hydraulic 
Grade
(ft)

Flow (Out 
net)

(gpm)

Diameter
(ft)

Elevation 
(Maximum)

(ft)

Elevation 
(Initial)

(ft)

Elevation 
(Minimum)

(ft)

Elevation 
(Base)
(ft)

Elevation
(ft)

Label

2,665.0253.861702,670.02,665.02,655.02,640.02,640.0T-SID1

2,430.0432.211702,430.02,430.02,420.02,400.02,400.0T-SID2

2,790.01,516.352402,795.02,790.02,780.02,765.02,765.0T-SID3

2,945.02,671.901702,950.02,945.02,935.02,920.02,920.0T-SID4

ZoneVolume 
Full 

(Input)
(MG)

Volume 
Full 

(Calculate
d)

(MG)

Zone - 26705.002.55

Zone - 24305.001.70

Zone - 279510.005.08

Zone - 29205.002.55
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D

Item D1 - Wastewater Design Flow Calculations 

This sheet presents calculations for establishing the wastewater design flow rate for the Apex Industrial Park.

The design flow rate is determined using CNLV municipal code section 13.24.070 and Design and Construction

Standards for Wastewater Collection Systems Section 2.2.1 

Average Wastewater Flow Rate per Acre

Average Flow Rate Per Fixture Unit

0.45 ERU/fixture unit Office/warehouse value per CNLV Code Section 13.24.070

Design Building Structure

208 Fixture Units Number of fixture units per design building

23 Acres Number of acres per design building

Standard ERU Flow Rate

250 gpm/ERU Assumed typical value

Average Flow Rate 

0.707 gpm/acre Average wastewater flow rate per acre of development

Peak Wastewater Flow Rate per Acre

7670 Acres Total Apex Industrial Park developable acreage

Flow Rate

12.1 cfs Average wastewater flow at Apex Industrial Park buildout

Peak Factor

2.2 unitless From DCSWCS Table C

Peak Flow Rate

1.55 gpm/acre Peak wastewater flow rate per acre of development

Design Wastewater Flow Rate per Acre

Wet Weather Allowance

1.55 gpm/acre Peak wastewater flow rate per acre

0.25 unitless Wet weather allowance factor

0.389 gpm/acre Wet Weather Allowance

Design Flow Rate 

Design Flow Rate = Peak Flow Rate + Wet Weather Allowance

1.94 gpm/acre Design wastewater flow rate per acre of development

Page 1 of 1
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D 

Item D2 - Sewershed Acreages and Design Flows

Sewershed Number Acreage Design Flow (gpm)

K1 311 603

K2 285 553

K3 358 695

K4 425 825

K5 401 778

K6 247 479

K7 42 81

K7A 223 433

K8 148 287

K9 59 114

12 315 611

13 316 613

14 195 378

15 103 200

16 225 437

17 176 341

18 182 353

19 19 37

20 157 305

21 9 17

22 7 14

23 69 134

24 238 462

25 184 357

26 444 861

27 139 270

28 126 244

29 92 178

30 155 301

31 12 23

32 233 452

33 98 190

34 133 258

35 181 351

36 12 23

37 25 49

38 252 489

39 5 10

40 101 196

41 5 10

42 238 462

43 131 254

44 59 114

45 127 246

46 35 68

47 39 76

48 295 572

49 39 76

7670 14880
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D 

Item D3 - Wastewater Collection System Pipeline Design Point Tributary Acreages

Design Point No. Tributary Area Numbers Tributary Areas Acres 

Total Acreage for 

Design Point 

Design Flow Rate        

(gpm)

1 12 315 315 611

2 K1 311 311 603

12 315

K1 311

K2 285

12 315

K1 311

K2 285

K4 425

5 K3 358 358 695

K3 358

K5 401

7 K7A 223 223 433

K3 358

K5 401

K7A 223

K7 42

12 315

K1 311

K2 285

K4 425

K6 247

12 315

K1 311

K2 285

K4 425

K6 247

K3 358

K5 401

K7A 223

K7 42

11 16 225 225 437

12 315

16 225

12 315

K1 311

K2 285

K4 425

K6 247

K3 358

K5 401

K7A 223

K7 42

13 14 195 195 378

13 316

14 195

13 316

14 195

15 103

1191

3071

5058

6105

991

1767

2592

1472

1987

614

1583

2607

3147

511

911

1336

759

1024

15

9

10

12

14

3

4

6

8
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D 

Item D3 - Wastewater Collection System Pipeline Design Point Tributary Acreages

Design Point No. Tributary Area Numbers Tributary Areas Acres 

Total Acreage for 

Design Point 

Design Flow Rate        

(gpm)

12 315

13 316

14 195

15 103

16 225

K1 311

K2 285

K4 425

K6 247

K3 358

K5 401

K7A 223

K7 42

17 17 176 176 341

12 315

13 316

14 195

15 103

16 225

17 176

K1 311

K2 285

K4 425

K6 247

K3 358

K5 401

K7A 223

K7 42

18 182

19 19

12 315

13 316

14 195

15 103

16 225

17 176

18 182

19 19

K1 311

K2 285

K4 425

K6 247

K3 358

K5 401

K7A 223

K7 42

20 157

21 9

22 7

7417

336

6685

7027

390

3823

173

3446

3622

201

20

21

16

18

19
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D 

Item D3 - Wastewater Collection System Pipeline Design Point Tributary Acreages

Design Point No. Tributary Area Numbers Tributary Areas Acres 

Total Acreage for 

Design Point 

Design Flow Rate        

(gpm)

12 315

13 316

14 195

15 103

16 225

17 176

18 182

19 19

K1 311

K2 285

K4 425

K6 247

K3 358

K5 401

K7A 223

K7 42

20 157

21 9

22 7

23 38 252 252 489

38 252

32 233

34 133

38 252

32 233

34 133

33 98

38 252

32 233

34 133

33 98

35 181

38 252

32 233

34 133

33 98

35 181

36 12

24 238

29 23 69 69 134

38 252

32 233

34 133

33 98

35 181

23 69

24 238

36 12

2359

1389

1740

1740

485

7752

1199

1216

716

897

897

250

3996

618

30

25

26

27

28

22

24
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D 

Item D3 - Wastewater Collection System Pipeline Design Point Tributary Acreages

Design Point No. Tributary Area Numbers Tributary Areas Acres 

Total Acreage for 

Design Point 

Design Flow Rate        

(gpm)

38 252

32 233

34 133

33 98

35 181

23 69

24 238

36 12

25 184

32 28 126 126 244

33 27 139 139 270

34 29 92 92 178

35 30 155 155 301

29 92

30 155

27 139

28 126

29 92

30 155

38 26 444 225 437

26 444

27 139

28 126

29 92

30 155

34 133

35 181

40 Not Used Not Used Not Used Not Used

12 315

13 316

14 195

15 103

16 225

17 176

18 182

19 19

K1 311

K2 285

K4 425

K6 247

K3 358

K5 401

K7A 223

K7 42

20 157

21 9

22 7

43 131

2464

8006

2716

479

993

1270

4127

1400

247

512

39

41

31

36

37
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D 

Item D3 - Wastewater Collection System Pipeline Design Point Tributary Acreages

Design Point No. Tributary Area Numbers Tributary Areas Acres 

Total Acreage for 

Design Point 

Design Flow Rate        

(gpm)

12 315

13 316

14 195

15 103

16 225

17 176

18 182

19 19

K1 311

K2 285

K4 425

K6 247

K3 358

K5 401

K7A 223

K7 42

20 157

21 9

22 7

43 131

26 444

27 139

28 126

29 92

30 155

34 133

35 181

36 12

38 252

41 5

32 233

33 98

23 69

24 238

25 184

12587648842
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D 

Item D3 - Wastewater Collection System Pipeline Design Point Tributary Acreages

Design Point No. Tributary Area Numbers Tributary Areas Acres 

Total Acreage for 

Design Point 

Design Flow Rate        

(gpm)

12 315

13 316

14 195

15 103

16 225

17 176

18 182

19 19

K1 311

K2 285

K4 425

K6 247

K3 358

K5 401

K7A 223

K7 42

20 157

21 9

22 7

43 131

26 444

27 139

28 126

29 92

30 155

34 133

35 181

36 12

38 252

32 233

33 98

23 69

24 238

25 184

37 25

39 5

40 101

44 45 127 127 246

12831661443
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D 

Item D3 - Wastewater Collection System Pipeline Design Point Tributary Acreages

Design Point No. Tributary Area Numbers Tributary Areas Acres 

Total Acreage for 

Design Point 

Design Flow Rate        

(gpm)

12 315

13 316

14 195

15 103

16 225

17 176

18 182

19 19

K1 311

K2 285

K4 425

K6 247

K3 358

K5 401

K7A 223

K7 42

20 157

21 9

22 7

43 131

26 444

27 139

28 126

29 92

30 155

34 133

35 181

36 12

38 252

32 233

33 98

23 69

24 238

25 184

37 25

39 5

40 101

45 127

13078674145
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D 

Item D3 - Wastewater Collection System Pipeline Design Point Tributary Acreages

Design Point No. Tributary Area Numbers Tributary Areas Acres 

Total Acreage for 

Design Point 

Design Flow Rate        

(gpm)

12 315

13 316

14 195

15 103

16 225

17 176

18 182

19 19

K1 311

K2 285

K4 425

K6 247

K3 358

K5 401

K7A 223

K7 42

20 157

21 9

22 7

43 131

26 444

27 139

28 126

29 92

30 155

34 133

35 181

36 12

38 252

32 233

33 98

23 69

24 238

25 184

37 25

39 5

40 101

45 127

47 42 238 238 462

13078674146

Page 8 of 9

SE ROA 34905

JA_7434



Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D 

Item D3 - Wastewater Collection System Pipeline Design Point Tributary Acreages

Design Point No. Tributary Area Numbers Tributary Areas Acres 

Total Acreage for 

Design Point 

Design Flow Rate        

(gpm)

12 315

13 316

14 195

15 103

16 225

17 176

18 182

19 19

K1 311

K2 285

K4 425

K6 247

K3 358

K5 401

K7A 223

K7 42

20 157

21 9

22 7

43 131

26 444

27 139

28 126

29 92

30 155

34 133

35 181

36 12

38 252

32 233

33 98

23 69

24 238

25 184

37 25

39 5

40 101

45 127

42 238

48 295

37 25

39 5

40 101

50 41 5 5 10

14112

254

7274

131

48

49
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D

Item D4 - Wastewater Collection System Gravity Pipeline Sizes

This spreadsheet/table presents wastewater pipe sizing and provides flow capacity at minimum pipe slope.  The flow capacity is compared to the design flow rate for each design point.   

If the flow capacity exceeds the design flow the pipe size indicated is adequate for the corresponding design point.  The d/D and Manning's n values are as shown.  

Calculations are based on Manning's formula and minimum pipe slopes per DCSWCS Table "D" and 0.08% for pipes of 24-inch diameter and greater.  

d/D = 0.75

n = 0.013

DESIGN 

POINT No.

TRIBUTARY AREA

(acres)

(Sm)

MINIMUM 

PIPE SLOPE

(%)

 (D)

PIPE 

DIAMETER

(inches) 

(Qd)

DESIGN 

FLOW

(cfs)

(d)

DEPTH 

OF FLOW

(feet)

(A) 

FLOW CROSS 

SECTIONAL 

AREA

(sqft)

(P)

WETTED 

PERIMETER

(feet)

(Rh) 

HYDRAULIC 

RADIUS

(feet)

(V)

FLOW 

VELOCITY

(feet/sec)

Qc 

FLOW 

CAPACITY

(cfs)

FLOW 

CAPACITY 

EXCEED DESIGN 

FLOW? 

(Y/N)

1                315                           0.20% 12                  1.36 0.75 0.63 2.09 0.30 2.29 1.45 Y

2                311                           0.20% 12                  1.34 0.75 0.63 2.09 0.30 2.29 1.45 Y

3                911                           0.10% 21                  3.93 1.31 1.94 3.67 0.53 2.36 4.56 Y

4                1,336                        0.08% 24                  5.76 1.50 2.53 4.19 0.60 2.30 5.82 Y

5                358                           0.15% 15                  1.54 0.94 0.99 2.62 0.38 2.30 2.27 Y

6                759                           0.12% 18                  3.27 1.13 1.42 3.14 0.45 2.33 3.31 Y

7                223                           0.25% 10                  0.96 0.63 0.44 1.75 0.25 2.27 0.99 Y

8                1,024                        0.10% 21                  4.42 1.31 1.94 3.67 0.53 2.36 4.56 Y

9                1,583                        0.08% 27                  6.83 1.69 3.20 4.71 0.68 2.49 7.98 Y

10              2,607                        0.08% 36                  11.25 2.25 5.69 6.28 0.91 3.02 17.20 Y

11              225                           0.25% 10                  0.97 0.63 0.44 1.75 0.25 2.27 0.99 Y

12              3,147                        0.08% 36                  13.57 2.25 5.69 6.28 0.91 3.02 17.20 Y

13              195                           0.25% 10                  0.84 0.63 0.44 1.75 0.25 2.27 0.99 Y

14              511                           0.15% 15                  2.20 0.94 0.99 2.62 0.38 2.30 2.27 Y

15              614                           0.12% 18                  2.65 1.13 1.42 3.14 0.45 2.33 3.31 Y

16              3,446                        0.08% 36                  14.86 2.25 5.69 6.28 0.91 3.02 17.20 Y

17              176                           0.25% 10                  0.76 0.63 0.44 1.75 0.25 2.27 0.99 Y

18              3,622                        0.08% 36                  15.62 2.25 5.69 6.28 0.91 3.02 17.20 Y

19              201                           0.25% 10                  0.87 0.63 0.44 1.75 0.25 2.27 0.99 Y

20              3,823                        0.08% 36                  16.49 2.25 5.69 6.28 0.91 3.02 17.20 Y

21              173                           0.25% 10                  0.75 0.63 0.44 1.75 0.25 2.27 0.99 Y

22              

23              252                           0.20% 12                  1.09 0.75 0.63 2.09 0.30 2.29 1.45 Y

24              618                           0.12% 18                  2.67 1.13 1.42 3.14 0.45 2.33 3.31 Y

25              716                           0.12% 18                  3.09 1.13 1.42 3.14 0.45 2.33 3.31 Y

26              897                           0.10% 21                  3.87 1.31 1.94 3.67 0.53 2.36 4.56 Y

27              897                           0.10% 21                  3.87 1.31 1.94 3.67 0.53 2.36 4.56 Y

28              250                           0.20% 12                  1.08 0.75 0.63 2.09 0.30 2.29 1.45 Y

29              69                             0.33% 8                    0.30 0.50 0.28 1.40 0.20 2.24 0.63 Y

30              1,216                        0.08% 24                  5.25 1.50 2.53 4.19 0.60 2.30 5.82 Y

31              1,400                        0.08% 27                  6.04 1.69 3.20 4.71 0.68 2.49 7.98 Y

32              126                           0.33% 8                    0.54 0.50 0.28 1.40 0.20 2.24 0.63 Y

33              139                           0.33% 8                    0.60 0.50 0.28 1.40 0.20 2.24 0.63 Y

34              92                             0.33% 8                    0.40 0.50 0.28 1.40 0.20 2.24 0.63 Y

35              155                           0.25% 10                  0.67 0.63 0.44 1.75 0.25 2.27 0.99 Y

Force Main
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D

Item D4 - Wastewater Collection System Gravity Pipeline Sizes

This spreadsheet/table presents wastewater pipe sizing and provides flow capacity at minimum pipe slope.  The flow capacity is compared to the design flow rate for each design point.   

If the flow capacity exceeds the design flow the pipe size indicated is adequate for the corresponding design point.  The d/D and Manning's n values are as shown.  

Calculations are based on Manning's formula and minimum pipe slopes per DCSWCS Table "D" and 0.08% for pipes of 24-inch diameter and greater.  

d/D = 0.75

n = 0.013

DESIGN 

POINT No.

TRIBUTARY AREA

(acres)

(Sm)

MINIMUM 

PIPE SLOPE

(%)

 (D)

PIPE 

DIAMETER

(inches) 

(Qd)

DESIGN 

FLOW

(cfs)

(d)

DEPTH 

OF FLOW

(feet)

(A) 

FLOW CROSS 

SECTIONAL 

AREA

(sqft)

(P)

WETTED 

PERIMETER

(feet)

(Rh) 

HYDRAULIC 

RADIUS

(feet)

(V)

FLOW 

VELOCITY

(feet/sec)

Qc 

FLOW 

CAPACITY

(cfs)

FLOW 

CAPACITY 

EXCEED DESIGN 

FLOW? 

(Y/N)

36              247                           0.20% 12                  1.07 0.75 0.63 2.09 0.30 2.29 1.45 Y

37              512                           0.15% 15                  2.21 0.94 0.99 2.62 0.38 2.30 2.27 Y

38              225                           0.20% 12                  0.97 0.75 0.63 2.09 0.30 2.29 1.45 Y

39              1,270                        0.08% 24                  5.48 1.50 2.53 4.19 0.60 2.30 5.82 Y

40              

41              

42              

43              6,614                        0.08% 48                  28.53 3.00 10.11 8.38 1.21 3.67 37.07 Y

44              127                           0.33% 8                    0.55 0.50 0.28 1.40 0.20 2.24 0.63 Y

45              6,741                        0.08% 48                  29.08 3.00 10.11 8.38 1.21 3.67 37.07 Y

46              6,741                        0.08% 48                  29.08 3.00 10.11 8.38 1.21 3.67 37.07 Y

47              238                           0.20% 12                  1.03 0.75 0.63 2.09 0.30 2.29 1.45 Y

48              7,274                        0.08% 48                  31.38 3.00 10.11 8.38 1.21 3.67 37.07 Y

49              131                           0.33% 8                    0.57 0.50 0.28 1.40 0.20 2.24 0.63 Y

50              5                               0.33% 8                    0.02 0.50 0.28 1.40 0.20 2.24 0.63 Y

Not Used

Force Main

Force Main
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D

Item D5 - Maximum Velocity Met Calculations

This spreadsheet/table was prepared to meet the requirement 2.2.3.a of the Design and Construction Standards for Wastewater Collection Systems

of meeting the maximum velocity requirement of 10 feet per second for gravity sewer pipes flowing 3/4 full conveying peak wet weather flow.  
The calculations involve the use of Manning's formula with an "n" value of 0.013 and the maximum slope as provided in Table D of the DCSWCS.  
for pipelines 24-inch and diameter.  Maximum slopes for pipelines greater than 24-inch in diameter are as shown.  
The spreadsheet provides the maximum installation slope for the pipeline corresponding to each design point.

DESIGN 

POINT

SEWERSHED 

BASIN AREA 

(ACRES)

MAXIMUM 

SLOPE TO 

LIMIT 

VELOCITY 

TO 10 FPS 

AT PIPE 

75% Full 

(%)

DESIGN 

FLOW 

(GPM)

DESIGN 

FLOW 

(MGD) 

DESIGN 

FLOW 

(CFS) 

 PIPE 

DIAMETER 

(INCHES) 

 PIPE 

RADIUS 

(FEET) 

 FLOW 

AREA @ 3/4 

FULL PIPE 

(SQFT) 

 WETTED 

PERIMETER 

(FEET) 

 

HYDRAULIC 

RADIUS 

(FEET) 

 PIPE FLOW 

MAXIMUM 

VELOCITY @ 

MAXIMUM 

SLOPE 

FLOWING 

75% FULL 

(FPS) 

1                     315                  3.76% 610           0.88 1.36 12               0.500 0.6319 2.09 0.30 9.96
2                     311                  3.76% 602           0.87 1.34 12               0.500 0.6319 2.09 0.30 9.96
3                     911                  1.78% 1,764        2.54 3.93 21               0.875 1.9353 3.67 0.53 9.97
4                     1,336               1.49% 2,586        3.72 5.76 24               1.000 2.5277 4.19 0.60 9.97
5                     358                  2.79% 693           1.00 1.54 15               0.625 0.9874 2.62 0.38 9.96
6                     759                  2.19% 1,469        2.12 3.27 18               0.750 1.4218 3.14 0.45 9.97
7                     223                  4.79% 432           0.62 0.96 10               0.417 0.4388 1.75 0.25 9.95
8                     1,024               1.78% 1,982        2.85 4.42 21               0.875 1.9353 3.67 0.53 9.97
9                     1,583               1.27% 3,065        4.41 6.83 27               1.125 3.1991 4.71 0.68 9.96

10                   2,607               0.86% 5,047        7.27 11.25 36               1.500 5.6873 6.28 0.91 9.94
11                   225                  4.79% 436           0.63 0.97 10               0.417 0.4388 1.75 0.25 9.95
12                   3,147               0.86% 6,093        8.77 13.58 36               1.500 5.6873 6.28 0.91 9.94
13                   195                  4.79% 378           0.54 0.84 10               0.417 0.4388 1.75 0.25 9.95
14                   511                  2.79% 989           1.42 2.20 15               0.625 0.9874 2.62 0.38 9.96
15                   614                  2.19% 1,189        1.71 2.65 18               0.750 1.4218 3.14 0.45 9.97
16                   3,446               0.86% 6,671        9.61 14.87 36               1.500 5.6873 6.28 0.91 9.94
17                   176                  4.79% 341           0.49 0.76 10               0.417 0.4388 1.75 0.25 9.95
18                   3,622               0.86% 7,012        10.10 15.62 36               1.500 5.6873 6.28 0.91 9.94
19                   201                  4.79% 389           0.56 0.87 10               0.417 0.4388 1.75 0.25 9.95
20                   3,883               0.86% 7,517        10.83 16.75 36               1.500 5.6873 6.28 0.91 9.94
21                   173                  4.79% 336           0.48 0.75 10               0.417 0.4388 1.75 0.25 9.95
22                   
23                   252                  3.76% 488           0.70 1.09 12               0.500 0.6319 2.09 0.30 9.96
24                   618                  2.19% 1,196        1.72 2.67 18               0.750 1.4218 3.14 0.45 9.97
25                   716                  2.19% 1,386        2.00 3.09 18               0.750 1.4218 3.14 0.45 9.97
26                   897                  1.78% 1,737        2.50 3.87 21               0.875 1.9353 3.67 0.53 9.97
27                   897                  1.78% 1,737        2.50 3.87 21               0.875 1.9353 3.67 0.53 9.97
28                   250                  3.76% 484           0.70 1.08 12               0.500 0.6319 2.09 0.30 9.96

FORCE MAIN
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D

Item D5 - Maximum Velocity Met Calculations

DESIGN 

POINT

SEWERSHED 

BASIN AREA 

(ACRES)

MAXIMUM 

SLOPE TO 

LIMIT 

VELOCITY 

TO 10 FPS 

AT PIPE 

75% Full 

(%)

DESIGN 

FLOW 

(GPM)

DESIGN 

FLOW 

(MGD) 

DESIGN 

FLOW 

(CFS) 

 PIPE 

DIAMETER 

(INCHES) 

 PIPE 

RADIUS 

(FEET) 

 FLOW 

AREA @ 3/4 

FULL PIPE 

(SQFT) 

 WETTED 

PERIMETER 

(FEET) 

 

HYDRAULIC 

RADIUS 

(FEET) 

 PIPE FLOW 

MAXIMUM 

VELOCITY @ 

MAXIMUM 

SLOPE 

FLOWING 

75% FULL 

(FPS) 

29                   69                    6.46% 134           0.19 0.30 8                 0.333 0.2809 1.40 0.20 9.95

30 NOTE (1) 1,216               1.49% 2,354        3.39 5.25 24               1.000 2.5277 4.19 0.60 9.97
31                   1,400               1.27% 2,710        3.90 6.04 27               1.125 3.1991 4.71 0.68 9.96
32                   126                  6.46% 244           0.35 0.54 8                 0.333 0.2809 1.40 0.20 9.95
33                   139                  6.46% 269           0.39 0.60 8                 0.333 0.2809 1.40 0.20 9.95
34                   92                    6.46% 178           0.26 0.40 8                 0.333 0.2809 1.40 0.20 9.95
35                   155                  4.79% 300           0.43 0.67 10               0.417 0.4388 1.75 0.25 9.95
36                   247                  3.76% 478           0.69 1.07 12               0.500 0.6319 2.09 0.30 9.96
37                   512                  2.79% 991           1.43 2.21 15               0.625 0.9874 2.62 0.38 9.96

38 NOTE (2) 225                  3.76% 436           0.63 0.97 12               0.500 0.6319 2.09 0.30 9.96
39                   1,270               1.49% 2,459        3.54 5.48 24               1.000 2.5277 4.19 0.60 9.97
40                   
41                   
42                   
43                   6,614               0.59% 12,381      17.83 27.59 48               2.000 10.1108 8.38 1.21 9.99
44                   127                  6.46% 246           0.35 0.55 8                 0.333 0.2809 1.40 0.20 9.95
45                   6,741               0.59% 13,051      18.79 29.08 48               2.000 10.1108 8.38 1.21 9.99
46                   6,741               0.59% 13,051      18.79 29.08 48               2.000 10.1108 8.38 1.21 9.99
47                   238                  3.76% 461           0.66 1.03 12               0.500 0.6319 2.09 0.30 9.96
48                   7,274               0.59% 14,082      20.28 31.38 48               2.000 10.1108 8.38 1.21 9.99
49                   131                  6.46% 254           0.37 0.57 8                 0.333 0.2809 1.40 0.20 9.95
50                   5                      6.46% 10             0.01 0.02 8                 0.333 0.2809 1.40 0.20 9.95

Notes:
(1) Design point 30 is for both gravity collection for Central and the force main for Lift Station 2
(2) Design point 38 is for both gravity collection for Black Mountain and the force main for Lift Station 3

NOT USED
FORCE MAIN
FORCE MAIN
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D

Item D6 - Minimum Velocity Met Calculations

This spreadsheet/table was prepared to meet the requirement 2.2.3.a of the Design and Construction Standards for Wastewater Collection Systems

of meeting the minimum velocity requirement of 2 feet per second for gravity sewer pipes flowing half full conveying peak wet weather flow.  

The calculations involve the use of Manning's formula with an "n" value of 0.013 and the minimum pipeline slopes as provided in Table D of the DCSWCS

 for pipelines 24-inch diameter and less.  Minimum slopes for pipelines greater than 24-inch diameter are as shown. 

The spreadsheet provides the minimum installation slope for the pipeline corresponding to each design point. 

DESIGN POINT

BASIN AREA 

(ACRES)

MINIMUM 

SLOPE TO 

ACHIEVE A 

50% FULL 

PIPE AT 

MINIMUM 

SLOPE (%)

DESIGN 

FLOW 

(GPM)

DESIGN 

FLOW 

(MGD) 

DESIGN 

FLOW 

(CFS) 

 PIPE 

DIAMETER 

(INCHES) 

 PIPE 

RADIUS 

(FEET) 

 FLOW 

AREA 

@HALF 

FULL PIPE 

(SQFT) 

 WETTED 

PERIMETER 

(FEET) 

 HYDRAULIC 

RADIUS 

(FEET) 

 PIPE FLOW 

VELOCITY @ 

MINIMUM 

SLOPE 

FLOWING 

50% FULL 

(FPS) 

1                      315               0.20% 610          0.88 1.36 12               0.500 0.39 1.57 0.25 2.02

2                      311               0.20% 602          0.87 1.34 12               0.500 0.39 1.57 0.25 2.02

3                      911               0.10% 1,764       2.54 3.93 21               0.875 1.20 2.75 0.44 2.08

4                      1,336            0.08% 2,586       3.72 5.76 24               1.000 1.57 3.14 0.50 2.04

5                      358               0.15% 693          1.00 1.54 15               0.625 0.61 1.96 0.31 2.04

6                      759               0.12% 1,469       2.12 3.27 18               0.750 0.88 2.36 0.37 2.06

7                      223               0.25% 432          0.62 0.96 10               0.417 0.27 1.31 0.21 2.00

8                      1,024            0.10% 1,982       2.85 4.42 21               0.875 1.20 2.75 0.44 2.08

9                      1,583            0.07% 3,065       4.41 6.83 27               1.125 1.99 3.53 0.56 2.06

10                    2,607            0.05% 5,047       7.27 11.25 36               1.500 3.53 4.71 0.75 2.11

11                    225               0.25% 436          0.63 0.97 10               0.417 0.27 1.31 0.21 2.00

12                    3,147            0.05% 6,093       8.77 13.58 36               1.500 3.53 4.71 0.75 2.11

13                    195               0.25% 378          0.54 0.84 10               0.417 0.27 1.31 0.21 2.00

14                    511               0.15% 989          1.42 2.20 15               0.625 0.61 1.96 0.31 2.04

15                    614               0.12% 1,189       1.71 2.65 18               0.750 0.88 2.36 0.37 2.06

16                    3,446            0.05% 6,671       9.61 14.87 36               1.500 3.53 4.71 0.75 2.11

17                    176               0.25% 341          0.49 0.76 10               0.417 0.27 1.31 0.21 2.00

18                    3,622            0.05% 7,012       10.10 15.62 36               1.500 3.53 4.71 0.75 2.11

19                    201               0.25% 389          0.56 0.87 10               0.417 0.27 1.31 0.21 2.00

20                    3,823            0.05% 7,401       10.66 16.49 36               1.500 3.53 4.71 0.75 2.11

21                    173               0.25% 335          0.48 0.75 10               0.417 0.27 1.31 0.21 2.00

22                    

23                    252               0.20% 488          0.70 1.09 12               0.500 0.39 1.57 0.25 2.02

24                    618               0.12% 1,196       1.72 2.67 18               0.750 0.88 2.36 0.37 2.06

25                    716               0.12% 1,386       2.00 3.09 18               0.750 0.88 2.36 0.37 2.06

26                    897               0.10% 1,737       2.50 3.87 21               0.875 1.20 2.75 0.44 2.08

27                    897               0.10% 1,737       2.50 3.87 21               0.875 1.20 2.75 0.44 2.08

28                    250               0.20% 484          0.70 1.08 12               0.500 0.39 1.57 0.25 2.02

FORCE MAIN
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D

Item D6 - Minimum Velocity Met Calculations

DESIGN POINT

BASIN AREA 

(ACRES)

MINIMUM 

SLOPE TO 

ACHIEVE A 

50% FULL 

PIPE AT 

MINIMUM 

SLOPE (%)

DESIGN 

FLOW 

(GPM)

DESIGN 

FLOW 

(MGD) 

DESIGN 

FLOW 

(CFS) 

 PIPE 

DIAMETER 

(INCHES) 

 PIPE 

RADIUS 

(FEET) 

 FLOW 

AREA 

@HALF 

FULL PIPE 

(SQFT) 

 WETTED 

PERIMETER 

(FEET) 

 HYDRAULIC 

RADIUS 

(FEET) 

 PIPE FLOW 

VELOCITY @ 

MINIMUM 

SLOPE 

FLOWING 

50% FULL 

(FPS) 

29                    69                 0.35% 134          0.19 0.30 8                 0.333 0.17 1.05 0.17 2.04

30 NOTE (1) 1,216            0.08% 2,354       3.39 5.25 24               1.000 1.57 3.14 0.50 2.04

31                    1,400            0.07% 2,710       3.90 6.04 27               1.125 1.99 3.53 0.56 2.06

32                    126               0.35% 244          0.35 0.54 8                 0.333 0.17 1.05 0.17 2.04

33                    139               0.35% 269          0.39 0.60 8                 0.333 0.17 1.05 0.17 2.04

34                    92                 0.35% 178          0.26 0.40 8                 0.333 0.17 1.05 0.17 2.04

35                    155               0.25% 300          0.43 0.67 10               0.417 0.27 1.31 0.21 2.00

36                    247               0.20% 478          0.69 1.07 12               0.500 0.39 1.57 0.25 2.02

37                    512               0.15% 991          1.43 2.21 15               0.625 0.61 1.96 0.31 2.04

38 NOTE (2) 225               0.20% 436          0.63 0.97 12               0.500 0.39 1.57 0.25 2.02

39                    1,270            0.08% 2,459       3.54 5.48 24               1.000 1.57 3.14 0.50 2.04

40                    

41                    

42                    

43                    6,614            0.031% 12,831      18.48 28.59 48               2.000 6.28 6.28 1.00 2.02

44                    127               0.35% 246          0.35 0.55 8                 0.333 0.17 1.05 0.17 2.04

45                    6,741            0.031% 13,051      18.79 29.08 48               2.000 6.28 6.28 1.00 2.02

46                    6,741            0.031% 13,051      18.79 29.08 48               2.000 6.28 6.28 1.00 2.02

47                    238               0.25% 461          0.66 1.03 12               0.500 0.39 1.57 0.25 2.26

48                    7,274            0.031% 14,082      20.28 31.38 48               2.000 6.28 6.28 1.00 2.02

49                    131               0.35% 254          0.37 0.57 8                 0.333 0.17 1.05 0.17 2.04

50                    5                   0.35% 10            0.01 0.02 8                 0.333 0.17 1.05 0.17 2.04

Notes:

(1) Design point 30 is for both gravity flow for Central and the force main for Lift Station 2

(2) Design point 38 is for both gravity flow for Black Mountain and the force main for Lift Station 3

NOT USED

FORCE MAIN

FORCE MAIN
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D

Item D7 - Force Main Sizing

Lift 

Station

Design 

Point No.

Design Flow 

(gpm) 

Design Flow 

(cfs)

Force Main 

Cross Sectional 

Area @ V=6 

ft/sec (sq. 

inches)

Force Main 

Diameter @ 

V=6 ft/sec 

(sq. inches)

Selected 

Force 

Main 

Diameter 

(inches)

Selected Force 

Main Cross 

Sectional Area

(sq. feet)

Flow 

Velocity at 

Selected 

Force 

Main 

Diameter

(feet/sec)

1A DP-22 7752 17.3 414.5 23.0 24 3.14 5.50

1B DP-41 8006 17.8 428.1 23.3 24 3.14 5.68

1C DP-42 12587 28.0 673.1 29.3 30 4.91 5.71

2 DP-30 2359 5.3 126.1 12.7 14 1.07 4.92

3 DP-39 2468 5.5 132.0 13.0 14 1.07 5.14

Page 1 of 1
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Apex Industrial Park

Water and Wastewater Master Plan - December 28, 2012

Appendix D

Item D8 - Lift Station Discharge Head Calculation

Lift 

Station

Lift 

Station 

Elevation 

(feet)

Lift Station 

Discharge 

Elevation 

(feet)

Static Lift      

(feet)

Suction 

Lift

Force 

Main 

Diameter 

(inches)

Flow Rate 

(gpm)

Force 

Main 

Length 

(feet)

Force Main 

Material of 

Construction 

Total 

Discharge 

Head     

(feet)

Total 

Discharge 

Head    

(psi)

1A 2160 2335 175 20 24 7752 13529 PVC 235 101.8

1B 2335 2450 115 20 24 8006 9720 PVC 165 71.4

1C 2450 2550 100 20 30 12587 5071 PVC 132 57.2

2 2428 2500 72 20 14 2359 6145 PVC 120 52.0

3 2380 2500 120 20 14 2468 9870 PVC 188 81.4
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Water and Wastewater Master Plan - December 28, 2012

Appendix D

Item D9 - Water Demands and Required Water Storage Tank Volume

Park 

Developable 

Acreage

Average Day 

Water Demand 

(gpm)

Average 

Day Water 

Demand 

(MGD)

Maximum 

Day Water 

Demand  

(gpm)

Maximum Day 

Water 

Demand  

(MGD)

Peak Hour 

Water 

Demand 

(gpm) 

Peak Hour 

Water 

Demand 

(MGD) 

Subpark 

ERU 

Count

Required 

Tank 

Operating 

Storage (MG)

Required 

Tank 

Emergency 

Reserve 

Storage

Black Mountain 444.2 137.7 0.198 187.3 0.270 287.8 0.414 899 0.629 0.472
Central 492.6 152.7 0.220 207.7 0.299 319.2 0.460 997 0.698 0.523
Commercial Center North 174.5 54.1 0.078 73.6 0.106 113.1 0.163 353 0.247 0.185
Commercial Center South 333.9 103.5 0.149 140.8 0.203 216.3 0.312 676 0.473 0.355
Foothills 326.1 101.1 0.146 137.5 0.198 211.3 0.304 660 0.462 0.346
Industrial Rail 131.1 40.6 0.059 55.3 0.080 84.9 0.122 265 0.186 0.139
Kapex 2,504.2 776.3 1.118 1055.8 1.520 1622.5 2.336 5068 3.547 2.661
Miners Mesa 238.1 73.8 0.106 100.4 0.145 154.3 0.222 482 0.337 0.253
Northern Apex 354.3 109.8 0.158 149.4 0.215 229.6 0.331 717 0.502 0.376
Northern Flats 556.3 172.5 0.248 234.5 0.338 360.4 0.519 1126 0.788 0.591
Northern Flats West 103.4 32.1 0.046 43.6 0.063 67.0 0.096 209 0.146 0.110
Northern Highlands 362.7 112.4 0.162 152.9 0.220 235.0 0.338 734 0.514 0.385
North Hills 333.3 103.3 0.149 140.5 0.202 215.9 0.311 674 0.472 0.354
Pinnacle 297.5 92.2 0.133 125.4 0.181 192.8 0.278 602 0.421 0.316
Solo Mountain 348.0 107.9 0.155 146.7 0.211 225.5 0.325 704 0.493 0.370
Vegas Vista 523.0 162.1 0.233 220.5 0.318 338.9 0.488 1058 0.741 0.556

Total 7,523.2 2332 3.358 3172 4.567 4874.3 7.019 15225 10.657 7.993

Notes:
(1) Average Day water demand is based on 0.5 acre feet per acre per year which equals 0.31 gpm/acre. 
(2) CNLV standards utilize 1.1 gpm/acre as average day water demand for and Industrial Park
(3) Maximum day water demand factor is 1.36 (developed from CNLV standards for industrial park 1.5/1.1=1.36) 
(4) The peak hour demand factor is 2.09 (developed form CNLV standards for industrial parks, 2.3/1.1=2.09
(5) Subpark ERU count is based on 300 gallons per day per ERU (an assumed ERU demand)
(6) Tank operating storage is based on 700 gpm/ERU
(7) Tank emergency reservoir storage is 75% of required operating storage
(8) Fire storage is based on 6000 gpm for 4 hour duration = 1.44 MG
(9) Total Tank Storage = Operating Storage + Emergency Reserve + Fire Storage = 10.7MG + 8.0MG + 1.44MG = 20.14 MG say 20 MG total storage required
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Introduction
The U.S. Geological Survey (USGS) and the Bureau of Land Management (BLM) initiated a cooperative study through the Southern 

Nevada Public Land Management Act (Bureau of Land Management, 1998) to install six wells in the carbonate-rock and basin-fill aquifers of 
Clark County, Nevada, in areas of sparse groundwater data. This map uses water levels from these new wells, water levels from existing wells, 
and altitudes of spring discharge points to update a regional potentiometric map of the carbonate-rock aquifer and provide evidence to interpret 
the direction of regional groundwater flow. This potentiometric surface map is accompanied by drilling and borehole geophysical logs, well-
construction information, lithology, water chemistry, and water levels from the newly drilled wells.

Carbonate-Rock Aquifer and Regional Groundwater Flow

The carbonate-rock aquifer in Clark County consists of thick sequences of Paleozoic-age limestone and dolomite with thinner beds 
of shale, sandstone, and quartzite that are deformed and extended. Mountain blocks of carbonate rock, separated by intermountain basins, 
thicken westward from the Muddy Mountains toward the Las Vegas and Sheep Ranges (Dettinger and others, 1995; Prudic and others, 1995; 
Harrill and Prudic, 1998; Heilweil and Brooks, 2011). Groundwater in the aquifer flows through fractures and faults associated with regional 
deformation and through small-scale brittle fractures. 

The aquifer is primarily recharged through fractures in high-precipitation areas that are in high-altitude mountain ranges near groundwater 
divides. Regional discharge is from springs and riparian areas at low altitudes in major drainage basins. Discharge from springs at the regional 
scale is generally constant and less transient than from springs discharging from more localized flow systems (Toth, 1963). Active groundwater 
withdrawals (or pumping) can affect local spring discharge, producing fluctuations not characteristic of discharge from natural regional springs. 

Parts of three groundwater flow systems compose the carbonate-rock aquifer in Clark County: (1) the Colorado System, (2) Death Valley 
System, and (3) Mesquite Valley System (Harrill and others, 1988). In Clark County, groundwater flow in the Colorado System is principally 
to the southeast, discharging at the headwaters to the Muddy River. Flow in the Death Valley System is principally to the west, discharging 
to springs in Amargosa Valley and Death Valley (Faunt and others, 2010). Localized flow in the Mesquite Valley System discharges by 
evapotranspiration from phreatophytes and evaporation on the valley playa (Glancy, 1968). 

Groundwater flow directions and gradients are presented on potentiometric maps by Bedinger and Harrill (2010) and Brooks and others 
(2014). Both studies used available groundwater levels, spring altitudes, and discharge data to classify groundwater and springs as regional 
or local. Bedinger and Harrill (2010) generalized hydrogeologic and geologic characteristics as proxy data to define regional hydraulic heads, 
which are described as water levels that are (1) lower than the water table in areas of recharge, (2) above the altitude of intermediate and 
regional discharge areas, and (3) below the altitude of non-discharging dry playas. 

Brooks and others (2014) developed a regional-scale numerical groundwater flow model to evaluate groundwater availability in the Great 
Basin. The published potentiometric contours, representative of the carbonate-rock aquifer, were based on water-level observations from wells 
completed in basin fill and carbonate rock. These studies were conducted at a regional scale and included relatively few direct observations 
from wells in Clark County, which are completed in carbonate rock.

Selected Existing Hydrogeologic Data

Water levels, water chemistry, lithology, and construction data from monitoring wells were compiled from the USGS National Water 
Information System (NWIS) database (U.S. Geological Survey, 2016) and from Thomas and others (1996), and compared to information 
obtained from the six new wells. Sites near production wells were excluded from this selection because of the potential for pumping related 
drawdown to affect water levels, and monitoring wells were excluded if screened across multiple intervals. Wells were selected if they were 
screened in the carbonate-rock aquifer or in the basin-fill aquifer at depths greater than 500 feet. It is assumed that basin-fill wells at this depth 
are in hydraulic connection with the carbonate-rock aquifer (Prudic and others, 1995). In Clark County, 24 wells completed in carbonate rock, 
28 wells completed in deep basin-fill deposits, and 5 springs were selected from the USGS NWIS database (table 1) and included in this report.

Table 2. Summary of well construction information for newly drilled wells in Clark County, Nevada. 

[USGS, U.S. Geological Survey; NWIS, National Water Information System; ID, identifier; NDWR, Nevada Division of Water Resources; OD, outside dimension; DCR, depth to 
consolidated rock; WP, water production; gpm, amount of water pumped from well in gallons per minute; SCH, schedule; PVC, polyvinyl chloride; CR, carbonate rock; BF, basin 
fill; MR, mud rotary; AH, air hammer; >, greater than; —, no data; NA, not applicable]

Screened 
interval depth

Well test data

Well name
USGS NWIS 

site ID
Map

ID
NDWR 
log ID

Hole 
depth  
(feet)

Well 
depth 
(feet)

Diameter 
of casing 
(OD), in 
inches

From 
(feet)

To 
(feet)

Casing  
material

DCR 
(feet)

Aquifer 
completion

Drilling 
method

WP 
(gpm)

Time 
(hours)

BW-01 364204114454501 A 109838 1,928 1,926 4.500 1,786 1,926 SCH 80 PVC 595 CR MR/
AH 3 to 5 24

LSC-01
362454115270201

B
112697 905 890 6.625

336 417
SCH 40 steel 65 CR MR 150 6

808 889

(nested) — — 210 2.250 190 210 SCH 80 PVC — BF MR 0
(dry)

0
(dry)

RB-01 362135114285401 C 113526 975 973 6.000 810 952 SCH 40 steel 755 CR MR/
AH >150 3

BUFPKTS-01 362352114414501 D 114409 1,200 1,198 4.500 988 1,198 SCH 40 steel 221 CR MR 20 10

IVPH-01 354849115225001 E 115275 1,295 1,290 4.500 1,065 1,275 SCH 40 steel 38 CR MR/
AH 30 10

JM-01 362901115220001 F 121811 1,103 1,080 4.500
200 300 SCH 40 steel

NA BF MR 50 to 
75 50

780 1,080 SCH 40 steel

Spontaneous potential (SP), natural gamma, caliper, and resistivity (borehole, 16- and 64-inch normal) wireline geophysical logs were 
obtained at each newly drilled borehole. The SP logs measure the voltage between the borehole and an electrode at the surface and are used 
to identify permeability changes and boundaries between formations at depth. Natural gamma logs show formation radiation intensity, which 
is generally higher for clay-rich rocks and sediments that tend to emit elevated levels of radiation from natural decay of uranium and thorium 
to potassium-40. Caliper logs measure borehole diameter and can indicate the presence of fractures along the borehole wall. Resistivity logs 
record the electrical resistivity of the formation and can indicate higher-porosity transmissive zones. These logs are used together to provide 
information on the subsurface geology. 

Drill cuttings (chips of broken geologic material brought to the surface by drilling fluids) were washed and analyzed. These cuttings, 
borehole geophysical data, and observations made during drilling provide an indication of the subsurface geologic characteristics at each new 
drill site. Borehole geophysical logs, drill penetration rate, and subsurface lithology are presented with the study area map. 

Wells were constructed of steel or polyvinyl chloride (PVC) well casing ranging from 4.5 to 6.625 inches in diameter. Vertically slotted 
screens were installed in water-bearing zones interpreted from borehole geophysics. A summary of well-construction information for each of 
the newly drilled wells is shown in table 2.

Figure 1. A, Total dissolved solids and major-ion concentrations in water samples collected from wells and springs associated with regional 
groundwater flow, and B, isotopic ratios of delta deuterium (δ2H) and delta oxygen-18 (δ18O) in samples collected from new and reference wells and 
springs in Clark County, Nevada (Global Meteoric Water Line [δ2H = 8×δ18O + 10; Craig, 1961], and Local Meteoric Water Line [δ2H = 6.5×δ18O – 9.7; 
Friedman and others, 1992]).
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Variations in borehole direction during drilling (drift) are common and can require corrections 
to water-level measurements. Borehole drift was monitored, and deviation was measured where drift 
was detected during the drilling of all new wells. The borehole at well BUFPKTS–01 was the only 
site that needed correction because borehole drift occurred above the depth of the static water level. 
The water level for this well was corrected using the equation from Elliott and Fenelon (2010):

where
 Vd is the corrected vertical depth,
 Md is the measured depth,
 Mtop is the measured depth to the top of the correction interval,
 ΔVint is the difference in the true vertical depth between the top and bottom of the 

correction interval,
 ΔMint is the difference in the measured top and bottom of the correction interval, and
 Vtop is the corrected vertical depth to the top of the interval over which the correction 

applies.

Regional Potentiometric Surface

Groundwater levels from the six wells drilled for this project and wells fitting the criteria 
described in the section “Selected Existing Hydrogeologic Data,” were compiled and used to 
construct a groundwater-level map representing the regional potentiometric surface of the upper 
carbonate-rock aquifer in Clark County, Nevada, in 2009–2015. Data used to construct the 
potentiometric surface are published separately as a USGS data release (Wilson, 2019). This map 
is similar to the regional potentiometric surface shown on previous maps by Bedinger and Harrill 
(2010) and Brooks and others (2014). In general, the potentiometric surface on this map follows the 
overlying land-surface topography. Higher topographic altitudes typically have higher groundwater 
altitudes, hydraulic gradients generally are steep near mountain ranges and low (flatten) in basins, and 
water-level contours parallel and intersect surface-water features.

Area on map Description

A In the Las Vegas and Sheep Ranges, and the Spring Mountains, mountain 
block recharge contributes to and directs regional groundwater flow in 
Clark County.  

B Water-level contours generally indicate groundwater flow to the east, 
terminating at discharge points along the Las Vegas Wash in Las Vegas 
Valley, and the Muddy River near Moapa Valley.

C A low water-level gradient near Moapa Valley indicates slow groundwater 
movement toward the Muddy River and Lake Mead.

D A low water-level gradient in northeast Clark County indicates that 
groundwater in this area flows toward the Virgin River.

Summary and Conclusions
During 2009 and 2015, the U.S. Geological Survey in cooperation with the Bureau of Land 

Management installed six new wells in Clark County, Nevada. The wells were installed to address the 
spatial gaps of wells completed in the carbonate-rock aquifer. This map describes new and existing 
water-level and hydrologic data used to (1) develop a potentiometric map, and (2) provide additional 
supporting evidence for the direction of regional groundwater flow in the upper carbonate-rock 
aquifer in Clark County. Results from this study indicate that the Spring Mountains and the Las Vegas 
and Sheep Ranges provide primary recharge to the groundwater system in western Clark County. 
Additionally, potentiometric contours indicate eastward groundwater flow in much of Clark County 
that terminates at springs along Las Vegas Wash, the Muddy River, and the Virgin River. Previous 
maps by Bedinger and Harrill (2010) and Brooks and others (2014) show similar water-surface 
altitudes and gradients. This study introduces new water-level measurement sites that cover data gaps 
and support previous regional water-surface interpretations. Additionally, comparison of lithologic 
descriptions, geophysical logs, and groundwater chemistry from the six wells drilled during this study 
to existing data, substantiates that water levels in the new wells represent the regional carbonate-rock 
aquifer. 
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Table 3. Total dissolved solids and concentrations of major ions in water samples collected from new wells in Clark County, Nevada.

[mm/dd/yyyy, month/day/year; mg/L, milligrams per liter; <, less than; CR, carbonate rock; BF, basin fill]

Well name
Date 

(mm/dd/yyyy)

Total 
dissolved

solids 
(mg/L)

Calcium 
(mg/L)

Magnesium 
(mg/L)

Sodium  
(mg/L)

Potassium 
(mg/L)

Chloride 
(mg/L)

Sulfate 
(mg/L)

Carbonate 
(mg/L)

Bicarbonate 
(mg/L)

Principal 
contributing 

aquifer

BW-01 04/30/2010 616 60.8 24.4 101 11.0 56.3 195 < 1.0 264 CR
LSC-01 06/14/2012 249 45.1 28.2 5.0 1.46 2.90 21.4 < 1.0 246 CR
RB-01 04/09/2014 2,980 399 135 272 18.5 312 1,570 < 1.0 145 CR
BUFPKTS-01 04/10/2014 234 7.6 4.8 72.4 5.68 17.9 20.6 8.4 166 CR
IVPH-01 04/11/2014 499 67.1 38.2 53.9 3.33 105 86.4 < 1.0 210 CR
JM-01 03/14/2013 283 35.7 28.5 33.4 1.82 5.85 19.0 < 1.0 299 BF

Table 4. Isotopic ratios of deuterium (δ2H) and oxygen 
(δ18O) in water samples collected from new wells drilled 
in Clark County, Nevada.

[δ2H, deuterium (2H) to protium (1H) isotopic ratio relative to 
VSMOW; δ18O, oxygen-18 to oxygen-16 isotopic ratio relative to 
VSMOW; VSMOW, Vienna Standard Mean Ocean Water; ‰, per 
mil (parts per thousand)]

Well name
δ2H
(‰)

δ18O
(‰)

BW-01 –97.49 –12.89
LSC-01 –103.00 –13.98
RB-01 –91.70 –12.38
BUFPKTS-01 –82.50 –11.26
IVPH-01 –92.30 –12.71
JM-01 –95.67 –13.01

(1)

Table 1. Existing monitoring wells representative of the carbonate-rock and basin-fill aquifers in Clark County, Nevada. 

 [ID, identifier; USGS, U.S. Geological Survey; NWIS, National Water Information System; mm/dd/yyyy, month/day/year; NGVD 29, National Geodetic Vertical Datum of 
1929; CR, carbonate rock; BF, basin fill; —, no data]

Map 
ID

USGS site ID USGS NWIS site name
Site 
type

Well 
depth 
(feet)

Hole 
depth 
(feet)

Contributing 
aquifer 

Date of 
water-level 

measurement 
(mm/dd/yyyy)

Water 
level, 
in feet 
below 
land 

surface

Water-level 
altitude, 
in feet 

above mean 
sea level 
(NGVD 29)

1 361816115241301 212  S19 E59 18AAC 1 Well 542 542 CR 09/01/1964 417.00 3,484
2 363500115400001 161  S16 E56 16    1    Indian Springs 

Sewage Co
Well 550 590 CR 06/01/1963 54.00 3,146

3 362846114495501 216  S17 E64 09DDCD1    CRYSTAL 2 Well 565 565 CR 08/21/2000 254.94 1,815
4 364741114532801 210  S13 E63 26AAAA1    USGS-MX 

CE-DT-5
Well 628 628 CR 08/13/1999 349.81 1,820

5 360016115361501 163  S22 E57 29DABC1    USBLM 
NDOT 01

Well 660 660 CR 09/07/2010 306.15 3,917

6 364743114533101 210  S13 E63 23DDDC1    USGS-MX 
CE-DT-4

Well 669 669 CR 10/15/2015 356.27 1,819

7 363212115240301 212  S16 E58 23DDD 1    USFWS SBH-1 Well 720 720 CR 05/28/2015 575.20 2,891
8 362531114524201 216  S18 E64 07BB  1    WELL (REPORT 

R50)
Well 793 793 CR 11/29/1956 226.40 1,819

9 355829115150601 212  S23 E60 03DBCB1    TORTOISE 
CENTER

Well 800 800 CR 03/19/1990 555.00 2,150

10 361736114531601 215  S19 E63 13DCAA1    EBM-3 Well 900 1,241 CR 02/20/2004 578.73 1,810
11 363308114553001 217  S16 E63 09DDAB1    USBLM 

SHV-1
Well 920 920 CR 10/01/2015 833.69 1,815

12 363332115244001 212  S16 E58 14A   1    USFWS DR-1 Well 930 960 CR 05/28/2015 813.40 2,760
13 364604114471301 219  S13 E64 35DCAD1    USGS-MX 

CE-DT-6
Well 937 937 CR 11/01/2002 456.00 1,819

14 364830115512601 160  S13 E55 19    1    TW- 3 Well 1,127 1,860 CR 08/25/2015 1,103.00 2,381
15 363407115215301 212  S16 E59 08    2    USGS - Cow Camp Well 1,403 1,403 CR 07/29/2015 1,330.30 2,856
16 362507114572701 216  S18 E63 05AADB1 Well 1,979 2,007 CR 03/01/2002 755.00 1,811
17 360946115421401 162  S20 E56 33CCAA1    TROUT 

CANYON 01
Well 718.5 720 CR 01/05/2015 467.30 4,794

18 364451114585001 210  S14 E62 01ADBD1    CSVM-5 Well 1,780 1,783 CR 09/20/2011 1,081.20 2,048
19 362700114564401 216  S17 E63 21DCCC1    HV-1 Well 2,480 2,480 CR 06/20/2000 882.00 1,820
20 361811115404401 212  S19 E56 15ABBD1 Well 660 660 CR 01/26/1981 214.40 8,500
21 364738114534001 210  S13 E63 26AABD1    CSV-RW-2 Well 710 720 CR 09/14/2011 383.40 1,819
22 364728114531001 210  S13 E63 25BDBB1    CSVM-1 Well 1,040 1,060 CR 09/21/2011 341.90 1,819
23 364529114492401 219  S13HE64 33DBBC1    UMVM-1 Well 1,200 1,200 CR 04/22/2003 247.00 1,831
24 363943114552301 210  S15 E63 03BBCC1    CSVM-2 Well 1,400 1,425 CR 09/20/2011 750.70 1,822
25 360201115204701 212  S22 E59 15DAAB1 Well 532 532 BF 03/14/1990 267.21 2,823
26 363201115333801 211  S16 E57 28B   1    Hwy95 Cons 1 Well 550 550 BF 04/22/1963 98.00 3,083
27 360247115224401 212  S22 E59 09CBDB1    HUMANE Well 570 570 BF 01/21/2009 354.80 2,898
28 363452115405101 161  S16 E56 08BAAC1    USAF Well 3 Well 600 600 BF 07/29/2015 68.00 3,062
29 363447115404601 161  S16 E56 08BAAD1    USAF Well 

106-2
Well 604 604 BF 07/29/2015 63.15 3,067

30 363255115515801 161  S16 E54 24BCBA1    Army 2 Well 627 658 BF 08/17/2015 495.20 3,318
31 355015115102601 166  S24 E61 20DDAC1    HIDDEN 

VALLEY
Well 640 640 BF 12/03/1956 605.00 2,423

32 354454115205401 164A S25 E59 27AACA1    JAIRPORT Well 650 650 BF 12/11/2008 280.90 2,499
33 361136115101401 212  S23 E61 03BCC 1    Sky Harbor 

Airport
Well 650 650 BF 04/18/2011 215.36 2,160

34 360941115104801 212  S20 E61 32CDC 1 Well 665 665 BF 04/18/2011 18.47 2,077
35 355923115174201 212  S22 E60 32CB  1 Well 700 700 BF 08/06/1979 460.00 2,420
36 360826115020001 212  S21 E62 10ACAA1    Nevada Power 

Company
Well 715 715 BF 04/20/2011 21.94 1,683

37 364601114514301 210  S13 E64 31DADA1    USGS CSV-1 Well 765 765 BF 07/31/2009 346.91 1,813
38 361939115154801 212  S19 E60 04DAB 2    NV Division of 

Forestry
Well 780 780 BF 04/21/2011 77.51 2,376

39 364127114553001 210  S14 E63 28AACD1    USGS CSV-3 Well 780 780 BF 09/20/2011 594.00 1,820
40 355947115163501 212  S22 E60 33BB  1 Well 785 785 BF 12/10/1976 585.00 2,120
41 360931115083802 212  S21 E61 03ABB 2 Well 807 807 BF 04/18/2011 9.08 2,005
42 361843115161001 212  S19 E60 09BCC 1 Well 830 830 BF 04/28/2011 155.76 2,354
43 361233115021501 212  S20 E62 15BBAB1    USAF Nellis 

12 (C)
Well 1,000 1,000 BF 04/27/2011 124.71 1,691

44 361346115115901 212  S20 E61 06CBDD1    CNLV Desert 
Aire

Well 1,000 1,000 BF 04/27/2011 60.72 2,150

45 361400115040901 212  S20 E62 05CAAA1    CNLV Wilshire Well 1,000 1,000 BF 10/01/2015 62.56 1,806
46 361303115140301 212  S20 E60 11CAAA1    LVVWD W028 Well 1,003 1,003 BF 01/18/2007 202.05 2,085
47 361232115061001 212  S20 E61 13ABDB1    CNLV Diana 

Terrace
Well 1,230 1,230 BF 10/01/2015 11.83 1,845

48 361626115090701 212  S19 E61 21DDB 1    CNLV Regional 
Park 1

Well 1,300 1,300 BF 09/01/2015 40.72 2,119

49 360809115252601 212  S21 E58 12DDDD1    RED ROCK 
WASH

Well 503 503 BF 11/07/2008 400.54 3,288

50 364014114315301 220 S14 E67 31DACD1 Well 387 620 BF 03/19/1987 116.00 1,574
51 364912114041201 222 S13 E71 09BDCA1 PS27 Well 1,450 1,493 BF 07/08/1994 84.00 1,573
52 364044114165201 222 S14 E69 33ABC 1 D & HA Well 880 880 BF 03/10/1985 37.26 1,341
53 362239114263501 215 S18 E67 12DDAD1 ROGERS 

SPRING
Spring — — CR — — 1,576

54 362321114252601 215 S18 E68 07ABBA1 BLUE POINT 
SPRING

Spring — — CR — — 1,562

55 09419625 CORN CK SPGS AT NATIONAL FISH & 
WILDLIFE HDQRS, NV

Spring — — CR — — 2,930

56 09415910 PEDERSON SPGS NR MOAPA, NV Spring — — CR — — 1,811
57 362450115442001 161 S18 E55 01DACC1 COLD CREEK 

SPRING
Spring — — CR — — 6,324

Water Chemistry
Water-quality samples for major-ion chemistry and the stable isotopes of water 

(deuterium, δ2H, and oxygen, δ18O) were collected at each new well site, and results 
of analysis were compared to existing values from springs and wells near the drill 
sites. Total dissolved solids (TDS) and concentrations of calcium (Ca), magnesium 
(Mg), sodium (Na), potassium (K), chloride (Cl), sulfate (SO4), carbonate (CO3), 
and bicarbonate (HCO3) were measured by the USGS National Water Quality 
Laboratory (NWQL), in Denver, Colorado (table 3). Deuterium (δ2H) and oxygen 
(δ18O) isotopes were analyzed by the USGS Radiogenic Isotope Facility in Denver, 
Colorado (table 4).

Standard three-well-casing volumes were purged from each well, and water 
samples were collected with a submersible pump except at two sites (wells 
IVPH–01 and BUFPKTS–01) where samples were obtained through bailing. 
A 20-foot-long bailer was used to purge water from the well and collect a 
representative water sample. 
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Existing sites (Thomas and others, 1996)

New wells

Major-ion chemistry is important to an understanding of the migration of water through a groundwater flow system. A Piper diagram 
(fig. 1A) can be used to evaluate the chemical characteristics of groundwater and the effects of chemical processes occurring between minerals 
and water. Groundwater samples from newly drilled wells show similar major-ion chemistry to previously sampled wells and springs (Thomas 
and others, 1996) that are assumed to represent groundwater from the regional carbonate-rock aquifer. 

Isotopic ratios of δ2H and δ18O in water samples collected from wells drilled for this study and in samples previously collected from wells 
and springs, are compared to the Global Meteoric Water Line (GMWL) and a Local Meteoric Water Line (LMWL) on figure 1B. This plot 
provides a comparison of recharge from low-altitude and high-altitude precipitation sources to waters from previously published data (Thomas 
and others, 1996).

Water-Level Information
Water levels from newly drilled wells were measured periodically from 2009 to 2015 and stored in the USGS NWIS database 

(https://waterdata.usgs.gov/nwis). These data were quality assured, which included evaluating measurements for temporal irregularity and 
adjustments due to known borehole deviation. Water levels were relatively stable throughout the duration of this project except for well BW-01, 
which experienced a decline of approximately 3 feet from January 2010 to May 2013, and a subsequent recovery of approximately 1 foot from 
June 2013 to June 2014.
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Drilling, Borehole Geophysical Logs, Lithology, and Well Construction
Groundwater monitoring wells were installed at six locations in Clark County. Criteria for selecting drill sites included (1) the carbonate-

rock aquifer was relatively close to the surface, (2) there were no nearby groundwater withdrawals, and (3) access for drilling equipment was 
possible on existing roads. 

Drilling techniques were dependent upon borehole advancement rate and lithology. Mud rotary drilling was predominantly used 
when drilling through unconsolidated material consisting mostly of sand, gravel, and cobbles. At all sites, the drill penetration rate through 
unconsolidated material was relatively consistent and progressed rapidly with this technique. When penetration rate slowed in denser rock 
units, air-hammer drilling was used. A change in drilling method allowed for consistent downward progress and limited drill time and cost.

SE ROA 34928
JA_7457

https://pubs.usgs.gov/pp/1711/
https://pubs.usgs.gov/pp/1711/
https://pubs.usgs.gov/sir/2014/5213/
https://pubs.usgs.gov/sir/2014/5213/
https://www.gpo.gov/fdsys/pkg/PLAW-105publ263/pdf/PLAW-105publ263.pdf
https://www.gpo.gov/fdsys/pkg/PLAW-105publ263/pdf/PLAW-105publ263.pdf
https://www.gpo.gov/fdsys/pkg/PLAW-105publ263/pdf/PLAW-105publ263.pdf
https://www.gpo.gov/fdsys/pkg/PLAW-105publ263/pdf/PLAW-105publ263.pdf
http://www.jstor.org/stable/1708089?origin=JSTOR-pdf
http://www.jstor.org/stable/1708089?origin=JSTOR-pdf
https://pubs.er.usgs.gov/publication/wri914146
https://pubs.er.usgs.gov/publication/wri914146
https://doi.org/10.3133/ds533
https://doi.org/10.3133/ds533
https://pubs.usgs.gov/pp/1711/
https://pubs.usgs.gov/pp/1711/
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/92JD00184
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/92JD00184
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/92JD00184
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/92JD00184
https://doi.org/10.3133/ha694C
https://doi.org/10.3133/ha694C
https://pubs.usgs.gov/pp/1409a/report.pdf
https://pubs.usgs.gov/pp/1409a/report.pdf
https://pubs.usgs.gov/sir/2010/5193/
https://pubs.usgs.gov/sir/2010/5193/
https://pubs.er.usgs.gov/publication/pp1409D
https://pubs.er.usgs.gov/publication/pp1409D
https://pubs.usgs.gov/sir/2005/5232/
https://pubs.usgs.gov/sir/2005/5232/
https://pubs.er.usgs.gov/publication/pp1409C
https://pubs.er.usgs.gov/publication/pp1409C
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/JZ068i016p04795
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/JZ068i016p04795
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/JZ068i016p04795
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/JZ068i016p04795
https://doi.org/10.5066/F7P55KJN
https://doi.org/10.5066/F7P55KJN
https://doi.org/10.5066/F7P55KJN
https://doi.org/10.5066/F7P55KJN
https://doi.org/10.5066/P9K73T7Q
https://doi.org/10.5066/P9K73T7Q
https://waterdata.usgs.gov/nwis
https://waterdata.usgs.gov/nwis


SE ROA 35458

JA_7458



SE ROA 35459

JA_7459



Water and Environmental Resources Department
Water Resources Division

Technical Review of Numerical Groundwater Flow 
Model of Selected Basins within the Colorado Regional 

Groundwater Flow System, Southeastern Nevada, 
Version 1.0 - A Model Prepared by Tetra Tech for the 
National Park Service, U.S. Fish and Wildlife Service 

and Bureau of Land Management 

  

June 2013

  

Doc No. WRD-ED-0020  

SE ROA 35460

JA_7460



This document’s use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the Southern Nevada 

Water Authority.  Although trademarked names are used, a trademark symbol does not appear after every occurrence of a trademarked name.  

Every attempt has been made to use proprietary trademarks in the capitalization style used by the manufacturer.

Suggested citation: Southern Nevada Water Authority, 2013, Technical Review of Numerical Groundwater Flow Model of Selected Basins within 

the Colorado Regional Groundwater Flow System, Southeastern Nevada, Version 1.0 - A Model Prepared by Tetra Tech for the National Park 

Service, U.S. Fish and Wildlife Service and Bureau of Land Management: Southern Nevada Water Authority, Las Vegas, NV, Doc. No.             

WRD-ED-0020, 30 p. SE ROA 35461

JA_7461



TECHNICAL REVIEW OF A GROUNDWATER MODEL DEVELOPED BY TETRA TECH

i
  

  

CONTENTS

List of Figures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .ii
List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii
List of Acronyms and Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv

Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1

General Comments - Predevelopment Model. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2

Predevelopment Model Calibration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
Discharge Calibration Targets  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2
Head Residuals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3
Hydraulic Parameter Estimates. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3

Conceptual Model. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5
Missing Faults in the Hydrogeologic Framework  . . . . . . . . . . . . . . . . . . . . . . . . . . .5
Missing Analytical Solutions Based on Order-1169 Test  . . . . . . . . . . . . . . . . . . . . .7
Hydraulic Properties by Hydrogeologic Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8
Springs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8
Recharge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
Discharge  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9

Numerical Model  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11
Spring Representation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11
Evapotranspiration Representation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11
Calibration Targets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12
Calibration Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12

Information Presentation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
Report  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
Electronic Files and Documentation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15

General Comments - Predictions Report  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15

Specific Comments - Model Development Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16

References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .21

SE ROA 35462

JA_7462



TECHNICAL REVIEW OF A GROUNDWATER MODEL DEVELOPED BY TETRA TECH

ii

  

  

FIGURES
NUMBER TITLE PAGE

1 Head Residuals versus Simulated Heads for Predevelopment Conditions,  
Stress Period 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2 Total Transmissivity Distribution in the Tetra Tech Model. . . . . . . . . . . . . . . . . . . . . . . 6

SE ROA 35463

JA_7463



TABLES
NUMBER TITLE PAGE

TECHNICAL REVIEW OF A GROUNDWATER MODEL DEVELOPED BY TETRA TECH

iii

  

  

1 Comparison of Simulated and Observed Streamflow Rates at Gages Located  
along the Muddy River, under Predevelopment Conditions. . . . . . . . . . . . . . . . . . . . . . . . 3

2 Pre Production Model, Stress Period 2 
Head Residual Statistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

3 Comparison of Evapotranspiration Estimates for Lower Moapa Valley . . . . . . . . . . . . . 17

SE ROA 35464

JA_7464



TECHNICAL REVIEW OF A GROUNDWATER MODEL DEVELOPED BY TETRA TECH

iv

  

ACRONYMS

COV Coefficient of variation 

CCRP Central Carbonate-Rock Province 

DRN Drain Package (MODFLOW)

DRT Drain Return Package (MODFLOW)

ET Evapotranspiration

HGU Hydrogeologic Unit

HUF Hydrogeologic Unit Flow Package (MODFLOW)

K Hydraulic conductivity

LVVWD Las Vegas Valley Water District

NPS National Park Service

PC4 Paleozoic carbonate unit 4

PRISM Parameter-elevation Regressions on Independent Slopes Model

SFR2 Streamflow Routing Package 2 (MODFLOW)

SNWA Southern Nevada Water Authority

T Transmissivity

U.S. United States

USGS U.S. Geological Survey

UTM Universal Transverse Mercator

ABBREVIATIONS

afy acre-feet per year

cfs cubic feet per second

ft/yr feet per year

ft2/d square feet per day

SE ROA 35465

JA_7465



TECHNICAL REVIEW OF A GROUNDWATER MODEL DEVELOPED BY TETRA TECH

1

  

  

INTRODUCTION

This document contains a technical review of a numerical groundwater flow model of selected basins 
of the Colorado Regional Groundwater Flow System, located in southeastern Nevada. The model was 
developed by Tetra Tech for the National Park Service, U.S. Fish and Wildlife Service, and Bureau of 
Land Management, collectively referred to as the Department of Interior Bureaus. This review covers 
the following products dated September 28, 2012:

• Report titled “Development of a Numerical Groundwater Flow Model of Selected Basins 
within the Colorado Regional Groundwater Flow System, Southeastern Nevada - Version 1.0” 
(referred to herein as the "Model Development Report")

• Report titled “Predictions of the Effects of Groundwater Pumping in the Colorado Regional 
Groundwater Flow System Southeastern Nevada” (referred to herein as the "Model Prediction 
Report")

• Modeling files provided in electronic form in folder named “Modeling Datasets”

It is apparent from these products that significant efforts were expended to develop the subject model 
and, given the complexity of the area, the work accomplished by the authors thus far is recognized. 
As stated on page 63 of the Model Development Report, the purpose of the model is "…to evaluate 
the cumulative effects of pumping in different areas within the model, and to estimate the magnitude 
and timing of changes that will occur as a result of use of the groundwater."  However, as explained in 
this document, both the model and the corresponding reports have a number of serious defects that 
render the model unusable for its intended purpose.  This review focusses on the predevelopment 
model, which represents the system under natural conditions before significant development by man, 
and is modeled in the first 2 stress periods in the "pre-production" simulation of the Tetra Tech model. 
Only a limited review of the transient and predictive simulations was performed because the defects 
that render the predevelopment model unusable, as it does not represent the natural system, also 
render all subsequent model simulations unreliable and therefore unusable too.

Extensive revisions to the model and associated reports are necessary to resolve the defects identified 
in this review.  These revisions would need to be performed prior to using the model for any 
predictive simulations and are described in the following text:

1. Preparation of a complete and well-documented conceptual model based on all available and 
relevant old and new information.  This conceptual model would preferably be documented 
and peer-reviewed prior to the development of the numerical model.

2. Revision of the construction of the numerical model so that important features such as faults, 
springs, evapotranspiration, and boundary conditions are represented as accurately as 
possible.
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3. Refinement of the model construction through calibration of the revised numerical model to 
more accurately represent the natural conditions of the system being modeled (approximate 
predevelopment conditions).

4. Calibration of the numerical model to transient conditions, using all available and relevant 
hydraulic head, spring discharge, and stream flow data.

5. Preparation of a complete and well-documented numerical model report that would include a 
detailed analysis of the model fit, including comparisons of simulated targets to actual 
observations; and a robust comparison between the final calibrated parameters and the 
observed ranges.  This report should also be peer reviewed prior to its use for predictive 
simulations.

GENERAL COMMENTS - PREDEVELOPMENT MODEL

This section contains descriptions of the major issues identified in the predevelopment model. 
Remedies are suggested where possible. 

Predevelopment Model Calibration

The main issue is that the numerical model is not properly calibrated for predevelopment conditions 
under natural conditions (stress periods 1 and 2), as exhibited by (1) large residuals for major 
discharge calibration targets (e.g. Muddy springs discharge); (2) the large magnitude and 
inappropriate distributions of the head residuals; and (3) hydraulic parameter estimates well outside 
of the observed ranges, particularly the hydraulic conductivity (K) and transmissivity (T) of the 
Paleozoic Carbonate unit 4 (PC4).  Without a good calibration to predevelopment conditions, the 
model is not yet ready for the transient calibration or predictive runs. 

Discharge Calibration Targets

As reported by the authors of the Tetra Tech model, the measured stream flow in the Muddy River at 
the Moapa gage is about 32,000 afy under pre-development conditions [Eakin (1964) reports 33,700 
afy].  The Tetra Tech model only simulates a flow of about 20,000 afy, or only 63 percent of the 
assumed value (32,000 afy).  This target represents the largest and most reliable of all targets in the 
White River Flow System portion of the model domain.  SNWA (2009a) assumed that the 
predevelopment stream flow at the Muddy River near Moapa gage to be equal to the average annual 
flow of 33,700 afy (adjusted for precipitation runoff events), estimated by Eakin (1964).  SNWA 
(2009a) derived an estimate of the variability of this estimate from the historical record up to 1962. 
The coefficient of variation (COV) of stream flow at that location prior to 1962 was about 0.13 for the 
raw record (unadjusted) and about 0.02 for the adjusted record, not including suspect measurements. 
Therefore, stream base flow at this location is known within 4 percent (2 standard deviations). 
Allowing for model error in addition to the observation error, one should be able to match this target 
to within 5 or even 10 percent maximum of the observed value.  
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The authors did not report the simulated flows at other gages located downstream from the Moapa 
gage on the Muddy River but an examination of the model files reveals that these are also not well 
matched (Table 1).  For example, the simulated streamflow in the Muddy River at Lake Mead is more 
than 40,000 afy.  This is at least 4 times larger than ever reported.  SNWA (2009a) estimated a base 
flow of 7,000 afy based on unadjusted measurements taken in 1914 at the St. Thomas gaging station. 
The St Thomas gage was located on the Muddy River at its confluence with the Colorado River and 
was destroyed when Lake Mead was created.  Rush (1968) in Reconnaissance Report No. 50, reports 
an estimate of 10,000 afy based on data collected in 1967.   

Head Residuals

In theory and in a well-calibrated model, residuals should vary randomly about a mean value of zero. 
Table 2 lists the statistics for the head residuals (calculated as simulated minus observed values) at the 
end of stress period 2.  These statistics indicate that the probability distribution of the heads is not 
normal and has a large mean value of -49 feet.  Furthermore, a plot of the same head residuals versus 
the observed values (Figure 1) confirms that the distribution of the residual is biased.  At head 
elevations lower than about 3,000 ft amsl, most points fall above the zero line, whereas most points at 
head elevations larger than 3,000 ft fall below the zero line.  Figure 6.2-2 of the Tetra Tech report also 
shows that the spatial distribution of the head residuals is biased.  Residuals are mostly positive in the 
southern part of the model area, and negative in the northern part.  These are indications that the 
model solution is not a good fit to the real system and additional work on the conceptual model and 
calibration are required. 

Hydraulic Parameter Estimates

The values of transmissivity derived by Tetra Tech are inconsistent with the existing data (provided in 
Table 3-1 of Tetra Tech’s report) and with preliminary estimates derived by SNWA based on the 
Order-1169 aquifer test.  The spatial distribution of the total transmissivity is shown in Figure 2 for 
reference. 

Table 1
Comparison of Simulated and Observed Streamflow Rates at Gages Located 

along the Muddy River, under Predevelopment Conditions 

Gage
Simulated Value 

(afy)

Observed

Observed Value 
(afy) Time Observed Source

Moapa 20,300 33,700 1914 to 1962 Eakin (1964)

Glendale 48,000 33,600 1951 to 1960 LVVWD (2001)

St Thomas (Lake 

Mead)
46,600 7,000 1914

SNWA (2009a) 

based on Wells 

(1954)

LVVWD: Las Vegas Valley Water District 
SNWA: Southern Nevada Water Authority
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In the Tetra Tech model, the total transmissivity in the Muddy River Springs area and a portion of 
Coyote Springs Valley exceeds 1,000,000 ft2/day, whereas the highest reported for aquifer test values 
as summarized in the Tetra Tech Table 3-1 are 530,000 ft2/day for Well RW-1 in Coyote Spring 
Valley, and 92,940 to 360,000 ft2/day for wells proximal to the Muddy River Springs.  Within the 
immediate vicinity of the Muddy River Springs, simulated transmissivities exceed 9,000,000 ft2/d 
(Figure 2).  These values are significantly greater than those reported in the current literature.  One 
possible solution would be to analyze the Order-1169 aquifer test data and constrain the model by 
those results.

The large hydraulic conductivity values derived by PEST for the PC4 unit in the Muddy River 
Springs Area are likely caused by the faulty model representation of the springs (seeps) that occur 
between the main springs and the Moapa gage.  In an attempt to match the streamflow in the Muddy 
River at Moapa, PEST is forced to calculate extremely large Ks for the PC4 unit in that area.  

The issue is likely the result of the plumbing depths of these springs (seeps) being too shallow.  Also, 
as a result of this issue, the water is by-passing the Moapa gage, discharging into the Muddy River 
downgradient from the Moapa gage, as exhibited by the over-simulated amount of streamflow at 
gages located below Moapa.  This issue is further discussed in a later comment.   

Table 2
Pre Production Model, Stress Period 2

Head Residual Statistics

Statistic Value

Mean -49

Standard Error 43

Median 6

Standard Deviation 266

Sample Variance 70,747

Kurtosis 5

Skewness -2

Range 1,526

Minimum -963

Maximum 562

Sum -1870

Count 38
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Conceptual Model

Missing Faults in the Hydrogeologic Framework

Some major structures have been identified in the basins comprising the Tetra Tech model area, based 
on photogeologic interpretations and field work (Page et al., 2005; Scheirer et al., 2006; Scheirer and 
Andreasen, 2008).  These structures which include faults located along the Muddy River from Coyote 
Spring Valley all the way to Lake Mead are not included in the Tetra Tech model.  Two SNWA reports 
(SNWA, 2009a and b) describe how these structures were included into the conceptual and numerical 
model developed by SNWA.  The omission of these faults acting as conduits, leads to simulated 
subsurface flow to Lake Mead that may be underestimated, for example.  

The following is an excerpt from SNWA (2009a, page 4-4) describing these faults; for more details 
and maps, see SNWA (2009a and b): 

Figure 1
Head Residuals versus Simulated Heads for Predevelopment Conditions, 

Stress Period 2 
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Figure 2
Total Transmissivity Distribution in the Tetra Tech Model 

_̂

_̂

_̂

_̂

_̂

_̂

_̂

_̂

UTAH
ARIZONA

N
E

VA
D

A
A

R
IZ

O
N

A

Lincoln
Clark

Iron
Washington

Mohave
Washington

181181
DRY LAKEDRY LAKE

VALLEYVALLEY 280280
BERYL-BERYL-

ENTERPRISEENTERPRISE
AREAAREA

209209
PAHRANAGATPAHRANAGAT

VALLEYVALLEY 182182
DELAMARDELAMAR

VALLEYVALLEY

204204
CLOVERCLOVER
VALLEYVALLEY

205205
LOWERLOWER

MEADOWMEADOW
VALLEYVALLEY
WASHWASH

222A222A
UPPERUPPER
VIRGINVIRGIN
RIVERRIVER

VALLEYVALLEY

222222
VIRGINVIRGIN
RIVERRIVER

VALLEYVALLEY

206206
KANEKANE

SPRINGSSPRINGS
VALLEYVALLEY

221221
TULETULE

DESERTDESERT

169B169B
TIKABOOTIKABOO
VALLEYVALLEY
SOUTHSOUTH

210210
COYOTECOYOTE
SPRINGSPRING
VALLEYVALLEY

222C222C
BLACKBLACK

ROCK GULCHROCK GULCH
168168

THREETHREE
LAKESLAKES
VALLEYVALLEY

(NORTHERN(NORTHERN
PART)PART)

219219
MUDDYMUDDY
RIVERRIVER

SPRINGSSPRINGS
AREAAREA

220220
LOWERLOWER
MOAPAMOAPA
VALLEYVALLEY

224224
GREASEWOODGREASEWOOD

BASINBASIN

218218
CALIFORNIACALIFORNIA

WASHWASH

212212
LAS VEGASLAS VEGAS

VALLEYVALLEY 223223
GOLDGOLD

BUTTE AREABUTTE AREA

217217
HIDDENHIDDEN
VALLEYVALLEY
(NORTH)(NORTH)

216216
GARNETGARNET
VALLEYVALLEY

215215
BLACKBLACK

MOUNTAINSMOUNTAINS
AREAAREA

Caliente

Alamo

Glendale

Las Vegas

Logandale

Mesquite

Moapa

Overton

655,000 710,000 765,000
4,

01
5,

00
0

4,
01

5,
00

0

4,
06

0,
00

0

4,
06

0,
00

0

4,
10

5,
00

0

4,
10

5,
00

0

4,
15

0,
00

0

4,
15

0,
00

0

.
4 0 4 8 122

Miles
20155-X0026 5/29/2013 DS/BP*Hydrographic Area name and number shown

Grid based on Universal Transverse Mercator projection, 
North American Datum 1983, Zone 11N meters.  Hillshade 
developed from 30-m DEM, Sun Angle 45°, Azimuth 315°.

1:1,000,000

Legend
Transmissivity (T)
T Value (ft^2/d)

0.4 - 10,000

10,000 - 100,000

100,000 - 250,000

250,000 - 500,000

500,000 - 1,000,000

1,000,000 - 10,000,000

_̂ Town

Hydrographic Area*

State Boundary

County Boundary

SE ROA 35471

JA_7471



TECHNICAL REVIEW OF A GROUNDWATER MODEL DEVELOPED BY TETRA TECH

7

  

  

"Recent photogeologic interpretations and limited field work (Page et al., 2005; 
Scheirer et al., 2006; Scheirer and Andreasen, 2008) have provided insight into the 
hydrogeology of the southern part of the area. Based on this work, selected structural 
features were reinterpreted as significant to groundwater flow in the southern part of 
the study area. These features consist of middle Miocene to Holocene basin-range 
faults of north, east, and northwest trends. These faults are interpreted to be connected 
and to form a path for groundwater flow from southern Coyote Spring Valley to the 
Muddy River Springs Area and eventually to Lake Mead. These faults are also 
interpreted to have hydraulic conductivities large enough to move groundwater 
through this area as evidenced by the spring and stream flow in the Muddy River 
Springs Area. These faults constitute a structural zone from Coyote Spring Valley to 
Lake Mead (Scheirer and Andreasen, 2008). These faults were directly added to the 
simplified hydrogeologic model that is discussed in Sections 4.3 and 4.4."

See the following documents for further information on the missing faults.

Scheirer, D.S., Page, W.R., and Miller, J.J., 2006, Geophysical studies based on gravity and seismic 
data of Tule Desert, Meadow Valley Wash, and California Wash basins, southern Nevada. U.S. 
Geological Survey Open-File Report 2006-1396, 44 p.

Scheirer, D.S., and Andreasen, A.D., 2008, Results of gravity fieldwork conducted in March 2008 in 
the Moapa Valley region of Clark County, Nevada: U.S. Geological Survey Open-File Report 
2008-1300, 40 p.

Southern Nevada Water Authority, 2009a, Conceptual model of groundwater flow for the Central 
Carbonate-Rock Province-Clark, Lincoln, and White Pine Counties Groundwater Development 
Project: Southern Nevada Water Authority, Las Vegas, Nevada, 416 p.

Southern Nevada Water Authority, 2009b, Transient numerical model of groundwater flow for the 
Central Carbonate-Rock Province-Clark, Lincoln, and White Pine Counties Groundwater 
Development Project: Prepared in cooperation with the Bureau of Land Management. Southern 
Nevada Water Authority, Las Vegas, Nevada, 394 p.

Missing Analytical Solutions Based on Order-1169 Test

The Order-1169 aquifer test data should have been analyzed (at least for some portions of the test) to 
derive estimates of aquifer properties for the carbonate aquifer in that area, before using the 
information in the numerical model.  Such analysis would have provided mean values and ranges of 
aquifer properties, in addition to the ones you list in Table 3-1 on page 11 of the Tetra Tech report. 
The Order-1169 test provides more reliable initial estimates and ranges of hydraulic properties, 
particularly for the PC4 unit, for use during model calibration.  SNWA conducted preliminary 
analyses of the Order-1169 data and derived ranges of hydraulic conductivities for the PC4 unit that 
are much lower than the ones used in this model.
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Hydraulic Properties by Hydrogeologic Unit

Aquifer-property data are provided in Table 3-1 of the Tetra Tech model report, but the authors did 
not analyze these data to clearly identify observed mean values and ranges of hydraulic properties for 
the hydrogeologic units composing the framework of the aquifer system.  The mean values serve as 
the initial estimates of the parameters and the ranges may serve as constraints during model 
calibration and/or provide comparative measures for the calibrated values to evaluate their 
appropriateness and gage the model's representativeness of the real system.  This information is also 
critical to the modeler whether the calibration is done by trial and error or using automatic techniques 
such as PEST.  The PEST information and files are lacking from the report and the modeling files. 
Providing the PEST files would have at least revealed the ranges used in the model, if the modeler 
chose to include them in the input PEST file.  Although it is clear that constraints on hydraulic 
conductivity were not used during the PEST optimization process, as some of the pilot point values 
are well outside of the observed ranges.  A summary table of aquifer-property data containing means 
and ranges derived from all available data should be developed, used by the modeler(s) during model 
development, and included in the report.  The PEST files should be included along with the 
MODFLOW files in future publications of the model. 

Springs

Springs that are located within the model domain should be properly identified, their characteristics 
including their source depth listed, and classified as to whether they should or should not be included 
in the numerical model.  The spring sources or plumbing depths of regional and sub-regional springs 
are particularly important because they identify which layers of the numerical model should supply 
their discharge water.  References containing important information to help identify the depth of the 
spring sources based on water chemistry (Pohlmann et al., 1998) and relationships between spring 
water temperatures and the geothermal gradient such as Mifflin (1968), must be considered.  For 
example, using water temperature data and Mifflin's (1968) relationship, SNWA (2009a) estimated 
the plumbing depth of the Muddy springs to be between 2,500 and 3,100 feet below ground surface. 
Since this information was not considered in the Tetra Tech model, the source of water to the Muddy 
River springs was placed at a much shallower depth.  As a result, the vertical hydraulic gradient in the 
numerical model was too small and as a consequence simulated discharge does not match the 
observed total spring discharge as observed at the Moapa gage on the Muddy River.  More 
information may be found in the following reports:

Mifflin, M.D., 1968, Delineation of ground-water flow systems in Nevada: Desert Research Institute, 
Water Resources Center, Technical Report Series H-W, Publication No. 4, 115 p.

Pohlmann, K.F., Campagna, D.J., Chapman, J.B., and Earman, S., 1998, Investigation of the origin of 
springs in the Lake Mead National Recreation Area: Desert Research Institute, Water Resources 
Center, Publication No. 41161, 94 p.
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Recharge

Initial recharge estimates are based on the Maxey-Eakin (ME) method and 800-meter normal 
Parameter-elevation Regressions on Independent Slopes Model (PRISM) of precipitation.  The ME 
efficiencies were adjusted during model calibration.  As concluded by the Nevada State Engineer 
(NSE, 2007, p. 12 and 13), the standard Maxey-Eakin recharge efficiencies should only be applied to 
the Hardman precipitation maps (Hardman, 1936).  Also, the standard Maxey-Eakin recharge 
efficiencies only apply to the 13 basins and the estimates of groundwater discharge estimates that 
Maxey and Eakin (1949) used at that time. If new recharge estimates are to be derived based on 
updated precipitation maps and/or updated groundwater discharge estimates, as is the case for the 
Tetra Tech model, the appropriate recharge efficiencies should be recalculated using the 
groundwater-balance method.

Estimates of recharge efficiencies could be derived by balancing recharge to estimates of discharge, 
prior to input in the model to reduce the number of calibration parameters and present a complete 
conceptual model prior to numerical model construction and calibration.

Discharge

The omission of existing and available information on groundwater discharge and streamflow under 
predevelopment conditions may have led to fatal flaws in the conceptual model, which were then 
represented in the numerical model.  Estimates of predevelopment groundwater discharge from 
springs and especially by evapotranspiration (ET) in some basins are incorrect.  For groundwater ET, 
recent measurements (DeMeo et al., 2008) that are not representative of predevelopment conditions 
were used in the model.  The authors should have considered older reports giving information of what 
conditions were before significant development started (Glancy and Van Denburgh, 1969; Rush, 
1968; LVVWD, 1992), and fully utilized references that are included in their report (Eakin, 1964 and 
Rush, 1964). 

The underestimation of the value of predevelopment ET in Lower Moapa, in particular, causes major 
problems during model calibration.  Predevelopment conditions were much different than when 
DeMeo et al. (2008) conducted his study.  Although the estimates in DeMeo et al. (2008) are 
reasonable for the time they represent, they are not appropriate for predevelopment conditions 
everywhere in the model domain.  For instance, while SNWA (2009) and reconnaissance estimates 
for groundwater ET in Lower Moapa Valley are 25,000 and 24,000 afy, respectively, DeMeo et al. 
(2008) report only 11,500 afy.  The difference of 13,000 to 14,000 afy of unaccounted for 
groundwater loss manifests itself as extra flow in the Muddy River (see Overton target).  This also 
contributes to an outflow from the Muddy River to Lake Mead of more than 40,000 afy, a flow that is 
at least 4 times larger than historical measurements and estimates indicate.  SNWA (2009) estimated 
7,000 afy of base flow at the St Thomas gage based on gage records available for Water Years (WY) 
1913 through 1916 (Wells, 1954), while Eakin (1968b) estimated flow to Lake Mead to be about 
10,000 afy.  See excerpt from SNWA (2009a, Section 7.3.1.1.3 , page 7-46) below:

"The Muddy River near the St. Thomas gaging station was located just upstream from 
the confluence of the Muddy and Virgin rivers (Figure 7-9). This gaging station was 
flooded and destroyed when Lake Mead was created. Because of its early record and 
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location with respect to the Colorado River, the gage records for this station were most 
representative of predevelopment conditions of flow from the Muddy River to the 
Colorado River. Gage records are available for Water Years (WY) 1913 through 1916 
(Wells, 1954).

The gage records began in June of WY 1913 and ended in September of WY 1916, 
during which time there was a 7-month period of missing records from June of WY 
1915 to December of WY 1916 (Wells, 1954). The mean annual flow for the only 
complete year (WY 1914) was 19.3 cfs, or about 14,000 afy (Wells, 1954). This 
measurement includes contributions from both groundwater and storm runoff. The 
period of record mean annual flow was calculated to be 19.6 cfs based on the mean 
monthly values; however, this value reflects large flood events during February of WY 
1914 (136 cfs). Given the limitations of the available records, it is impossible to 
determine the magnitude of the groundwater component. Rush (1968b) estimated this 
flow to be 10,000 afy but qualified the estimate as a rough approximation based on 
few data gathered in 1967. This flow most likely represented agricultural return flows.

For this analysis, it is estimated that about half of the stream flow measured in WY 
1914 was groundwater discharge, or 7,000 afy. Furthermore, this value is assumed to 
represent the portion of stream flow of groundwater origin reaching the Colorado 
River (pre-lake) or Lake Mead under predevelopment conditions. No data are 
available to derive COVs for this gage; however, they can be assumed to be at least as 
large as the COV estimated for the other two gages. Considering the lack of 
information, they are probably larger.

Stream flow in the Muddy River between the Glendale gage and the St. Thomas gage 
(Figure 7-9) decreases from 31,500 afy to 7,000 afy, or a difference of about 24,500 
afy. This amount is very close to the annual volume of groundwater ET estimated by 
Method 1 for Lower Moapa Valley. This amount, when reduced by the amount of ET 
located above the gage near Glendale (2,200 afy), is equal to about 23,100 afy. 
Therefore, stream flow between the two gages is most probably infiltrating into the 
groundwater flow system and sustaining the riparian vegetation located along the 
banks of the Muddy River in Lower Moapa Valley."

For more information spring and stream discharge before significant development by man, see the 
following documents:

Glancy, P.A. and A.S. Van Denburgh, 1969, Water-resources appraisal of the Lower Virgin River 
Valley Area, Nevada, Arizona, and Utah: Nevada Department of Conservation and Natural 
Resources, Water Resources Reconnaissance Series Report 51, 94 p.

Rush, F.E., 1968, Water-resources appraisal of the Lower Moapa-Lake Mead area, Clark County, 
Nevada: Nevada Department of Conservation and Natural Resources, Water Resources 
Reconnaissance Series Report 50, 75 p.
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LVVWD and the MARK Group, 1992, Hydrology and Interactive Computer Modeling of Ground 
and Surface-Water in the Lower Virgin River Valley, Primarily in Clark County, Nevada, 
Cooperative Water Project - Water for Nevada's Future- Hydrologic Report. Las Vegas Valley 
Water District, Las Vegas. NV

Eakin, T.E., 1964, Ground-water appraisal of Coyote Spring and Kane Spring Valleys and Muddy 
River Springs area, Lincoln and Clark Counties, Nevada: Nevada Department of Conservation 
and Natural Resources, Ground-Water Resources Reconnaissance Series, Report 25, 40 p.

Maxey, G.B., and Eakin, T.E., 1949, Ground water in White River Valley, White Pine, Nye, and 
Lincoln Counties, Nevada: Nevada State Engineer, Water Resources Bulletin 8, 59 p.

Rush, E.F., 1964, Ground-water appraisal of the Meadow Valley area, Lincoln and Clark Counties, 
Nevada: Nevada Department of Conservation and Natural Resources, Groundwater  resources - 
Reconnaissance Report 27, 43 p.

Numerical Model

Spring Representation

Major springs in the Muddy River Spring Area forming the head waters of the Muddy River are not 
properly represented in the numerical model.  The Muddy River Springs are represented in the model 
using the Stream Flow Routing (SFR2) package of MODFLOW in which the discharge from the 
springs originates only from the uppermost layers of the model.   This representation is conceptually 
at odds with the physical reality of the spring complex.  As discussed in a previous comment, the 
Muddy River Springs derive their flow from deeper portions of the flow system, rather than from the 
shallow model layers.  Springflow discharges in the stream which loses water to the alluvium where a 
portion of the water is consumed by ET.

This physical process can be represented in MODFLOW in several manners.  To preserve the 
dynamics of deep sourced spring discharge supplying water to the river, a preferred option would be 
to use the DRT (Drain Return) package in MODFLOW to represent the springs forming the 
headwaters of the river and keeping the SFR2 package to represent the river.  An alternative option 
would be to keep using the SFR2 package only but adding vertical "stream" reaches at the location of 
the springs with their first segment located in the layer corresponding to the deepest part of the 
aquifer system supplying water to the spring.  For an example of this setup, see the Central 
Carbonate-Rock Province (CCRP) numerical model report prepared by SNWA (2009b).  This option 
was utilized in the CCRP model to represent the Muddy River Springs and other springs.  These 
alternative solutions may help you achieve a better match to discharge using more realistic values of 
hydraulic conductivity.

Evapotranspiration Representation

The ET process is represented using the well package and seasonal changes in ET are simulated in the 
model.  It does not make sense to calibrate the model to seasonal variations of ET when the objective 
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of the model is to serve as a predictive tool for effects of potential pumping in the long term.  Also ET, 
which is a head-dependent process, is simulated using the WELL package, which only allows 
specified fluxes as inputs.  It is extremely inappropriate to use the well package to represent 
groundwater ET in a transient model, particularly in the predictive simulations far into the future with 
potentially significant withdrawals of groundwater.  As groundwater is pumped, heads in the ET areas 
may decrease, thereby decreasing the ET rates. This is a major issue for the predictive runs.  The ET 
process should be simulated using the ET package or the Drain Package (DRN) package so that 
calibrated estimates of the parameters controlling the ET process can be derived and used in the 
transient simulations.  This is an absolute necessity if the model is meant to be a tool to predict what 
may happen to ET if and when potential future pumping is imposed on the system and the water table 
is lowered.  The observed ET rates and/or volumes should be used as targets during model calibration.

Calibration Targets

The observation weights are not explicitly provided in the report.  Whether calibration is performed 
by trial and error or automatically, the observations used as targets, their measurement errors, and 
their ranges need to be clearly identified in the description of the conceptual model and all modeling 
files containing the related information included in the review package.

From the MODFLOW observation process file, it appears that all head values were assigned weights 
of 1 and the Rogers and Blue Point spring discharge was assigned a weight of 3, but no explanation is 
provided as to how or why such weights were used.  The weights used in the PEST input file are 
unknown as the PEST files were not part of the model documentation.

Observation weights should be based on data accuracy and dependent on the errors associated with 
the observations.  In addition, if several types of observations are used, relative weighing is required 
as to not favor one type of measurement over another.  Such information is not presented in detail in 
the report.  From the MODFLOW files, it appears that observation weights for all observations other 
than the gages are equal to 1. However, on p. 34, the report states: "As a result, the simulated 
streamflow at Lewis Avenue was many-fold larger than measured, and a low weighting factor was 
applied at the Lewis Gage to minimize the impact on the PEST estimation process." No PEST files 
were provided to check the weights used in the PEST input file.

Calibration Process

The following are recommendations to help resolve some of issues identified in the model calibration 
process:

It is not apparent from the reports that a systematic approach for developing numerical groundwater 
flow models was followed.  Model calibrations could benefit from following standards such as the 14 
guidelines for effective model calibration documented by Hill (1998) and later updated by Hill and 
Tiedeman (2007), cited as follows:

Hill, M.C., 1998, Methods and guidelines for effective model calibration: U.S. Geological Survey 
Water-Resources Investigations Report 98-4005, 90 p.
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Hill, M.C., and Tiedeman, C.R., 2007, Effective groundwater model calibration-With analysis of 
data, sensitivities, predictions, and uncertainty: Hoboken, New Jersey, John Wiley and Sons, Inc.

The initial recharge distribution should be estimated independent of the numerical model and 
adjusted, if necessary, during model calibration.

Evapotranspiration should be simulated as a head-dependent boundary condition as described earlier, 
and the observed discharge rates/volumes should be used as calibration targets.  The model should be 
calibrated to mean annual observations rather than seasonal values.  The principal of parsimony 
should be applied here as the seasonal values only add additional complexity that is not required for 
the stated purpose of the model. 

The time discretization should be changed.  Typically, if sufficient historical data are available, the 
historical period may be subdivided into sequential periods for purposes of steady-state and transient 
calibration and verification/validation.  The heads simulated at the end of each time period are used as 
initial conditions for the next time period.  In this case, model calibration is performed using 2 
disconnected time periods: prior to 1949 (predevelopment) to 1987 and 2008 to 2011.  The 
verification/validation (called confirmation here) period spans the whole historical period, from 1949 
to 2011.

The initial heads used in the Order 1169 model, which covers a time period ranging from 2008 to 
2011, are those simulated for the end of the predevelopment model i.e. 1987.  According to Figure 
3.6-2 in the Model Development Report, significant pumping occurred within the model domain 
between 1987 and 2008.  This means that the heads in 2008 must not be the same as in 1987.  It is, 
therefore, wrong to use the 1987 heads as initial heads in the Order 1169 model.  Changing the time 
discretization to properly cover the entire period of record would resolve this issue and improve your 
calibration.

Information Presentation

Report

In addition to the defects identified in the model, another major weakness in this effort is in the 
documentation.  In its current state, the model is provided without presenting a separate and 
comprehensive description of the conceptual model including the details of the available data, the 
data analyses, and interpretations.  The available information should be based on a comprehensive 
literature review of past studies, including field and modeling studies.

It is extremely important to formulate a conceptual model of the aquifer system being modeled before 
constructing the numerical model.   An adequate description of the conceptual model has many 
advantages.  It allows the modeler to clearly formulate and perhaps deepen his or her understanding 
of the system based on the available information.  It allows others to review the conceptual model 
before even starting the construction of the numerical model and provide valuable feedback to the 
modeling team.  
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Standard methods could be used to develop the conceptual model.  Even the most seasoned modeler 
could benefit from following standard methods because such methods provide a systematic roadmap 
to complete the task and ensure that all components have been accounted for.  In addition, standard 
methods, when properly applied, give more credence to the work.  Examples of standards for 
groundwater flow modeling include those designed by the American Society for Testing and 
Materials (ASTM, 1996) and by the Environmental Protection Agency in a manual titled "Guidance 
on the Development, Evaluation, and Application of Environmental Models" (EPA, 2009).  Note that 
the modeling process used for environmental models is applicable to hydrologic models as the latter 
are a subset of the former.

The model construction and calibration process should also be documented in detail.  Detailed cross 
sections of the model represented framework should be prepared so that the Hydrogeologic Unit Flow 
Package (HUF) assignments may be reviewed in relation to the hydrogeologic framework model.  All 
parameters, their initial values, and their ranges should be listed.  Estimates of hydraulic properties by 
hydrogeologic unit (HGU) should be provided.  All targets, their mean values, their error measures 
and their range of values should be listed, including their weights and how they were derived.

The documentation of the Tetra Tech model results is inadequate.  As described by Halford (2013), "a 
groundwater-flow model must be comprehensible in order to assure stakeholders that the model 
approximates reality and can be used to accurately assess the effects of groundwater development." 
In order to achieve this goal, clear documentation with simple maps are required to allow 
comparisons between model simulations and observed conditions.  This includes the development of 
maps and tables of transmissivity and storage-coefficient distributions as it is generally not possible to 
reject alternative conceptual models with just water-level and drawdown observations (Halford, 
2013).

More specifically, a comprehensive evaluation of the model results should also be provided, including 
model fit and evaluation of parameters.  The following lists several of the items required to 
accomplish this task:

• Figure 6.2-3 should show the observed and simulation values relative to the 1:1 line, rather 
than the correlation between the two.

• Graphs or tables of simulated and observed stream flow at gages along the Muddy and Virgin 
rivers should be provided.

• Simulated water budget component estimates should be provided by hydrographic area (use 
ZONEBUD), as these components are generally published by hydrographic area.  This will 
allow comparison of calibration results to reported values.

• The estimated parameters should be compared to literature ranges using graphs or tables.

• An evaluation of whether the residuals are normally distributed and uncorrelated should be 
provided.
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For a comprehensive description of model result evaluation methods, see Hill and Tiedeman (2007) 
described in an earlier comment.

Electronic Files and Documentation

The model documentation is also insufficient.  It is apparent that changes were made to the source 
code used for this model.  However, the exact changes to the source code are not documented.  These 
modifications should be provided by listing the portions of changed code (original code and new 
code) in some form, even if the modified source code is not included in the submittal.  Not all 
modeling files are provided, for example the PEST files were not provided.  Providing this 
information would assist the reviewers in performing a more thorough and complete review of the 
model and allow them to make better recommendations for improvements.  

GENERAL COMMENTS - PREDICTIONS REPORT

Given the issues identified in the review of the numerical model and the fact that the model is not 
calibrated, this review of the predictive simulations and associated report is limited.  As stated in the 
review of the numerical model, some of the identified issues render the numerical model unusable as 
a predictive tool in its current state.  Once the issues identified in the numerical model are addressed, 
predictive simulations can be performed.  Such simulations should, however, take the following 
comments into account.

• Simulations 3-7 contain pumping of water rights that are still in application status.  These 
scenarios were not conceived with any thought as to what portion of the pumping in each 
valley may actually be permitted but are rather done by year of the application.  Therefore, 
they are all very unrealistic.  More realistic scenarios are necessary.

• The simulations assume pumping 24 hours per day, 7 days per week, 365 days per year for 
1,000 years without regards to well-maintenance down time or management strategies 
involving alternative pumping distributions, or cessation of pumping by any user.  While this 
is typical of models, this limitation needs to be presented to the reader.  The simulations do not 
account for triggers that have been established that would limit drawdowns or changes in 
discharge at specific locations.  This assumption must be explicitly stated in the descriptions 
of the scenarios and their limitations. 

• ET in the simulations is represented as wells pumping at the annual ET rate of the area.  As 
such, there is no reduction in ET throughout the simulation as would be the case if the ET 
were captured by pumping.  As a result, drawdowns would be over-simulated in these areas. 
A switch to the MODFLOW ET package for a better representation of ET is necessary, as 
already stated in the review comments on the numerical model.

• In the simulations, there is a substantial amount of time between when the upper springs in the 
Muddy River System are impacted by pumping and those that are lower.  If this were the case, 
the upper springs would provide significant advanced warning to allow for the management or 
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curtailment of pumping that would avoid the effects to the lower springs and the Muddy 
River.

• There were no attempts to perform any management scenarios such as the cessation of 
pumping to determine how quickly the system might recover.  Given the triggers that are 
established, this sort of run on a well-calibrated model, may be very informative.

• The model documentation is very poor.  However it does contain some caveats including that 
the model may be useful if improved with the addition of future pumping and monitoring data. 
Additional work on the model construction and calibration would also vastly improve the 
model.

SPECIFIC COMMENTS - MODEL DEVELOPMENT REPORT

Page 1, Section 1.0, 2nd paragraph: In this paragraph, a previous model built by GeoTrans for the 
study area is described, but no references to documents describing this model are provided.  Please 
refer to and provide appropriate documentation.

Section 1.2, 1st paragraph, last sentence: The stated objective is to improve the previous model in 
terms of predictive capabilities.  Although this new model covers a larger area, apparently has a better 
representation of the hydrogeologic framework, and uses more sophisticated analysis tools, it does 
not fulfill this objective, at least not yet given the model's current state of calibration. 

Section 1.3: Given that (1) the previous versions of this model were not documented in detail 
(GeoTrans 2001 and 2003); (2) this new model covers a larger area; and (3) a significant period of 
time has elapsed since the last model revision in 2003; the approach should include all steps needed to 
develop this model.  This would include:

A clear statement of the modeling objectives.

A three-dimensional conceptual model for the aquifer system of the study area, based on a 
comprehensive literature review of old and new information and including detailed descriptions of:

• The hydrogeologic framework and how it was simplified into HGUs
• Aquifer-property data and how they were summarized by HGU
• Hydrologic features
• Water budget

The estimates of the water-budget components (recharge, ET, interbasin flow, springflow and 
streamflow) should be provided for predevelopment conditions and times for which information is 
available for transient conditions.  Summary water budget tables should be included.

A numerical model for the flow systems of the study area, including:

• Construction of the numerical model based on the conceptual model

SE ROA 35481

JA_7481



TECHNICAL REVIEW OF A GROUNDWATER MODEL DEVELOPED BY TETRA TECH

17

  

  

• Identification of all parameters and calibration targets
• Calibration of the numerical model to predevelopment conditions
• Calibration of the numerical model to transient conditions
• Verification of the numerical model using transient data, if such data are sufficiently available

Page 3, Section 1.3-Item no. 3: New data are great but careful consideration of the time the data 
were collected versus the time they are represented in the model is necessary. For example, ET rates 
measured recently may be similar to those prevailing under predevelopment conditions, but the ET 
areas may be different.

Page 5, Section 2.2, 1st paragraph: The sources of information cited for spring and stream locations 
and flows are incomplete.  Older reports such as the Reconnaissance reports should be added to your 
list, as they provide the best information of approximate predevelopment conditions.

Page 5, Section 2.2, 2nd paragraph: When selecting small springs from topographic maps and/or 
Google Earth, was consideration given as to whether these springs discharge from the regional 
aquifer system that is being simulated?  Is it possible that some of these springs are perched? What 
were the spring selection criteria for inclusion in the model?

Page 5, Section 2.3: It is stated that the spatial and temporal distributions of ET were based on recent 
studies by DeMeo et al. (2008).  The estimates derived by DeMeo et al. (2008) do not represent the 
mean pre-development ET for all basins in the study area.  In particular, the DeMeo et al. (2008) 
estimate of ET for Lower Moapa Valley (11,500 afy) is less than half of what ET was when Rush 
(1968) conducted his reconnaissance study (24,000 afy).  The difference in the annual volumes is 
mostly due to a change in the phreatophyte and irrigation acreages.  See Table 3 for details.  In 
addition, estimates made by LVVWD (2001) and SNWA (2009a), using different methods, also 
yielded average annual ET volumes of 26,500 afy and 25,000 afy, respectively, for Lower Moapa, or 
more than twice the estimate derived by DeMeo et al. (2008).  Thus, in addition to the new studies, 
other references describing and/or estimating historical conditions including predevelopment 
conditions should have been considered.  Please consult all relevant Reconnaissance Reports, 
LVVWD and SNWA reports, Cole and Katzer (2000); Dixon and Katzer (2002), etc... 

Page 10: After the stratigraphy and the structural features are described, it would be useful to add a 
Section 3.1.3 titled "hydrogelogic framework" or "hydrogeologic units" and describe how the 
stratigraphic units were grouped into hydrogeologic units (HGUs).  Relevant information from 
Section 3.1.1 could be moved into this new subsection.

Table 3
Comparison of Evapotranspiration Estimates for Lower Moapa Valley

Source ET Type Acreage ET Rate (ft/yr) ET Volume (afy)

De Meo et al. (2008) Phreatophytes 3,550 2.2 7,880

Rush (1968) Phreatophytes 5,600 2.0 11,200

De Meo et al. (2008) Agriculture 700 5.2 3,640

Rush (1968) Agriculture 3,400 3.9 13,200
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Page 11, Section 3.2 Aquifer Parameters, Table 3-1: First, many more data are available for the 
study area and should be included in this table or in an appendix. Second, the numerical model 
requires hydraulic conductivity (K) as the input, not transmissivity.  The data in this table are missing 
information about the tested aquifer interval to derive hydraulic conductivity (K) values.  As stated 
previously, the final model calibrated values should be compared to these ranges at some point to 
ensure they are reasonable.

Page 12: If the HGUs in the previous section are defined as recommended above, the hydraulic 
properties could be defined for each of them at the end of Section 3.2 (Aquifer Parameters), after the 
available data are presented.  This aquifer property table by HGU should include means and ranges 
for hydraulic conductivity and storage coefficients.  Later this information can be used to derive 
initial estimates and constraints for the HGUs K and S parameters.

Page 12, Section 3.3, 1st paragraph., 1st sentence: Considering that Harrill (2007) is an 
unpublished report, the methods by which Harrill (2007) derived the estimates of inflow and outflow 
along the boundary of the study area should be summarized; or the report provided in the appendix. 
Second, it states that the Harrill (2007) estimates were modified.  An explanation is needed as to how 
the estimates were modified, and why.  Also, a comparison of the Harrill (2007) estimates to those 
derived by others should be provided since there is uncertainty in all estimates of interbasin flow.

Page 12, Section 3.3, 1st paragraph., 3rd sentence: It states that "There is a net inflow into the area, 
most water coming into Coyote Spring Valley from Tikapoo Valley on the west side of the Sheep 
Range (CSV-2) and from Pahranagat Valley (CSV-3)".  This sentence is misleading, it is true that 
most water comes from Pahranagat Valley but not from Tikapoo Valley.  At least list Pahranagat 
Valley first in the sentence.

Page 13, Table 3-2: The comments provided in this table hint that the authors of this report, rather 
than Harrill (2007) estimated some of the boundary fluxes.  Details on how this was accomplished 
should be provided in the report or its appendix.  Table 3-2 should also include estimates by others for 
comparison.

Page 13, Section 3.4: The method used to derive estimates of recharge for the model area is 
incomplete.  The recharge efficiencies were not adjusted so that recharge balances discharge. 
Although the efficiencies (referred to as “Maxey-Eakin coefficients” in report) were adjusted to 
estimates of discharge later during model calibration, a complete and balanced initial estimate of the 
recharge distribution should have been derived first, at least for the long-term average recharge you 
use to represent predevelopment natural conditions (steady-state model).  This would help define the 
water budget for a complete conceptual model, prior to the numerical model construction. 
Furthermore, recharge and all other water budget components by basin should have been provided to 
enable comparisons with previous estimates of others.   Note that resultant recharge efficiencies 
should not be called Maxey-Eakin efficiencies as they are substantively different by their method of 
derivation and magnitude.

Page 14, Section 3.5.1: This section does not include any references to spring discharge data, 
temperatures, or other information to identify the plumbing depths of the modeled springs.
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Page 14, Section 3.5.1, 1st paragraph, 4th sentence: The total predevelopment discharge from the 
Muddy River springs, as measured at the Moapa gage, was correctly cited (34,000 afy), yet a smaller 
value (32,000 afy) was used in the numerical model.  Why?

Page 15, 3rd paragraph: Perched springs should not be represented in the numerical model.  Yet 
Section 5.2.2 (Springs) states:"Numerous small springs in the Clover and Delamar Mountains were 
also simulated using a DRAIN cell only in layer 1."

Page 15, Section 3.5.2, 1st paragraph, sentences 1 and 2: The general definition of ET is correct 
but the statement that "ET, for the purposes of this model, includes evaporation from open water and 
soils, and transpiration from plants," is not.  The numerical model only simulates ET from 
groundwater and surface-water sourced by groundwater, i.e. phreatophyte transpiration, evaporation 
from shallow groundwater, and evaporation from open water fed by groundwater.  Transpiration of 
plants sustained by soil moisture from precipitation, evaporation from soils and open water fed by 
precipitation cannot be simulated by MODFLOW. 

Page 15, Section 3.5.2, 1st paragraph, 3rd sentence: Specify that the National Park Service (NPS) 
funded the USGS to delineate the distribution of and to quantify the amount of annual discharge of 
ET from groundwater and surface water, as the the  report prepared by DeMeo et al. (2008) indicates. 
Although De Meo et al. (2008) had to measure total ET rates in the field, their estimates of ET from 
each basin did not include ET from precipitation (see previous comment).

Page 15, Section 3.5.2, Table 3-4: Specify when these measurements were made, because the 
groundwater ET value in Lower Moapa Valley reported by DeMeo et al. (2008) is less than half of 
previously reported estimates (see general comments).  Although the ET rates used by DeMeo et al. 
(2008) may represent averages over time, the ET areas were delineated using satellite imagery from a 
single year, 2003.  Section 3.5.1, end of 1st paragraph, states that "with development, pumping had 
decreased the discharge [of the Muddy River springs] to approximately 22,000 afy in 2004. 
Furthermore, Figure 3.6-2 shows that pumping in the Muddy River Springs Area was maintained at 
relatively high rates starting in 1987 and pumping rates were similar in 2003 and 2004.  The Muddy 
River flow at Moapa decreased by about 12,000 afy, from 34,000 afy in 1967 (approximate 
predevelopment conditions) to 22,000 afy in 2004.  Thus, the difference in the estimate of ET in 
Lower Moapa Valley between 24,000 afy (Rush, 1968) and 11,500 afy (DeMeo et al., 2008) is 
partially due to the reduction in river flow upstream of Lower Moapa Valley.  The reduction in river 
flow is due to pumping and stream water diversions.  Other factors contributing to the difference 
between the estimates of ET include changes in land use along the Muddy River and estimates of ET 
rates.

Page 20, Section 4.1 and 4.2: The approach seems reasonable and appears to yield a hydrogeologic 
framework that is consistent with the conceptual rendition as exhibited by the cross-section 
comparisons.  However, as described in the general comments, there are additional faults that may act 
as conduits for flow in this area (see SNWA 2009a and b).

Page 27, paragraph 2 (Section 5.1.4): The depth-decay equation is missing a parenthesis.
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Page 30, 1st paragraph, 3rd complete sentence: These "numerous" springs located on the 
mountains should not be simulated in this MODFLOW-based model.

Page 30, Section 5.2.3: In the previous model (Geo Trans 2001 and 2003, ET was simulated using 
the ET package.  This version of the model uses the well package.  The use of the ET package is 
superior because it allows ET to be represented as a head-dependent discharge process (which it is), 
use of ET estimates as targets to adjust the parameters, and how the ET rates may change under the 
various scenarios to be simulated.  This is obviously important given the differences in 
predevelopment ET estimates and those developed by DeMeo et al. (2008).

Page 32, Section 5.3, 1st paragraph: The description of model calibration is lacking essential 
elements.   The description should include a list of the model parameters, their initial estimates and 
constraints.

Page 32, Section 5.3, second paragraph: The discussion on model uncertainty is better suited in the 
discussion of the results.  This discussion should be replaced with estimates of the measurement 
errors on the observed values.  Such errors could be used to define weights for the targets and gage 
whether the calibration is reasonable or not.

Page 32, Section 5.3.1 Calibration Approach: This section would be clearer if each model was 
discussed separately: steady-state model first, then transient, etc..

Page 33, Section 5.3.2, 1st paragraph: Simply listing how many targets were used is inadequate; the 
data and the analysis of the data including the statistical analyses should also be presented. 
Measurement errors should be used to derive variances which can form the basis of weights for the 
targets.  Adjusting the weights of targets based on the magnitudes of their values should be 
considered. 

Page 34, 1st paragraph: The steady-state data set and the source data from which it was derived 
should be described. How were the original data processed and reduced?

Page 34, last paragraph, 1st sentence: Some information exists, a complete literature review should 
be performed (see general comments).

Page 35, last paragraph: The use of the pilot points and automatic calibration is not warranted at this 
point, considering the model may still have some construction issues and is poorly calibrated.  As 
long as a connection between the deep carbonate aquifer and the Muddy River above or at Moapa is 
not represented in the model, and the river flows downgradient from Moapa under predevelopment 
conditions do not match, this automatic calibration or any transient calibration will not substantively 
improve the model.

Page 36, 2nd paragraph, 1st sentence: The potentiometric heads simulated for the end of the 
pre-production model, i.e. 1987, should not be used as the initial heads for the Order 1169 model, 
which starts in 2008.  Stresses that occurred between 1987 and 2008 must certainly have altered the 
heads to some degree.
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Page 37, Section 6.0: The presentation of the calibrated model does not appropriately describe the fit 
of the model to the observed data and does not demonstrate that the estimated parameters fall within 
observed, reasonable, and/or reported ranges.

Page 39, Table 6-2: As discussed under the general comments, the estimates of K in the Muddy River 
Springs Area are far outside the observed range of values.  This is likely a result of an unconstrained 
PEST attempting to match flow to the Muddy Springs.

Page 40, Table 6-4: The estimates of storage parameters provided in this table fall within the range of 
observed values.  The authors, however, should (1) document the observed values as a part of the 
description of the conceptual model, (2) present the initial parameter values used in the model, and 
(3) compare the final estimates to reported ranges.

Page 47, 2nd and 3rd full paragraphs: The mismatches described are not due to uncertainty in 
pumping and diversion information.  They are due to faulty model construction and usage of transient 
observations to represent predevelopment conditions (ET for Lower Moapa Valley for example). 
Please see earlier comments.

Page 49, Table 6-5: Streamflow in the Muddy River at Lake Mead is simulated at more than 40,000 
afy.  This is at least 4 times larger than ever reported.  SNWA (2009a) estimated a base flow of 7,000 
afy based on unadjusted measurements taken in 1914 at the St. Thomas gaging station.  Rush (1968) 
in Recon Report 50, reports an estimate of 10,000 afy based on data collected in 1967.

Page 64, Section 8.0: Among others, references to the previous GeoTrans model are missing.

GeoTrans, Inc. 2001. Groundwater modeling of the Muddy River Area and surrounding basins with 
an emphasis on evaluating pending groundwater applications in Coyote Spring Valley. A Report 
prepared by GeoTrans, Inc. for the U. S. Fish and Wildlife Service, Portland, OR.

GeoTrans, Inc. 2003.  Addendum to groundwater modeling of the Muddy River Area and 
surrounding basins with an emphasis on evaluating pending groundwater applications in Coyote 
Spring Valley. A Report prepared by GeoTrans, Inc. for the U. S. Fish and Wildlife Service, 
Portland, OR.
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