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1.0 EXECUTIVE SUMMARY 
 
1.1 Introduction 
 
Anaconda  Deer  Lodge  County  (ADLC)  has  requested  that  Copper  Environmental,  LLC  (CEC) 
assess the Mill Creek TIFID located south of Highway 1, along Mill Creek Road (Route 569) east 
of the former Anaconda Company smelter site for industrial development.  ADLC is specifically 
interested  in  understanding  what  improvements  may  be  required  to  access  and  aid  in  the 
future development, thereby attracting potential developers and tenants. 
 
The Mill Creek TIFID is approximately 750 acres with highway and rail access along the eastern 
boundary of Anaconda, Montana.  Highway 1 runs to the north and Mill Creek Road (Route 569) 
runs along  the western portion of  the property.   The Mill Creek TIFID  sits  in a United States 
Environmental  Protection  Agency  (USEPA)  Superfund  site  associated  with  the  now  defunct 
Anaconda Company  smelter. The Anaconda Company’s  former  smelter  site  is  located  to  the 
west.  Northwestern Energy’s Dave Gates Generating Station (DGGS) and the 36‐inch diameter 
Silver Lake Pipeline are located along the northern boundary. The Mill Creek TIFID is bisected by 
Mill Creek, running from the southwest corner and exiting in the area’s northeast corner.  There 
are  currently no water, wastewater or  stormwater  facilities  located on  the Mill Creek  TIFID; 
however, water and wastewater  connections were  constructed  in 2010  through 2012 within 
the northwest corner of the Mill Creek TIFID, providing connection to existing Anaconda water 
and wastewater systems.   Large electric transmission  lines bisect the Mill Creek TIFID  in many 
locations, leading to/from the DGGS and substation.   
 
The Mill Creek TIFID  is  intended  to  serve as a gateway  into  the Mill Creek area, and provide 
access for light and heavy industrial development, providing economic growth potential for the 
Anaconda community.  In order to facilitate development, water, wastewater, and stormwater 
and site access systems need to be constructed. 
 
1.2 Alternatives Evaluated and Selected 
 
The  following  provides  a  brief  summary  of  water,  wastewater  and  stormwater  system 
alternatives evaluated, screened and selected in this PER. 
 
1.2.1 Water System Alternatives 
 
Water  system  alternatives  are  evaluated  in  detail  in  Sections  3.0  and  4.0.    Water  system 
alternatives evaluated included the following. 
 

 Alternative 1: Connect to City of Anaconda Water System. 

 Alternative 2: Construct an On‐Site Water System. 

 Alternative 3: Connect to the Silver Lake Pipeline. 

 Alternative 4: No Action. 
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Alternatives 2, 3 and 4 were eliminated from consideration.   Alternative 1: Connect to City of 
Anaconda Water System selected as the preferred alternative and evaluated in detail in Section 
5.0  and  shown  on  Figure  16.    Alternative  1  proposed  system  characteristics,  for  total 
development on ADLC and Atlantic Richfield properties, are summarized below. 
 

Proposed Water System Characteristics 
 

System Characteristic  Information/Assumptions 

ADLC Property System: 

Water Mains  20,400 ft. of 10‐inch PVC piping.

Fire System Hydrants  27 hydrants spaced every 500 ft. along system. 

Irrigation Area (1)  Assumes maximum of 31 acres within ADLC property. 

System Valves  27 valves.

Air Relief Valves  5 air relief valves.

Stream Crossings  6 crossings across Mill Creek and tributary channels. 

Road/Rail Crossings  5 crossings across Mill Creek Road/access roads/rail. 

Utility Crossings  5 crossings across utility pipelines.

Pump Station (2)  Assume one station to boost fire/irrigation flows. 

Atlantic Richfield Property System: 

Water Mains  2,300 ft. of 10‐inch and 13,300 ft. of 8‐inch PVC piping. 

Fire System Hydrants  28 hydrants, spaced every 500 ft. along system. 

System Valves  24 valves.

Air Relief Valves  2 air relief valves.

Irrigation Area  Assumes maximum of 45 acres within Atlantic Richfield property.

Stream Crossings  2 crossings across Mill Creek and tributary channels. 

Road/Rail Crossings  10 crossings across Mill Creek Road and access roads. 

Utility Crossings  6 crossings across utility pipelines.

Total System Demand  86,400 gpd Maximum Daily; 631,000 gpd Summer Peak. 

Notes:  
(1)  Irrigation Area assumes an estimated acreage per parcel that will be  landscaped and require  irrigation during 

summer months (i.e., May through September). 
(2)  Pump  Station  is  estimated  based  on  required  flows/pressures  fire/irrigation  flows  for  full  Mill  Creek  TIFID 

development; the size and number of stations will need to be verified during detailed design. 

 
The  estimated  costs  to  implement  this  alternative  are  listed  below  and  further  detailed  in 
Appendix G. 
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Water System Preferred Alternative Cost Summary 
 

Item  ADLC Property Atlantic Richfield 
Property 

Subtotals

Water System Direct Costs (1)  $2,816,361 $1,769,368  $4,585,729

Indirect Costs (2)  $985,726 $619,279  $1,524,505

Direct and Indirect Subtotal  $3,802,087 $2,388,647  $6,190,734

Contingency (15% Direct and Indirect)  $570,313 $358,297  $928,610

Construction Cost Subtotal  $4,372,400 $2,746,944  $7,119,344

Present Value O&M (i=6%, n=20 years)  $37,277 $54,482  $91,759

Total Estimated Costs  $4,409,678 $2,801,426  $7,211,104

Notes:  
(1) Water System Direct Costs include construction items, and are itemized in Appendix G. 
(2) Water System Indirect Costs include engineering, permitting, mobilization/demobilization, quality 

assurance/control, surveying, construction stormwater management, management/administration, traffic 
control and taxes and bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 

 
NOTE: The Silver Lake Pipeline may be a viable water source alternative if future development 
requires  industrial water, or as an alternative  for  fire/irrigation water supply; however, given 
the  unknown  future  development  needs  this  PER  focuses  on  construction  of  one,  separate 
distribution system connected to City of Anaconda water only.   
 
1.2.2 Wastewater System Alternatives 
 
Wastewater  system alternatives are evaluated  in detail  in Sections 3.0 and 4.0.   Wastewater 
system alternatives evaluated included the following. 
 

 Alternative 1: Connect to City of Anaconda Wastewater Collection System. 

 Alternative 2: Construct an On‐Site Wastewater Treatment System. 

 Alternative 3: Install Individual Septic Tanks and Drain Fields. 

 Alternative 4: No Action. 
 
Alternatives 2, 3 and 4 were eliminated from consideration.   Alternative 1: Connect to City of 
Anaconda Wastewater System selected as the preferred alternative and evaluated  in detail  in 
Section 5.0 and shown on Figure 17.   Alternative 1 proposed system characteristics,  for  total 
development on ADLC and Atlantic Richfield properties, are summarized below. 
 

Proposed Wastewater System Characteristics 
 

System Characteristic  Information/Assumptions 

ADLC Property System: 

Gravity Sewer Lines  12,100 ft. of 8‐inch PVC.

Manholes  40 manholes spaced every 400 ft. along system. 

Stream Crossings  3 crossings across Mill Creek and tributary channels.
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System Characteristic  Information/Assumptions 

Road/Rail Crossings  7 crossings across Mill Creek Road/access roads/rail.

Utility Crossings  5 crossings across utility pipelines.

Atlantic Richfield Property System: 

Gravity Sewer Lines  14,900 ft. of 8‐inch PVC.

Manholes  47 manholes spaced every 400 ft. along system. 

Stream Crossings  2 crossings across Mill Creek and tributary channels.

Road/Rail Crossings  14 crossings across Mill Creek Road/access roads/rail.

Utility Crossings  6 crossings across utility pipelines.

Force Main/Lift Station: (1) 

Force Main  6,025 ft. of 3‐inch PVC.

Minimum Force Main Velocity  2 fps.

Peak Hourly Flow to Lift Station  36.4 gpm for 41 lots at 1,280 gpm each (after 3.2 peaking factor 
is applied) 

Average Daily Flow to Lift Station  11.4 gpm for 41 lots at 400 gpm each. 

Lift Station Pumps (2)  2 x 7.5 hp, 3,450 RPM, 3 inch NPT, 44 gpm Submersible Grinder 
Pumps with rail systems. 

Total System Flows  92,200 gpd.

Notes:  
(1) The lift station will be construction on Atlantic Richfield property to convey wastewater via force main through 

Atlantic Richfield and ADLC properties to the MCIC connection, See Figure 17. 
(2) Only  one  pump  is  required  to  transfer wastewater  flow  to  the MCIC  connection;  however  two  pumps  are 

specified as required for system redundancy. 
 
The  estimated  costs  to  implement  this  alternative  are  listed  below  and  further  detailed  in 
Appendix G. 

Wastewater System Preferred Alternative Cost Summary 
 

Item  ADLC Property Atlantic Richfield 
Property 

Subtotals

Wastewater System Direct Costs (1)  $1,784,640 $2,722,305  $4,556,945

Indirect Costs (2)  $624,624 $970,307  $1,594,931

Direct and Indirect Subtotal  $2,409,264 $3,742,612  $6,151,876

Contingency (15% Direct and Indirect)  $361,390 $561,392  $922,781

Construction Cost Subtotal  $2,770,654 $4,304,004  $7,074,657

Present Value O&M (i=6%, n=20 years)  $51,615 $143,374  $194,989

Total Estimated Costs  $2,822,268 $4,447,378  $7,269,646

Notes:  
(1) Wastewater System Direct Costs include construction items, and are itemized in Appendix G. 
(2)  Wastewater  System  Indirect  Costs  include  engineering,  permitting,  mobilization/demobilization,  quality 
assurance/control, surveying, construction stormwater management, management/administration, traffic control 
and taxes and bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 

 
1.2.3 Stormwater System Alternatives 
 
Stormwater  system alternatives  are evaluated  in detail  in  Sections 3.0  and 4.0.    Stormwater 
system alternatives evaluated included the following. 
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 Alternative 1: Connect to City of Anaconda Stormwater Collection System. 

 Alternative 2: Construct an On‐Site Stormwater Collection System. 

 Alternative 4: No Action. 
 
Alternatives  1  4  were  eliminated  from  consideration.    Alternative  2:  Construct  an  On‐Site 
Stormwater Collection  System  is  evaluated  in detail  in  Section  5.0  and  shown  on  Figure  19.  
Alternative  2  proposed  system  characteristics,  for  total  development  within  the  Mill  Creek 
TIFID, are provided below. 
 

Proposed Stormwater System Characteristics 
 

System Characteristic  Information/Assumptions 

Assumed Discharge Outfalls (1)  10 outfalls: 3 to Mill Creek; 7 to tributary drainages 

New Graded Road Ditch Channels  Trapezoidal channels, 3:1 and 2:1 sideslopes, 2 ft. bottom 
width. 

  33,000 ft. of channels; armored with 3 to 6 inch D50 riprap or 
equivalent protection. 

Crossing Structures (Culverts)  17 road/stream/drainage crossing CMP culverts. 

Water Retention/Attenuation (2)  40 acre‐feet (100 year, 24 hr. storm volume) 

Notes:  
(1) The proposed stormwater drainage system is preliminary and highly dependent upon the actual and final layout 

of the Mill Creek TIFID development and size/type of industries. 
(2) Water retention  includes retention of the entire volume of  the 100 year, 24 hr. storm event  for all drainage 

basins  combined;  however,  each  basin may  have  single  or multiple  retention  basins  based  on  final  design.  
Retention basins will be designed to discharge at the pre‐development, 2 year, 24 hr. discharge rate per basin 
outfall.  Detailed estimated retention requirements per basin are summarized in Appendix J. 

 
The  estimated  costs  to  implement  this  alternative  are  listed  below  and  further  detailed  in 
Appendix G. 
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Stormwater System Preferred Alternative Cost Summary 
 

Item  ADLC Property Atlantic Richfield 
Property 

Subtotals

Stormwater System Direct Costs (1)  $466,537 $452,359  $918,896

Indirect Costs (2)  $163,288 $158,326  $321,614

Direct and Indirect Subtotal  $629,825 $610,684  $1,240,510

Contingency (15% Direct and Indirect)  $94,474 $91,603  $186,076

Construction Cost Subtotal  $724,299 $702,287  $1,426,586

Present Value O&M (i=6%, n=20 years)  $41,292 $61,938  $103,229

Total Estimated Costs  $765,591 $764,225  $1,529,815

Notes:  
(1) Direct Costs include construction items, and are itemized in Appendix G. 
(2) Indirect Costs include engineering, permitting, mobilization/demobilization, quality assurance/control, 

surveying, construction stormwater management, management/administration, traffic control and taxes and 
bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 

 
1.2.4 Proposed General Access Improvements 
 
In order to provide general access to and within the Mill Creek TIFID, the proposed access road 
and  railroad  spur  locations  are  provided  on  Figure  15.    A  detailed  summary  of  land 
development assumptions,  including road and railroad right of ways are provided  in Appendix 
F. The following provides a summary of the proposed general access improvements. 
 

Proposed General Access Improvements 
 

System Characteristic  Information/Assumptions 
Access Roads (Gravel Roads)  Approximately 1.94 miles (ADLC properties) and 2.96 miles 

(Atlantic Richfield properties). 

Railroad Spurs (1) 
 

Approximately 7,440 ft. (ADLC properties) and 5,240 ft. 
(Atlantic Richfield Properties). 

Notes:  
(1) Includes development of rail spurs into various property locations as shown.  Spurs delineation and extent are 

conceptual, and do not  include complete analysis of the rail system traffic, required number of switches, and 
complete evaluation of grade control.   

 
The estimated costs to for general access construction are listed below and further detailed in 
Appendix G. 
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Site Preparation/Access Roads/Railroad Spur System  
Preferred Alternative Cost Summary 

 
Item  ADLC Property Atlantic Richfield 

Property 
Subtotals

Site Preparation/Roads/Rail Spur Direct Costs (1) $2,238,562 $2,184,825  $4,423,387

Indirect Costs (2)  $783,497 $764,689  $1,548,186

Direct and Indirect Subtotal  $3,022,059 $2,949,514  $5,971,573

Contingency (15% Direct and Indirect)  $453,309 $442,427  $895,736

Construction Cost Subtotal  $3,475,367 $3,391,941  $6,867,309

Present Value O&M (i=6%, n=20 years)  $83,157 $123,302  $206,459

Total Estimated Costs  $3,558,524 $3,515,243  $7,073,767

Notes:  
(1) Direct Costs include construction items, and are itemized in Appendix G. 
(2) Indirect Costs include engineering, permitting, mobilization/demobilization, quality assurance/control, 

surveying, construction stormwater management, management/administration, traffic control and taxes and 
bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 

 
1.3 Implementation 
 
The  following  summarizes  the  costs  for  construction  of  all  proposed  alternatives  and 
improvements for the Mill Creek TIFID, both on ADLC and Atlantic Richfield properties. 
 
 

Proposed Mill Creek TIFID Development 
Total Cost Summary 

 
Item  ADLC Property Atlantic Richfield 

Property 
Subtotals

Direct Costs (1)   

Site Preparation/Roads/Rail Spur  $2,238,562  $2,184,825  $4,423,387 

Water System  $2,816,361  $1,769,368  $4,585,729 

Wastewater System  $1,784,640  $2,772,305  $4,556,945 

Stormwater System  $466,537  $452,359  $918,896 

Indirect Costs (2)  $2,557,135 $2,512,600  $5,069,735

Direct and Indirect Subtotal  $9,863,235 $9,691,457  $19,554,692

Contingency (15% Direct and Indirect)  $1,479,485 $1,453,719  $2,933,204

Construction Cost Subtotal  $11,342,720 $11,145,176  $22,487,896

Present Value O&M (i=6%, n=20 years)  $213,341 $383,095  $596,436

Total Estimated Costs  $11,556,061 $11,528,271  $23,084,332

Notes:  
(1) Direct Costs include construction items, and are itemized in Appendix G. 
(2) Indirect Costs include engineering, permitting, mobilization/demobilization, quality assurance/control, 

surveying, construction stormwater management, management/administration, traffic control and taxes and 
bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 
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CEC  understands  that  construction  of  all  proposed  water,  wastewater,  stormwater  and  site 
access  infrastructure  improvements  for  the entire Mill Creek TIFID exceeds  the  current TIFID 
budget.   However, ADLC can develop  the Mill Creek TIFID  in phases as  funding and potential 
developers  become  available.    ADLC  could  elect  to  focus  first  on  development within  ADLC 
properties, and then Atlantic Richfield properties.   
 
1.4 Selective Development Example 
 
The proposed site‐wide Mill Creek TIFID Development is extensive, and may be cost prohibitive 
to  approach  as  one  construction  project.    Therefore,  a  phased  approach  to  development  is 
anticipated, based on  incremental  future development  interest  in  select  sections of  the Mill 
Creek  TIFID  properties.  A  selective  hypothetical  development  example  within  the  ADLC 
property is shown on Figure 20.  This development example represents a total developed area 
of 73 acres which  is approximately half of  the  total proposed ADLC developed area  (i.e., 155 
acres).  In order to further decrease costs, railroad spur and water system pump station (for fire 
and irrigation flows) construction and could be removed and assigned as a responsibility of the 
developer, as desired.   Therefore, focusing development only on this example area, costs may 
become reasonable  for development within existing TIFID budgets.   Table 18 summarizes  the 
total costs to provide all services (except railroad spurs and water system pump station) to this 
portion of the TIFID. 
 

Mill Creek TIFID Selective Development Example 
 

Item  Parcels 1‐9 and 12‐16 (1)

Site Preparation/Access Roads Direct Costs (2) $292,187

Water System Direct Costs (2)  $766,177

Wastewater System Direct Costs (2)  $430,470

Stormwater System Direct Costs (2)  $184,531

Indirect Costs (3)  $585,678

Direct and Indirect Subtotal  $2,259,043

Contingency (15% Direct and Indirect)  $338,856

Construction Cost Subtotal  $2,597,899

Present Value O&M (i=6%, n=20 years)  $106,670

Total Estimated Costs  $2,704,569

Notes:  
(1) Mill Creek TIFID Selective development parcels are shown on Figure 20. 
(2) Direct Costs include construction items, and are itemized in Appendix G. 
(3) Indirect Costs include engineering, permitting, mobilization/demobilization, quality assurance/control, 

surveying, construction stormwater management, management/administration, traffic control and taxes and 
bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 

 
CEC understands that currently, ADLC has not secured developers or tenants for development 
of properties within the Mill Creek TIFID.   Therefore, given that the type and extent of future 
industrial development within  the Mill Creek TIFID  is currently unknown, ADLC may select  to 
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perform  phased  development  within  the  Mill  Creek  TIFID,  or  reserve  TIFID  funds  to  target 
development/support  of  serious  and  committed  developers  only.    This  latter  option  may 
provide  the  most  efficient  and  accurate  application  of  TIFID  funds,  once  detailed  industrial 
developer requirements and plans are known. 
   



 
Mill Creek TIFID PER Rev0                                       Page 10 of 60 
 

 

2.0 PROBLEM DEFINITION 
 
This  section  describes  the  physical  characteristics  of  the  Mill  Creek  Tax  Increment  Financial 
Industrial  District  (Mill  Creek  TIFID),  evaluates  existing  water,  storm  water  and  wastewater 
facilities,  and  describes/quantifies  deficiencies  in  these  systems  as  they  relate  to Mill  Creek 
TIFID development.  
 
2.1 Introduction 
 
Anaconda  Deer  Lodge  County  (ADLC)  has  requested  that  Copper  Environmental,  LLC  (CEC) 
assess the Mill Creek TIFID located South of Highway 1, along Mill Creek Road (Route 569) east 
of  the  former Anaconda  Company  smelter  site  as  shown  on  Figure  1. ADLC  is  proposing  to 
subdivide the Mill Creek TIFID into parcels suitable for potential industrial development.  
 
This preliminary engineering report (PER) was prepared  in accordance with, and following the 
format of, the Uniform Preliminary Engineering Report criteria and outline established by the 
Water, Wastewater and Solid Waste Action Coordination Team  (W2ASACT). The  following are 
state and federal members of W2ASACT: 
 

 Montana Board of Investments/INTERCAP Program (INTERCAP); 

 Montana  Department  of  Commerce  Community  Development  Block  Grant  (CDBG) 
Program; 

 Montana Department of Commerce Treasure State Endowment Program (TSEP); 

 Montana  Department  of  Environmental  Quality  State  Revolving  Fund  (SRF)  Loan 
Programs; 

 Montana  Department  of  Natural  Resources  and  Conservation/Renewable  Resource 
Grant and Loan (RRGL) Program and State Revolving Fund (SRF) Loan Programs; and 

 U.S. Department of Agriculture/Rural Development (RD) Programs. 
 
2.2 Planning Area and Existing/Potential Service Area 
 
The Planning Area for this project consists of The Mill Creek TIFID, encompassing surrounding 
access  roads  and  railroad  as  shown  on  Figure  1.    This  section  includes  discussion  regarding 
Planning Area and Existing/Potential Service Area locations and physical characteristics. 
 
2.2.1  Location 
 
The Mill Creek TIFID property delineation is provided on Figures 1 and 2.  The Mill Creek TIFID is 
approximately 750 acres with highway and rail access along the eastern boundary of Anaconda, 
Montana.  Highway 1 runs to the north and Mill Creek Road (Route 569) runs along the western 
portion of the property.   The Anaconda Company’s former smelter site  is  located to the west.  
Northwestern Energy’s Dave Gates Generating Station (DGGS) and the 36‐inch diameter Silver 
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Lake Pipeline are located along the northern boundary. The Mill Creek TIFID is bisected by Mill 
Creek, running from the southwest corner and exiting in the area’s northeast corner.  The Mill 
Creek TIFID legal description generally includes the following.   
 

1. S17,  T04  N,  R10  W,  Remainder  tract  comprising  of  369.939  acres  (owned  by  ARCO 
Environmental Remediation LLC). 

2. S18, T04 N, R10 W, POR S2SE4, POR SE4SW4 comprising of 87.04 acres (owned by ARCO 
Environmental Remediation LLC). 

3. S18,  T04  N,  R10  W,  C.O.S.  193B,  Parcel  1,  Parcel  G  Mill  Creek  tract  1  comprising  of 
291.573 acres (owned by Anaconda‐Deer Lodge County). 

4. S18, T04 N, R10 W, C.O.S. 193B, Parcel 2 Parcel G Mill Creek  tract 2 comprising 5.430 
acres (owned by Anaconda‐Deer Lodge County). 

5. S18 T04 N, R10 W, C.O.S. 193B, Parcel 3 Parcel G Mill Creek Parcel tract 3 comprising of 
4.077 acres (owned by Anaconda‐Deer Lodge County). 

 
2.2.2  Physical Characteristics of the Area 
 
This  section  includes discussion  regarding  the physical  characteristics of  the Mill Creek TIFID 
area, including  land use, topography, geology, soil types, climate, surface water, groundwater, 
floodplains and wetlands. 
 
2.2.2.1. Land Use 
 
General land use categories within the Mill Creek TIFID are shown on Figure 3.  The USGS Land 
Use database  lists  the  land use within  the Mill Creek TIFID as primarily brush  rangeland and 
mine/quarry land.  Past mining in the area and current remediation practices have left ground 
within  areas  of  the  Mill  Creek  TIFID  disturbed,  including  several  locations  of  scattered  and 
stockpiled debris.   
 
2.2.2.2. Topography 
 
Mill Creek TIFID topography is provided on Figure 4.  The project area is located within a small 
valley that surrounds Mill Creek.  The surrounding valley drops from 5,300 ft. in the southwest 
corner  to  5,100  ft.  at  the  northeast  corner  of  the  property.    The  western  boundary 
encompasses  a  sharp  rise  to  6,300  ft.  where  the  former  Anaconda  Company  smelter  was 
located.  The southern boundary of the site includes a steep rise from 5,320 ft. to over 5,440 ft. 
 
2.2.2.3. Geology 
 
The Mill Creek TIFID subsurface geology is provided on Figure 5.  The geological units present in 
the project area, based on review of the Montana Bureau of Mines and Geology’s Geologic Map 
of the Butte 18 X 28 Quadrangle are described as follows: 
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Qs  –  Surficial  Sedimentary  Deposits  (Pleistocene  and  Holocene).    Alluvium  fan  and  terrace 
gravel, gravel deposits on pediment surfaces, and landslide and travertine deposits (Pleistocene 
and Holocene); till, glacial lake, and outwash deposits (Pleistocene). 
 
Ts‐  Sedimentary  deposits  and  rocks  (Eocene  through  Pliocene).    Fan  and  gravel  deposits  on 
pediment  surfaces  (Pliocene);  conglomerate,  sandstone,  mudstone,  and  volcanic  ash  beds 
(Eocene, Oilgocene, or Miocene).  
 
2.2.2.4. Soil Types 
 
A  soil map of  the project area  is provided as  Figure 6.   The Natural Resources Conservation 
Service (NRCS) soil survey was reviewed to determine the soil types and characteristics found 
within  the Mill Creek TIFID.   The  soil  types  (with NRCS  soil number noted)  found within  the 
project area includes the following. 
 
Beaverell cobbly loam (232B): 1 to 4 percent slopes, severely impacted, 
 
Beaverell cobbly loam (232E): 15 to 35 percent slopes, severely impacted with water. 
 
Blossberg loam (1834B): 0 to 4 percent slopes, rarely flooded, moderately impacted. 
 
Cetrack loam (934B): 0 to 4 percent slopes, moderately impacted. 
 
Beaverell cobbly loam (432B): 0 to 4 percent slopes, moderately impacted. 
 
Danvers‐Roy complex (1446E): 15 to 35 percent slopes, moderately impacted. 
 
Danvers‐Roy complex (1446D): 8 to 15 percent slopes, moderately impacted. 
  
The Mill Creek TIFID sits in a United States Environmental Protection Agency (USEPA) Superfund 
site associated with the now defunct Anaconda Company smelter. The Superfund program is a 
federal program responsible for investigation and cleanup of unregulated hazardous substances 
and  is  part  of  the  Comprehensive  Environmental  Response,  Compensation  and  Liability  Act 
(CERCLA). The Superfund site east of Anaconda contains hazardous wastes and environmental 
impacts  from  the  operation  of  the  smelter.  This  includes  areas  of  tailings  deposition  and 
groundwater contamination. Extensive soils contamination is also found north and south of the 
smelter area on the east end of town. Waste material from the smelter was also used for the 
construction  of  the  existing  railroad  bed,  and  can  be  found  along  the  railroad  right‐of  way 
within,  and  adjacent  to  city  limits. Various  soils  remediation  (e.g.,  cover  soil placement,  soil 
tilling with  lime and removal) within the area have been performed as part of ongoing USEPA 
and Atlantic Richfield  remedial  actions.   Completed  and planned  soil  remedial  action  efforts 
within the Mill Creek TIFID are shown on Figures 7 and 8, respectively.  See Section 2.2.3.2 for 
more details regarding the Superfund site and remedial actions within the Mill Creek TIFID. 
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2.2.2.5. Climate 
 
Based on Western Regional Climate Center (WRCC) Period of Record General Climate Summary 
for Temperature, from 1894 to 2012, the following summarizes the daily average and extreme 
temperatures per season in Anaconda. 
 

Table 1 – Anaconda Temperature Data 
 

Season (Months)  Range  Temperature 

Spring (April – June) 

Average Daily High  54.1° F 

Average Daily Low  28.6° F 

Daily Extreme High  91° F 

Daily Extreme Low  ‐21° F 

Summer (July – September) 

Average Daily High  77.6° F 

Daily Extreme High  102° F 

Daily Extreme Low  23° F 

Average Daily Low  45.2° F 

Fall (October – December) 

Average Daily High  56.5° F 

Daily Extreme High  97° F 

Daily Extreme Low  ‐22° F 

Average Daily Low  30.4° F 

Winter (January – March) 

Average Daily High  35.8° F 

Daily Extreme High  65° F 

Daily Extreme Low  ‐38° F 

Average Daily Low  14.9° F 

 
Based  on  WRCC  Period  of  Record  Monthly  Climate  Summary  for  Precipitation  from  1982 
through  2005,  The  Average  Annual  Total  Precipitation  for  Anaconda  is  14.04  inches,  and 
Average Annual Snowfall is 72.3 inches. 
 
2.2.2.6. Surface Water 
 
The Mill Creek TIFID  lies within the Upper Clark Fork Watershed. Warm Springs Creek runs to 
the north of  the project  site and Mill Creek  [i.e.,  Lower Mill Creek, Montana Department of 
Environmental Quality  (MDEQ) Waterbody  ID MT76G002_052]  runs directly  through  the Mill 
Creek TIFID eventually discharging into Silver Bow Creek.  
 
MDEQ  has  established  water  use  classification  and  related  water  quality  standards  for 
waterbodies  in Montana.   Montana waterbodies  are  classified  according  to  the present  and 
future beneficial uses that they should be capable of supporting.  Mill Creek is classified as Class 
B‐1.  The designated beneficial uses for Class B‐1 are listed as follows (MDEQ, 2011): 
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 Drinking, culinary, and food processing (conventional treatment); 

 Fishes (salmonid) and associated aquatic life (growth); 

 Fishes (salmonid) and associated aquatic life (propagation); 

 Bathing, swimming, recreation (plus aesthetics via general prohibitions); 

 Agricultural water supply; and 

 Industrial water supply. 
 
MDEQ has responsibility under Sections 401 of the Clean Water Act (33 U.S.C. 121 B 1376) and 
the Montana Water Quality Act (75‐5‐101 M.C.A., et seq.) to monitor and assess the quality of 
Montana’s  surface  waters  and  set  Total  Maximum  Daily  Loads  (TDMLs)  for  each  pollutant 
entering a body of water.  TMDLs are established for streams or lakes that fail to meet certain 
standards for water quality and limit the amount of each pollutant a body of water can receive 
without violating water quality  standards. Draft Upper Clark Fork River Tributaries Sediment, 
Metals, and Temperature TMDLs and Framework for Water Quality Restoration was developed 
by MDEQ and submitted to the USEPA for approval (MEDQ 2010). TMDLs for Mill Creek are in 
the process of being approved and will play a role in the establishment of any new discharge to 
the creek in the future.  
 
The  Clean  Water  Act  requires  states,  territories  and  authorized  tribes  to  submit  impaired 
waters lists for USEPA approval every two years (even numbered years).  These lists of impaired 
and threatened waters are called “303(d) lists”.  The 2012 Section 303(d) list of impaired waters 
for Montana lists Lower Mill Creek (Waterbody ID MT76G002_052) as Water Quality Category 5 
(i.e., One  or more  uses  are  impaired  and  a  TMDL  is  required).    Impairment  information  for 
Lower  Mill  Creek  includes  metals  contamination  via  contaminated  sediments/mill  tailings, 
noting  aluminum,  arsenic,  cadmium,  copper,  iron,  lead  and  zinc  as  probable  causes,  and 
impairment  to  agricultural,  aquatic  and  drinking  water  use.    MDEQ’s  2012  Water  Quality 
Information report for Lower Mill Creek is provided in Appendix A. 
 
The United States Army Corps of Engineers  (ACOE) was  contacted via  correspondence dated 
7/22/13.  ACOE provided response via correspondence dated 8/29/13 (See Appendix B).  ACOE 
noted  that any construction work  that  includes placement of  fill material within  jurisdictional 
waters (i.e., areas below the ordinary high water mark of stream channels, lakes or ponds and 
wetlands adjacent to these waters) would require a 404 Permit from ACOE. 
 
2.2.2.7. Groundwater 
 
Groundwater  wells  within  the  Mill  Creek  TIFID  are  shown  on  Figure  9.  According  to  the 
Montana  Groundwater  Information  Center  (GWIC)  database  at  the  Bureau  of  Mines  and 
Geology, there are 33 domestic wells recorded within the Mill Creek TIFID within T04N, R10W, 
Sections 18 and 19. These wells have an average depth of 75  ft.,  ranging  from 15  to 251  ft. 
Static water  levels  in  the area average approximately 27  ft.,  ranging  from 6  to 115  ft. Water 
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yields average 19 gallons per minute (gpm), ranging from 1 to 65 gpm.  Ground water quality is 
documented within the GWIC database for multiple wells in the area.   
 
Safe and adequate drinking water supplies are not available to the east of Anaconda due to the 
ongoing effects of past smelter operations. The Superfund site to the east of town also  limits 
municipal options for water sources and wastewater disposal in Anaconda, due to extensive soil 
and groundwater contamination found at the site. An agreement with the USEPA and Atlantic 
Richfield prohibits water  from  infiltrating  the  subsurface and development of wells  to access 
groundwater. 
 
2.2.2.8. Floodplains 
 
Federal Management Agency  (FEMA)  floodplain maps have been published  for  this area. The 
Zone A  floodplain boundary within  the Mill Creek TIFID area generally  follows  the Mill Creek 
stream banks as shown on Figure 10.  Zone A floodplain boundaries are approximated based on 
historical  flood  data  and  do  not  include  surveyed  cross  sections  or  detailed  hydrology  and 
hydraulic  analysis.    Floodplain  information  for  the  Mill  Creek  TIFID  is  discussed  in  detail  in 
Section 2.2.3.3. 
 
2.2.2.9. Wetlands 
 
A  search  in  the U.S. Fish and Wildlife Service  (USFWS) National Wetlands  Inventory  revealed 
several areas of known wetlands within  the Mill Creek TIFID area, primarily along Mill Creek 
within the Zone A floodplain boundary.  USFWS delineated Wetland areas are shown on Figure 
11 and are discussed in detail in Section 2.2.3.4. 
 
2.2.3 Environmental Resources Present 
 
To  evaluate  the  environmental  impact  of  each  alternative,  CEC  completed  the  Uniform 
Environmental Checklist and  contacted  the  following agencies  regarding  their assessment on 
the environmental  resources present within and potential environmental  impacts of  the Mill 
Creek TIFID project. 
 

 Montana Department of Environmental Quality; 

 U.S. Fish and Wildlife Service; 

 Montana Natural Heritage Program; 

 U.S. Army Corps of Engineers; 

 Department of Natural Resources and Conservation; 

 The State Historic Preservation Office; 

 Montana Department of Fish, Wildlife & Parks; and 

 United States Environmental Protection Agency. 
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The completed Uniform Environmental Checklist and agency request/response correspondence 
are provided in Appendix B.  This section provides discussion of key elements from the Uniform 
Environmental Checklist. 
 
2.2.3.1. Biological Resources 
 
The Montana Rivers  Information System  lists eight  fish species  that may be present  in Warm 
Springs Creek,  including Brook Trout, Brown Trout, Bull Trout, and Westslope Cutthroat Trout.  
The information system also lists four fish species that may be present in Mill Creek, including 
Brook Trout, Brown Trout, Mountain Whitefish, and Rainbow Trout. 
 
The Montana Natural Heritage Program  (MNHP) was contacted via online data request dated 
8/20/13.     MNHP provided response via email dated 8/21/13 (See Appendix B).   MNHP noted 
observance of four Species of Concern that may occur within the vicinity of the Mill Creek TIFID.  
These  species  included  the Great Blue Heron, Clark’s Nutcracker, Westslope Cutthroat Trout, 
and Hoary Bat.  No plant species of special concern were identified in the area. 
 
The U.S. Fish and Wildlife Service  (USFWS) was contacted via correspondence dated 7/22/13.  
USFWS  provided  response  via  correspondence  dated  7/31/13  (See Appendix B).  The USFWS 
noted  Threatened  and  Endangered  species  that  have  been  reported  in  the  area  include  the 
Gray  Wolf,  Bull  Trout,  and  the  Canada  Lynx.    Sensitive  species  include  the  Wolverine,  the 
Fischer,  and  the Westslope Cutthroat Trout.   No plant  species of  special  concern have been 
identified  in  the  area. The USFWS  confirmed  the proposed project would not  cause  adverse 
effects  to  vegetation,  wildlife,  or  threatened,  endangered  or  candidate  species  or  critical 
habitat resources. 
 
2.2.3.2. Hazardous Facilities 
 
The Mill Creek TIFID is located within the Anaconda Regional Waste, Water and Soils (ARWWS) 
Operable Unit of the Smelter Hill National Priorities List Site.  The five principal contaminants of 
concern are arsenic, cadmium, copper, lead and zinc.  Of these contaminants, arsenic is of most 
concern.  The  established  action  limits  (i.e.,  allowable  surface  concentrations  before 
remediation measures are initiated) for arsenic are 1,000 milligrams/kilogram (mg/kg) for open 
space and 500 mg/kg for industrial and commercial applications. 
 
As summarized in the 2008 Anaconda Deer Lodge Reuse Report (Wickstrom, 2008) and noted in 
the  U.S.  EPA  Region  VIII’s,  1999  ‘Five  Year  Review  Report,  Second  Five‐Year  Review  for 
Anaconda Company Smelter site, Anaconda Deer Lodge County’ (U.S. EPA, 1999),  
 

“A portion of the Mill Creek development area was originally the site of the town 
of Mill Creek. Residents of the town were relocated and their homes demolished 
as part of  the Superfund cleanup. Although building debris was  removed  from 
the property,  the  foundations were buried  in place.  The exact  location of  the 
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buried  foundations will  need  to  be  identified  so  that  they  can  be  removed  if 
necessary. In addition to the buried foundations, contaminated soils are present 
in the area and will require clean soil, pavement or building structures to cap the 
waste in place.” 

 

Reclamation activities that have occurred over the past several years within the Mill Creek TIFID 
include capping of waste materials, removal of contaminated soils, and soil treatment via tilling 
of  surficially  contaminated  soils  with  lime.    The  proposed  alignments  for  water,  sewer  and 
stormwater  lines will cross  through areas  that have been  reclaimed using  these methods, as 
shown on Figures 7 and 8. 
 
The United States Environmental Protection Agency (USEPA) was contacted via correspondence 
dated 7/22/13. USEPA provided response via correspondence dated 7/24/13 (See Appendix B).  
The USEPA confirmed that the project was part of the Smelter Hill National Priorities List Site 
and  as  such,  proposed  construction  activities  are  required  to  be  reviewed  and  approved 
following the ADLC development permit system.  While the specific construction requirements 
will be specified through the system, it is anticipated that the following general practices will be 
required (RPA, 2008): 
 

 Stripping and sampling of the uppermost soil layer; 

 On‐site  disposal  of  contaminated  soils  that  exceed  the  established  action  limit 
concentrations; and 

 Off‐site disposal of waste materials that are classified as excess excavation. 
 
Additional  measures,  such  as  off‐site  disposal  of  all  waste  materials  encountered  during 
excavation  and  importing  clean  fill  materials  are  possible,  but  subject  to  the  results  of  the 
development permit system. 
 
2.2.3.3. Floodplains 
 
The  Montana  Department  of  Natural  Resources  and  Conservation  (DNRC)  State  Floodplain 
Coordinator was  contacted via  correspondence dated 7/22/13.   DNRC provided  response via 
correspondence dated 7/30/13  (See Appendix B).   The DNRC  confirmed  that portions of  the 
project are  located  in an Approximate Zone A  special  flood hazard area associated with Mill 
Creek.   The DNRC noted that any new development that may occur within the Zone A special 
flood hazard area will need to be coordinated with ADLC Floodplain Coordinator.  A floodplain 
development  permit  from  the  ADLC  Floodplain  Coordinator  must  be  obtained  prior  to  any 
construction within the floodplain. 
 
Water & Environmental Technologies (WET) was contracted by Northwestern Energy (NWE) to 
determine  the boundary and base  flood elevation of Mill Creek  immediately  south of NWE’s 
generating  station  in preparation  for planned expansion work  (WET, 2013).   WET performed 
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detailed survey, hydrology and hydraulic analysis to extend the Zone A floodplain  in this area.  
The floodplain extension area is shown on Figure 10. 
 
2.2.3.4. Wetlands 
 
A  search  in  the U.S. Fish and Wildlife Service  (USFWS) National Wetlands  Inventory  revealed 
several areas of known wetlands within  the Mill Creek TIFID area, primarily along Mill Creek 
within the Zone A floodplain boundary.  Wetland areas are shown on Figure 11.  The Montana 
Natural  Heritage  Program  (MNHP)  was  contacted  via  online  data  request  dated  8/20/13.   
MNHP provided  response  via  email dated  8/21/13  (See Appendix B).    The MNHP  confirmed 
USFWS notification of several areas of known wetlands along Mill Creek, including: 
 

 Freshwater Emergent Wetland; 

 Freshwater Scrub‐Shrub Wetland; 

 Riparian Scrub‐Shrub; and 

 Riparian Forested. 
 
Detailed  information regarding wetland  locations and types  found within the Mill Creek TIFID 
are provided in the MNHP report found in Appendix B. 
 
2.2.3.5. Historical/Cultural Resources 
 
The  Montana  State  Historic  Preservation  Office  (SHPO)  was  contacted  on  7/22/13  for 
information regarding previous cultural resource surveys completed within and around the Mill 
Creek  TIFID  and  for  a  listing  of  previously  recorded  historical  and  archeological  sites  in  the 
project area.  SHPO responded via correspondence dated 7/22/13 (See Appendix B) and noted 
there  are  33  recorded  cultural  resource  sites  in  and  proximal  to  the  Mill  Creek  TIFID  area.  
There have also been previously conducted cultural resources inventories in the area.  Based on 
the potential ground disturbance, there may be a potential for an impact to cultural properties. 
Therefore, SHPO recommended that a cultural resource inventory be performed for this project 
prior to construction activities. 
 
2.2.3.6. Socio‐Economic/Environmental Justice Issues 
 
This project will cause no disproportionate  increases  in environmental or public health needs 
for minority and low‐income persons in the Anaconda area.  
 
2.2.4 Growth Areas and Population Trends 
 
Regional population projections completed by the Montana Department of Commerce (MDOC) 
in 2013 estimate that Deer Lodge County will have a population change of +13% between 2010 
and 2030. 2010 Census population data  indicates that Deer Lodge County had a population of 
9,298  residents  and  the  Anaconda  census  county  division  (CCD)  had  a  population  of  7,734 
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residents (or approximately 83% of Deer Lodge County total population). MDOC projects Deer 
Lodge  County’s  population  at  10,500  residents  in  the  year  2030.  A  summary  of  2010  U.S. 
Census and MDOC population projections through 2033 is presented in Table 2. 
 

Table 2 – Deer Lodge County Population Data 
 

 
2010 

Population (1) 
2020 Projected 
Population (2) 

2030 Projected 
Population (2) 

2033 Projected 
Population (3) 

2010 – 2033 
% Change 

Deer Lodge 
County 

9,298  9,614  10,500  10,700  +15% 

Anaconda 
CCD 

7,734  7,997  8,733  8,899  +15% 

Notes: 
1. 2010 Population based on official 2010 U.S. Census data. 
2. Deer Lodge County 2020 and 2030 Projected Population based on 2010 U.S. Census projections.  Anaconda CCD 

projected populations based on Deer Lodge County projection percentages. 
3. Deer  Lodge County 2033 Projected Population  calculated using U.S. Census projection of 332 person growth 

from 2030 to 2035, interpolated to estimate an approximate 200 person increase from 2030 to 2033.  Anaconda 
CCD population estimated based on the same percentage increase calculated for Deer Lodge County. 

 
2.3 Evaluation of Existing Facilities 
 
This  section  provides  information  regarding  existing  water,  wastewater  and  stormwater 
facilities operated and maintained by the City of Anaconda.   
 
2.3.1 Existing Water System 
 
The Anaconda water system was constructed by the Anaconda Company before the turn of the 
20th  century. ADLC  eventually  inherited  and  assumed  ownership  of  the water  system  in  the 
early  1990’s.  Since  this  time,  ADLC  has  completed  multiple  water  system  upgrade  projects. 
These  projects  included  upgrading  system  supply wells,  installing  new  chlorination  facilities, 
constructing a new 3.5 MG storage tank and multiple water main replacements.   A schematic 
layout of Anaconda’s existing water system is provided on Figure 12.   
 
2.3.1.1. Existing Water Demand and Reserve Capacity 
 
Total water demand  is measured  in two  locations  in the Anaconda Water System: 1) between 
the  system  supply wells  and  storage  tank;  and  2)  between  the  storage  tank  and  the water 
distribution system prior to any water demand from the system.   
 
The Anaconda Water Department maintains daily records of the amount of water pumped from 
the six production wells to the 3.5 million gallon water storage tank. Records for a 5‐year period 
from November 1, 2009 through April 9, 2013 were used to evaluate existing overall demand 
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throughout  the system  (See Appendix C). The  total existing system demand determined  from 
water production records is as follows:  
 

 Annual Average Daily Demand= 2.06 MGD. 

 Average Winter Demand (October through April) = 1.64 MGD. 

 Average Summer Demand (May through September) = 2.67 MGD. 

 Maximum Peak Daily Demand = 4.46 MGD. 
 
The Anaconda Water System is supplied by six groundwater wells located near the east end of 
North  Cable  Road,  shown  on  Figure  12.  Based  on  discussions  with  the  Anaconda  Water 
Department, water is currently pumped at a maximum rate of approximately 5.0 million gallons 
per  day  (MGD).  Anaconda  has  water  rights  to  7.9  million  gallons  per  day;  however,  the 
maximum  amount  of water  that  can  be  pumped  out  of Anaconda’s wells  is  the  design well 
capacity of 4,600 gallons per minute  (gpm)  (i.e., 6.62 MGD). Therefore, based on  the design 
well  capacity  and  historical  flow  records,  the  ADLC  Water  System  reserve  capacity  can  be 
calculated to be: 
 

 Annual Average Daily Reserve = 4.56 MGD. 

 Average Winter Reserve (October through April) = 4.98 MGD. 

 Average Summer Reserve (May through September) = 3.95 MGD. 

 Maximum Peak Daily Reserve = 2.16 MGD. 
 
2.3.1.2. Source Water Protection 
 
The Anaconda Water Department has a Source Water Protection Plan in place. 
 
2.3.1.3. Treatment 
 
The Anaconda Water System is treated via chlorine disinfection of the water pumped from the 
system  wells  to  the  storage  tank.  Chlorination  equipment  is  housed  in  the  control  building 
located on the west end of town. According to the Anaconda Water Department, water system 
treatment is functioning properly.  Copies of the latest system sanitary survey and water quality 
tests are provided in Appendix C.  
 
2.3.1.4. Storage 
 
Anaconda’s Water  System  storage  consists of  a 3.5 MG underground  concrete  storage  tank, 
located on  the west  side of  town  as  shown on  Figure 12.   Records  from November 1, 2009 
through April 9, 2013  indicate  the  tank stored an average of approximately 3.0 MG, with  the 
maximum daily tank volume noted at 3.5 MG (See Appendix C). 
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2.3.1.5. Pump Stations and other Infrastructure 
 
Anaconda  Water  System’s  six  production  wells  were  installed  in  1994.    The  water  system 
includes two pump stations to boost pressure to high terrain areas. One station  is  located on 
Juniper St., lifting water up into the Marcus Daly subdivision on the hillside south of town. The 
second pump station is on Poplar St. and 5th St. and it was installed in 2010 in order to boost 
pressure  into the Sunnyside development. According to the Anaconda Water Department, the 
water system production wells and lift stations are functioning properly. 
 
2.3.1.6. Distribution System 
 
The existing water distribution system consists of water mains from 6‐inch to 20‐inch diameter.  
Much  of  the  existing  distribution  system  is  over  100  years  old.    ADLC  continues  to  replace 
leaking water mains. 
 
The  Mill  Creek  Industrial  Complex  PER  (MCIC  PER)  (RPA,  2008)  provided  initial 
water/wastewater designs for a 300 acre portion of the Mill Creek TIFID area (i.e., the MCIC).  
As  part  of  the  MCIC,  approximately  14,250  ft.,  6‐inch  water  main  was  constructed  in  2012 
starting approximately 1.5 miles east of Anaconda along the south side of Highway 1, extending 
along Highway 1, turning south along Mill Creek Road and terminating just inside the Mill Creek 
TIFID boundary, south of the Butte, Anaconda, & Pacific Railway. The 6‐inch water main is not 
currently in use, and was constructed for future system tie‐in upon development of the MCIC.  
 
2.3.1.7. Utilization of Water Meters 
 
The City of Anaconda Water Department noted that there are approximately 3,000 water users, 
of which  approximately  700  are  on metered  accounts.    The majority  of water  customers  in 
Anaconda  are  on  a  flat  rate  schedule.  Anaconda  requires  a  meter  be  installed  on  all  new 
construction. Also, Anaconda has a voluntary metering program in which residents can receive 
a water meter for a small fee. The remaining cost of the meter and installation is paid by ADLC. 
 
2.3.1.8. Operational and Management Practices and Capabilities 
 
The Anaconda Water Department currently has three Certified Water Operators who perform 
operation  and  maintenance  duties  throughout  the  water  system.  It  is  anticipated  that  the 
existing Anaconda Water Department  staff would be able  to handle  the additional operation 
and maintenance requirements of the proposed Mill Creek TIFID development. 
 
2.3.2 Existing Wastewater System 
 
ADLC owns and operates a municipal wastewater collection and treatment system serving the 
City of Anaconda and  the  immediate  surrounding area. On‐site wastewater disposal  systems 
are not allowed within the service area, and connection to the municipal wastewater system is 
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required by  law for all residents and operating businesses. There are currently no wastewater 
facilities within the Mill Creek TIFID. 
 
The existing City of Anaconda wastewater collection and treatment system consists of a gravity 
flow collection system, pre‐treatment system for removal of grit and debris, an aerated lagoon 
treatment  system,  holding/  infiltration  pond  (HIP)  complex  (two  holding  ponds  and  five 
infiltration/percolation ponds), and  land application/disposal areas. Wastewater generated  in 
the  service  area  flows  by  gravity  to  a  subsurface  collection  system,  then  to  the  Anaconda 
wastewater pre‐treatment plant. After pretreatment, wastewater flows to the aerated lagoons 
for treatment and to the HIP complex for land application or infiltration.  The existing system is 
shown on Figure 13, with system design criteria summarized on Table 3. 
 

Table 3 – Anaconda Existing Wastewater System Design Criteria (1) 
 

Design Item  Criteria 

Design Year  2005 

Design Year Population  11,500 

Summer Average Design Daily Flow (May – Sept.)  3.0 MGD 

Winter Average Design Flow (Oct. – April)  2.5 MGD 

Peak Hourly Design Flow  4.6 MGD 

BOD5 Loading Capacity  1,995 lb/day 

TSS Loading Capacity  2,500 lb/day 

Number and Size of Aeration Cells  Two Cells, 6 Acres Each 

Call 1 Maximum Liquid Depth  17.7 ft. 

Cell 1 Liquid Depth to Toe of Slope  17.0 ft. 

Cell 2 Maximum Liquid Depth  17.7 ft. 

Cell 2 Liquid Depth to Toe of Slope  17.0 ft. 

Freeboard  3.0 ft. 

Liner  Hypalon Membrane 

Approximate Cell Surface Area When Full  6.0 acres/cell 

Approximate Volume of Aerated Water  50 MG 

Detention Time at Average Daily Flow (3 MGD)  20 days 
Notes:  
(1) Anaconda Existing Wastewater System Data from Mill Creek Industrial Complex PER (RPA, 2008) and East Yards 

PER  (DOWL/HKM,  2011),  Operation  and  Maintenance  Manual  (TD&H,  1985),  and  the  facility’s  constructed 
drawings (TD&H, 1983), and was verified by review of Anaconda inspection reporting, provided in Appendix C. 

 
2.3.2.1. Existing Flows and Reserve Capacity 
 
Anaconda existing wastewater  flows are metered with a  recorder at  the  inlet  to  the aerated 
lagoon  treatment  facility.   Wastewater  flows are  recorded daily.   Daily  records  from April 1, 
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2012  through August 7, 2013 are provided  in Appendix D.   Annual and seasonal average and 
maximum flows from the 2012/2013 data are as follows. 
 

 Annual Average Daily Flow = 0.85 MGD. 

 Average Winter Flow (October through April, 2012) = 0.68 MGD. 

 Average Summer Flow (May through September, 2012 and 2013) = 0.98 MGD. 

 Maximum Daily Flow = 1.36 MGD. 
 
Based  on  the  information  provided  above,  the  following  provides  the  existing  hydraulic  and 
organic loading of the wastewater treatment system. 
 

 Design Maximum Daily Flow = 0.98 MGD (based on Average Summer Flow). 

 BOD5 Loading (0.2 lbs/capita/day) = 1,780 lbs/day. 

 TSS Loading (0.22 lbs/capita/day) = 1,958 lbs/day. 
 
Typically, at  least  two years of previous  flow  records are  recommended  to determine design 
parameters  for wastewater system expansion  (MDEQ, 2012); however, complete and  reliable 
records  are  limited  for  the  Anaconda  system.    Previous  evaluations  by  DOWL/HKM 
(DOWL/HKM, 2011 and DOWL/HKM, 2012) considered the  latest complete set of annual  flow 
records from 2002 and projected estimated design maximum daily flow for winter and summer 
seasons, based on 2000 Census population estimates, projections and estimates of  infiltration 
and inflow.  The evaluations provided the following estimates. 
 

 Design Maximum Daily Flow (Winter) = 1.69 MGD. 

 Design Maximum Daily Flow (Summer) = 1.94 MGD. 
 
While DOWL/HKM  estimates  are  significantly  greater  than  rates  observed  in  the  2012/2013 
data (which is expected, given the extensive collection system upgrades completed since 2002), 
the estimates provide a conservative high range  including estimates of  infiltration and  inflow.  
Therefore,  based  on  the  evaluations/data  above,  the  estimated  wastewater  system  reserve 
hydraulic  capacity  and  organic  loading  assuming  2033  population  projections  include  the 
following. 
 

 Reserve Hydraulic Capacity = 3.0 MGD (Table 3) – 0.98 to 1.94 MGD (Design Maximum 
Daily Flow) = 2.05 to 1.06 MGD. 

 Reserve BOD5 Loading = 1,995 lbs/day (Table 3) – 1,780 lbs/day (estimated above) = 215 
lbs/day = 1,075 people. 

 Reserve TSS Loading = 2,500 lbs/day (Table 3) – 1,958 lbs/day (estimated above) = 542 
lbs/day = 2,463 people. 
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2.3.2.2. Treatment 
 
Wastewater from the collection system outfall pipeline flows eastward by gravity to the City of 
Anaconda’s pretreatment facility located just west of the intersection of MT Highways 1 and 48. 
Pretreatment  of  the  collected  wastewater  occurs  to  remove  solids  (grit)  and  debris.  This  is 
accomplished  at  the  Anaconda  pretreatment  facility  by  a  mechanical  rotating  filter  screen; 
screenings  wash  unit  and  solids  dewatering/compacting  device.  After  pretreatment,  the 
wastewater  flows  by  gravity  to  a  two‐cell,  aerated  treatment  lagoon  system  located  at  the 
same site.   
 
2.3.2.3. Lift Stations 
 
There are two lift stations within the City of Anaconda wastewater collection system. Both were 
built in 2010. The first lift station serves the CCCS correctional facility located approximately 0.9 
miles  northeast  of  the  Anaconda  WWTP  on  Highway  48.  The  second  lift  station  serves  the 
MCIC,  located at  the  intersection of Mill Creek Road and Highway 1, approximately 1.8 miles 
southeast of the WWTP.  
 
The CCCS  lift station serves a correctional  facility with 120 existing beds and 120 planned  for 
the future. The design report (DOWL/HKM, 2009)  indicates an average design flow of 19 gpm 
and a peak design flow of 111 gpm for the  lift station. Per the City of Anaconda, there are no 
known problems with the CCCS lift station at this time.  
 
The MCIC collection system and  lift station was designed  to serve  the MCIC  (RPA, 2008). The 
MCIC was subdivided into individual parcels suitable for commercial and industrial uses, with an 
estimated wastewater generation at 6,000 gpd for the MCIC and 43,000 to 65,000 gpd from the 
DGGS for a total design flow of 50 gpm and a peak design flow of 309 gpm (RPA, 2008). Per the 
City of Anaconda, there are no known problems with the MCIC lift station at this time. 
 
The DGGS  is  the only  industrial customer discharging  to  the WWTP at  the present  time. The 
DGGS  consists  of  three,  50  MW  generators  driven  by  six  combustion  turbine  engines.  High 
purity demineralized water  is  injected  in each  turbine’s combustion chamber  to  reduce peak 
flame  temperatures  and  thermal NOX  formation. Raw water  supply  to  the DGGS  is  supplied 
from the 34‐inch Silver Lake Water System pipeline. Raw water at the DGGS  is demineralized 
using  a  four  step  process:  1)  multimedia  filtration,  2)  membrane  bag  filtration,  3)  reverse 
osmosis  (RO) and 4) electronic deionization. Approximately 20 percent of  the water entering 
the  reverse  osmosis  units  is  rejected  and  discharged  to  the  sanitary  sewer.  Periodic  back 
flushing of the multi‐media filtration units is also required and is also discharged to the sanitary 
sewer. Water discharged to the sanitary sewer at the DGGS is not metered and ADLC does not 
presently charge the DGGS for sewer usage (RPA, 2008). 
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2.3.2.4. Collection System 
 
The wastewater  collection  system  in Anaconda  consists of  conventional,  gravity  flow  sewers 
that  range  from six  to 18  inches  in diameter and  two  lift stations  (see Section 2.3.2.3). Older 
gravity  lines  are made of  vitrified  clay with more modern  additions  to  the  collection  system 
made of concrete or PVC pipe materials. Sewer mains tend to follow street or alley alignments 
within the Anaconda service area. Flow within the collection system generally goes from west 
to east following valley topography. Major trunk  lines generally follow street alignments, with 
the major trunk line following 4th Street. Manholes are generally provided at one block intervals 
and range in construction from modern pre‐cast concrete to hand built brick manholes.  
 
As  part  of  the  MCIC,  an  approximately  5,700  ft.  8‐inch  PVC  gravity  main  delivers  collected 
wastewater to a lift station wet well located on the north side of Highway 1 at Mill Creek Road. 
From  the  lift station, collected wastewater  is pumped via an 8,200  foot  long 6‐inch diameter 
PVC force main to a manhole located south of the pretreatment facility where it joins the main 
24‐inch  outfall  line  from  Anaconda  prior  to  entering  the  filter  screen  at  the  WWTP.    The 
collection  system  extension  was  constructed  in  2010  to  service  future  development  of  the 
MCIC/Mill Creek TIFID, and the DGGS. 
 
The ADLC  staff  indicates  the  system  to  be  in  an  overall  adequate  condition.  Per  the City  of 
Anaconda, regular operation and maintenance activities  include weekly system  inspection and 
collection  system  cleaning  on  a  five‐year  cycle.    Copies  of  the  latest  system  Comprehensive 
Performance Evaluation and inspection reporting are provided in Appendix D. 
 
2.3.2.5. Regulatory Compliance 
 
There  are  currently  no  known  regulatory  or  compliance  issues  associated  with  the  City  of 
Anaconda’s wastewater collection system.   Per MDEQ and USEPA,  the Anaconda wastewater 
system  is  considered  a  non‐discharging  facility  and  has  never  had  a  discharge  permit.    The 
current facility consists of a two‐cell aerated lagoon system with a constant discharge to an 18‐
inch diameter outfall line, where it flows approximately 1.75 miles northeast via gravity to the 
HIP facility. 
 
2.3.2.6. Operational and Management Practices and Capabilities 
 
The  Anaconda  Wastewater  Department  currently  has  one  full  time  certified  wastewater 
treatment operator  and  additional Anaconda City  staff  as needed perform  system operation 
and maintenance.  It  is  anticipated  that  the existing Anaconda Wastewater Department  staff 
would  be  able  to  handle  the  additional  operation  and  maintenance  requirements  of  the 
proposed Mill Creek TIFID development. 
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2.3.3 Existing Stormwater System 
 
There  is no existing  stormwater  system on  the Mill Creek TIFID property.   Currently,  surface 
water is managed on the undeveloped property by a series of existing drainage ditches, earthen 
berms and diversions to prevent water run‐on, and minimize sediment discharge to Mill Creek. 
 
2.3.3.1. Collection System 
 
The City  of Anaconda’s  storm  drain  system  is  shown  on  Figure  14.    The  nearest  connection 
point to the existing system is approximately three miles northwest of the Mill Creek TIFID.   
 
2.3.3.2. Hydraulic Loading 
 
Stormwater  runoff  currently  exceeds  the  capacity  of  the  Anaconda  storm  drain  system; 
however,  it  is assumed  that stormwater collection and management will be contained within 
the Mill Creek TIFID area and will not directly contribute to the existing Anaconda storm drain 
system.   This assumes that runoff from surrounding, higher elevation properties are managed 
via  supplemental  structures  (i.e.,  existing  berms,  ditches  and  channels).  The  proposed 
development of the Mill Creek TIFID includes open public land and light and/or heavy industrial 
property.  The  post‐developed  peak  discharge  from  the  site will  be  limited  to  no more  than 
exists under pre‐developed conditions for the  full range of storm frequencies (2‐year through 
100‐year). Therefore, the Mill Creek TIFID project is anticipated to have no detrimental effects 
on Anaconda’s storm drain system or surrounding drainages to the Mill Creek TIFID. 
 
2.3.3.3. Pumping Stations 
 
No storm water pumping/lift stations exist in Anaconda. 
 
2.3.3.4. Storage/Detention 
 
Currently no storm water detention is incorporated into the existing ADLC stormwater system. 
However, the post‐developed runoff  from the proposed Mill Creek TIFID development will be 
limited  to  no  more  than  exists  under  pre‐developed  conditions  for  the  full  range  of  storm 
frequencies (2‐year through 100‐year). This will be accomplished via limiting source runoff and 
attenuating peak flows via detention basins. 
 
2.3.3.5. Operational and Management Practices and Capabilities 
 
Operation  and maintenance of  the Anaconda  stormwater  system  is  the  responsibility of  the 
Anaconda Road Department, a division of the joint ADLC government.  It is anticipated that the 
existing Anaconda Road Department staff would be able to handle the additional operation and 
maintenance requirements of the proposed Mill Creek TIFID development. 
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2.3.4 Financial Status of Existing Systems 
 
This  section  provides  information  regarding  existing  system  rates,  annual  operating  and 
maintenance  (O&M)  costs,  monthly  usage  categories  and  revenue  received.    Water  and 
wastewater system rate schedules and system budget reports are provided in Appendix E. 
 
2.3.4.1. Water System 
 
The  ADLC  water  system  includes  metered  and  flat  rate  structures  for  both  residential  and 
commercial properties.   The ADLC water system rate structures are summarized and provided 
in  Appendix  E.    The  annual  projected  O&M  budget  for  the  Anaconda  water  system  is 
summarized in Table 4 below. 
 

Table 4 – Anaconda Water System Budget Summary (2009 – 2014) (1) 
 

Budget Category  2010 – 2011  2011 – 2012  2012 – 2013  2013 ‐ 2014 

Total Revenue  $2,549,761.00 $1,898,465.00 $3,515,958.00  $3,592,082.00

Expenses:   

Labor  $308,349.00 $327,205.00 $339,239.00  $338,572.00

Expenses  $108,926.00 $72,910.00 $158,577.00  $208,000.00

Utilities  $92,018.00 $94,953.00 $115,000.00  $115,000.00

Construction (2)  $1,414,430.00 $0.00 $2,554,521.00  $2,577,082.00

Debt/Depreciation (3)  $393,300.00 $710,920.00 $392,500.00  $0.00

Total Expenses  $2,317,023.00 $1,205,988.00 $3,559,837.00  $3,283,654.00
Notes:  
(1)  Anaconda  Water  System  Budget  information  provided  by  ADLC  via  reporting  dated  8/8/13,  9/24/13  and 

3/4/14. 
(2)  Construction  for  2013‐214  includes  $100,000  for  Construction  and  $2,477,082.00  for  NRD  Groundwater 

Improvements. 
(3) Debt retirement was completed in June 2013 for new storage tank, well and transmission main construction in 

1992. 

 
2.3.4.2. Wastewater System 
 
The  ADLC  wastewater  system  is  currently  charged  on  a  “per‐unit”  fee  for  residential  units 
($21/unit, with residential units typically charged for three units per year), with commercial use 
charged  according  to  water  use.      The  annual  projected  O&M  budget  for  the  Anaconda 
wastewater system is summarized in Table 5 below. 
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Table 5 – Anaconda Wastewater System Budget Summary (2009 – 2014) (1) 
 

Budget Category  2010 – 2011  2011 – 2012  2012 – 2013  2013 ‐ 2014 

Total Revenue  $248,815.00 $530,159.00 $251,603.00  $680,626.00

Expenses:   

Labor  $187,136.00 $179,040.00 $61,214.00  $66,898.00

Expenses  $33,320.00 $74,647.00 $98,950.00  $57,526.00

Utilities  $51,528.00 $54,844.00 $52,000.00  $55,000.00

Construction  $0.00 $0.00 $0.00  $0.00

Debt/Depreciation  $0.00 $206,480.00 $0.00  $0.00

Total Expenses  $271,984.00 $515,011.00 $212,164.00  $179,424.00
Notes:  
(1) Anaconda Wastewater System Budget information provided by ADLC via reporting dated 8/8/13, 9/24/13 and 

3/4/14. 

 
2.3.4.3. Stormwater System 
 
The City of Anaconda’s Stormwater System is funded from the General Fund and has not been 
analyzed as part of this PER. 
 
2.3.4.4. Total Equivalent Dwelling Unit (EDU) Calculation 
 
The Equivalent Dwelling Unit (EDU) computation is required in order for the W2ASACT funding 
agencies to evaluate financial need  in a consistent manner.   One EDU  is considered to be the 
level of water  service provided  to  a  typical  residential dwelling  for a  single  family.   Multiple 
family units, and commercial and industrial users, are assigned a greater number of EDU’s since 
they are served by a larger service connection and utilize a greater amount of water.   
 
The  latest EDU  calculation was per DOWL/HKM’s West Valley Sewer Extension PER  ‐  for  the 
2010  fiscal year  (July 09 –  June 10), Anaconda had 3,453 residential sewer hook‐ups and 114 
commercial  sewer hookups.  The  average number of units per  commercial or non‐residential 
enterprise  in  2010  was  approximately  12  (i.e.,  1,359  units  billed  ÷  114  costumers  =  12 
units/customer). Therefore, the total EDUs were calculated as: 
 
2010 ADLC EDU’s = 3,453 residential customers + (1,359 commercial units ÷ 3 units/residential 
customer) = 3,906 EDUs. (DOWL/HKM, 2012) 
 
2.4 Need for Project and Problems to be Solved 
 
The need for the Mill Creek TIFID project is driven by growth.  This PER has been developed to 
further  the economic development and health of Anaconda, while  successfully  reusing  lands 
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impacted by past mining activities.   This project  is not anticipated  to  resolve any health and 
safety, system O&M or other unresolved problems in Anaconda. 
 
2.5 General Design Requirements for Improvements 
 
The  proposed  Mill  Creek  TIFID  development  plan  is  provided  on  Figure  15.    Based  on 
discussions  with  ADLC  representatives  and  the  layout  of  the Mill  Creek  TIFID,  the  area was 
divided  into  72,  approximately  five  acre  parcels  for  a  total  of  382  acres  of  developed  land.  
Parcels were  delineated  such  that ADLC  and  Atlantic  Richfield  property  could  be  developed 
independently  (i.e., parcels do not extend across property boundaries).   Several  factors were 
assessed  regarding  parcel  delineation,  access  road  alignment  and  right‐of‐way,  and  railroad 
spur location/alignment.  All Mill Creek TIFID development and parcel delineation assumptions 
and  a  complete  summary  of  all  proposed  parcels  (including  associated  development 
assumptions)  are  provided  in  Appendix  F.    Some  of  the  main  assumptions  regarding 
development included the following. 
 

 Parcels were not delineated within the Zone A floodplain boundary. 

 Parcels  were  not  delineated  within  a  steep  sloped  area  located  along  the  southern 
boundary of  the Mill Creek TIFID.   Specialized development may be viable  in  this area 
given  further  investigation; however  this area was not considered  for development as 
part of this PER. 

 There are several areas of heavy vegetation and established wetland areas within  the 
Mill Creek TIFID.  These areas are assumed to be maintained as open/park areas. 

 There are several existing drainage ditches throughout the Mill Creek TIFID.  These were 
assumed to be maintained as‐is. 

 Many  overhead  utility  power  lines  run  through  the  Mill  Creek  TIFID.    These  were 
delineated  as  utility  corridors  and  assumed  that  development would  not  extend  into 
these utility right‐of‐ways. 

 
2.5.1 Water System 
 
The actual development of the Mill Creek TIFID is unknown at this time; however, the proposed 
development plan assumes that 72, five acre parcels will add an average daily demand of 400 
gallons per day (gpd) and maximum daily demand of 1,200 gpd per parcel for maximum total 
daily flow requirements of 86,400 gpd (assumes a peaking factor of 3.0). The proposed water 
distribution  system  calculates  capacity  for potable water distribution  and  adequate  fire  flow 
capacity  in  accordance  with  ADLC  and  International  Fire  Code  requirements.    The  water 
demand may significantly increase during the summer months (i.e., May through September) if 
portions  of  the  Mill  Creek  TIFID  are  irrigated.    Assuming  20%  of  the  property  (i.e., 
approximately one acre per parcel)  is  irrigated, water demand may  increase by 544,600 gpd. 
Modifications  to  the City of Anaconda’s water  system will be  subject  to  the  requirements of 
MDEQ Circular DEQ 1.   A pumping station will be required to boost fire/irrigation flows within 
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the  new  system.   New water  system  construction will  be  subject  to Montana  Public Works 
Standard Specifications guidelines. 
 
2.5.2 Wastewater System 
 
The actual development of the Mill Creek TIFID is unknown at this time; however, the proposed 
development plan assumes that 72, five acre parcels will convey 100% of the estimated water 
demand,  including  a  peaking  factor  of  3.2,  resulting  in  maximum  daily  wastewater  flow 
requirements of  1,280  gpd per parcel or  92,160  gpd  for  the Mill Creek  TIFID.  The proposed 
wastewater  collection  system  will  also  require  the  construction  of  a  lift  station  within  the 
eastern, downgradient Atlantic Richfield properties  in order to deliver wastewater flow to the 
return force main. Modifications to the City of Anaconda’s wastewater system will be subject to 
the requirements of MDEQ Circular DEQ 2.   New water system construction will be subject to 
Montana Public Works Standard Specifications guidelines. 
 
2.5.3 Stormwater System 
 
The  Mill  Creek  TIFID  is  approximately  three  miles  from  the  nearest  City  of  Anaconda 
stormwater  system  connection;  however,  the  existing  City  of  Anaconda  system  is  above 
capacity based on discussions with ADLC.  Therefore, the Mill Creek TIFID properties should be 
developed  such  that  post‐development  runoff  is  limited  to  no  more  than  pre‐development 
conditions.  This PER evaluated runoff conditions for 2, 10 and 100 year, 24 hr. storm events in 
order  to  evaluate  conditions  in  accordance  with  MDEQ  Circular  DEQ  8.    The  proposed 
stormwater system will include armored road ditches, culverts, site grading and lined detention 
ponds in order to convey and attenuate post‐development run‐off into various discharge points 
along Mill Creek and associated tributary drainages.   Modifications to the stormwater system 
will be subject to the requirements of MDEQ Circular DEQ 8.   New water system construction 
will be subject to Montana Public Works Standard Specifications guidelines. 
 
3.0 ALTERNATIVE SCREENING 
 
This  section describes  and briefly evaluates  available  alternatives  for water, wastewater  and 
stormwater  system  development within  the Mill  Creek  TIFID.  Selected  alternatives,  deemed 
viable for further consideration, are discussed in detail in Section 4.0 Alternative Analysis. 
 
3.1 Water System 
 
The Mill Creek TIFID currently does not have a water supply and distribution system on‐site.  As 
part of  the MCIC, a an approximately 14,250  ft., 6‐inch water main was constructed  in 2012 
starting approximately 1.5 miles east of Anaconda along the south side of Highway 1, extending 
along Highway 1, turning south along Mill Creek Road and terminating just inside the Mill Creek 
TIFID boundary, south of the Butte, Anaconda, & Pacific Railway.  The 6‐inch water main is not 
currently in use, and was constructed for future system tie‐in upon development of the MCIC. 
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The alternatives evaluated to provide the Mill Creek TIFID with potable and fire system water 
include the following, and are discussed in the following sections. 
 

 Alternative 1: Connect to City of Anaconda Water System. 

 Alternative 2: Construct an On‐Site Water System. 

 Alternative 3: Connect to the Silver Lake Pipeline. 

 Alternative 4: No Action. 
 
3.1.1 Alternative 1: Connect to City of Anaconda Water System 
 
This alternative would include extending the existing MCIC water main into the Mill Creek TIFID 
and creating looped transmission lines within ADLC and Atlantic Richfield properties, as shown 
on Figure 16.  Alternative 1 is viable and is retained for further consideration. 
 
3.1.2 Alternative 2: Construct an On‐Site Water System 
 
This  alternative  would  include  the  installation  and  development  of  on‐site  water  wells  and 
associated  pumping,  distribution  and  treatment  systems.   However,  an  agreement with  the 
USEPA and Atlantic Richfield prohibits water from infiltrating the subsurface and development 
of wells  to  access groundwater;  therefore,  this alternative has been eliminated  from  further 
consideration as part of this PER. 
  
3.1.3 Alternative 3: Connect to the Silver Lake Pipeline 
 
The Silver Lake Pipeline runs along the northern boundary of the Mill Creek TIFID, as shown on 
Figure 16.  The Silver Lake Pipeline is non‐potable and would require on‐site treatment for use 
as potable water, and may be directly used  as  fire  system water.   This  alternative has been 
previously  evaluated  in  detail  as  a  potable  water  source,  including  direct  filtration/pressure 
filters  and  membrane  filtration  treatment  technologies  (RPA,  2008).    This  alternative  was 
removed  from consideration  for a potable water source, given high costs of construction and 
operations and maintenance  (O&M), and  therefore was eliminated as a preferred alternative 
(RPA,  2008).  While  the  Silver  Lake  Pipeline  may  be  a  viable  option  for  irrigation,  industrial 
and/or  fire  system  water,  such  an  option  would  be  constructed  as  a  separate  distribution 
system.  The Silver Lake Pipeline may be a viable water source alternative if future development 
requires  industrial water, or as an alternative  for  fire/irrigation water supply; however, given 
the  unknown  future  development  needs  this  PER  focuses  on  construction  of  one,  separate 
distribution system connected to City of Anaconda water only.   Therefore, this alternative has 
been eliminated from further consideration as part of this PER. 
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3.1.4 Alternative 4: No Action 
 
This  alternative  would  not  provide  potable,  fire  or  irrigation  water  to  the  Mill  Creek  TIFID, 
limiting  its  development;  therefore,  this  alternative  has  been  eliminated  from  further 
consideration as part of this PER. 
 
3.2 Wastewater System 
 
The Mill Creek TIFID currently does not have a wastewater system on‐site.  As part of the MCIC, 
an  approximately  5,700  ft.  8‐inch  PVC  gravity  main  delivers  collected  wastewater  to  a  lift 
station wet well located on the north side of Highway 1 at Mill Creek Road. From the lift station, 
collected wastewater  is pumped via an 8,200  foot  long 6‐inch diameter PVC  force main  to a 
manhole  located south of the pretreatment facility where  it joins the main 24‐inch outfall  line 
from  Anaconda  prior  to  entering  the  filter  screen  at  the  WWTP.    The  collection  system 
extension was constructed in 2010 to service future development of the MCIC/Mill Creek TIFID, 
and the DGGS. 
 
The alternatives evaluated  to provide  the Mill Creek TIFID with a wastewater  system  include 
the following, and are discussed in the following sections. 
 

 Alternative 1: Connect to City of Anaconda Wastewater Collection System. 

 Alternative 2: Construct an On‐Site Wastewater Treatment System. 

 Alternative 3: Install Individual Septic Tanks and Drain Fields. 

 Alternative 4: No Action. 
 
3.2.1 Alternative 1: Connect to City of Anaconda Wastewater Collection System 
 
This alternative would include extending new wastewater collection systems from the MCIC 8‐
inch  connection  into  the  Mill  Creek  TIFID  within  ADLC  and  Atlantic  Richfield  properties,  as 
shown on Figure 17.  Alternative 1 is viable and is retained for further consideration. 
 
3.2.2 Alternative 2: Construct an On‐Site Wastewater Treatment System 
 
This alternative would include construction of an on‐site collection and treatment system.  The 
treatment system would be a mechanical plant, facultative with aerated lagoons or a packaged 
system.   This alternative has been previously screened as part of the MCIC PER, based on the 
difficulty  in obtaining a new discharge permit and unknown  future development needs  (RPA, 
2008).   Therefore,  this alternative has been eliminated  from  further  consideration as part of 
this PER. 
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3.2.3 Alternative 3: Install Individual Septic Tanks and Drain Fields. 
 
This  alternative  would  require  the  construction  of  a  septic  tank/drainfield  system  on  each 
parcel.    Discharge  of  treated  wastewater  would  be  directly  to  groundwater.    However,  an 
agreement  with  the  USEPA  and  Atlantic  Richfield  prohibits  water  from  infiltrating  the 
subsurface, precluding  the use of on‐site  septic  systems;  therefore,  this alternative has been 
eliminated from further consideration as part of this PER. 
 
3.2.4 Alternative 4: No Action 
 
This  alternative would  not  provide  a wastewater  collection  system  for  the Mill  Creek  TIFID, 
limiting  its  development;  therefore,  this  alternative  has  been  eliminated  from  further 
consideration as part of this PER. 
 
3.3 Stormwater System 
 
The  Mill  Creek  TIFID  currently  does  not  have  a  stormwater  collection  system  on‐site.  
Stormwater  run‐on  is managed by  existing berms  and ditches,  located  throughout  the  area.  
Stormwater  from  the Mill  Creek  TIFID  eventually  discharges  to Mill  Creek  or  small  tributary 
ditches within the area. 
 
The alternatives evaluated to provide the Mill Creek TIFID with a stormwater collection system 
include the following, and are discussed in the following sections. 
 

 Alternative 1: Connect to City of Anaconda Stormwater Collection System. 

 Alternative 2: Construct an On‐Site Stormwater Collection System. 

 Alternative 4: No Action. 
 
3.3.1 Alternative 1: Connect to City of Anaconda Stormwater Collection System 
 
This alternative would  include construction of an on‐site collection  system  that  is  tied  to  the 
existing Anaconda Stormwater Collection System.   Based on conversations with ADLC and City 
of Anaconda employees, the existing Anaconda stormwater system routinely exceeds capacity 
during runoff events.  The nearest tie‐in to the existing Anaconda storm drain is approximately 
three miles from the Mill Creek TIFID,  located  immediately east of the  intersection of East 5th 
Street and  Jackson Street.   Therefore, given  the  limitations of  the existing  collection  system, 
large distance from an existing storm drain tie‐in, and proximity to Mill Creek, this alternative 
has been eliminated from further consideration as part of this PER. 
 
3.3.2 Alternative 2: Construct an On‐Site Stormwater Collection System 
 
This alternative would include construction of an on‐site collection system within the ADLC and 
Atlantic  Richfield  properties  that would minimize  sediment  transport  and  eventually  convey 
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water for discharge into Mill Creek, as shown on Figures 18 and 19.  Alternative 2 is viable and 
is retained for further consideration. 
 
3.3.3 Alternative 3: No Action 
 
This alternative would not provide a stormwater management system for the Mill Creek TIFID, 
limiting  its  development;  therefore,  this  alternative  has  been  eliminated  from  further 
consideration as part of this PER. 
 
4.0 ALTERNATIVE ANALYSIS 
 
This  section  further describes and evaluates  selected alternatives  for water, wastewater and 
stormwater  system development within  the Mill Creek TIFID. Preferred alternatives,  selected 
for further consideration, are discussed in detail in Section 5.0 Detailed Description of Preferred 
Alternatives. 
 
4.1 Water System 
 
Alternative 1: Connect  to City of Anaconda Water  System was  the only  viable water  system 
alternative  chosen  in  Section  3.0,  therefore,  a  comparative  alternative  analysis  was  not 
performed.  Water System Alternative 1 is evaluated and discussed in detail in Section 5.0. 
 
4.1.1 Description 
 
Alternative 1  includes extending the existing MCIC 6‐inch water main into the Mill Creek TIFID 
and  creating  8  to  10‐inch  looped  transmission  lines  within  ADLC  and  Atlantic  Richfield 
properties.   The proposed water system would provide potable,  fire and  irrigation water. The 
system will require a pump station to boost flows for fire and irrigation water.  Industrial water 
would be provided via a separate pipeline, possibly from the existing Anaconda water system or 
the  Silver  Lake  Pipeline,  depending  on  the  water  volume  and  quality  demand.    Since 
development requiring specific  industrial water sources have not been  identified at this time, 
industrial water distribution alternatives and costs have not been evaluated in this PER. 
 
4.1.2 Schematic Layout 
 
The proposed Mill Creek TIFID water system is shown on Figure 16.  The system includes looped 
distribution within ADLC and Atlantic Richfield properties, including approximately 20,400 ft. of 
10‐inch PVC piping for ADLC property parcels, and 13,300 ft. of 8‐inch PVC piping and 2,300 ft. 
of 10‐inch PVC piping for Atlantic Richfield property parcels.  The proposed water system layout 
is  preliminary,  dependent  upon  final  layout  of  industrial  subdivision  during  the  subdivision 
platting and approval process. 
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4.1.3 Operational Requirements 
 
The Anaconda Water Department will be responsible for O&M of the proposed water system.  
Operational requirements for the proposed system should be minimal.  It is not anticipated that 
additional  staff  or  equipment  should  be  required  for  the  Anaconda  Water  Department  to 
assume responsibility of the proposed water system. 
 
4.1.4 Energy Requirements 
 
This alternative will  require 3‐phase power  to operate  the  lift  station,  if desired  for  fire and 
irrigation flow.  There are no other power requirements associated with this option. 
 
4.1.5 Regulatory Compliance and Permits 
 
The City of Anaconda’s existing water  system  is  in compliance with all applicable  regulations 
and all permits are  in place.   The proposed water system would meet MDEQ’s Circular DEQ 1 
requirements and standards. Installation of piping will be subject to the minimum material and 
installation guidelines per Montana Public Works Standard Specifications. 
 
Water  system  installation  will  require  multiple  stream  crossings,  including  excavation  and 
backfill within waterways and existing wetland areas.   Construction may require the following 
permits, discussed in detail in the Uniform Environmental Checklist provided in Appendix B. 
 

 ADLC Floodplain Development Permit. 

 MFWP 123SPA Stream Protection Permit. 

 US ACOE 404 Permit. 

 MDEQ 318 Authorization. 

 MDEQ Stormwater Discharge General Permit. 
 
4.1.6 Land Requirements 
 
The  proposed  water  system  is  on  ADLC  (approximately  155  developed  acres)  and  Atlantic 
Richfield  (approximately 227 developed  acres) property.   ADLC would need  to enter  into  an 
agreement  with,  or  acquire  property  from,  Atlantic  Richfield  in  order  to  develop  Atlantic 
Richfield  property  parcels.    The  proposed water  system  is  designed  to  deliver water  first  to 
ADLC  property  and  then  to  Atlantic  Richfield  property  (i.e.,  water  distribution  on  Atlantic 
Richfield property will be dependent on ADLC property development). 
 
4.1.7 Environmental Considerations 
 
There should be no significant  long‐term environmental  impacts as a result of this alternative.  
There may be short term impacts caused by construction activities, such as sediment, dust and 
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noise generation; however, construction will be required to follow best management practices 
to minimize and mitigate dust and noise impacts and minimize sediment deposition into nearby 
waterways.  
 
Contaminated  soils will  be  encountered  during  construction,  as  discussed  in  Section  2.2.3.2.  
The  location and quantity of contaminated  soils will be determined as accurately as possible 
during  construction,  and will  be mitigated  via  an  action  plan  developed  in  conjunction with 
ADLC  and  Atlantic  Richfield  to  determine  the  appropriate  method  of  removal,  disposal  and 
remediation as needed. 
 
4.1.8 Construction Problems 
 
No significant construction problems are anticipated with construction of the proposed water 
system.    Temporary  road  and  railroad  closures  may  be  required  to  construct  associated 
crossings. Temporary water diversions may be  required  to dewater and  facilitate creek/ditch 
crossings. 
 
4.1.9 Cost Estimate 
 
Table  6  summarizes  estimated  water  system  construction  costs,  annual  O&M  costs,  and 
associated present worth analysis.  Cost Estimate details are provided in Appendix G. 
 

Table 6 – Water System Preferred Alternative Cost Summary 
 

Item  ADLC Property Atlantic Richfield 
Property 

Subtotals

Water System Direct Costs (1)  $2,816,361 $1,769,368  $4,585,729

Indirect Costs (2)  $985,726 $619,279  $1,524,505

Direct and Indirect Subtotal  $3,802,087 $2,388,647  $6,190,734

Contingency (15% Direct and Indirect)  $570,313 $358,297  $928,610

Construction Cost Subtotal  $4,372,400 $2,746,944  $7,119,344

Present Value O&M (i=6%, n=20 years)  $37,277 $54,482  $91,759

Total Estimated Costs  $4,409,678 $2,801,426  $7,211,104

Notes:  
(1) Water System Direct Costs include construction items, and are itemized in Appendix G. 
(2) Water System Indirect Costs include engineering, permitting, mobilization/demobilization, quality 

assurance/control, surveying, construction stormwater management, management/administration, traffic 
control and taxes and bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 

 
4.2 Wastewater System 
 
Alternative 1: Connect to City of Anaconda Wastewater System was the only viable wastewater 
system alternative chosen in Section 3.0, therefore, a comparative alternative analysis was not 
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performed.   Wastewater System Alternative 1  is evaluated and discussed  in detail  in Section 
5.0. 
 
4.2.1 Description 
 
This alternative would include extending new wastewater collection systems from the MCIC 8‐
inch connection into the Mill Creek TIFID within ADLC and Atlantic Richfield properties.  The on‐
site  wastewater  collection  system  on  ADLC  property  will  include  gravity  transmission  lines 
leading  to  the  MCIC  connection.    The  Atlantic  Richfield  wastewater  collection  system  will 
include gravity transmission lines leading to a lift station that would pump wastewater via a 3‐
inch PVC force main to the MCIC connection.  Both systems discharge to the MCIC connection, 
which eventually discharges to the ADCL Wastewater Treatment Plant, approximately 2.5 miles 
north of the Mill Creek TIFID. 
 
4.2.2 Schematic Layout 
 
The proposed Mill Creek TIFID wastewater collection system is shown on Figure 17.  The system 
includes  gravity  transmission  lines  within  ADLC  and  Atlantic  Richfield  properties.    The  ADLC 
system will include approximately 12,100 ft. of 8‐inch PVC piping for gravity transmission lines.  
The Atlantic Richfield system will include 14,900 ft. of 8‐inch PVC piping for gravity transmission 
lines, 6,025 ft. of 3‐inch PVC piping for the force main and a lift station located in the northeast 
corner  of Atlantic Richfield’s  property.  The  proposed wastewater  collection  system  layout  is 
preliminary,  dependent  upon  final  layout  of  industrial  subdivision  during  the  subdivision 
platting and approval process. 
 
4.2.3 Operational Requirements 
 
The Anaconda Wastewater Department will be  responsible  for O&M  of  the proposed water 
system.    A  lift  station  is  required  to  service  parcels  located  on  Atlantic  Richfield  property.  
Operational  requirements  of  the  existing  ADLC  WWTP  would  not  change;  however,  the  lift 
station  will  require  routine  inspection,  cleaning  and  maintenance.  It  is  not  anticipated  that 
additional staff or equipment should be required for the Anaconda Wastewater Department to 
assume responsibility of the proposed wastewater collection system. 
 
4.2.4 Energy Requirements 
 
This  alternative  will  require  3‐phase  power  to  operate  the  lift  station.    There  are  no  other 
power requirements associated with this option. 
 
4.2.5 Regulatory Compliance and Permits 
 
The  City  of  Anaconda’s  existing  wastewater  system  is  in  compliance  with  all  applicable 
regulations  and  all permits  are  in place.    The proposed wastewater  collection  system would 
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meet MDEQ’s Circular DEQ 2 requirements and standards.  Installation of piping will be subject 
to  the  minimum  material  and  installation  guidelines  per  Montana  Public  Works  Standard 
Specifications. 
 
Wastewater system installation will require multiple stream crossings, including excavation and 
backfill within waterways and existing wetland areas.   Construction may require the following 
permits, discussed in detail in the Uniform Environmental Checklist provided in Appendix B. 
 

 ADLC Floodplain Development Permit. 

 MFWP 123SPA Stream Protection Permit. 

 US ACOE 404 Permit. 

 MDEQ 318 Authorization. 

 MDEQ Stormwater Discharge General Permit. 
 
4.2.6 Land Requirements 
 
The proposed wastewater collection systems are on ADLC (approximately 155 developed acres) 
and  Atlantic  Richfield  (approximately  227  developed  acres)  property.    ADLC  would  need  to 
enter  into an agreement with, or acquire property from, Atlantic Richfield  in order to develop 
Atlantic  Richfield  property  parcels.    The  proposed  ADLC  and  Atlantic  Richfield  property 
wastewater  collection  systems  are  designed  collect  and  transmit  wastewater  to  the  MCIC 
connection independent of each other. 
 
4.2.7 Environmental Considerations 
 
There should be no significant  long‐term environmental  impacts as a result of this alternative.  
There may be short term impacts caused by construction activities, such as sediment, dust and 
noise generation; however, construction will be required to follow best management practices 
to minimize and mitigate dust and noise impacts and minimize sediment deposition into nearby 
waterways.  
 
Contaminated  soils will  be  encountered  during  construction,  as  discussed  in  Section  2.2.3.2.  
The  location and quantity of contaminated  soils will be determined as accurately as possible 
during  construction,  and will  be mitigated  via  an  action  plan  developed  in  conjunction with 
ADLC  and  Atlantic  Richfield  to  determine  the  appropriate  method  of  removal,  disposal  and 
remediation as needed. 
 
4.2.8 Construction Problems 
 
No significant construction problems are anticipated with construction of the proposed water 
system.    Temporary  road  and  railroad  closures  may  be  required  to  construct  associated 
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crossings. Temporary water diversions may be  required  to dewater and  facilitate creek/ditch 
crossings. 
 
4.2.9 Cost Estimate 
 
Table 7 summarizes estimated wastewater collection system construction costs, annual O&M 
costs, and associated present worth analysis. Cost Estimate details are provided in Appendix G. 
 

Table 7 – Wastewater Collection System Preferred Alternative Cost Summary 
 

Item  ADLC Property Atlantic Richfield 
Property 

Subtotals

Wastewater System Direct Costs (1)  $1,784,640 $2,722,305  $4,556,945

Indirect Costs (2)  $624,624 $970,307  $1,594,931

Direct and Indirect Subtotal  $2,409,264 $3,742,612  $6,151,876

Contingency (15% Direct and Indirect)  $361,390 $561,392  $922,781

Construction Cost Subtotal  $2,770,654 $4,304,004  $7,074,657

Present Value O&M (i=6%, n=20 years)  $51,615 $143,374  $194,989

Total Estimated Costs  $2,822,268 $4,447,378  $7,269,646

Notes:  
(1) Wastewater System Direct Costs include construction items, and are itemized in Appendix G. 
(2) Wastewater System Indirect Costs include engineering, permitting, mobilization/demobilization, quality 

assurance/control, surveying, construction stormwater management, management/administration, traffic 
control and taxes and bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 

 
4.3 Stormwater System 
 
Alternative  2:  Construct  an  Onsite  Stormwater  Collection  System  was  the  only  viable 
stormwater system alternative chosen in 3.0, therefore, a comparative alternative analysis was 
not performed.  Stormwater System Alternative 2 is evaluated and discussed in detail in Section 
5.0. 
 
4.3.1 Description 
 
This alternative would  include constructing  stormwater conveyance and  retention  structures, 
such as armored road ditches, culverts and detention ponds, to attenuate and discharge post‐
development  stormwater  runoff  at  no  greater  than  pre‐development  flowrates  at  existing 
discharge locations. 
 
4.3.2 Schematic Layout 
 
The  estimated  existing Mill  Creek  stormwater  drainage  system  is  shown  on  Figure  18.    The 
proposed  Mill  Creek  TIFID  stormwater  management  system  post‐development  is  shown  on 
Figure 19.   
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The  system  includes  approximately  25,000  ft.  of  riprap  armored  channels,  11 
road/stream/drainage crossings (corrugated metal culverts) and 40 acre‐ft. of water retention 
requirements,  distributed  across  14  drainage  basins/sub‐basins  on  the  Mill  Creek  TIFID 
property.  The  proposed  stormwater  drainage  system  layout  is  preliminary,  dependent  upon 
final layout of industrial subdivision during the subdivision platting and approval process. 
 
4.3.3 Operational Requirements 
 
The ADLC Road Department would be responsibility for operation and maintenance of the Mill 
Creek TIFID stormwater drainage system.   Operational requirements  for the proposed system 
would  consist  of  routine  inspections,  grading  of  channels  to  remove  sediment  and  repair 
erosion,  dewater/remove  sediment  from  detention  basins  and  inspect  and  repair  detention 
basin liner systems.  It is not anticipated that additional staff or equipment should be required 
for the ADLC Road Department to assume responsibility of the proposed stormwater drainage 
system. 
 
4.3.4 Energy Requirements 
 
There are no direct energy requirements for this alternative. 
 
4.3.5 Regulatory Compliance and Permits 
 
There  are  currently  now  stormwater  discharge  permits  in  place  for  the  Mill  Creek  TIFID 
properties.    The  proposed  stormwater  collection  system  would  meet  MDEQ’s  Stormwater 
Discharge  General  Permit  requirements  and  MDEQ’s  Circular  DEQ  8.    Installation  of  piping, 
ponds  or  channels  will  be  subject  to  the  minimum  material  and  installation  guidelines  per 
Montana Public Works Standard Specifications. 
 
The  stormwater  collection  system  installation  will  require  channel  enhancement  work, 
including  potential  excavation  and  backfill  within  waterways  and  existing  wetland  areas.  
Construction  may  require  the  following  permits,  discussed  in  detail  in  the  Uniform 
Environmental Checklist provided in Appendix B. 
 

 ADLC Floodplain Development Permit. 

 MFWP 123SPA Stream Protection Permit. 

 US ACOE 404 Permit. 

 MDEQ 318 Authorization. 

 MDEQ Stormwater Discharge General Permit. 
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4.3.6 Land Requirements 
 
The proposed stormwater collection systems are on ADLC (approximately 155 developed acres) 
and  Atlantic  Richfield  (approximately  227  developed  acres)  property.    ADLC  would  need  to 
enter  into an agreement with, or acquire property from, Atlantic Richfield  in order to develop 
Atlantic  Richfield  property  parcels.    The  proposed  ADLC  and  Atlantic  Richfield  property 
stormwater  collection  systems  are  designed  collect  and  transmit  stormwater  for  eventual 
discharge to Mill Creek independent of each other. 
 
4.3.7 Environmental Considerations 
 
There should be no significant  long‐term environmental  impacts as a result of this alternative.  
There may be short term impacts caused by construction activities, such as sediment, dust and 
noise generation; however, construction will be required to follow best management practices 
to minimize and mitigate dust and noise impacts and minimize sediment deposition into nearby 
waterways.  
 
Contaminated  soils will  be  encountered  during  construction,  as  discussed  in  Section  2.2.3.2.  
The  location and quantity of contaminated  soils will be determined as accurately as possible 
during  construction,  and will  be mitigated  via  an  action  plan  developed  in  conjunction with 
ADLC  and  Atlantic  Richfield  to  determine  the  appropriate  method  of  removal,  disposal  and 
remediation as needed. 
 
4.3.8 Construction Problems 
 
No  significant  construction  problems  are  anticipated  with  construction  of  the  proposed 
stormwater  collection  system.  Temporary water diversions may be  required  to dewater  and 
facilitate creek/ditch crossings. 
 
4.3.9 Cost Estimate 
 
Table 8 summarizes estimated stormwater collection system construction costs, annual O&M 
costs, and associated present worth analysis. Cost Estimate details are provided in Appendix G. 
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Table 8 – Stormwater Collection System Preferred Alternative Cost Summary 
 

Item  ADLC Property Atlantic Richfield 
Property 

Subtotals

Stormwater System Direct Costs (1)  $466,537 $452,359  $918,896

Indirect Costs (2)  $163,288 $158,326  $321,614

Direct and Indirect Subtotal  $629,825 $610,684  $1,240,510

Contingency (15% Direct and Indirect)  $94,474 $91,603  $186,076

Construction Cost Subtotal  $724,299 $702,287  $1,426,586

Present Value O&M (i=6%, n=20 years)  $41,292 $61,938  $103,229

Total Estimated Costs  $765,591 $764,225  $1,529,815

Notes:  
(1) Stormwater System Direct Costs include construction items, and are itemized in Appendix G. 
(2) Stormwater System Indirect Costs include engineering, permitting, mobilization/demobilization, quality 

assurance/control, surveying, construction stormwater management, management/administration, traffic 
control and taxes and bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 

 
4.4 Selection of Preferred Alternatives 
 
This section summarizes the selected preferred water, wastewater and stormwater systems for 
the Mill Creek TIFID. 
 
4.4.1 Water System 
 
Alternative 1: Connect  to City of Anaconda Water  System was  the only  viable water  system 
alternative chosen.   The alternative  includes creation of  looped systems on ADLC and Atlantic 
Richfield properties, connected to the existing MCIC 6‐inch water main located in the northern 
part of the Mill Creek TIFID.  The proposed water system will supply potable, fire and irrigation 
system water; however  it will require a pump station to boost fire and  irrigation water flows.  
Section  5.0  provides  details  regarding  the  preferred  alternative  technical  feasibility, 
environmental  impacts and mitigation, financial feasibility, public health and safety, and O&M 
considerations. 
 
4.4.2 Wastewater System 
 
Alternative 1: Connect to City of Anaconda Wastewater System was the only viable wastewater 
system alternative chosen.  This alternative would include extending new wastewater collection 
systems  from  the MCIC 8‐inch connection  into  the Mill Creek TIFID within ADLC and Atlantic 
Richfield properties.   The on‐site wastewater collection system on ADLC property will  include 
gravity  transmission  lines  leading  to  the MCIC connection.   The Atlantic Richfield wastewater 
collection system will include gravity transmission lines leading to a lift station that would pump 
wastewater via a 3‐inch PVC force main to the MCIC connection.  Both systems discharge to the 
MCIC  connection,  which  eventually  discharges  to  the  ADLC  Wastewater  Treatment  Plant, 
approximately 2.5 miles  from the Mill Creek TIFID.   Section 5.0 provides details regarding the 
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preferred  alternative  technical  feasibility,  environmental  impacts  and  mitigation,  financial 
feasibility, public health and safety, and O&M considerations. 
 
4.4.3 Stormwater Collection System 
 
Alternative  2:  Construct  an  Onsite  Stormwater  Collection  System  was  the  only  viable 
stormwater  system  alternative  chosen.  This  alternative  includes  construction  of  stormwater 
conveyance  and  retention  structures,  such  as  armored  road  ditches,  culverts  and  detention 
ponds, to attenuate and discharge post‐development stormwater runoff at no greater than pre‐
development  flowrates at existing discharge  locations.  Section 5.0 provides details  regarding 
the preferred alternative  technical  feasibility, environmental  impacts and mitigation,  financial 
feasibility, public health and safety, and O&M considerations. 
 
5.0 DETAILED DESCRIPTION OF PREFERRED ALTERNATIVES 
 
This section provides a detailed description of each of  the preferred alternatives selected  for 
water,  wastewater  and  stormwater  systems,  including  discussion  relating  to  general  access 
improvements.    The  Discussion  includes  site  location  and  characteristics,  operational 
requirements,  impact  on  existing  facilities,  design  criteria,  environmental  impacts  and 
mitigation, public health and safety and costs summary. 
 
5.1 Water System 
 
Alternative 1: Connect to City of Anaconda Water System was the alternative chosen in Section 
4.0 and is discussed in detail below. 
 
5.1.1 Site Location and Characteristics 
 
The proposed water system location and layout is provided on Figure 16.  The proposed water 
system is designed to provide potable and fire system flows for both ADLC and Atlantic Richfield 
properties within the Mill Creek TIFID.  Water will be distributed via a looped system, designed 
to first supply water to ADLC properties, and then Atlantic Richfield properties (i.e., the Atlantic 
Richfield water system is dependent on the ADLC water system construction and operation). A 
detailed summary of water system modeling,  including methods, assumptions and results are 
provided in Appendix H.   
 
The following provides a summary of the proposed water system characteristics: 
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Table 9 – Proposed Water System Characteristics 
 

System Characteristic  Information/Assumptions 

ADLC Property System: 

Water Mains  20,400 ft. of 10‐inch PVC piping.

Fire System Hydrants  27 hydrants spaced every 500 ft. along system. 

Irrigation Area (1)  Assumes maximum of 31 acres within ADLC property. 

System Valves  27 valves.

Air Relief Valves  5 air relief valves.

Stream Crossings  6 crossings across Mill Creek and tributary channels. 

Road/Rail Crossings  5 crossings across Mill Creek Road/access roads/rail. 

Utility Crossings  5 crossings across utility pipelines.

Pump Station (2)  Assume one station to boost fire/irrigation flows. 

Atlantic Richfield Property System: 

Water Mains  2,300 ft. of 10‐inch and 13,300 ft. of 8‐inch PVC piping. 

Fire System Hydrants  28 hydrants, spaced every 500 ft. along system. 

System Valves  24 valves.

Air Relief Valves  2 air relief valves.

Irrigation Area  Assumes maximum of 45 acres within Atlantic Richfield property.

Stream Crossings  2 crossings across Mill Creek and tributary channels. 

Road/Rail Crossings  10 crossings across Mill Creek Road and access roads. 

Utility Crossings  6 crossings across utility pipelines.

Total System Demand  86,400 gpd Maximum Daily; 631,000 gpd Summer Peak. 

Notes:  
(1)  Irrigation Area assumes an estimated acreage per parcel that will be  landscaped and require  irrigation during 

summer months (i.e., May through September). 
(2)  Pump  Station  is  estimated  based  on  required  flows/pressures  fire/irrigation  flows  for  full  Mill  Creek  TIFID 

development; the size and number of stations will need to be verified during detailed design. 
 

5.1.2 Operational Requirements 
 
The  proposed  water  system  would  be  constructed  as  an  extension  of  the  existing  City  of 
Anaconda Water System and would  therefore be operated and maintained by  the Anaconda 
Water  Company.    The  proposed  system  will  require  additional  system  monitoring  and 
inspection, consistent with  the existing system.   The proposed system, once constructed, will 
need  to be  tested  (chlorine and coliform  testing) before commissioned.    It  is not anticipated 
that additional staff will be required to operate and maintain the new system. 
 
5.1.3 Impact on Existing Facilities 
 
The Mill Creek TIFID proposed water system will have minimal  impact on  the existing City of 
Anaconda water  system.   The additional demands of  the Mill Creek TIFID development were 
modeled to verify that system pressure will be maintained at no less than 20 psi per connection 
and provide adequate fire supply per ADLC and International Fire Code regulations.   
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5.1.4 Design Criteria 
 
The proposed Mill Creek TIFID water system evaluation was based on design criteria presented 
in MDEQ Circular DEQ 1  and other previous PER’s developed  for  the Mill Creek  and nearby 
properties.   The  following provides a  summary of  the proposed water  system design  criteria 
and  assumptions,  including  water  supply,  treatment,  storage,  pumping  stations, 
distribution/layout, hydraulic calculations and water meters.  
 
5.1.4.1. Water Supply 
 
The Mill Creek TIFID proposed water system was designed to meet the following main design 
criteria. 
 

 Potable water system should maintain a minimum normal working pressure of 35 psi. 

 Potable water system should maintain a minimum pressure under all flow conditions of 
20 psi. 

 Potable water system maximum working pressure should be approximately 60 to 80 psi. 

 Fire  system  flow  should maintain a  flowrate of 1,500 gpm  for 2 hours at each parcel 
location.  This  is  a  minimum  demand  assuming  that  each  industry  building  has  fire 
sprinkler systems  installed.   The  final  fire system  flow demand will be based on actual 
building size and location. 

 Fire system hydrants spaced at every 500 ft. along the distribution system. 
 
5.1.4.2. Treatment 
 
The Mill Creek TIFID water  system water will be  treated within  the existing Anaconda Water 
Department chlorine  treatment system.   No additional  treatment  is anticipated  to supply  the 
Mill Creek TIFID water system. 
 
5.1.4.3. Storage 
 
The following provides a summary of the main water storage/volume assumptions used for the 
proposed water system design. 
 

 The Mill Creek TIFID includes 72 lots, of which are estimated 25 employees per lot with 
an average daily use of 16 gpd per employee. 

 Assumes maximum daily flow peaking factor of 3.0. 
 
Based  on  the  assumptions  above,  the  proposed  water  system  demand  was  calculated  as 
follows. 
 

 Average Daily Demand: 28,800 gpd. 
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 Maximum Daily Demand: 86,400 gpd. 
 
Assuming that a maximum of 20% of the development parcels will be  landscaped and require 
irrigation, during  the  summer months  (i.e. May  through  September),  increased demand was 
calculated based on average rainfall per month and estimated water requirements per month 
for a maximum  increase of approximately 544,600 gpd.   Therefore, during summer  irrigation, 
maximum demand may  increase  to  approximately 631,000  gpd, depending on  the extent of 
landscaped property. 
 
As discussed  in Section 2.3.1.1, based on the design well capacity and historical  flow records, 
the ADLC Water System reserve capacity can be calculated to be: 
 

 Annual Average Daily Reserve = 4.56 MGD. 

 Average Winter Reserve (October through April) = 4.98 MGD. 

 Average Summer Reserve (May through September) = 3.95 MGD. 

 Maximum Peak Daily Reserve = 2.16 MGD. 
 
Therefore, based on  the calculated capacity values above,  it appears  that  the existing City of 
Anaconda  reserve  capacity  (most  conservative:  2.16  MGD)  can  meet  the  Mill  Creek  TIFID 
maximum  summer  seasonal demand of  631,000  gpd  and maximum daily demand of  86,400 
gpd. 
 
5.1.4.4. Pumping Stations 
 
The  proposed water  system,  connected  to  the  City  of Anaconda water  system,  can  provide 
potable water distribution on both ADLC and Atlantic Richfield properties within the Mill Creek 
TIFID without the need of pumping stations.  However, in order to provide full fire and irrigation 
flows to all parcels throughout both properties, at  least one pump station will be required to 
boost  flows/pressures.  The  pumps will  be  installed  in  a  pump  station  facility  that will meet 
MDEQ Circular DEQ 2 requirements.  
 
5.1.4.5. Water Meters 
 
Anaconda requires a meter be  installed on all new water system construction.   A minimum of 
72 meters will be installed upon full Mill Creek TIFID development build‐out. 
 
5.1.5 Environmental Impacts and Mitigation 
 
There should be no significant  long‐term environmental  impacts as a result of this alternative.  
Contaminated soils will be encountered during construction.   The amount and  location of the 
contaminated  soils  will  be  determined  more  accurately  during  detailed  design.    During 



 
Mill Creek TIFID PER Rev0                                       Page 47 of 60 
 

 

alternative construction, an action plan will be developed in conjunction with ADLC and Atlantic 
Richfield to determine proper mitigation methods. 
 
5.1.6 Public Health and Safety 
 
There should be no significant impacts to public health and safety as a result of this alternative.   
 
5.1.7 Cost Summary 
 
Estimated water system construction, operation and maintenance and present worth analysis 
costs are summarized on Table 10.  A detailed summary of cost estimate methods, assumptions 
and itemized results are provided in Appendix G. 
 

Table 10 – Water System Preferred Alternative Cost Summary 
 

Item  ADLC Property Atlantic Richfield 
Property 

Subtotals

Water System Direct Costs (1)  $2,816,361 $1,769,368  $4,585,729

Indirect Costs (2)  $985,726 $619,279  $1,524,505

Direct and Indirect Subtotal  $3,802,087 $2,388,647  $6,190,734

Contingency (15% Direct and Indirect)  $570,313 $358,297  $928,610

Construction Cost Subtotal  $4,372,400 $2,746,944  $7,119,344

Present Value O&M (i=6%, n=20 years)  $37,277 $54,482  $91,759

Total Estimated Costs  $4,409,678 $2,801,426  $7,211,104

Notes:  
(1) Water System Direct Costs include construction items, and are itemized in Appendix G. 
(2) Water System Indirect Costs include engineering, permitting, mobilization/demobilization, quality 

assurance/control, surveying, construction stormwater management, management/administration, traffic 
control and taxes and bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 

 
5.2 Wastewater System 
 
Alternative 1: Connect to City of Anaconda Wastewater System was the alternative chosen  in 
Section 4.0 and is discussed in detail below. 
 
5.2.1 Site Location and Characteristics 
 
The proposed wastewater collection system location and layout is provided on Figure 17.  The 
proposed wastewater collection system was designed  to provide a gravity  flow sewer system 
for both ADLC and Atlantic Richfield properties within  the Mill Creek TIFID.   The wastewater 
collection  system was  created  as  two  separate  systems,  to  first  collection wastewater  from 
ADLC properties, and then Atlantic Richfield properties (note: the Atlantic Richfield wastewater 
system is independent on the ADLC wastewater system construction and operation).  A detailed 
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summary  of  wastewater  system  modeling,  including  methods,  assumptions  and  results  are 
provided in Appendix I.   
 
The following provides a summary of the proposed wastewater system characteristics: 
 

Table 11 – Proposed Wastewater System Characteristics 
 

System Characteristic  Information/Assumptions 

ADLC Property System: 

Gravity Sewer Lines  12,100 ft. of 8‐inch PVC.

Manholes  40 manholes spaced every 400 ft. along system. 

Stream Crossings  3 crossings across Mill Creek and tributary channels.

Road/Rail Crossings  7 crossings across Mill Creek Road/access roads/rail.

Utility Crossings  5 crossings across utility pipelines.

Atlantic Richfield Property System: 

Gravity Sewer Lines  14,900 ft. of 8‐inch PVC.

Manholes  47 manholes spaced every 400 ft. along system. 

Stream Crossings  2 crossings across Mill Creek and tributary channels.

Road/Rail Crossings  14 crossings across Mill Creek Road/access roads/rail.

Utility Crossings  6 crossings across utility pipelines.

Force Main/Lift Station: (1) 

Force Main  6,025 ft. of 3‐inch PVC.

Minimum Force Main Velocity  2 fps.

Peak Hourly Flow to Lift Station  36.4 gpm for 41 lots at 1,280 gpm each (after 3.2 peaking factor 
is applied) 

Average Daily Flow to Lift Station  11.4 gpm for 41 lots at 400 gpm each. 

Lift Station Pumps (2)  2 x 7.5 hp, 3,450 RPM, 3 inch NPT, 44 gpm Submersible Grinder 
Pumps with rail systems. 

Total System Flows  92,200 gpd.

Notes:  
(1) The lift station will be construction on Atlantic Richfield property to convey wastewater via force main through 

Atlantic Richfield and ADLC properties to the MCIC connection, See Figure 17. 
(2) Only  one  pump  is  required  to  transfer wastewater  flow  to  the MCIC  connection;  however  two  pumps  are 

specified as required for system redundancy. 
 
5.2.2 Operational Requirements 
 
The  proposed  wastewater  collection  system  and  lift  station  would  be  constructed  as  an 
extension  of  the  existing  City  of  Anaconda  Wastewater  System  and  would  therefore  be 
operated and maintained by the Anaconda Wastewater Department.  The proposed system will 
require additional system monitoring and inspection, consistent with the existing system.  The 
proposed  lift  station  will  require  electric  service  and  routine  inspection,  cleaning  and 
maintenance. 
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5.2.3 Impact on Existing Facilities 
 
The Mill Creek TIFID proposed wastewater collection system and  lift station will have minimal 
impact  on  the  existing  City  of  Anaconda wastewater  collection  and  treatment  system.    The 
maximum daily  flow  from  the Mill Creek TIFID  is estimated  to be  approximately 92,200  gpd 
(including application of 3.2 peaking factor).  As noted in Section 2.3.2.1, the estimated reserve 
capacity of the existing wastewater treatment system is between 1.0 and 2.0 MGD.  Therefore, 
the  proposed  wastewater  generation  from  the  Mill  Creek  TIFID  should  minimally  impact 
existing collection piping and treatment system.   
 
5.2.4 Design Criteria 
 
The  proposed  Mill  Creek  TIFID  wastewater  system  evaluation  was  based  on  design  criteria 
presented  in MDEQ Circular DEQ 2 and other previous PER’s developed for the Mill Creek and 
nearby  properties.    The  following  provides  a  summary  of  the  proposed  wastewater  system 
design criteria and assumptions, including treatment, reserve capacity and pumping stations. 
 
5.2.4.1. Treatment 
 
Wastewater  generated  from  the  Mill  Creek  TIFID  will  be  conveyed  to  the  existing  City  of 
Anaconda wastewater collection and treatment system that consists of a gravity flow collection 
system,  pre‐treatment  system  for  removal  of  grit  and  debris,  an  aerated  lagoon  treatment 
system,  HIP  complex  (two  holding  ponds  and  five  infiltration/percolation  ponds),  and  land 
application/disposal areas.  Note: this assumes all wastewater generated from Mill Creek TIFID 
development  and  industries  will  meet  treatment  system  requirements  and  do  not  require 
specialized pre‐treatment prior to discharge to the proposed collection system. 
 
5.2.4.2. Reserve Capacity 
 
The  following provides a  summary of  the main wastewater generation assumptions used  for 
the proposed wastewater system design. 
 

 The Mill Creek TIFID includes 72 lots, of which are estimated 25 employees per lot with 
an average daily use of 16 gpd per employee. 

 Assumes 100% of water demand will leave the property as wastewater. 

 Assumes maximum daily flow peaking factor of 3.2. 
 
Based  on  the  assumptions  above,  the  proposed  water  system  demand  was  calculated  as 
follows. 
 

 Average Daily Flow: 28,800 gpd. 

 Maximum Daily Flow: 92,200 gpd. 
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As  discussed  in  Section  2.3.2.1,  Anaconda’s  existing  wastewater  flows  are  metered  with  a 
recorder at the inlet to the aerated lagoon treatment facility.  Annual and seasonal average and 
maximum flows from 2012/2013 data are as follows. 
 

 Annual Average Daily Flow = 0.85 MGD. 

 Average Winter Flow (October through April, 2012) = 0.68 MGD. 

 Average Summer Flow (May through September, 2012 and 2013) = 0.98 MGD. 

 Maximum Daily Flow = 1.36 MGD. 
 
Typically, at  least  two years of previous  flow  records are  recommended  to determine design 
parameters  for wastewater system expansion  (MDEQ, 2012); however, complete and  reliable 
records  are  limited  for  the  Anaconda  system.    Previous  evaluations  by  DOWL/HKM 
(DOWL/HKM, 2011 and DOLW/HKM, 2012) considered the  latest complete set of annual  flow 
records from 2002 and projected estimated design maximum daily flow for winter and summer 
seasons, based on 2000 Census population estimates, projections and estimates of  infiltration 
and inflow.  The evaluations provided the following estimates. 
 

 Design Maximum Daily Flow (Winter) = 1.69 MGD. 

 Design Maximum Daily Flow (Summer) = 1.94 MGD. 
 
While DOWL/HKM  estimates  are  significantly  greater  than  rates  observed  in  the  2012/2013 
data (which is expected, given the extensive collection system upgrades completed since 2002), 
the estimates provide a conservative high range  including estimates of  infiltration and  inflow.  
Therefore,  based  on  the  evaluations/data  above,  the  estimated  wastewater  system  reserve 
hydraulic capacity assuming 2033 population projections include the following. 
 

 Reserve  Hydraulic  Capacity  =  3.0  MGD  (see  Table  3)  –  0.98  to  1.94  MGD  (Design 
Maximum Daily Flow) = 2.05 to 1.06 MGD. 

 
Therefore,  based  on  the  calculated  reserve  capacity  calculations  above,  it  appears  that  the 
existing City of Anaconda  reserve  capacity  (most  conservative: 1.06 MGD)  can meet  the Mill 
Creek TIFID maximum daily flow of 92,200 gpd. 
 
5.2.4.3. Pumping Stations 
 
The proposed wastewater collection system  is a gravity sewer system network on both ADLC 
and  Atlantic  Richfield  properties  within  the  Mill  Creek  TIFID.    However,  41  parcels  located 
within the northeastern section of the Mill Creek TIFID will require a lift station and force main 
to  return collected wastewater  to  the MCIC connection  shown on Figure 17.     The proposed 
system will require two, 7.5 hp, 3,450 RPM, three‐inch, 44 gpm submersible grinder pumps (the 
system requires one pump; however a second pump is added for redundancy) installed on a rail 
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system  for  easy  removal/maintenance  access.    The  pumps  will  be  installed  in  a  lift  station 
facility that will meet MDEQ Circular DEQ 2 requirements.  
 
5.2.5 Environmental Impacts and Mitigation 
 
There should be no significant  long‐term environmental  impacts as a result of this alternative.  
Contaminated soils will be encountered during construction.   The amount and  location of the 
contaminated  soils  will  be  determined  more  accurately  during  detailed  design.    During 
alternative construction, an action plan will be developed in conjunction with ADLC and Atlantic 
Richfield to determine proper mitigation methods. 
 
5.2.6 Public Health and Safety 
 
There should be no significant impacts to public health and safety as a result of this alternative.   
 
5.2.7 Cost Summary 
 
Estimated  wastewater  system  construction,  operation  and  maintenance  and  present  worth 
analysis  costs  are  summarized on  Table  12.   A detailed  summary of  cost  estimate methods, 
assumptions and itemized results are provided in Appendix G. 
 

Table 12 – Wastewater System Preferred Alternative Cost Summary 
 

Item  ADLC Property Atlantic Richfield 
Property 

Subtotals

Wastewater System Direct Costs (1)  $1,784,640 $2,722,305  $4,556,945

Indirect Costs (2)  $624,624 $970,307  $1,594,931

Direct and Indirect Subtotal  $2,409,264 $3,742,612  $6,151,876

Contingency (15% Direct and Indirect)  $361,390 $561,392  $922,781

Construction Cost Subtotal  $2,770,654 $4,304,004  $7,074,657

Present Value O&M (i=6%, n=20 years)  $51,615 $143,374  $194,989

Total Estimated Costs  $2,822,268 $4,447,378  $7,269,646

Notes:  
(1) Wastewater System Direct Costs include construction items, and are itemized in Appendix G. 
(2) Wastewater System Indirect Costs include engineering, permitting, mobilization/demobilization, quality 

assurance/control, surveying, construction stormwater management, management/administration, traffic 
control and taxes and bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 

 
5.3 Stormwater System 
 
Alternative 2: Construct an Onsite Stormwater Collection System was the alternative chosen in 
Section 4.0 and is discussed in detail below. 
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5.3.1 Site Location and Characteristics 
 
The estimated existing stormwater drainage for the Mill Creek TIFID  is provided on Figure 18.  
The proposed stormwater system for post‐development conditions within the Mill Creek TIFID 
is  provided  on  Figure  19.    The  proposed  stormwater  system  was  designed  to  convey  and 
attenuate stormwater flows so that discharge  is no greater than pre‐development conditions.  
Runoff conditions  for 2, 10 and 100 year, 24 hr.  storm events were evaluated  in accordance 
with  MDEQ  Circular  DEQ  8.    The  proposed  stormwater  system  will  include  armored  road 
ditches, culverts, site grading and lined detention ponds in order to convey and attenuate post‐
development  run‐off  into  various  discharge  points  along Mill Creek  and  associated  tributary 
drainages. A detailed summary of water system modeling, including methods, assumptions and 
results are provided in Appendix J.   
 
The following provides a summary of the proposed stormwater system characteristics: 
 

Table 13 – Proposed Stormwater System Characteristics 
 

System Characteristic  Information/Assumptions 

Assumed Discharge Outfalls (1)  10 outfalls: 3 to Mill Creek; 7 to tributary drainages 

New Graded Road Ditch Channels  Trapezoidal channels, 3:1 and 2:1 sideslopes, 2 ft. bottom 
width. 

  33,000 ft. of channels; armored with 3 to 6 inch D50 riprap or 
equivalent protection. 

Crossing Structures (Culverts)  17 road/stream/drainage crossing CMP culverts. 

Water Retention/Attenuation (2)  40 acre‐feet (100 year, 24 hr. storm volume) 

Notes:  
(1) The proposed stormwater drainage system is preliminary and highly dependent upon the actual and final layout 

of the Mill Creek TIFID development and size/type of industries. 
(2) Water retention  includes retention of the entire volume of  the 100 year, 24 hr. storm event  for all drainage 

basins  combined;  however,  each  basin may  have  single  or multiple  retention  basins  based  on  final  design.  
Retention basins will be designed to discharge at the pre‐development, 2 year, 24 hr. discharge rate per basin 
outfall.  Detailed estimated retention requirements per basin are summarized in Appendix J. 

 
5.3.2 Operational Requirements 
 
The ADLC Road Department would be responsible  for operation and maintenance of  the Mill 
Creek TIFID stormwater drainage system.   Operational requirements  for the proposed system 
would  consist  of  routine  inspections,  grading  of  channels  to  remove  sediment  and  repair 
erosion,  dewater/remove  sediment  from  detention  basins  and  inspect  and  repair  detention 
basin liner systems.   
 
5.3.3 Impact on Existing Facilities 
 
The Mill Creek TIFID proposed stormwater system will have no  impact on  the existing City of 
Anaconda  stormwater  collection  system.    The  nearest  connection  point  from  the Mill Creek 
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TIFID to the existing city stormwater collection system  is approximately three miles northwest 
of the Mill Creek TIFID.   Therefore, the proposed Mill Creek stormwater system will maintain 
existing drainage outfalls and pre‐development discharge flows. 
 
5.3.4 Design Criteria 
 
The  proposed  Mill  Creek  TIFID  stormwater  system  evaluation  was  based  on  design  criteria 
presented  in MDEQ Circular DEQ 8, previous PER’s developed for the Mill Creek property and 
engineering standards  for preliminary hydrologic/hydraulic analysis.   The  following provides a 
summary  of  the  proposed  stormwater  system  design  criteria  and  assumptions,  including 
hydrologic/hydraulic analysis and treatment. 
 
5.3.4.1. Hydrologic/Hydraulic Analysis 
 
Stormwater management within  the Mill Creek TIFID was evaluated  to compare existing and 
post‐development conditions, in accordance with MDEQ Circular DEQ 8.  The following provides 
a list of the general assumptions and methods used in this analysis. 
 

 The actual development plan  for Mill Creek TIFID  is unknown;  this  stormwater analysis  is 
based on estimated development of five acre parcels with assumed values for ground cover, 
access roadways, and water routing.  Actual development conditions may significantly vary 
from this evaluation. 

 

 Due  to  the unknown nature of Mill Creek TIFID development, only a cursory and  relative 
evaluation  was  performed  of  existing  and  estimated  post‐development  stormwater 
management.   Assumptions were made  regarding existing  routing and hydraulic  features 
based  on  general  site  topography  and  notes  gathered  during  one  site  visit.    Actual 
topographic surveys of existing drainages and structures are outside the scope of this PER 
and were not performed. 

 

 This evaluation of stormwater management calculates only the relative difference between 
existing and post‐development stormwater flows, and therefore may not exactly represent 
actual discharge flows. 

 

 Detention  basin  design  is  based  on  attenuating  the  entire  100‐year,  24  hr.  storm  event 
based on post‐development conditions.  This is considered conservative, as actual detention 
volumes may decrease based on more detailed  flood routing and attenuation evaluations 
performed  in detailed design.   Detention basins would be designed  to attenuate  the 100‐
year, 24 hr. storm and eventually discharge at flows no greater than existing discharge for 
the 2‐year, 24 hr. storm flowrate. 
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 Based on visual inspection during a site visit, it is assumed that all off‐site stormwater run‐
on is diverted from the Mill Creek TIFID by existing berms, channels and ditches maintained 
on surrounding properties.  This evaluation estimates on‐site stormwater runoff only.  Off‐
site stormwater run‐on should be evaluated and verified during detailed engineering prior 
to property development. 

 

 Precipitation  for  the  2yr,  10yr  and  100yr‐24  hr.  storm  were  determined  from  National 
Oceanic and Atmospheric Association precipitation atlas data: 

 
o 2yr – 24 hr. Storm: 1.2 inches 
o 10yr – 24 hr. Storm: 1.8 inches 
o 100yr – 24 hr. Storm: 2.8 inches 
 

 Drainage basins within the Mill Creek TIFID were divided based on available topography and 
visually inspected site features.  NOTE: more recent topography may change drainage basin 
delineation and outfall locations. 

 

 Basin  information,  including  boundary  delineations,  assumed  drainage  routing  and 
topographic information were entered and modeled within Aquaveo’s Watershed Modeling 
System (WMS), version 9.1. 

 

 Time of concentration and peak runoff  (2yr, 10yr and 100yr‐24 hr. storm events)  for each 
basin  was  determined  using  National  Resources  Conservation  Service  TR‐55  tabular 
methods. 

 
5.3.4.2. Treatment 
 
It  is  assumed  that  existing  Mill  Creek  TIFID  on‐site  stormwater  flows  are  discharged  as 
estimated on Figures 18 and 19 and do not require treatment prior to discharge.  As discussed 
in Section 2.2.2.6, the 2012 Section 303(d) list of impaired waters for Montana lists Lower Mill 
Creek (Waterbody ID MT76G002_052) as Water Quality Category 5 (i.e., One or more uses are 
impaired  and  a  TMDL  is  required).    Impairment  information  for  Lower  Mill  Creek  includes 
metals  contamination  via  contaminated  sediments/mill  tailings,  noting  aluminum,  arsenic, 
cadmium,  copper,  iron,  lead  and  zinc  as  probable  causes,  and  impairment  to  agricultural, 
aquatic and drinking water use.   The Mill Creek TIFID development may significantly help Mill 
Creek  Water  quality  as  parcels  are  reclaimed  during  development  and  the  proposed 
stormwater system attenuates large storm events (e.g., the 100 year, 24 hr. storm). 
 
5.3.5 Environmental Impacts and Mitigation 
 
There should be no significant  long‐term environmental  impacts as a result of this alternative.  
Contaminated soils will be encountered during construction.   The amount and  location of the 
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contaminated  soils  will  be  determined  more  accurately  during  detailed  design.    During 
alternative construction, an action plan will be developed in conjunction with ADLC and Atlantic 
Richfield to determine proper mitigation methods. 
 
5.3.6 Public Health and Safety 
 
There should be no significant impacts to public health and safety as a result of this alternative.   
 
5.3.7 Cost Summary 
 
Estimated  stormwater  system  construction,  operation  and  maintenance  and  present  worth 
analysis  costs  are  summarized on  Table  14.   A detailed  summary of  cost  estimate methods, 
assumptions and itemized results are provided in Appendix G. 
 

Table 14 – Stormwater System Preferred Alternative Cost Summary 
 

Item  ADLC Property Atlantic Richfield 
Property 

Subtotals

Stormwater System Direct Costs (1)  $466,537 $452,359  $918,896

Indirect Costs (2)  $163,288 $158,326  $321,614

Direct and Indirect Subtotal  $629,825 $610,684  $1,240,510

Contingency (15% Direct and Indirect)  $94,474 $91,603  $186,076

Construction Cost Subtotal  $724,299 $702,287  $1,426,586

Present Value O&M (i=6%, n=20 years)  $41,292 $61,938  $103,229

Total Estimated Costs  $765,591 $764,225  $1,529,815

Notes:  
(1) Stormwater System Direct Costs include construction items, and are itemized in Appendix G. 
(2) Stormwater System Indirect Costs include engineering, permitting, mobilization/demobilization, quality 

assurance/control, surveying, construction stormwater management, management/administration, traffic 
control and taxes and bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 

 
5.4 General Access Improvements 
 
This  section  discusses  general  access  improvements  and  site  preparation  required  for 
development of  the Mill Creek  TIFID parcels.   Discussion  includes  site preparation work  and 
access and railroad spur construction. 
 
5.4.1 Site Location and Characteristics 
 
The proposed access road and railroad spur  locations Mill Creek TIFID are provided on Figure 
15.  A detailed summary of land development assumptions, including road and railroad right of 
ways are provided in Appendix F. 
 
The following provides a summary of the proposed road/railroad spur characteristics: 
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Table 15 – Proposed General Access Improvements 

 

System Characteristic  Information/Assumptions 
Access Roads (Gravel Roads)  Approximately 1.94 miles (ADLC properties) and 2.96 miles 

(Atlantic Richfield properties). 

Railroad Spurs (1) 
 

Approximately 7,440 ft. (ADLC properties) and 5,240 ft. 
(Atlantic Richfield Properties). 

Notes:  
(1) Includes development of rail spurs into various property locations as shown.  Spurs delineation and extent are 

conceptual, and do not  include complete analysis of the rail system traffic, required number of switches, and 
complete evaluation of grade control.   

 
5.4.2 Operational Requirements 
 
The ADLC Road Department would be responsibility for operation and maintenance of the Mill 
Creek TIFID access roads.   Railroad spur operation and maintenance would be supplied by the 
industry  developer.    Operational  requirements  for  the  proposed  system  would  consist  of 
routine inspections, grading of roads and erosion repair.   
 
5.4.3 Impact on Existing Facilities 
 
The  Mill  Creek  TIFID  proposed  access  roads  and  railroad  spurs  will  have  no  impact  on  the 
existing City of Anaconda  road  system.   The access  roads will  connect  to Mill Creek Road  in 
accordance with Montana Department of Transportation Standards.   
 
5.4.4 Design Criteria 
 
Access road right‐of‐ways were assumed to be 30 ft. from the road centerline based on industry 
standards.   Railroad  spur  right of way, minimum  curvature,  turnouts,  side  track  right of way 
widths  and  minimum  grades  were  set  based  on  various  railroad  industry  guidelines  and 
specifications.   Design criteria and assumptions for all road and railroad spur construction are 
provided in Appendix F. 
 
5.4.5 Environmental Impacts and Mitigation 
 
There  should  be  no  significant  long‐term  environmental  impacts  as  a  result  of  this  work.  
Contaminated soils will be encountered during construction.   The amount and  location of the 
contaminated  soils  will  be  determined  more  accurately  during  detailed  design.    During 
alternative construction, an action plan will be developed in conjunction with ADLC and Atlantic 
Richfield to determine proper mitigation methods. 
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5.4.6 Public Health and Safety 
 
There should be no significant impacts to public health and safety as a result of this work.   
 
5.4.7 Cost Summary 
 
Estimated  site  preparation  and  road/railroad  spur  construction,  operation  and  maintenance 
and present worth  analysis  costs  are  summarized on  Table 16.   A detailed  summary of  cost 
estimate methods, assumptions and itemized results are provided in Appendix G. 
 

Table 16 – Site Preparation/Access Roads/Railroad Spur System  
Preferred Alternative Cost Summary 

 
Item  ADLC Property Atlantic Richfield 

Property 
Subtotals

Site Preparation/Roads/Rail Spur Direct Costs (1) $2,238,562 $2,184,825  $4,423,387

Indirect Costs (2)  $783,497 $764,689  $1,548,186

Direct and Indirect Subtotal  $3,022,059 $2,949,514  $5,971,573

Contingency (15% Direct and Indirect)  $453,309 $442,427  $895,736

Construction Cost Subtotal  $3,475,367 $3,391,941  $6,867,309

Present Value O&M (i=6%, n=20 years)  $83,157 $123,302  $206,459

Total Estimated Costs  $3,558,524 $3,515,243  $7,073,767

Notes:  
(1) Direct Costs include construction items, and are itemized in Appendix G. 
(2) Indirect Costs include engineering, permitting, mobilization/demobilization, quality assurance/control, 

surveying, construction stormwater management, management/administration, traffic control and taxes and 
bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 

 
6.0 RECOMMENDATIONS AND IMPLEMENTATION 
 
This  section provides discussion  and  recommendation of  financing options  available  through 
W2ASACT, project implementation and public participation. 
 
6.1 Financing Options 
 
Primary  funding  for  infrastructure  improvements  in  the  Mill  Creek  TIFID  will  be  obtained 
through  an established Tax  Increment  Financing  Industrial District  (TIFID). Additional  funding 
can be obtained through various  loans and grants. Table 17 shows a current  list of applicable 
funding programs for loans and grants, with brief discussion of participation recommendations.   
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Table 17 – Available Grant and Loan Programs for Municipal Infrastructure Projects 
 

Program  Description/Discussion  Recommendation 
and Basis 

Renewable Resource Grant 
and Loan Program 

This program provides low‐interest loans and grants of 
up to $100,000 with no specific match requirement. 

Yes 

Community Development 
Block Grant 
(CDBG) Program 

CDBG funds are available principally to benefit low‐ to 
moderate‐income projects.  In public facilities projects, 
this is accomplished by improving public facilities that 
serve communities or neighborhoods consisting of 51% 
or more low or moderate‐income families or by 
providing services to low or moderate‐income people. 

Yes, Assuming TIFID 
development will meet 
the Grant Requirements. 

Treasure State 
Endowment Program 
(TSEP) 

TSEP funds are available for various public facilities 
projects. This program is similar to the CDBG program; 
except it has no low‐income requirement.  Maximum 
funding is $750,000 every other year.  Funds are 
generally allocated to communities whose combined 
water and sewer rates exceed the State average.  
However, in the past TSEP applications have been 
approved and funded regardless of the combined water 
and sewer rates with respect to target rates.   

Yes, Assuming TIFID 
development meets the 
requirements. 

State Revolving Fund 
Program 

This DEQ‐administered program provides low‐interest 
loans for utility system planning, design, and 
construction. Some grant funds are available. Interest 
rates are 3.75% with terms of 20 years. 

No, Unless no other 
funding can be obtained. 

Rural Development Loan 
and Grant 
Program 

The maximum loan term is 40 years and the lowest 
interest rate is generally around 4.0%. The maximum 
grant amount is 75% of the project costs. Funds are 
generally allocated to incorporated towns and cities and 
water and/or sewer districts. Applicants with population 
of 10,000 or less are eligible, with a priority given to 
those with a population of less than 5,500. The census 
data obtained from the most recent decennial census is 
used to determine population and income. 

No, Unless no other 
funding can be obtained. 

Intermediate Term Capital 
Program 
(INTERCAP) 

This program provides interim loans up to 10 years for 
water and wastewater system improvements with no 
limit. Interest rates are on a variable rate program. 

No, Unless no other 
funding can be obtained. 

State and Tribal Assistance 
Grants 
Federal Fiscal 
Appropriations 
(Administered by the US 
Environmental 
Protection Agency) 

STAG funds are available to municipalities, tribal 
governments and county water and sewer districts. The 
funds typically require a 45% match of local funds which 
can be provided from other federal or state grant or loan 
programs. 

Yes, Assuming TIFID 
development meets the 
requirements. 

Section 595 of the Water 
Resources Act 
(US Corps of Engineers) 

Section 595 is part of the Water Resources Development 
Act of 1999. The purpose of the program is to provide 
design and construction assistance to non‐federal 
interests for water‐related environmental infrastructure 
and resource protection and development projects in 
rural Montana. Local (non‐federal) cost share 

Yes, Assuming TIFID 
development meets the 
requirements. 
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Program  Description/Discussion  Recommendation 
and Basis 

requirements are 25% local to 75% federal. 

Economic Development 
Association 

Authorized by the Public Works and Economic 
Development Act of 1965. Provides grants on a cost 
share basis to projects that create sustainable economic 
opportunity in the community. 

Yes, Assuming TIFID 
development meets the 
requirements. 

 
6.2 Implementation 
 
CEC  understands  that  construction  of  all  proposed  water,  wastewater,  stormwater  and  site 
access  infrastructure  improvements  for  the entire Mill Creek TIFID exceeds  the  current TIFID 
budget.   However, ADLC can develop  the Mill Creek TIFID  in phases as  funding and potential 
developers  become  available.    ADLC  could  elect  to  focus  first  on  development within  ADLC 
properties, and then Atlantic Richfield properties.   
 
A  phased  development  example  within  the  ADLC  property  is  shown  on  Figure  20.    This 
development example  represents  a  total developed  area of 73  acres which  is  approximately 
half of the total proposed ADLC developed area (i.e., 155 acres).   In order to further decrease 
costs,  water  system  pump  station  (to  boost  fire  and  irrigation  flows)  and  railroad  spur 
construction could be  removed and assigned as a  responsibility of  the developer, as desired.  
Therefore, focusing development only on this example area, costs become more reasonable for 
development within existing TIFID budgets.  Table 18 summarizes the total costs to provide all 
services (except railroad spurs) to this portion of the TIFID. 
 

Table 18 – Mill Creek TIFID Selective Development Example 
 

Item  Parcels 1‐9 and 12‐16 (1)

Site Preparation/Access Roads Direct Costs (2) $292,187

Water System Direct Costs (2)  $766,177

Wastewater System Direct Costs (2)  $430,470

Stormwater System Direct Costs (2)  $184,531

Indirect Costs (3)  $585,678

Direct and Indirect Subtotal  $2,259,043

Contingency (15% Direct and Indirect)  $338,856

Construction Cost Subtotal  $2,597,899

Present Value O&M (i=6%, n=20 years)  $106,670

Total Estimated Costs  $2,704,569

Notes:  
(1) Mill Creek TIFID Selective development parcels are shown on Figure 20. 
(2) Direct Costs include construction items, and are itemized in Appendix G. 
(3) Indirect Costs include engineering, permitting, mobilization/demobilization, quality assurance/control, 

surveying, construction stormwater management, management/administration, traffic control and taxes and 
bonds and are applied as direct percentages of direct costs, as shown in Appendix G. 
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CEC understands that currently, ADLC has not secured developers or tenants for development 
of properties within the Mill Creek TIFID.   Therefore, given that the type and extent of future 
industrial development within  the Mill Creek TIFID  is currently unknown, ADLC may select  to 
perform  phased  development  within  the  Mill  Creek  TIFID,  or  reserve  TIFID  funds  to  target 
development/support of committed developers only.  This latter option may provide the most 
efficient  and  accurate  application  of  TIFID  funds,  once  detailed  industrial  developer 
requirements and plans are known. 
 
6.3 Public Participation 
 
Meetings were held on August 7, 2013, September 12, 2013, August 14, 2013 October 17, 2013, 
and March 30, 2014 with the Mill Creek TIFID Board and ADLC representatives to discuss the 
Mill Creek TIFID PER development.  No public comments were received at these meetings.  The 
Final PER will be made available to the public for additional comment and discussion at a future 
ADLC Commission Meeting, currently pending. 
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REFERENCES:

1) RAILROAD AND ROAD ALIGNMENTS BASED ON MONTANA SPATIAL DATA

INFRASTRUCTURE TRANSPORTATION FRAMEWORK SHAPEFILES (RAILROADS.SHP AND
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& ENVIRONMENTAL TECHNOLOGIES, 2013.
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6) BASEMAP AERIAL IMAGE IS 2011 NAIP IMAGE 2029.
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REFERENCES:

1) RAILROAD AND ROAD ALIGNMENTS BASED ON MONTANA SPATIAL DATA

INFRASTRUCTURE TRANSPORTATION FRAMEWORK SHAPEFILES (RAILROADS.SHP AND

ROADS.SHP) DOWNLOADED ON 7/19/2013.

2) PROPERTY BOUNDARIES BASED ON MONTANA CADASTRAL DATA AND SHAPEFILE

TIFID_CADASTRAL_CLIP.SHP PROVIDED BY ADLC.A
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EXACT.
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REFERENCES:

1) RAILROAD AND ROAD ALIGNMENTS BASED ON MONTANA SPATIAL DATA

INFRASTRUCTURE TRANSPORTATION FRAMEWORK SHAPEFILES (RAILROADS.SHP AND

ROADS.SHP) DOWNLOADED ON 7/19/2013.

2) FEMA ZONE A FLOODPLAIN BASED ON FEMA  ISSUED FLOOD MAP 3000170150B AND

SHAPEFILE FEMA_CLIP.SHP PROVIDED BY ADLC.

3) PROPERTY BOUNDARIES BASED ON MONTANA CADASTRAL DATA AND SHAPEFILE

TIFID_CADASTRAL_CLIP.SHP PROVIDED BY ADLC.A

4) BASEMAP AERIAL IMAGE IS 2011 NAIP IMAGE 2029.

5) AS-BUILT REMEDIAL DATA PROVIDED BY ANACONDA DEER-LODGE COUNTY IN SHAPEFILE

REMEDY_AS_BUILT_OPEN_SPACE.SHP.
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REFERENCES:

1) RAILROAD AND ROAD ALIGNMENTS BASED ON MONTANA SPATIAL DATA

INFRASTRUCTURE TRANSPORTATION FRAMEWORK SHAPEFILES (RAILROADS.SHP AND

ROADS.SHP) DOWNLOADED ON 7/19/2013.

2) FEMA ZONE A FLOODPLAIN BASED ON FEMA  ISSUED FLOOD MAP 3000170150B AND

SHAPEFILE FEMA_CLIP.SHP PROVIDED BY ADLC.

3) PROPERTY BOUNDARIES BASED ON MONTANA CADASTRAL DATA AND SHAPEFILE

TIFID_CADASTRAL_CLIP.SHP PROVIDED BY ADLC.A

4) BASEMAP AERIAL IMAGE IS 2011 NAIP IMAGE 2029.

5) PRELIMINARY REMEDIAL LAND UNIT DATA PROVIDED BY ANACONDA DEER-LODGE

COUNTY IN SHAPEFILE ARWWS_PRLU_POLYGONS.SHP.
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Reference Notes:
1. Railroad and road information based on Montana Spatial Data

 Infrastructure Transportation Framework. 
2. Basemap information based on ArcMap 10.1 Topo Basemap. Sources listed in bottom right of map.
3. Well location information provided by the Water Information System from

Montana State Library in the shapfile gwicwells.shp downloaded on 10/08/13.
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Reference Notes:
1. Railroad aand road information based on Montana Spatial Data Infrastructure Transportation Framework.
2. Basemap information based on ArcMap 10.1 Topo Basemap. Sources listed in bottom right of map.
3. FEMA floodplain information provided by FEMA and ADLC,
4. Northwestern revised floodplain based on information from 'Northwestern Energy Mill Creek

Generating Substation - Mill Creek Base Flood Elevation Determination' by Water and
Environmental Technologies, 2013.
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Reference Notes:
1. Railroad aand road information based on Montana Spatial Data

 Infrastructure Transportation Framework. 
2. Basemap information based on ArcMap 10.1 Topo Basemap. Sources listed in bottom right of map.
3. Wetlands and riparian data provided by U.S. Fish and Wildlife Service.
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STORMWATER SYSTEM.
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EXISTING RAILROAD (SEE NOTE 1) SILVER LAKE PIPELINE RIGHT-OF-WAY (SEE NOTE 7)

PROPOSED ROAD CENTERLINE (SEE NOTE 2) FEMA ZONE A FLOODPLAIN

PROPOSED RAILROAD SIDETRACK CENTERLINE (SEE NOTE 3) ARCO PROPERTY BOUNDARY

PROPOSED DEVELOPMENT PARCELS (SEE NOTE 4) ADLC PROPERTY BOUNDARY

PARK/OPEN SPACE (SEE NOTE 5)
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NOTES:

1) EXISTING RAILROAD INCLUDES 100 FT. ROW (50 FT. EACH SIDE OF THE CENTERLINE).

2) PROPOSED ROAD INCLUDES 60 FT. ROW (30 FT. EACH SIDE OF CENTERLINE).

3) PROPOSED RAILROAD SIDETRACK INCLUDES 100 FT. ROW FOR SECTIONS RUNNING

ALONG EXISTING RAILROAD AND 50 FT. ROW WHEN ISOLATED.

4) PROPOSED DEVELOPMENT PARCELS DELINEATED AT APPROXIMATELY 5 ACRES EACH.

5) PARK/OPEN SPACE DEFINED AS AREAS WITH EXISTING HEAVY VEGETATION, STEEP

TERRAIN, DRAINAGE, UTILITY, AND/OR ACCESS ISSUES POSSIBLY PRECLUDING

DEVELOPMENT.

6) UTILITY ROW ASSUMED TO ENCOMPASS EXISTING OVERHEAD UTILITY ALIGNMENTS

PLUS 20 FT. EACH SIDE OF ALIGNMENT.

7) SILVER LAKE PIPELINE ASSUMED TO HAVE 100 FT. ROW (50 FT. EACH SIDE OF

CENTERLINE).

REFERENCES:

1) RAILROAD AND ROAD ALIGNMENTS BASED ON MONTANA SPATIAL DATA

INFRASTRUCTURE TRANSPORTATION FRAMEWORK SHAPEFILES (RAILROADS.SHP AND

ROADS.SHP) DOWNLOADED ON 7/19/2013.

2) FEMA ZONE A FLOODPLAIN BASED ON FEMA  ISSUED FLOOD MAP 3000170150B AND

SHAPEFILE FEMA_CLIP.SHP PROVIDED BY ADLC.

3) UTILITY ALIGNMENTS PROVIDED BY ADLC IN SHAPEFILE UTILITIES_EAST_ANACONDA.SHP.

4) PROPERTY BOUNDARIES BASED ON MONTANA CADASTRAL DATA AND SHAPEFILE

TIFID_CADASTRAL_CLIP.SHP PROVIDED BY ADLC.
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PARCEL 57

PARCEL 58

PARCEL 56

PARCEL 37

PARCEL 6

PARCEL 30

PARCEL 4

PARCEL 2

PARCEL 14

PARCEL 15

PARCEL 3

PARCEL 16

PARCEL 22

PARCEL 59

PARCEL 60

PARCEL 32

PARCEL 29

PARCEL 28

PARCEL 5

PARCEL 9

PARCEL 7

FIGURECOPPER ENVIRONMENTAL
CONSULTING, LLC.

406 East Park Avenue Suite 2
Anaconda, MT 59711

(406) 563-2700

WATER SYSTEM ALTERNATIVE 1: CONNECT TO

CITY OF ANACONDA WATER SYSTEM

MILL CREEK TIFID PER

PREPARED FOR:

ANACONDA-DEER LODGE COUNTY

Copper Environmental
C o n s u l t i n g ,  L L C

LEGEND:

EXISTING ROAD FEMA ZONE A FLOODPLAIN

EXISTING RAILROAD (SEE NOTE 1) OVERHEAD UTILITY RIGHT-OF-WAY (ROW) (SEE NOTE 6)

PROPOSED ROAD CENTERLINE (SEE NOTE 2) SILVER LAKE PIPELINE RIGHT-OF-WAY (SEE NOTE 7)

PROPOSED RAILROAD SIDETRACK CENTERLINE (SEE NOTE 3) EXISTING WATER MAIN

PROPOSED DEVELOPMENT PARCELS (SEE NOTE 4) SILVER LAKE PIPELINE

PARK/OPEN SPACE (SEE NOTE 5)
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NOTES:

1) EXISTING RAILROAD INCLUDES 100 FT. ROW (50 FT. EACH SIDE OF THE CENTERLINE).

2) PROPOSED ROAD INCLUDES 60 FT. ROW (30 FT. EACH SIDE OF CENTERLINE).

3) PROPOSED RAILROAD SIDETRACK INCLUDES 100 FT. ROW FOR SECTIONS RUNNING

ALONG EXISTING RAILROAD AND 50 FT. ROW WHEN ISOLATED.

4) PROPOSED DEVELOPMENT PARCELS DELINEATED AT APPROXIMATELY 5 ACRES EACH.

5) PARK/OPEN SPACE DEFINED AS AREAS WITH EXISTING HEAVY VEGETATION, STEEP

TERRAIN, DRAINAGE, UTILITY, AND/OR ACCESS ISSUES POSSIBLY PRECLUDING

DEVELOPMENT.

6) UTILITY ROW ASSUMED TO ENCOMPASS EXISTING OVERHEAD UTILITY ALIGNMENTS

PLUS 20 FT. EACH SIDE OF ALIGNMENT.

7) SILVER LAKE PIPELINE ASSUMED TO HAVE 100 FT. ROW (50 FT. EACH SIDE OF

CENTERLINE).

REFERENCES:

1) RAILROAD AND ROAD ALIGNMENTS BASED ON MONTANA SPATIAL DATA

INFRASTRUCTURE TRANSPORTATION FRAMEWORK SHAPEFILES (RAILROADS.SHP AND

ROADS.SHP) DOWNLOADED ON 7/19/2013.

2) FEMA ZONE A FLOODPLAIN BASED ON FEMA  ISSUED FLOOD MAP 3000170150B AND

SHAPEFILE FEMA_CLIP.SHP PROVIDED BY ADLC.

3) UTILITY ALIGNMENTS PROVIDED BY ADLC IN SHAPEFILE UTILITIES_EAST_ANACONDA.SHP.

4) PROPERTY BOUNDARIES BASED ON MONTANA CADASTRAL DATA AND SHAPEFILE

TIFID_CADASTRAL_CLIP.SHP PROVIDED BY ADLC.

PARCEL ##

W

I

L

L

O

W

 

G

L

E

N

 

R

O

A

D

M

I

L

L

 

C

R

E

E

K

 

H

I

G

H

W

A

Y

DRAWING NOT TO BE 
USED  FOR 

CONSTRUCTION

R

A

I

L

 

R

O

A

D

 

L

O

O

P

 

T

R

A

I

L

PROPOSED WATER SYSTEM LEGEND:

PROPOSED 10-INCH WATER MAIN

PROPOSED 8-INCH WATER MAIN

PROPOSED FIRE HYDRANT LOCATION

PROPOSED VALVE LOCATION

PROPOSED AIR RELIEF VALVE LOCATION

SEWER CROSSING
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SILVER LAKE PIPELINE CROSSING

MILL CREEK

CROSSINGS

DITCH CROSSINGS

EXISTING VALVE

HIGHWAY

CROSSINGS

RAILROAD

CROSSINGS

SEWER CROSSING

SEWER CROSSING

SEWER CROSSINGS

SEWER CROSSING

DITCH CROSSING

DITCH CROSSING
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FIGURECOPPER ENVIRONMENTAL
CONSULTING, LLC.

406 East Park Avenue Suite 2
Anaconda, MT 59711

(406) 563-2700

WASTEWATER SYSTEM ALTERNATIVE 1: CONNECT

TO CITY OF ANACONDA WASTEWATER SYSTEM

MILL CREEK TIFID PER

PREPARED FOR:

ANACONDA-DEER LODGE COUNTY

Copper Environmental
C o n s u l t i n g ,  L L C

LEGEND:

EXISTING ROAD FEMA ZONE A FLOODPLAIN

EXISTING RAILROAD (SEE NOTE 1) OVERHEAD UTILITY RIGHT-OF-WAY (ROW) (SEE NOTE 6)

PROPOSED ROAD CENTERLINE (SEE NOTE 2) SILVER LAKE PIPELINE RIGHT-OF-WAY (ROW) (SEE NOTE 7)

PROPOSED RAILROAD SIDETRACK CENTERLINE (SEE NOTE 3) EXISTING GRAVITY SEWER LINE

PROPOSED DEVELOPMENT PARCELS (SEE NOTE 4) SILVER LAKE PIPELINE

PARK/OPEN SPACE (SEE NOTE 5)
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NOTES:

1) EXISTING RAILROAD INCLUDES 100 FT. ROW (50 FT. EACH SIDE OF THE CENTERLINE).

2) PROPOSED ROAD INCLUDES 60 FT. ROW (30 FT. EACH SIDE OF CENTERLINE).

3) PROPOSED RAILROAD SIDETRACK INCLUDES 100 FT. ROW FOR SECTIONS RUNNING

ALONG EXISTING RAILROAD AND 50 FT. ROW WHEN ISOLATED.

4) PROPOSED DEVELOPMENT PARCELS DELINEATED AT APPROXIMATELY 5 ACRES EACH.

5) PARK/OPEN SPACE DEFINED AS AREAS WITH EXISTING HEAVY VEGETATION, STEEP

TERRAIN, DRAINAGE, UTILITY, AND/OR ACCESS ISSUES POSSIBLY PRECLUDING

DEVELOPMENT.

6) UTILITY ROW ASSUMED TO ENCOMPASS EXISTING OVERHEAD UTILITY ALIGNMENTS

PLUS 20 FT. EACH SIDE OF ALIGNMENT.

7) SILVER LAKE PIPELINE ASSUMED TO HAVE 100 FT. ROW (50 FT. EACH SIDE OF

CENTERLINE).

REFERENCES:

1) RAILROAD AND ROAD ALIGNMENTS BASED ON MONTANA SPATIAL DATA

INFRASTRUCTURE TRANSPORTATION FRAMEWORK SHAPEFILES (RAILROADS.SHP AND

ROADS.SHP) DOWNLOADED ON 7/19/2013.

2) FEMA ZONE A FLOODPLAIN BASED ON FEMA  ISSUED FLOOD MAP 3000170150B AND

SHAPEFILE FEMA_CLIP.SHP PROVIDED BY ADLC.

3) UTILITY ALIGNMENTS PROVIDED BY ADLC IN SHAPEFILE UTILITIES_EAST_ANACONDA.SHP.

4) PROPERTY BOUNDARIES BASED ON MONTANA CADASTRAL DATA AND SHAPEFILE

TIFID_CADASTRAL_CLIP.SHP PROVIDED BY ADLC.
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PROPOSED WASTEWATER SYSTEM LEGEND:
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PROPOSED MANHOLE LOCATION

PROPOSED FORCE MAIN



FIGURECOPPER ENVIRONMENTAL
CONSULTING, LLC.

406 East Park Avenue Suite 2
Anaconda, MT 59711

(406) 563-2700

EXISTING STORMWATER DRAINAGES

MILL CREEK TIFID PER

PREPARED FOR:

ANACONDA-DEER LODGE COUNTY

Copper Environmental
C o n s u l t i n g ,  L L C

LEGEND:

EXISTING ROAD EXISTING STREAM/DRAINAGE DITCH

EXISTING TOPOGRAPHY (2 FT-INTERVALS) TIFID BOUNDARY

EXISTING RAILROAD 

DRAINAGE BOUNDARY

OUTFALL
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REFERENCES:

1) RAILROAD AND ROAD ALIGNMENTS BASED ON MONTANA SPATIAL DATA

INFRASTRUCTURE TRANSPORTATION FRAMEWORK SHAPEFILES (RAILROADS.SHP AND

ROADS.SHP) DOWNLOADED ON 7/19/2013.

2) TOPOGRAPHY BASED ON DATA PROVIDED BY ATLANTIC RICHFIELD COMPANY IN

SHAPEFILES: TOPO_5.SHP, TOPO_10.SHP, AMD TOPO_50.SHP.  TOPOGRAPHY IS NOT

EXACT.

3) PROPERTY BOUNDARIES BASED ON MONTANA CADASTRAL DATA AND SHAPEFILE

TIFID_CADASTRAL_CLIP.SHP PROVIDED BY ADLC.
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STORMWATER SYSTEM ALTERNATIVE 2: CONSTRUCT

AN ONSITE STORMWATER COLLECTION SYSTEM

MILL CREEK TIFID PER

PREPARED FOR:

ANACONDA-DEER LODGE COUNTY

SUBAREA C

26.82 ACRES

SUBAREA B2

31.48 ACRES

SUBAREA A

15.14 ACRES

SUBAREA D

28.90 ACRES

SUBAREA E1

17.90 ACRES

SUBAREA F2

56.54 ACRES

SUBAREA H

21.24 ACRES

SUBAREA G1

31.58 ACRES

SUBAREA K

103.06 ACRES

SUBAREA J

102.11 ACRES

SUBAREA B1

49.75 ACRES

SUBAREA E2

26.80 ACRES

SUBAREA G2

26.16 ACRES

SHEETSHEETSHEETSHEETCOPPER ENVIRONMENTAL
CONSULTING, LLC.

406 East Park Avenue Suite 2
Anaconda, MT 59711

(406) 563-2700

Copper Environmental
C o n s u l t i n g ,  L L C

LEGEND: TIFID BOUNDARY

EXISTING ROAD EXISTING STREAM/DRAINAGE DITCH

EXISTING TOPOGRAPHY (2 FT-INTERVALS) PROPOSED RAILROAD

EXISTING RAILROAD PROPOSED ROAD

DRAINAGE BOUNDARY PROPOSED DITCH (SEE NOTE 1)

OUTFALL
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NOTES:

1) THE PROPOSED DITCH ALIGNMENTS ARE APPROXIMATE AND MAY REQUIRE REGRADING

OF EXISTING TOPOGRAPHY.  REGRADING NOT SHOWN.

REFERENCES:

1) RAILROAD AND ROAD ALIGNMENTS BASED ON MONTANA SPATIAL DATA

INFRASTRUCTURE TRANSPORTATION FRAMEWORK SHAPEFILES (RAILROADS.SHP AND

ROADS.SHP) DOWNLOADED ON 7/19/2013.

2) TOPOGRAPHY BASED ON DATA PROVIDED BY ATLANTIC RICHFIELD COMPANY IN

SHAPEFILES: TOPO_5.SHP, TOPO_10.SHP, AMD TOPO_50.SHP.  TOPOGRAPHY IS NOT

EXACT.

3) PROPERTY BOUNDARIES BASED ON MONTANA CADASTRAL DATA AND SHAPEFILE

TIFID_CADASTRAL_CLIP.SHP PROVIDED BY ADLC.
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SUBAREA F1

11.48 ACRES

CULVERT CROSSINGS

CULVERT CROSSINGS

CULVERT CROSSINGS
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PARCEL 31

PARCEL 1

PARCEL 23

PARCEL 27

PARCEL 68

PARCEL 71

PARCEL 62
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PARCEL 63

PARCEL 72

PARCEL 67

PARCEL 66

PARCEL 33

PARCEL 61

PARCEL 55

PARCEL 21

PARCEL 20

PARCEL 10

PARCEL 8

PARCEL 64

PARCEL 52

PARCEL 42

PARCEL 41

PARCEL 39

PARCEL 26

PARCEL 44

PARCEL 25

PARCEL 47

PARCEL 46

PARCEL 50

PARCEL 24

PARCEL 43
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PARCEL 48

PARCEL 49

PARCEL 53

PARCEL 51

PARCEL 54
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PARCEL 37
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PARCEL 30

PARCEL 4

PARCEL 2

PARCEL 14

PARCEL 15

PARCEL 3

PARCEL 16

PARCEL 22

PARCEL 59

PARCEL 60

PARCEL 32

PARCEL 29

PARCEL 28

PARCEL 5

PARCEL 9

PARCEL 7

FIGURECOPPER ENVIRONMENTAL
CONSULTING, LLC.

406 East Park Avenue Suite 2
Anaconda, MT 59711

(406) 563-2700

MILL CREEK TIFID SELECTIVE

DEVELOPMENT EXAMPLE

MILL CREEK TIFID PER

PREPARED FOR:

ANACONDA-DEER LODGE COUNTY

Copper Environmental
C o n s u l t i n g ,  L L C

LEGEND:

EXISTING ROAD OVERHEAD UTILITY RIGHT-OF-WAY (ROW) (SEE NOTE 6)

EXISTING RAILROAD (SEE NOTE 1) SILVER LAKE PIPELINE RIGHT-OF-WAY (SEE NOTE 7)

PROPOSED ROAD CENTERLINE (SEE NOTE 2) FEMA ZONE A FLOODPLAIN

PROPOSED RAILROAD SIDETRACK CENTERLINE (SEE NOTE 3) ARCO PROPERTY BOUNDARY

PROPOSED DEVELOPMENT PARCELS (SEE NOTE 4) ADLC PROPERTY BOUNDARY

PARK/OPEN SPACE (SEE NOTE 5) SELECTIVE DEVELOPMENT EXAMPLE BOUNDARY
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NOTES:

1) EXISTING RAILROAD INCLUDES 100 FT. ROW (50 FT. EACH SIDE OF THE CENTERLINE).

2) PROPOSED ROAD INCLUDES 60 FT. ROW (30 FT. EACH SIDE OF CENTERLINE).

3) PROPOSED RAILROAD SIDETRACK INCLUDES 100 FT. ROW FOR SECTIONS RUNNING

ALONG EXISTING RAILROAD AND 50 FT. ROW WHEN ISOLATED.

4) PROPOSED DEVELOPMENT PARCELS DELINEATED AT APPROXIMATELY 5 ACRES EACH.

5) PARK/OPEN SPACE DEFINED AS AREAS WITH EXISTING HEAVY VEGETATION, STEEP

TERRAIN, DRAINAGE, UTILITY, AND/OR ACCESS ISSUES POSSIBLY PRECLUDING

DEVELOPMENT.

6) UTILITY ROW ASSUMED TO ENCOMPASS EXISTING OVERHEAD UTILITY ALIGNMENTS

PLUS 20 FT. EACH SIDE OF ALIGNMENT.

7) SILVER LAKE PIPELINE ASSUMED TO HAVE 100 FT. ROW (50 FT. EACH SIDE OF

CENTERLINE).

REFERENCES:

1) RAILROAD AND ROAD ALIGNMENTS BASED ON MONTANA SPATIAL DATA

INFRASTRUCTURE TRANSPORTATION FRAMEWORK SHAPEFILES (RAILROADS.SHP AND

ROADS.SHP) DOWNLOADED ON 7/19/2013.

2) FEMA ZONE A FLOODPLAIN BASED ON FEMA  ISSUED FLOOD MAP 3000170150B AND

SHAPEFILE FEMA_CLIP.SHP PROVIDED BY ADLC.

3) UTILITY ALIGNMENTS PROVIDED BY ADLC IN SHAPEFILE UTILITIES_EAST_ANACONDA.SHP.

4) PROPERTY BOUNDARIES BASED ON MONTANA CADASTRAL DATA AND SHAPEFILE

TIFID_CADASTRAL_CLIP.SHP PROVIDED BY ADLC.
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Appendix A

MDEQ’s 2012 Water Quality Information Report for Lower
Mill Creek

Preliminary Engineering Report
Mill Creek TIFID







Appendix B

Uniform Environmental Checklist

Preliminary Engineering Report
Mill Creek TIFID





Key Letter: N – No Impact/Not Applicable     B – Potentially Beneficial A – Potentially Adverse 
P –  Approval/Permits Required     M – Mitigation Required 

reviewed and approved following the ADLC Development Permit System.  While the specific 
construction requirements will be specified through the system, it is anticipated that the 
following general practices will be required: 

 Stripping and sampling of the uppermost soil layer; 
 On-site disposal of contaminated soils that exceed the established action limit 

concentrations; and 
 Off-site disposal of waste materials that are classified as excess excavation. 

Additional measures, such as off-site disposal of all waste materials encountered during 
excavation and importing clean fill materials are possible, but subject to the results of the 
ADLC Development Permit System. 

Several overhead power lines cross the project area, are service lines to the nearby 
Northwestern Energy Mill Creek Generating Station and substation, and may limit 
development based on power line pole locations, line clearance and service right-of-ways. 

Approval/Permits Required. The project is located in the ARWWS Operable Unit which 
subjects proposed construction to review and approval under the ADLC Development 
Permit System. 

Mitigation. Specific construction requirements will be set by the ADLC Development Permit 
System, but it is anticipated that general remediation measures may be needed, such as 
off-site disposal of waste materials excavated during construction and importing clean fill 
material. Final decision is subject to determination within the ADLC Development Permit 
System. 

Key 3. Effects of Project on Surrounding Air Quality or Any Kind of Effects of Existing Air 
Quality on Project (e.g., dust, odors, emissions) 

A, P, M 

    Comments and Source of Information:   

Comment. The air quality is described as good.  No known state or federal air quality 
standards will be violated. The project area is located in an unclassified/attainment area of 
air quality under 40 CFR 81.1327, as amended. 

Impacts. The air quality may be decreased temporarily within the project area due to 
construction.  The impact will be short-term and mostly confined to the construction zones. 

Approval/Permits Required. Suppliers of crushed rock for construction may be required to 
have an MDEQ air permit. 

Mitigation. Water can be used to control dust along areas subject to heavy traffic, if 
deemed necessary, during construction.   

Key 4. Groundwater Resources & Aquifers (e.g., quantity, quality, distribution, depth to 
groundwater, sole source aquifers) 

N

    Comments and Source of Information:   

Comment. The Mill Creek TIFID will not access groundwater resources, as it is prohibited 
to develop wells within the Superfund Site.   

Key 5. Surface Water/Water Quality, Quantity & Distribution (e.g., streams, lakes, storm 
runoff, irrigation systems, canals) 

A, P, M 

    Comments and Source of Information:   

Comment. Mill Creek runs directly through the proposed project area and is a tributary to 
Silver Bow Creek. 

The United States Army Corps of Engineers (US ACOE) was contacted via correspondence 
dated 7/22/13.  US ACOE provided response via correspondence dated 8/29/13.  US ACOE 
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noted that any construction work that includes placement of fill material within jurisdictional 
waters (i.e., areas below the ordinary high water mark of stream channels, lakes or ponds 
and wetlands adjacent to these waters) would require a 404 Permit from US ACOE. 

Impacts. The proposed project will not affect the quantity or quality of surface water in the 
project area. New storm water collection mains will be installed for collection and discharge 
into site storm water diversions/impoundments for eventual discharge into Mill Creek. 

Approval/Permits Required. The following permits may be required: 

124SPA Permit. Any work that may affect the bed or banks of Mill Creek will 
require a 124SPA Stream Protection Permit from Montana Fish, Wildlife, and Parks. 
404 Permit. Any work that will result in discharge of fill material into Mill Creek will 
require a 404 Permit from the US ACOE. 
Floodplain Development Permit. Discussed under Physical Environment Item No. 
6. Floodplains & Floodplain Management. 
318 Authorization. Any work that will cause short term or temporary violations of 
state surface water quality standards for turbidity can be granted temporary 
exemptions from these standards by MDEQ. 
Stormwater Discharge General Permits. Any work that would cause a discharge 
of storm water into Mill Creek will require a Stormwater Discharge General Permit 
from MDEQ. 

Mitigation. Short term construction impacts will be mitigated through the use of appropriate 
stormwater best management practices. 

Key 6. Floodplains & Floodplain Management (Identify any floodplains within one mile of the 
boundary of the project.) 

A, P 

    Comments and Source of Information:   

Comment. The Montana Department of Natural Resources and Conservation (DNRC) 
State Floodplain Coordinator was contacted via correspondence dated 7/22/13.  DNRC 
provided response via correspondence dated 7/30/13.  The DNRC confirmed that portions 
of the project are located in an Approximate Zone A special flood hazard area associated 
with Mill Creek.  The DNRC recommended contact of ADLC for permit requirements. 

Water & Environmental Technologies (WET) was contracted by Northwestern Energy 
(NWE) to determine the boundary and base flood elevation of Mill Creek immediately south 
of NWE’s generating station in preparation for planned expansion work (WET, 2013).  WET 
performed detailed survey, hydrology and hydraulic analysis to extend the Zone A floodplain 
in this area.   

Impacts. The proposed work will include underground installation of water and sewer mains 
in previously disturbed areas and will include stream crossings at several locations along 
Mill Creek.  The proposed construction will not change the elevation of the 100 or 500-year 
floodplain or adversely affect the natural values and functions of the floodplain in this area.  

Approval/Permits Required. A Floodplain Development Permit would be required for any 
construction within the 100-year floodplain of Mill Creek.  The permit must be obtained from 
the ADLC Floodplain Administrator prior to any construction activities.  

Key 7. Wetlands Protection (Identify any wetlands within one mile of the boundary of the 
project.) 

A, P, M 

    Comments and Source of Information:   

Comment. A search in the U.S. Fish and Wildlife Service (USFWS) National Wetlands 
Inventory revealed several areas of known wetlands within the Mill Creek TIFID area, 
primarily along Mill Creek within the Zone A floodplain boundary and along tributary 
drainages to Mill Creek.  The Montana Natural Heritage Program (MNHP) was contacted via 
online data request dated 8/20/13.   MNHP provided response via email dated 8/21/13.  The 
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MNHP confirmed USFWS notification of several areas of known wetlands along Mill Creek, 
including:

 Freshwater Emergent Wetland; 
 Freshwater Scrub-Shrub Wetland; 
 Riparian Scrub-Shrub; and 
 Riparian Forested. 

Impacts. The proposed work will include access road construction and underground 
installation of water and sewer mains in previously disturbed areas and will include stream 
crossings at several locations along Mill Creek and tributary drainages.  

Approval/Permits Required. The following permits may be required: 

404 Permit. Any work that will result in discharge of fill material into a wetland will 
require a 404 Permit from the US ACOE. 
Floodplain Development Permit. Discussed under Physical Environment Item No. 
6. Floodplains & Floodplain Management. 
318 Authorization. Any work that will cause short term or temporary violations of 
state surface water quality standards for turbidity can be granted temporary 
exemptions from these standards by MDEQ. 
Stormwater Discharge General Permits. Any work that would cause a discharge 
of storm water into wetlands will require a Stormwater Discharge General Permit 
from MDEQ.

Mitigation. Short term construction impacts will be mitigated through the use of appropriate 
best management practices.

Key 8. Agricultural Lands, Production, & Farmland Protection (e.g., grazing, forestry, 
cropland, prime or unique agricultural lands) (Identify any prime or important farm 
ground or forest lands within one mile of the boundary of the project.) N

Comments and Source of Information:   

The proposed project does not encroach on agricultural land or important farm ground or 
forest lands.  There will be no impact to agricultural lands. 

Key 9. Vegetation & Wildlife Species & Habitats, Including Fish (e.g., terrestrial, avian and 
aquatic life and habitats) 

N

    Comments and Source of Information:   

Comment. The USFWS was contacted via correspondence dated 7/22/13.  USFWS 
provided response via correspondence dated 7/31/13.  The USFWS confirmed the 
proposed project would not cause adverse effects to vegetation, wildlife or habitat 
resources.  

Key 10. Unique, Endangered, Fragile, or Limited Environmental Resources, Including 
Endangered Species (e.g., plants, fish or wildlife) 

N

    Comments and Source of Information:   

Comment. The USFWS was contacted via correspondence dated 7/22/13.  USFWS 
provided response via correspondence dated 7/31/13.  The USFWS confirmed the 
proposed project would not cause adverse effects to threatened, endangered or candidate 
species or critical habitat. 
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Key 11. Unique Natural Features (e.g., geologic features) 
N

    Comments and Source of Information:   

Comments. There are no unique natural features in the project area. 

Key 12. Access to, and Quality of, Recreational & Wilderness Activities, Public Lands and 
Waterways (including Federally Designated Wild & Scenic Rivers), and Public Open 
SpaceN

    Comments and Source of Information:   

Comment. The project will have no effect on the access to or the quality of recreational and 
wilderness activities, public lands and waterways, and public open space.   

HUMAN POPULATION 

Key 1. Visual Quality – Coherence, Diversity, Compatibility of Use and Scale, Aesthetics 

N

    Comments and Source of Information:   

Comment. The proposed project includes development of light and/or heavy industrial 
businesses and open space.  The Mill Creek TIFID area is currently surrounded by 
industrial business including an electric generation station, substation and two gravel pit 
operations; therefore, the proposed project is similar in visual quality. 

Impacts. The proposed project would have no long-term adverse effects on the visual 
quality of the project or surrounding areas.  

Key 2. Nuisances  (e.g.,  glare, fumes) 
N

    Comments and Source of Information:   

Comment. The proposed project is distant from existing human population: approximately 
one mile to the nearest residence, and one mile from Highway 1.   However, temporary 
nuisances may be associated with construction activities.  Efforts will be made to minimize 
nuisances as they arise.  

Key 3. Noise -- suitable separation between noise sensitive activities (such as residential 
areas) and major noise sources (aircraft, highways & railroads) 

N

    Comments and Source of Information:   

Comment. The proposed project is distant from existing human population: approximately 
one mile to the nearest residence, and one mile from Highway 1.   However, construction of 
new development will temporarily increase noise levels within the project area.  Efforts will 
be made to minimize noise levels during construction. 

Key 4. Historic Properties, Cultural, and Archaeological Resources 
 A, P, M   

    Comments and Source of Information:   

Comment. The Montana State Historic Preservation Office (SHPO) was contacted on 
7/22/13 for information regarding previous cultural resource surveys completed around the 
project area and for a listing of previously recorded historical and archeological sites in the 
project area. 

Impacts. SHPO responded via correspondence dated 7/22/13 and noted there have been 
several previously recorded cultural resource sites within the project area.  There have also 
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been previously conducted cultural resources inventories in the area.  Based on the 
potential ground disturbance, there may be a potential for an impact to cultural properties. It 
is recommended that a cultural resource inventory be performed for this project prior to 
construction activities. 

Mitigation. If cultural resources are encountered during construction of the proposed 
project, work will be suspended in the area so the significance of the material can be 
investigated.

Key  5. Changes in Demographic (population) Characteristics (e.g., quantity, distribution, 
density) 

B

    Comments and Source of Information:   

Impacts. The proposed project will not have a major impact of the location, distribution, 
density or growth rate of the area’s population.  The proposed project will not affect any 
social or ethnic groups that will be isolated or divided any existing residential areas.  The 
proposed project may increase jobs and promote population growth. 

Key 6. Environmental Justice – (Does the project avoid placing lower income households in 
areas where environmental degradation has occurred, such as adjacent to brownfield 
sites?)

 N   

    Comments and Source of Information:   

Comment. This project will not place lower income households in areas where 
environmental degradation has occurred. 

Key 7. General Housing Conditions - Quality, Quantity, Affordability 
 N   

    Comments and Source of Information:   

Comment. This project would have little effect on the quality, quantity, or affordability of 
housing in Anaconda or surrounding portions of Deer Lodge County. 

Key 8. Displacement or Relocation of Businesses or Residents 
 B   

    Comments and Source of Information:   

Comment. There are no businesses or residents in the project area to be relocated or 
displaced.  There are currently no plans to relocate any businesses to the Mill Creek TIFID.  
ADLC hopes the Mill Creek TIFID development will attract additional business and be an 
asset to the community. 

Key 9. Public Health and Safety 

B

    Comments and Source of Information:   

Comment.  Development will continue the mitigation of mining contaminated soils including 
the remediation, removal and/or capping of contaminated soils as encountered. 

Key 10. Lead Based Paint and/or Asbestos  

N

    Comments and Source of Information:   

Comment. No lead based paint or asbestos is expected to be encountered during this 
project. 
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Key 
11. Local Employment & Income Patterns - Quantity and Distribution of Employment, 

Economic Impact 
B

Comments and Source of Information:   

Comment. Construction of the proposed project would temporarily create jobs and the need 
for local goods and services, which would provide a short-term economic benefit for 
Anaconda. The finished development would hopefully attract new business and jobs, 
providing an economic benefit for the community. 

Key 12. Local & State Tax Base & Revenues 
 B   

    Comments and Source of Information:   

Comment. The proposed project would benefit Anaconda over time by increasing local 
revenues collected through payment for additional service areas and by increasing the tax 
base through new development.  

Key 13. Educational Facilities - Schools, Colleges, Universities 
 N   

    Comments and Source of Information:   

Comment. The proposed project would not affect existing educational facilities in 
Anaconda. 

Key 14. Commercial and Industrial Facilities - Production & Activity, Growth or Decline 

B

    Comments and Source of Information:   

Comment. The proposed project utility improvements enable commercial and industrial 
growth to occur within the site.

Key 15. Health Care – Medical Services 
 N   

    Comments and Source of Information:   

Comment. The proposed project will not affect existing health care or medical services nor 
create the demand for additional medical services. 

Key 16. Social Services – Governmental Services (e.g., demand on) 
 N   

    Comments and Source of Information:

Comment. The proposed project will not affect the demand for social or governmental 
services. 

Key 17. Social Structures & Mores (Standards of Social Conduct/Social Conventions) 

N

     Comments and Source of Information:   

Comment. The proposed project will not affect social structures or community mores. 
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Key 
18. Land Use Compatibility (e.g., growth, land use change, development activity, adjacent 

land uses and potential conflicts) 

B

     Comments and Source of Information:   

Comment. The proposed project will encourage development and growth in an area 
previously impacted by mining operations.   

Key 19. Energy Resources - Consumption and Conservation 
 N    

     Comments and Source of Information:   

Comment. Energy use would increase for a short time during construction of the proposed 
project due to need for construction equipment. The project would not use energy resources 
or natural materials that are in short supply. 

Key  
20. Solid Waste Management 

 N    

     Comments and Source of Information:   

Comment. The proposed project would have negligible effects on the generation and 
management of solid waste within the community.  At completion of full development of the 
Mill Creek TIFID, there will be additional solid waste generated, but should not have a major 
impact on existing solid waste management systems. 

Key 21. Wastewater Treatment - Sewage System 
 B, P    

     Comments and Source of Information:   

Comment. The proposed project is increasing the coverage of the existing Anaconda 
sanitary sewer collection system and extending sewer mains into areas that are presently 
not being serviced by the existing ADLC wastewater treatment facility.  The project will add 
approximately 92,200 to the ADLC wastewater treatment plan, but the system can 
accommodate the anticipated increase in flows.  Approval from MDEQ will be required. 

Key 22. Storm Water – Surface Drainage 
 A, B, P    

     Comments and Source of Information:   

Comment. Storm water flows will be collected in surface water channels and detained in 
lined ponds with controlled releases to minimize downstream impacts.  The increased storm 
water runoff and collection system will minimize the possibility of percolation into the 
groundwater. 

Key 23. Community Water Supply 
 A, B, P    

     Comments and Source of Information:   

Comment.  Extending the existing water mains within the project site to service the entire 
proposed development will increase demands on the existing Anaconda water system.  The 
proposed development will increase demand by approximately 86,400 to 631,000 gpd 
(depending on season) and the existing system has capacity for this increased demand.  
Approval from MDEQ will be required. 
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Key 24. Public Safety – Police 
 N    

     Comments and Source of Information:   

Comment. The proposed project would not affect public safety nor increase the need for 
law enforcement. 

Key 25. Fire Protection – Hazards 
 N    

     Comments and Source of Information:   

Comment. The proposed project would not affect the area’s fire protection system or limit 
the community’s fire-fighting capabilities.  

Key 26. Emergency Medical Services 
 N    

     Comments and Source of Information:   

Comment. The proposed project would not increase the need for emergency medical 
services. 

Key 27. Parks, Playgrounds, & Open Space 
 B   

    Comments and Source of Information:   

Comment. Approximately 180 acres of open space are proposed to be maintained, 
including space for separate and future consideration as an open trail system for 
pedestrians and bicyclists. 

Key 28. Cultural Facilities, Cultural Uniqueness & Diversity 
 N   

    Comments and Source of Information:   

Comment. The proposed project would not affect cultural facilities or cultural uniqueness 
and diversity of Anaconda or the surrounding area. 

Key 29. Transportation Networks and Traffic Flow Conflicts  (e.g., rail; auto including local 
traffic; airport runway clear zones - avoidance of incompatible land use in airport 
runway clear zones) A, P 

    Comments and Source of Information:   

Comment. Construction of the proposed utilities may disrupt vehicle traffic on local roads 
within the project area.  Traffic control will be implemented to ensure alternative routes 
within the area are available and work areas are clearly marked to ensure safety.  Any 
construction crossing railroads will follow all standards that apply.  Airport facilities will not 
be affected by the project. 

Key 30. Consistency with Local Ordinances, Resolutions, or Plans (e.g., conformance with 
local comprehensive plans, zoning, or capital improvement plans) 

N

    Comments and Source of Information:   

Comment. The proposed project does not conflict with any local ordinances, resolutions or 
plans.  
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Key 31. Is There a Regulatory Action on Private Property Rights as a Result of this Project? 
(consider options that reduce, minimize, or eliminate the regulation of private 
property rights.) N

    Comments and Source of Information:

Comment. The proposed project will not involve any regulatory action that would affect 
private property rights. 
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4406 East Park Avenue, Suite 2 
  Anaconda, Montana  59711 
  (406) 563-2700 
  Fax: (406) 563-2701 

 www.copperenv.com 

 CCopper Environmental  
 C o n s u l t i n g ,  L L C  
 

RE: Mill Creek Tax Increment Financing Industrial District 
Anaconda-Deer Lodge County, Montana 



Mr. R. Mark Wilson, US Fish and Wildlife Services                               Page 2 of 2
Mill Creek TIFID          July 22, 2013

  www.copperenv.com 
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From: Coleman, Charles
To: Mike Mahon
Cc: Chavez, Joel; Carl Nyman
Subject: RE: Mill Creek TIFID Information Request
Date: Wednesday, July 24, 2013 10:28:00 AM

Mike,

 

As you identified, this TFIID is within the Anaconda Smelter Superfund site.  All development within

 the Superfund site must go though the Anaconda-Deer Lodge County Development Permit

 System.  This will ensure that any superfund issues related to the site will be addressed

 appropriately.  Other environmental permits are administered through the State of Montana

 (potentially other federal agencies may be involved if this project were to impact wetland or

 stream areas). Additionally, land use covenants or restrictions may have been placed by previous

 landowners.

 

If you have any questions regarding past and future superfund activities, please call me at 406-457-

5038.

 

Charlie

 

From: Mike Mahon [mailto:mike.Mahon@copperenv.com] 
Sent: Monday, July 22, 2013 11:29 AM
To: Coleman, Charles
Subject: Mill Creek TIFID Information Request
 

Mr. Coleman,

Copper Environmental Consulting, LLC has been retained by Anaconda-Deer Lodge County
 to develop a Preliminary Engineering Report which is a planning document for the Mill Creek
 Tax Increment Financing Industrial District (TIFID).  Please see the attached request for
 information regarding this TIFID.  A copy of this request was also mailed to your office.

Thank you for your help.

Mike Mahon, P.E.
Copper Environmental Consulting
406 East Park Avenue, Suite 2
Anaconda, MT 59711
Phone (406) 563-2700
Fax (406) 563-2701
Mobile (406) 599-6612
email: mike.mahon@copperenv.com

 







Michael Mahon 
Copper Environmental 
406 East Park Ave, Suite 2 
Anaconda MT 59711 
  
RE:  MILL CREEK TIFID, ALTERNATIVES FOR WATER, WASTEWATER, AND STORMWATER.  SHPO Project #: 
2013072212 
  
Dear Mr. Mahon: 
  
I have conducted a cultural resource file search for the above-cited project.  According to our records 
there have been several previously recorded sites within the designated search locales.  In addition to 
the sites there have been a few previously conducted cultural resource inventories done in the 
areas.  I’ve attached a list of these sites and reports.  If you would like any further information regarding 
these sites or reports you may contact me at the number listed below. 
  
Based on the number of sites within the proposed project area, some of which are listed on the National 
Register of Historic Places,  and the ground disturbance required by this undertaking we feel that this 
project has the potential to impact cultural properties.  We, therefore, recommend that when a 
preferred alternative is selected a cultural resource inventory be conducted in order to determine 
whether or not sites exist and if they will be impacted by the proposed project. 
  
If this project involves a federal agency, it may constitute a federal undertaking subject to compliance 
with Section 106 of the National Historic Preservation Act.  As such it will be important for you to 
coordinate efforts in the further consideration of impacts to cultural resources through the federal 
agency for consultation with our office. 
  
If you have any further questions or comments you may contact me at (406) 444-7767 or by e-mail at 
dmurdo@mt.gov. I have attached an invoice for the file search.  Thank you for consulting with us. 
  
Sincerely, 
 
Damon Murdo 
Cultural Records Manager 
State Historic Preservation Office 
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United States Department of the Interior
Fish and Wildlife Service

Ecological Services
Montana Field Office

585 Shepard Way, Suite 1 
Helena, Montana 59601-6287 

Phone: (406) 449-5225 Fax: (406) 449-5339 

File: M29 Public (I)         July 31, 2013 

Michael C. Mahon
Copper Environmental Consulting, LLC 
406 East Park Avenue, Suite 2 
Anaconda, Montana 59711 

Dear Mr. Mahon: 

This is in response to your July 22, 2013, letter regarding proposed water development alternatives 
of the Mill Creek Tax Increment Financing Industrial District, Preliminary Engineering Report, for 
Anaconda-Deer Lodge County. The development of water, wastewater, and storm water systems 
would consist of 749 acres in total area, east of the former Anaconda Company smelter site, along 
Mill Creek Road, Route 569.Your letter and map of the proposed site vicinity were received at our 
office on July 24, 2013. 

We offer the following comments under the authority of and in accordance with the Migratory Bird 
Treaty Act (MBTA; 16 U.S.C 703 et seq.), as amended, Bald and Golden Eagle Protection Act 
(BGEPA; 16 U.S.C. 668-668d, 54 Stat. 250), as amended, Executive Order 13186 Responsibilities 
of Federal Agencies to Protect Migratory Birds, Endangered Species Act (ESA; 16 U.S.C. 1531 et 
seq.) as amended, and the Fish and Wildlife Coordination Act (16 U.S.C. 661 et seq.).

Threatened and Endangered Species
Outlined below is the current list of threatened, endangered and candidate species occurring within 
the boundaries of Deer Lodge County: 

Scientific name Common name Status*
Thymallus arcticus
Salvelinus confluentus 
Lynx canadensis 

Arctic Grayling (Upper Missouri River DPS)
Bull Trout 
Canada Lynx 

C
LT, CH
LT

Ursus arctos horribilis Grizzly Bear LT 
Gulo gulo luscus Wolverine P
Pinus albicaulis Whitebark Pine C

*LE=Listed as Endangered, LT=Listed Threatened, C=Candidate species for listing, P=Proposed, 
CH=Designated Critical Habitat



Given the proposed project alternatives as described in your letter and accompanying materials, we 
do not anticipate adverse effects to threatened, endangered, or candidate species or critical habitat to 
result from proposed project implementation within the designated Project Area, as defined by the 
Mill Creek TIFID Site Vicinity Map. Any viable wastewater treatment options that improve the 
quality of effluent that reaches waters in the State of Montana are likely to prove beneficial to fish, 
wildlife, and their habitat.

In regards to the candidate species, Whitebark Pine and Arctic Grayling, we appreciate your 
analysis in association with this project. Candidate species are those placed on the candidate list for 
future action, meaning those species do not receive statutory protection under the ESA.  Candidates 
are reviewed annually by the Service to determine if they continue to warrant listing or to reassess 
their listing priority. Ideally, sufficient threats can be removed to eliminate the need for listing.  If 
threats are not addressed or the status of the species declines, a candidate species can move up in 
priority for a listing proposal. Based on the project information provided, we do not anticipate 
adverse effects that would be likely to jeopardize Whitebark Pine and Arctic Grayling in association 
with the project.

Additionally, we are not aware of active bald eagle or golden eagle nest occurrences within one 
mile of the proposed project site.  Should occupied eagle nests occur within 0.5 mile of the 
proposed site, we recommend that you comply with the recommended temporary seasonal and 
distance constructions buffers stipulated in the 2010 Montana Bald Eagle Management Guidelines:  
An Addendum to Montana Bald Eagle Management Plan (1994). 

Other recommendations include the following: 

We strongly recommend coordination with Montana Fish, Wildlife and Parks at 1420 East 
Sixth Ave., P.O. Box 200701, Helena, Montana 59620, (406) 444-2535 and the Montana 
Natural Heritage Program, 1515 East 6th Avenue, Box 201800, Helena, Montana 59620, 
(406) 444-5354.  Both of these agencies may be able to provide updated, site-specific 
information regarding eagle and other raptor nests, as well as all other fish, wildlife, and 
sensitive plant resources occurring in the proposed project areas that will assist you.  

If work is proposed to take place during the breeding season and may result in take of 
migratory birds, their eggs, or active nests, the Service recommends that the project 
proponent take all practicable measures to avoid and minimize take, such as maintaining 
adequate buffers, to protect the birds until the young have fledged.  Active nests may not be 
removed. 

The Service appreciates your efforts to incorporate fish and wildlife resource concerns, including 
threatened and endangered species, into your project planning. Should you have any questions, 
please contact Kelly Douglas within this office at (406) 449-5225, extension 219.  

Sincerely,

      

for Jodi L. Bush 
Field Supervisor 



From: Miller, Martin
To: mike.mahon@copperenv.com
Subject: Mill Creek TIFID
Date: Wednesday, August 21, 2013 10:21:09 AM
Attachments: 14mtco0009.zip

Michael,

The information you requested is attached. Please let me know if you would like printed version of these
documents.

The map(s) are produced in Adobe GeoPDF format. With the appropriate Adobe Reader, it provides a
convenient way to query and understand the information presented on the map. Documentation is
included.

We also provide information on wetlands in the project vicinity. Explanatory material is included.

In order to help us improve our services to you, we invite you to take a simple survey. The survey is
intended to gather some basic information on the value and quality of the information and services you
recently received from the Montana Natural Heritage Program. The survey is short and should not take
more than a few minutes to complete. All information will be kept confidential and will be used internally
to improve the delivery of services and to help document the value of our services. Use this link to go to
the survey: http://www.surveymonkey.com/s/RYN8Y8L.

Let me know if you have any questions.

Thanks,
 

Martin Miller | Data Assistant | Montana Natural Heritage Program (http://mtnhp.org) ¦ P.O. Box

 201800, 1515 East Sixth Ave., Helena, MT 59620-1800 | (406) 444-3290 | (406) 444-0266 (fax) |

 martinm@mt.gov

 

 

 





http://fwp.mt.gov/fishing/mFish/

(6) Additional information on species habitat, ecology and management is available on our web 
site in the Plant, Animal, and ecological Systems Field Guides, which we encourage you to 
consult for valuable information.  You can access these guides at http://mtnhp.org.  General 
information on any species can be found by accessing the link to NatureServe Explorer. 

http://www.surveymonkey.com/s/RYN8Y8L
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Wetland and Riparian Mapping Conventions  1 

A GUIDE TO WETLAND AND DEEPWATER HABITATS CLASSIFICATION USED 
IN THE NATIONAL WETLAND INVENTORY (NWI) MAPPING 

IN MONTANA 
 
 
 
 
 

Purpose: 
The Montana Wetland and Riparian Mapping Center uses the Cowardin classification system 
(Cowardin et al. 1979) adopted by the National Wetland Inventory (NWI) for wetlands (FGDC 
Wetlands Subcommittee, 2009).   The riparian system follows the U.S. Fish and Wildlife Service 
(USFWS) standard (U.S. Fish and Wildlife Services, 2009).  NWI is the standard classification 
system for wetland mapping across the United States.  For ease of display and interpretation the 
NWI attributes have been grouped into major wetland and riparian types.  
 

Wetlands 
In Montana, there are three NWI wetland systems: Palustrine, Lacustrine, and Riverine.   
 
PALUSTRINE: 

 In Montana, this system includes all wetlands dominated by trees, shrubs, and emergent, 
herbaceous vegetation.   

 Wetlands lacking vegetation are included if they are less than 8 hectares (20 acres) in 
size and are less than 2 meters (6.6 feet) deep in the deepest portion of the wetland.   

 
Freshwater pond: 
- Wetlands with vegetation growing on or below the water surface for most of the 

growing season. 
 
Freshwater Emergent Wetland: 
- Wetlands with erect, rooted herbaceous vegetation present during most of the growing 

season. 
 

Freshwater Shrub Wetland: 
- Wetlands dominated by woody vegetation less than 6 meters (20 feet) tall. Woody 

vegetation includes tree saplings and trees that are stunted due to environmental 
conditions. 

 
Freshwater Forested Wetland: 
- Wetlands dominated by woody vegetation greater than 6 meters (20 feet) tall. 
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LACUSTRINE (Lakes): 

 This system includes any large body of water that is greater than 8 hectares (20 acres) in 
size OR is more than 2 meters (6.6 feet) deep. 

 This system is usually found in a topographic depression. It may also be formed by 
damming of a river channel. 

 
 
 
RIVERINE (Rivers and streams and shore): 

 This system includes all wetlands and deepwater habitats that are within natural and 
artificial channels. 

 These systems contain either continuous (perennial) or intermittently flowing water. 
 
 
RIPARIAN: 
The Wetland and Riparian Mapping Center uses the riparian classification system developed by 
the U.S. Fish and Wildlife Service to map riparian areas in Montana.  The riparian classification 
types listed below are followed by the coding convention used for mapping purposes. 
 
 Plant communities (trees, shrubs and/or herbaceous plants)contiguous to rivers, streams, 

lakes, or drainage ways. 
 Riparian areas are influenced by both surface and below surface hydrology. 
 The plant species present in riparian areas are distinctly different from plant species found in 

adjacent areas. 
 Plants in riparian areas demonstrate more vigorous or robust growth forms than in adjacent 

areas. 
 

 
Riparian Classes: 

Scrub-Shrub (SS): 
- This type of riparian area is dominated by woody vegetation that is less than 6 meters 

(20 feet) tall. 
- Woody vegetation includes tree saplings and trees that are stunted due to 

environmental conditions. 
 

Forested (FO): 
- This riparian class has woody vegetation that is greater than 6 meters (20 feet) tall. 

 
Emergent (EM): 

- Riparian areas that have erect, rooted herbaceous vegetation during most of the 
growing season. 
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Explanation of  Species of  Concern Reports
 
Since 1985, the Montana Natural Heritage 
Program (MTNHP) has been compiling and 
maintaining an inventory of  elements of  
biological diversity in Montana.  This inventory 
includes plant species, animal species, plant 
communities, and other biological features that 
are rare, endemic, disjunct, threatened, or 
endangered throughout their range in Montana, 
vulnerable to extirpation from Montana, or in 
need of  further research. 
 
Species Occurrences: (formerly called ‘Element 
Occurrences’) A “Species Occurrence” (SO) is an area 
depicting only what is known from direct observation 
with a defined level of certainty regarding the spatial 
location of the feature.  If an observation can be 
associated with a map feature that can be tracked (e.g., a 
wetland) then this polygon feature is used to represent the 
SO.  Areas that can be inferred as probable occupied 
habitat based on direct observation of  a species 
location and what is known about the foraging area 
or home range size of  the species may be 
incorporated into the Species Occurrence.  A “Species 
Occurrence” generally falls into one of the following 
three categories: 
 

We encourage you to visit our website at 
http://mtnhp.org.  On-line tools include a 
species observation viewer: the Natural Heritage 
TRACKER and The Montana Field Guide which 
contains photos, illustrations, and supporting 
information on Montana’s animals and plant 
species of concern.  Additional data are available 
on most species and ecological areas identified in our 
reports.
 
If  you have questions or need further 
assistance, please contact us either by phone 
at (406/444-5354), e-mail (mtnhp@mt.gov) or 

Plants:  A documented location of  a specimen 
collection or observed plant population.  In 
some instances, adjacent, spatially separated 
clusters are considered subpopulations and are 
grouped as one occurrence (e.g., the 
subpopulations occur in ecologically similar 
habitats, and are within approximately one air 
mile of  one another). 
 
Animals:  The location of  a specimen collection 
or of  a verified sighting; known or assumed to 
represent a breeding population.  Additional 
collections or sightings are often appended to the 
original record. 
 
Other:  Significant biological features not 
included in the above categories, such as bird 
rookeries, peatlands, or state champion trees. 
 

 
 

 
Ecological Information: Areas for which we have 
ecological information are represented on the map as 
either shaded polygons (where small and/or well 
defined) or simply as map labels (where they are 
large generally-defined landscapes).  Descriptive 
information about these areas is contained in the 
associated report.  Such information can be useful in 
assessing biological values and interpreting Species of 
Concern data. 
 
The quantity and quality of  data contained in 
MTNHP reports is dependent on the research and 
observations of  the many individuals and 
organizations that contribute information to the 
program.  Please keep in mind that the absence of  
information for an area does not mean the absence 
of  significant biological features, since no surveys 
may have been conducted there.  Reports produced 
by the Montana Natural Heritage Program 
summarize information documented in our databases 
at the time of  a request.  These reports are not 
intended as a final statement on the species or areas 
being considered, nor are they a substitute for on-
site surveys, which may be required for 
environmental assessments.   
 
 
As a user of  MTNHP, your contributions of  data are 
essential to maintaining the accuracy of  our 
databases.  New or updated location information for 
all species of  concern is always welcome. 
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Data Descriptions 
The section below lists the names and definitions for descriptions of the data fields used in the reports.  Certain codes 
and abbreviations are used in Species Occurrence reports.  Although many of these are very straightforward, the 
following explanations should answer most questions. 

Map Label: The label for the species occurrence as it appears on the map. 

Element Subnational ID: The unique code used by the state or province to identify a specific element (species). 

SO Number: Number that identifies the particular occurrence of the element (species).

Scientific Name:  Latin (scientific) name. 

Common Name: Commonly recognized name. 

Species of Concern/Potential Concern:  This value indicates whether the species is a “Species of Concern” (Y) or of 
“Potential Concern” (W).

Last Observation Date: The date the Species Occurrence was last observed extant at the site (not necessarily the date 
the site was last visited).  

First Observation Date: The date the Species Occurrence was first reported at the site. 

EO Rank: indicates the relative value of the Species Occurrence (SO) with respect to other occurrences of the 
Species, based on an assessment of estimated viability (species). 

Values:
A - Excellent estimated viability/ecological integrity 
A? - Possibly excellent estimated viability/ecological integrity 
AB - Excellent or good estimated viability/ecological integrity 
AC - Excellent, good, or fair estimated viability/ecological integrity 
B - Good estimated viability/ecological integrity 
B? -  Possibly good estimated viability/ecological integrity 
BC - Good or fair estimated viability/ecological integrity 
BD - Good, fair, or poor estimated viability/ecological integrity 
C - Fair estimated viability/ecological integrity 
C? -  Possibly fair estimated viability/ecological integrity 
CD - Fair or poor estimated viability/ecological integrity 
D - Poor estimated viability/ecological integrity 
D? -  Possibly poor estimated viability/ecological integrity
E - Verified extant (viability/ecological integrity not assessed) 
F - Failed to find 
F? - Possibly failed to find 
H - Historical 
H? - Possibly historical 
X - Extirpated 
X? - Possibly extirpated 
U - Unrankable 
NR - Not ranked 

SO Data: Data collected on the biology of this Species Occurrence.  Specific information may include 
number of individuals, vigor, habitat, soils, associated species, and other characteristics. 
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Species Status Codes 

Species of Concern 

Potential Species of Concern 

Status Under Review 

Exotic Species 

Montana Species Ranking Codes 

G1 S1  

G2 S2  

G3 S3  

G4 S4  

G5 S5  

GX SX  

GH SH  
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GNR SNR  

GU SU  

GNA SNA  

Other Codes and Modifiers 
HYB  

T
Infraspecific Taxon (trinomial)

?
Inexact Numeric Rank

Q
Questionable

C
Captive or Cultivated Only

A
Accidental

SYN  
Synonym

B
Breeding

N
Nonbreeding

M
Migratory

U.S. Fish and Wildlife Service 

LE
Listed endangered

PE
Proposed endangered

LT
Listed threatened

PT
Proposed threatened

E(S/A) or T(S/A)  

C
Candidate

PDL  
Proposed for delisting

DM  
Recovered, delisted, and being monitored

NL
Not listed

XE
Essential experimental population
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XN
Nonessential experimental population

CH
Critical Habitat

PS
Partial status 

PS:value  
Partial status

Forest Service 

Endangered  

Threatened  

Sensitive  

Species of Concern  

Species of Interest  

Bureau of Land Management 
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MFWP Conservation Need 

Tier I:  
Tier I:

Tier II:  
Tier II:

Tier III:  
Tier III:

Tier IV:  
Tier IV:

Partners In Flight (PIF) 

Montana Native Plant Society (MNPS) Threat Category 

Category 1:  

Category 2:  

Category 3:  

Category 4:  



Appendix C

City of Anaconda Water System Records

Preliminary Engineering Report
Mill Creek TIFID



City of AnacondaWater System
Daily Logs

Preliminary Engineering Report
Mill Creek TIFID

www.copperenv.com
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Appendix D

City of Anaconda Wastewater System Records

Preliminary Engineering Report
Mill Creek TIFID
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Appendix E

City of Anaconda Water and Wastewater Budget Records

Preliminary Engineering Report
Mill Creek TIFID





















Appendix F

Land Development Information/Assumptions

Preliminary Engineering Report
Mill Creek TIFID
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Purpose:

Summary of information used for land development of the Mill Creek TIFID.

Methods:

A. Right of Way Information

For major highways, the right of way was estimated at 50 ft. from the centerline of roadway.
For existing non highway roads and proposed roads, the right of way was estimated at 30 ft.
from the centerline of the roadway. These estimates were based off of information provided by
City of Los Angeles Bureau of Engineering in the pdf ‘Standard Street Dimensions’ (City of Los
Angeles, 1970). Cul de sacs were created with a 50 ft. radius. This was chosen as it was the
maximum literature value for radius found online (specific references are for smaller cul de sacs
(35 ft. radius and 46 ft. radius) (City of Los Angeles, 1970) (Southwest Region Planning
Commission, 2001).

A 50 ft. right of way from centerline of rail was assumed for all existing rail lines (Foster and
Griffiths, 2008) Proposed rail lines have a 25 ft. right of way from the centerline of rail when
isolated and a 50 ft. right of way from centerline when along existing rail lines. The proposed
rail right of ways will be discussed in detail in Section B.

For overhead utility corridors, a right of way was assumed to encompass existing overhead
alignments plus 20 ft. each side of alignment.

The Silver Lake Pipeline was given a right of way of 50 ft. on each side of the center alignment.

B. Railroad Design

The following design parameters were used for the proposed railroad sidetracks:

1) Minimum curvature used was 603.80 ft. radius (BNSF Railway Company, 2011).
2) All turnouts were placed 200 ft. from any road crossings, bridges, other turnouts, and

curves (CSX Transportation, 2007).
3) Side track right of way width was set at a minimum of 50 ft. This allows for two parallel

tracks with 16 ft. between centers and 17 ft. of right of way on either side of the track
from track center. Minimum distance required from center of track for right of way is
12 ft. for industrial tracks and the minimum distance between tracks is 16 ft. (CSX
Transportation, 2007). Where the side track parallels the Butte, Anaconda, and Pacific
Railways lines, an additional 50 ft. of right of way was added.

4) Grades are not to exceed 1.5% (BNSF Railway Company, 2011).

C. Road Design



By: Kevin Pfeifer Date: 08/19/13 Subject: Land Development
Calculation Brief

Sheet 2 of 8

Ck’d: MCM Date: 10/13/13 Proj No: 70823

Ap’d: MCM Date: 10/13/13

The following design parameters were used for the proposed roads:

1) Proposed roads were given a 30 ft. right of way (City of Los Angeles, 1970).
2) Cul de sacs were given a 50 ft. radial right of way as discussed previously.
3) Intersections were offset 200 ft. from highway railroad crossings (Wooldridge et al.,

2000).

D. General Site Specific Design Considerations

Several site specific features had to be considered when subdividing the TIFID land.

1) Floodplain – Subdivision of land falling within FEMA Zone A floodplain (National Flood
Insurance, 1985) did not occur. Regulations governing the construction of buildings and
use of land within the floodplain are given in the Code of Federal Regulations for the
National Flood Insurance Program: 44 CFR Parts 59, 60, 65, and 70 (FEMA, 2013). The
NWE revised floodplain (Water & Environmental Technologies, 2013) was not
considered for the design as construction will be allowed within the floodplain with the
appropriate permitting.

2) Steep Slopes – The hill located in the southern portion of the TIFID will not be
developed. After a site visit, the hill was determined to be too steep to be useful
industrial use (there does exist a possibility though that a specific business could use this
land, i.e. gravel pit, grazing land, etc.).

3) Heavily Vegetated Areas – Several areas within the TIFID are heavily vegetated and
located in close proximity to Mill Creek. These areas will not be developed and have
been set aside as park or open space depending on their location.

4) Drainage Controls – Drainage ditches run across the TIFID and will not be disturbed by
the development of this land. All ditches exist on subdivided property boundaries and
will not be altered as they are important for storm water control and drainage. The
westernmost portion of the TIFID is blocked by a drainage ditch that captures runoff
from ARCO property and prevents this runoff from entering Mill Creek. This ditch is the
westernmost boundary of the subdivision and all property west of the ditch will remain
open space.

5) Overhead Utility Lines – Due to the large amount of overhead utility lines, a large utility
corridor was created running from the southern boundary of the TIFID to the Gates
Generating Station. All land within this corridor will not be developed.

6) Fish and Wildlife Stream Corridor – FWP recommends a 150 ft. buffer from creek with
an additional 50 ft. of building setback.
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7) Access Issues – Parcel to southeast of Mill Creek and west of Mill Creek Highway was not
developed due to difficult and costly water and sewer designs. The property north of
Mill Creek and bounded by the TIFID property border was not developed due to access
issues and the need to cross the creek or other property to gain access.

Results:

Table 1 summarizes the subdivision of the TIFID. Lot specific design considerations are given in the
notes section of the table. Table 2 summarizes the acreage of the development, park/open space, and
right of way within the TIFID at full build out. Figure 19 in the Figure Section of this calculation brief
displays the proposed subdivision of the TIFID.

Table 1: TIFID Parcel Summary
Lot Name Size [Acres] Notes
Parcel 1 5.50

Parcel 2 5.00

Ditch abuts railway so ditch excluded from lot. Ditch to S&N runs
on west end of lot. Road to south is set back 200 ft. from the
railway crossing per recommendation of Federal Highway
Administration (Wooldridge et al., 2000).

Parcel 3 5.00
Parcel 4 5.00
Parcel 5 5.90 Lot bordered by S&N ditch on west side and highway to the west.

Parcel 6 3.93
Lot is bordered by S&N ditch to the east and overhead utility lines
to the south.

Parcel 7 5.83
Lot is bordered by the utility corridor to the north and is the
remainder of the land from the proposed southern road north.

Parcel 8 5.00
Parcel 9 5.00
Parcel 10 5.00
Parcel 11 4.06 Northern border is raised ditch.
Parcel 12 5.00 Southern border is raised ditch.

Parcel 13 3.94
Lot is split by utility corridor and is remainder of land abutting the
corridor.

Parcel 14 5.00
Parcel 15 7.50 7.5 acre lot bordered by S&N ditch to the east.
Parcel 16 5.24
Parcel 17 5.00
Parcel 18 5.00
Parcel 19 5.00
Parcel 20 5.00
Parcel 21 5.00 Eastern boundary is ADLC/ARCO property boundary.
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Table 1: TIFID Parcel Summary
Lot Name Size [Acres] Notes
Parcel 22 4.63 Composed of two parcels split by overhead utility corridor.
Parcel 23 7.85 Composed of three parcels split by two overhead utility corridors.

Parcel 24 11.03

Parcel borders Mill Creek and may have to be adjusted due to
revised floodplain and wetlands areas. Eastern border is property
boundary between ADLC/ARCO.

Parcel 25 6.16

Composed of two parcels split by overhead utility corridor. Lot is
bordered by drainage ditch to the south and ADLC/ARCO property
boundary to the east. Lot is remainder of land between drainage
ditch and proposed road.

Parcel 26 5.00 Bordered by drainage ditch to the south.
Parcel 27 5.00 Bordered by drainage ditch to the south.

Parcel 28 4.61
Parcel borders Mill Creek and may have to be adjusted due to
revised floodplain and wetlands areas.

Parcel 29 3.98
Parcel borders Mill Creek and may have to be adjusted due to
revised floodplain and wetlands areas.

Parcel 30 8.25

Composed of three parcels split by overhead utility corridor to the
south and Silver Lake Pipeline to the north. Western boundary is
ADLC/ARCO property boundary.

Parcel 31 5.51
Western boundary is ADLC/ARCO property boundary with
floodplain acting as boundary to the south.

Parcel 32 6.94

Lot is composed of two parcels split by overhead utility corridor.
Lot is adjacent to floodplain. Overhead utilities bordered the lot to
the east and northeast.

Parcel 33 8.69

Lot is bordered by proposed road to north, overhead utilities to the
east, a drainage ditch to the south, and the ADLC/ARCO property
boundary to the west.

Parcel 34 7.50
Western border is ADLC/ARCO property boundary. Southern
border is drainage ditch.

Parcel 35 5.00 Southern border is drainage ditch.

Parcel 36 2.27

Composed of remainder of land to the east and west of the utility
corridor that splits property south of proposed road and north of
drainage ditch.

Parcel 37 5.00
Lot is bordered by drainage ditch to the south and overhead utility
corridor to the east.

Parcel 38 5.00
Lot is bordered by drainage ditch to south, proposed road to the
west, and proposed railway to the east.

Parcel 39 5.00

Parcel 40 4.54
Composed of two parcels split by overhead utility corridor and
bounded by proposed road and proposed/existing railroad.

Parcel 41 6.82
Composed of available area to the east of train tracks and south of
Willow Glen Road.
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Table 1: TIFID Parcel Summary
Lot Name Size [Acres] Notes

Parcel 42 3.27

Composed of two sections split by overhead utility corridor. A
majority of this lot also falls into the NWE revised floodplain (Water
& Environmental technologies, 2013).

Parcel 43 5.00
Partially included in NWE revised floodplain (Water &
Environmental technologies, 2013).

Parcel 44 5.00
Partially included in NWE revised floodplain (Water &
Environmental technologies, 2013).

Parcel 45 6.75
Parcel borders Mill Creek and may have to be adjusted due to
revised floodplain and wetlands areas.

Parcel 46 5.00 Bordered by utility corridor to the west.

Parcel 47 5.00
Parcel borders Mill Creek and may have to be adjusted due to
revised floodplain and wetlands areas.

Parcel 48 5.00 Bordered to the northeast by overhead utility corridor.
Parcel 49 5.00

Parcel 50 6.35
Composed of two parcels split by overhead utility corridor and
partially bordered to south by overhead utility corridor.

Parcel 51 5.00 Partially bordered to the northeast by overhead utility corridor.
Parcel 52 5.00
Parcel 53 5.00 Bordered on south by drainage ditch.

Parcel 54 5.00
Bordered by drainage ditch to north and overhead utility corridor to
the west.

Parcel 55 4.39
Remainder of land bordered by drainage ditch to the north and
overhead utility corridor to the east.

Parcel 56 7.57
Remainder of land west of overhead utility corridor and south of
drainage ditch.

Parcel 57 5.00 Northern border of drainage ditch.
Parcel 58 5.00 Bordered by drainage ditch to north and proposed road to the west.
Parcel 59 4.51 Composed of two parcels split by the Silver Lake Pipeline.
Parcel 60 5.25 Composed of two parcels split by overhead utility corridor.
Parcel 61 4.99
Parcel 62 5.00
Parcel 63 5.00
Parcel 64 5.00
Parcel 65 4.86 Composed of two parcels split by overhead utility corridor.
Parcel 66 4.41 Composed of two parcels split by overhead utility corridor.
Parcel 67 5.00
Parcel 68 5.00
Parcel 69 4.53 Composed of two parcels split by overhead utility corridor.
Parcel 70 5.00
Parcel 71 5.00
Parcel 72 5.00
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Table 2: TIFID Acreage Summary
Development Type Acreage Notes
Developed 382.6
Park 34.6 Includes undeveloped area bordering Mill Creek in the

southern portion of the TIFID.
Open Space 147.6 Includes undeveloped area along hill to south of TIFID and

other undeveloped areas not part of a utility corridor.
Right of Way/
Floodplain

222.2 Includes existing road, railroad, and utility ROWs as well as
proposed road and railroad ROWs and FEMZ Zone A
Floodplain.

Total Acreage 786.8
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Appendix G

Cost Estimates

Preliminary Engineering Report
Mill Creek TIFID



Item

No.
Work Item

Anaconda‐Deer Lodge 

Property

Atlantic Richfield 

Property
Subtotals

1 Direct Costs

2 Site Preparation/Access Roads/Rail Spur $                            2,238,562 $                            2,184,825 4,423,387$                          

3 Water System $                            2,816,361 $                            1,769,368 4,585,729$                          

4 Wastewater System $                            1,784,640 $                            2,772,305 4,556,945$                          

5 Stormwater System $                               466,537 $                               452,359 918,896$                              

6 Direct Costs Subtotal 7,306,100$                           7,178,857$                           14,484,957$                       

7 Indirect Costs

8 Engineering and Permitting (10% Direct Costs) $                               730,610 $                               717,886 1,448,496$                          

9 Mobilization/Demobilization (4% Direct Costs) $                               292,244 $                               287,154 579,398$                              

10 Quality Control (2% Direct Costs) $                               146,122 $                               143,577 289,699$                              

11 Quality Assurance/Construction Oversight (4% Direct Costs) $                               292,244 $                               287,154 579,398$                              

12 Surveying (2% Direct Costs) $                               146,122 $                               143,577 289,699$                              

13 Construction Stormwater Management (2% Direct Costs) $                               146,122 $                               143,577 289,699$                              

14 Management/Administration (3% Direct Costs) $                               219,183 $                               215,366 434,549$                              

15 Traffic Control (2% Direct Costs) $                               146,122 $                               143,577 289,699$                              

14 Taxes and Bonds (6% Direct Costs) $                               438,366 $                               430,731 869,097$                              

15 Indirect Costs Subtotal 2,557,135$                           2,512,600$                           5,069,735$                         

16 Direct and Indirect Costs Subtotal $                           9,863,235 $                           9,691,457  $                       19,554,692 

17 Contingency (15% on Direct and Indirect Costs) $                            1,479,485 $                            1,453,719  $                          2,933,204

18 TOTAL ESTIMATED CONSTRUCTION COSTS $                         11,342,720  $                         11,145,176   $                        22,487,896 

19 Present Value Annual O&M (i=6, n=20 years) $                               213,341 $                               383,095  $                             596,436

20 TOTAL ESTIMATED COSTS $                         11,556,061  $                         11,528,271   $                        23,084,332 

TABLE G‐1
COST ESTIMATE SUMMARY SHEETS

MILL CREEK TIFID PRELIMINARY ENGINEERING REPORT
ANACONDA ‐ DEER LODGE COUNTY
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Item

No.
Work Item Quantity Unit Unit Cost Total

1 Anaconda‐Deer Lodge County Property

2 Clearing and Grubbing (1) 47 AC 322.00$            14,973$         

3 Site Regrading (2) 75,020 CY 1.62$                121,532$       

4 Access Roads (3) 1.94 MI 316,524$          614,057$       

5 Rail Spurs (4) 7,440 FT 200$                  1,488,000$    

6 Anaconda‐Deer Lodge County Property Subtotal 2,238,562$        

7 Atlantic Richfield Property

8 Clearing and Grubbing (1) 68 AC 322.00$            21,928$         

9 Site Regrading (2) 109,868 CY 1.62$                177,986$       

10 Access Roads (3) 2.96 MI 316,524$          936,911$       

11 Rail Spurs (4) 5,240 FT 200$                  1,048,000$    

12 Atlantic Richfield Property Subtotal 2,184,825$        

13 TOTAL ESTIMATED COSTS 4,423,387$               

MILL CREEK TIFID PRELIMINARY ENGINEERING REPORT
ANACONDA ‐ DEER LODGE COUNTY

Subtotals

TABLE G‐2
SITE PREPARATION/ACCESS ROADS/RAIL SPUR COST SUMMARY

DIRECT COSTS SUMMARY SHEET
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Note

No.

1

2

3

4

Includes on‐site regrading to level area for development.  Assumes local regrading only (i.e., no fill import).  Quantity assumes 1 ft. of regrading depth over 30% of each 

parcel for development.  Includes excavation and removal of all surficial debris.

Includes development of gravel roads, including associated erosion control, gravel surface, signage, rail crossings, excavation, fill placement, and basecourse purchase and 

placement.

Includes development of rail spurs into various property locations as shown.  Spurs delineation and extent are conceptual, and do not include complete analysis of the rail 

system traffic, required number of switches, and complete evaluation of grade control.  

TABLE G‐2a

SITE PREPARATION/ACCESS ROADS/RAIL SPUR SUMMARY NOTES

MILL CREEK TIFID PRELIMINARY ENGINEERING REPORT

ANACONDA‐DEER LODGE COUNTY

Notes

Includes clearing of existing vegetation within each area.  Assumes consolidation and stockpiling of all cleared material onsite (i.e. no offsite hauling/disposal).  Quantity 

assumes 30% of parcel is cleared for development.
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Item

No.
Work Item Quantity Unit Unit Cost Total

1 Anaconda‐Deer Lodge County Property

2 Distribution Pipe (10" Diameter DR25 PVC) ‐ Main (1) 20,400 LF 92.00$                  1,876,800$    

3 Distribution Piping Valves and Fittings (10") (2) 27 EA 2,114.00$            57,078$         

4 Air Relief Valves (3) 5 EA 3,437.00$            17,185$         

5 Fire System Hydrants (4) 27 EA 4,700.00$            126,900$       

6 Connections to Existing Water System (5) 3 EA 1,101.00$            3,303$           

7 Highway Crossings (6) 100 LF 2,093.00$            209,300$       

8 Mill Creek Crossings (6) 100 LF 1,053.00$            105,300$       

9 Drainage Crossings (6) 250 LF 754.00$                188,500$       

10 Utility (Sewer) Crossings (7) 5 EA 399.00$                1,995$           

11 Pump Station (8) 1 EA 230,000.00$        230,000$       

12 Anaconda‐Deer Lodge County Property Subtotal 2,816,361$        

13 Atlantic Richfield Property

14 Distribution Pipe (10" Diameter DR25 PVC) ‐ Main (1) 2,300 LF 92.00$                  211,600$       

15 Distribution Piping Valves (10") (2) 2 EA 2,114.00$            4,228$           

16 Distribution Pipe (8" Diameter DR25 PVC) ‐ Main (1) 13,300 LF 47.00$                  625,100$       

17 Distribution Piping Valves and Fittings (8") (2) 22 EA 1,342.00$            29,524$         

18 Air Relief Valves (3) 2 EA 3,437.00$            6,874$           

19 Fire System Hydrants (4) 28 EA 4,700.00$            131,600$       

20 Connections to Existing Water System ‐ 6" Connections (5) 1 EA 1,101.00$            1,101$           

21 Connections to Existing Water System ‐ 10" Connections (5) 2 EA 1,405.00$            2,810$           

22 Railroad Crossings (6) 200 LF 2,093.00$            418,600$       

23 Highway Crossings (6) 100 LF 2,093.00$            209,300$       

24 Mill Creek Crossings (6) 100 LF 1,053.00$            105,300$       

25 Drainage Crossings (6) 50 LF 385.40$                19,270$         

26 Utility (Sewer) Crossings (7) 6 EA 399.00$                2,394$           

27 Utility (Silver Lake Pipeline) Crossings (7) 1 LS 1,667.00$            1,667$           

28 Atlantic Richfield Property Subtotal 1,769,368$        

29 TOTAL ESTIMATED COSTS 4,585,729$              

ANACONDA ‐ DEER LODGE COUNTY

Subtotals

TABLE G‐3
WATER SYSTEM COST ESTIMATES
DIRECT COSTS SUMMARY SHEET

MILL CREEK TIFID PRELIMINARY ENGINEERING REPORT
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Note

No.

1

2

3

4

5

6

7

8

TABLE G‐3a

WATER SYSTEM SUMMARY NOTES

MILL CREEK TIFID PRELIMINARY ENGINEERING REPORT

ANACONDA‐DEER LODGE COUNTY

Notes

Includes purchase, delivery and installation of piping materials, including excavation, bedding, pipe placement/connection and backfill.  Due to the unknown nature and 

extent of onsite contaiminated soils, costs do not include contaminated soil removal, disposal and replacement.

Costs include purchase and installation.  Number of valves and fittings estimated based on preliminary water system layout; however actual number of valves and fittings 

may change in detailed design.

Costs include purchase and installation. Estimated number of air relief vales based on preliminary water system layout and estimated topography; actual number of valves 

may change during detailed design.

Costs include purchase and placement of hydrants, assuming hydrant spacing every 500 ft. along the preliminary water system layout.

Costs include materials and labor to make connections to the existing Anaconda Water system, including time for system block/shutdown.

Crossings assume excavation, pipe placement and material replacement at each location.

Pump Station costs are an estimated plug number based on lift station design for Wastewater System (See Table G‐4).  Assumes only one station is required; however, 

further analysis will be required to verify during detailed design.

Utility Sewer crossings assume separation and installation consistent with MDEQ Circular DEQ 2.

Page 1 of 1 Mill Creek TIFID Cost Estimates 050114_Final



Item

No.
Work Item Quantity Unit Unit Cost Total

1 Anaconda‐Deer Lodge County Property

2 Gravity Sewer ‐ 8" PVC (1) 12,100 LF 89.00$            1,076,900$    

3 Manholes (2) 40 EA 3,196.00$       127,840$       

4 Highway Crossings (3) 100 LF 2,025.00$       202,500$       

5 Mill Creek Crossings (3) 100 LF 1,019.00$       101,900$       

6 Drainage Crossings (3) 100 LF 2,025.00$       202,500$       

7 Railroad Crossings (3) 100 LF 730.00$          73,000$         

8 Anaconda‐Deer Lodge County Property Subtotal 1,784,640$        

9 Atlantic Richfield Property

10 Piping Systems

11 Gravity Sewer ‐ 8" PVC (1) 14,900 LF 89.00$            1,326,100$    

12 Forcemain ‐ 3" PVC (1) 6,000 LF 20.00$            120,000$       

13 Manholes (2) 47 EA 3,196.00$       150,212$       

14 Highway Crossings (3) 100 LF 2,025.00$       202,500$       

15 Railroad Crossings (3) 300 LF 2,025.00$       607,500$       

16 Mill Creek Crossings (3) 100 LF 1,019.00$       101,900$       

17 Drainage Crossings (3) 50 LF 730.00$          36,500$         

18 Utility (Silver Lake Pipeline) Crossings (4) 2 EA 1,667.00$       3,334$           

19 Piping Systems Subtotal 2,548,046$        

20 Lift Station (5)

21 Wet Well, Pumps, Control Panel, Level Control 1 LS 45,959.00$    45,959$         

22 Building and Foundation 300 SF 150.00$          45,000$         

23 Power Service Connection 1 LS 8,000.00$       8,000$           

24 Wiring/Electrical/Lighting 1 LS 79,300.00$    79,300$         

25 Gas Service Connection 1 LS 8,000.00$       8,000$           

26 Emergency Generator 1 EA 30,000.00$    30,000$         

27 HVAC System 1 LS 8,000.00$       8,000$           

28 Lift Station Subtotal 224,259$            

29 Atlantic Richfield Property Subtotal 2,772,305$        

30 TOTAL ESTIMATED COSTS 4,556,945$               

ANACONDA ‐ DEER LODGE COUNTY

Subtotals

TABLE G‐4
WASTEWATER SYSTEM COST ESTIMATES

DIRECT COSTS SUMMARY SHEET
MILL CREEK TIFID PRELIMINARY ENGINEERING REPORT
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Note

No.

1

2

3

4

5

Utility Sewer crossings assume separation and installation consistent with MDEQ Circular DEQ 2.

Costs include purchase and placement of manholes assuming manhole spacing every 400 ft. along the preliminary wastewater system layout.

Crossings assume excavation, pipe placement and material replacement at each location.

Cost includes items as shown; however actual size of the lift station structure, foundation and appurtenances will need to be verified during detailed design.

TABLE G‐4a

WASTEWATER SYSTEM SUMMARY NOTES

MILL CREEK TIFID PRELIMINARY ENGINEERING REPORT

ANACONDA‐DEER LODGE COUNTY

Notes

Includes purchase, delivery and installation of piping materials, including excavation, bedding, pipe placement/connection and backfill. Due to the unknown nature and 

extent of onsite contaiminated soils, costs do not include contaminated soil removal, disposal and replacement.
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Item

No.
Work Item Quantity Unit Unit Cost Total

1 Anaconda‐Deer Lodge County Property

2 Highway/Rail Crossing Culverts and Inlet/Outlet Protection (1) 500 LF 380.00$              190,000$       

3 Access Road Culverts and Inlet/Outlet Protection (2) 300 LF 72.00$                21,600$         

4 Drainage Channels (3) 15,900 LF 3.82$                   60,738$         

5 Detention Basins (4) 213,444 SF 1.80$                   384,199$       

6 Anaconda‐Deer Lodge County Property Subtotal 466,537$            

7 Atlantic Richfield Property

8 Highway/Rail Crossing Culverts and Inlet/Outlet Protection (1) 750 LF 380.00$              285,000$       

9 Access Road Culverts and Inlet/Outlet Protection (2) 900 LF 72.00$                64,800$         

10 Drainage Channels (3) 17,300 LF 3.82$                   66,086$         

11 Detention Basins (4) 178,596 SF 1.80$                   321,473$       

12 Atlantic Richfield Property Subtotal 452,359$            

13 TOTAL ESTIMATED COSTS 918,896$                 

MILL CREEK TIFID PRELIMINARY ENGINEERING REPORT
ANACONDA ‐ DEER LODGE COUNTY

Subtotals

TABLE G‐5
STORMWATER SYSTEM COST ESTIMATES

DIRECT COSTS SUMMARY SHEET

Page 1 of 1 Mill Creek TIFID Cost Estimates 102113



Note

No.

1

2

3

4

Includes installation of 24 to 36" CMP culverts road and/or minor drainage crossings.  Assumes excavation, CMP placement and backfill and concrete headwall protection.  

Does not assume deep excavation in excess of 6 ft.   Due to the unknown nature and extent of onsite contaiminated soils, costs do not include contaminated soil removal, 

disposal and replacement.

Includes excavation of trapezoidal drainage channels along roadways and railroads, armored with 6" 3 to 6 inch D50 riprap armoring.  Channels assumed to be 

approximately 6 ft. wide with 3:1/2:1 sideslopes and 2 ft. channel bottom. Due to the unknown nature and extent of onsite contaiminated soils, costs do not include 

contaminated soil removal, disposal and replacement.

Includes preparation of detention basin subgrade for HDPE liner placement.  Includes placement of 60 mil HDPE liner and underlying 10 oz. non‐woven geotextile fabric 

liner system for detention basins. Assumes 3 feet of soil cover placed on basin bottom. Due to the unknown nature and extent of onsite contaiminated soils, costs do not 

include contaminated soil removal, disposal and replacement.

TABLE G‐5a

STORMWATER SYSTEM SUMMARY NOTES

MILL CREEK TIFID PRELIMINARY ENGINEERING REPORT

ANACONDA‐DEER LODGE COUNTY

Notes

Includes installation of 24 to 36" CMP culverts at each highway and railroad crossing.  Assumes excavation, CMP placement, backfill, construction of a concrete cut‐off 

curbing, reinforced concrete headwall, placement of riprap and non‐woven geotextile for erosion protection, and final surface asphalt replacement.   Due to the unknown 

nature and extent of onsite contaiminated soils, costs do not include contaminated soil removal, disposal and replacement.

Page 1 of 1 Mill Creek TIFID Cost Estimates 102113



Item

No.
Work Item

Anaconda‐Deer 

Lodge Property

Atlantic Richfield 

Property
Subtotals

1 Water System Annual O&M  $                          3,250   $                           4,750  8,000$                     

2 Wastwater System Annual O&M $                          4,500  $                         12,500  17,000$                   

3 Stormwater System Annual O&M $                          3,600  $                           5,400  9,000$                     

4 Roads/Railroad Annual O&M $                          3,250  $                           4,750  8,000$                     

5 Open Space Annual O&M $                          4,000  $                           6,000  10,000$                   

6 Subtotal Annual O&M 18,600$                       33,400$                         52,000$                   

7 Present Value (I = 6%, N = 20 years) 213,341$                     383,095$                      596,436$                

TABLE G‐6
ANNUAL OPERATIONS AND MAINTENANCE COST

MILL CREEK TIFID PRELIMINARY ENGINEERING REPORT
ANACONDA ‐ DEER LODGE COUNTY
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Appendix H

Water System Calculations

Preliminary Engineering Report
Mill Creek TIFID



By: Kevin Pfeifer Date: 09/25/13 Subject: Water Design  

Calculation Brief  

Sheet 1 of 13

Ck’d:Travis 

Dunkle 

Date: 09/26/13 Proj No: 70823

Ap’d: MCM Date: 4/29/14

 
Purpose: 
 
Summary of information used for water distribution design of the Mill Creek TIFID.   
 
Methods: 
 

A.  MTDEQ Circular 1 Requirements for Water Distribution Lines 
 

The MT DEQ Circular 1 (MDEQ, 2006) requirements were the main drivers of the sewer design.  The 
design is split into two portions: a portion located solely on county property, and the rest on ARCO 
property that partly ties into a section of the County water distribution system.  A surface was 
created in Civil 3D using contour data provided by ARCO at some point in the past (Dave is not sure 
where this came from).  The contour data used was stored in D:>GIS>PROJECTS>Anaconda>Feature 
Data.  The shapefiles used were topo_5.shp, topo_10.shp, and topo_50.shp.  This is a crude surface 
and should not be used for any detailed design work.  Once the surface was created, the pipe 
network was laid out according to the following Circular 1 (MDEQ, 2006) standards: 

 

 Dead‐ends must be minimized whenever possible (Section 8.4.2)   

 Water mains must be laid at least 10 ft horizontally from any existing or proposed gravity 
sewer.  In addition, no water pipe may pass through a manhole: there should be a distance 
of 10 ft between the two.  Sewer crossings must be laid to provide a minimum vertical 
distance of 18‐inches between the outside of the water main to the outside of the sewer. 
(Section 8.8) This was considered in the layout by locating the sewer lines on the other side 
of proposed roads than the water distribution lines. 

 
The pipe sizes were selected to be 8‐inches or 10‐inches in diameter.  Minimum pipe size for water 
mains providing fire protection is 6‐inches per Section 8.2.2 of Circular 1 (MDEQ, 2006).  PVC was 
selected as the pipe material.  PVC meets the MDEQ requirements outlined in Section 8.1 of Circular 
1 (MDEQ, 2006).  The PVC pipe selected will meet AWWA C900 standards.  The pressure class of the 
pipe selected will be PC 165 psi (DR‐25) to meet the pressure requirements in Table 5 of the Results 
Section (Uni‐Bell PVC Pipe Association, 2013). 

 
Valves were placed according to the following Circular 1 (MDEQ, 2006) requirements: 

 

 Valves should be located at 500‐800 ft intervals (500 is for commercial districts with 800 
being for all other districts).  800 ft intervals were used for this design (Section 8.3).   

 
The following Circular 1 (MDEQ, 2006) requirements had to be considered for stream crossings: 

 

 For underwater crossings, a minimum cover of two feet must be provided over the pipe.  (If 
water course is greater than 15 ft, additional measures must be taken.  (Section 8.9.2)  As 
contour data was not very specific to stream crossings, no changes were made to depths for 
stream crossings.  Instead stream crossings were avoided wherever possible.   



By: Kevin Pfeifer Date: 09/25/13 Subject: Water Design  

Calculation Brief  

Sheet 2 of 13

Ck’d:Travis 

Dunkle 

Date: 09/26/13 Proj No: 70823

Ap’d: MCM Date: 4/29/14

 
 

Pressures in the water mains must meet the following Circular 1 (MDEQ, 2006) requirements 
(Section 8.2.1): 

 

 Must be designed to maintain a minimum normal working pressure of 35 psi.   

 Minimum pressure under all conditions of flow must be 20 psi.   

 Water main pressures must be sufficient to provide required minimum pressures at ground 
level at the highest building sites served by proposed water mains excluding head loss.   

 Maximum normal working pressure should be approximately 60 to 80 psi. 
 

B. Fire Protection Requirements 
 
Circular 1 (MDEQ, 2006) does not provide clear fire protection requirements.  The exact subdivision 
layout and exact industries/buildings will determine the final fire protection design.  Certain 
industries may require more fire flow than can be provided by the ADLC system so other fire 
protection measures may need to be implemented (this could include the construction and 
maintenance of ponds, tanks, etc.).  Local fire departments will provide the final approval of all fire 
protection designs.     
 
Deer Lodge County has adopted the International Fire Code (ICC, 2012).  According to the 
International Fire Code Appendix B Section B105.2 (ICC, 2012), “The minimum fire flow and flow 
duration for buildings other than one and two family dwellings shall be specified in Table B105.1.  
Exception: A reduction in required fire flow of up to 75%, as approved, is allowed when the building 
is protected by an approved automatic sprinkler system installed in accordance with Section 
903.3.1.1 or 903.3.1.2.  The resulting fire flow shall not to be less than 1500 gpm for the prescribed 
duration as specified in Table B105.1.”  This minimum allows for a needed fire flow (NFF) to a 
property of 6000 gpm assuming the automatic sprinkler system does not require more than 1500 
gpm.  This should be sufficient for most development in the TIFID and will be taken as the basis for 
fire flow for water distribution analysis.  A flow duration of 2 hours will be used for analysis of the 
water distribution system based on Table B105.1 from the International Fire Code 2012 (ICC, 2012).   
 
Fire hydrant spacing will be subject to final build out of the TIFID and approval by local fire 
departments but was selected to be 500 ft for the PER based on a required fire flow of 1500 gpm 
and Table C105.1 of the International Fire Code 2012 (ICC, 2012).   

 
Final fire protection design will occur once the size and construction type of the buildings is 
determined.  In addition, any industry specific fire protection requirements outlined in the IFC 
will have to be considered.  Table B105.1 and Table C105.1 are attached to this calculation brief 
in the Appendix Section.   
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Results 

A. Water Distribution Design Specifics 

 

The proposed water distribution network layout is given in Figure 1 in the Figures Section of this 
calculation brief.   The design specifics are given in Table 1 and Table 2.  The design was split into 
sections, one for Deer Lodge County property and the other for ARCO property.   

 

Table 1: Deer Lodge County Water Main Design Specifics 

Parameter  Value  Notes 

Water Main Material   10‐Inch Diameter PVC  Pressure Class (PC) 165 psi (DR‐25) 

Water Main Length  20400 Feet   

Valves  27   

Air Relief Valves  5   

Fire Hydrants  27   

Highway Crossings  1   

Stream Crossings (Mill 
Creek) 

1   

Proposed Road Crossings  4   

Ditch Crossings  5   

Sewer Crossings  5   
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Table 2: ARCO Water Main Design Specifics 

Parameter  Value  Notes 

Water Main Material   10‐Inch Diameter PVC  PC 165 psi (DR‐25) 

Water Main Length  2300 Feet   

Water Main Material   8‐Inch Diameter PVC  PC 165 psi (DR‐25) 

Water Main Length  13300 Feet   

Valves  24   

Air Relief Valve  2   

Fire Hydrants  28   

Highway Crossings  1   

Road Crossings (Willow 
Glen) 

1   

Railway Crossing  1   

Stream Crossings (Mill 
Creek) 

1   

Ditch Crossing  1   

Proposed Road Crossings  6   

Proposed railway Crossing  1   

Sewer Crossings  6   

 

 

B. EPANET Analysis Results 

EPANET was used to model the proposed water distribution design under a variety of flow 
conditions.  These included maximum daily flow, maximum daily flow with irrigation, maximum daily 
flow with fire flow, and maximum daily flow with irrigation and fire flow.  Table 3 gives the average 
daily flow and maximum daily flow requirements for complete build out of the TIFID.  Table 4 gives 
the irrigation requirements for the complete build out of the TIFID.   For EPANET analysis, the most 
conservative value for irrigation requirements was selected (this value is 563 gpm for the total TIFID, 
so each lot requires 7.8 gpm).     
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Table 3: Water Flow Requirements (Potable Water ONLY) 

Average Daily Flow 

Parameter  Value  Units  Source 

Flow Required per Employee 
per Day 

16  gpd/employee
MDEQ Circular 4 Page 18‐20 (MDEQ, 2004) (Note:  
This prediction is for wastewater.  We are assuming 
all potable water leaves as sanitary waste.) 

Number of Employees per 
Business 

25  employees 
Mill Creek Industrial Complex PER Page 3‐6 (RPA, 
2008) 

Average Daily Water Flow 
Requirements per Business 

400  gpd  Calculation 

Number of Businesses in TIFID  72  businesses  Based on Subdivision 

Total Average Daily Water Flow 
Requirements  

28800  gpd  Calculation 

Maximum Daily Demand 

Parameter  Value  Units  Source 

Average Daily Water Flow 
Requirements per Business 

400  gpd  Calculation 

Maximum Daily Flow Factor  1.5‐3.0  unitless  Page 4 (Hickey, 2008) 

Mill Creek TIFID Daily Flow 
Factor  3  unitless  Most Conservative Value 

Maximum Daily Flow 
Requirements per Business 

1200  gpd  Calculation 

Number of Businesses in TIFID  72  businesses  Based on Subdivision 

Total Maximum Daily Flow 
Requirements  

86400  gpd  Calculation 



By: Kevin Pfeifer Date: 09/25/13 Subject: Water Design  

Calculation Brief  

Sheet 6 of 13

Ck’d:Travis 

Dunkle 

Date: 09/26/13 Proj No: 70823

Ap’d: MCM Date: 4/29/14

 

Table 4: Irrigation Demands 

Parameter  Value  Units  Source 

TIFID Developed Area  382.60 acres  Based on Subdivision 

Low Irrigated Area  19.00 acres  5% Developed TIFID Area 

High Irrigated Area  76.52 acres  20% Developed TIFID Area 

Water Required per Acre per Week  1.0‐1.5 in/week  (DOWL HKM, 2011) and (Gough, 2012)  

Rainfall per Month in Anaconda (for July and August)  1.40 in/month 
Western Regional Climate Center   (“Anaconda, 
Montana (240199)”) 

Low End Water Requirements per month  3.03 in/month  Calculation 

High End Water Requirements per month  5.24 in/month  Calculation 

Days in Month  31.00 days 
Assumed value from East Yards PER (DOWL HKM, 
2011) 

Assumed Efficiency  0.65 unitless 
Assumed value from East Yards PER (DOWL HKM, 
2011) 

Watering Time  16.00 hours 
Assumed value from East Yards PER (DOWL HKM, 
2011) 

Volume Required Low/Low  7.38 ac‐ft/month  Calculation 

Volume Required Low/Low  2403900 gal/month  Conversion 

Volume Required Low/Low  77545 gpd  Conversion 

Daily Flow Rate   80.8 gpm  Conversion 

Volume Required Low/High  12.77 ac‐ft/month  Calculation 

Volume Required Low/High  4161469 gal/month  Conversion 

Volume Required Low/High  134241 gpd  Conversion 

Daily Flow Rate   139.8 gpm  Conversion 

Volume Required High/Low  29.71 ac‐ft/month  Calculation 

Volume Required High/Low  9681392.039 gal/month  Conversion 
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Table 4: Irrigation Demands 

Parameter  Parameter  Parameter  Parameter 

Volume Required High/Low  312303 gpd  Conversion 

Daily Flow Rate   325.3 gpm  Conversion 

Volume Required High/High  51.43 ac‐ft/month  Calculation 

Volume Required High/High  16759768.29 gal/month  Conversion 

Volume Required High/High  540638 gpd  Conversion 

Daily Flow Rate   563.2 gpm  Conversion 
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Both systems were imported from Autodesk Civil 3D® to EPANET 2.0®.  As the inlet pressure at the end 
of the existing line entering the TIFID was not known, the simulations were run to determine a minimum 
inlet pressure (Pressure at Junc. 4) required to meet MDEQ Circular 1 pressure standards.  The 
simulations were performed using the Hazen‐Williams formula with a C=140.  This C value was taken 
from Table 3.8 from the Civil Engineering Reference Manual (Lindeburg, 1992).  Table 5 summarizes the 
results of the simulations for the complete network (Deer Lodge and ARCO systems together).  
Complete output tables as well as the model layout are attached in the Model Section of this calculation 
brief.   

Table 5: EPANET 2.0 Results 

Analysis Description  Minimum Required Pressure  
at Junc 4 (Inlet Pressure) [psi] 

Demand 
[GPM] 

Minimum Pressure in 
Network and Node 

Max Daily Demand w/ 6‐
Inch Pipe 

73.4  60.5  35.1 psi @ Junc 17 

Max Daily Flow w/ 
Irrigation w/ 6‐Inch  

74.7  627.2  35.0 psi @ Junc 17 

Fire Flow w/ Max 
Demand 6‐Inch  

In Excess of 200 psi  1560.5  ‐ 

Fire Flow w/ Max 
Demand and Irrigation 6‐
Inch 

In Excess of 200 psi  2127.2  ‐ 

Max Daily Demand w/ 8‐
Inch Pipe 

73.4  60.5  35.1 psi @ Junc 17 

Max Daily Flow w/ 
Irrigation w/ 8‐Inch  

74.7  627.2  35.4 psi @ Junc 17 

Fire Flow w/ Max 
Demand 8‐Inch  

101.9  1560.5  20.3 psi @ Junc 29 

Fire Flow w/ Max 
Demand and Irrigation 8‐
Inch 

112.3  2127.2  20.1 psi @ Junc 29 

Max Daily Demand w/ 10‐
Inch Pipe 

73.4  60.5  35.1 psi @ Junc 17 

Max Daily Flow w/ 
Irrigation w/ 10‐Inch  

74.3  627.2  35.0 psi @Junc 17 

Fire Flow w/ Max 
Demand 10‐Inch  

79.4  1560.5  20.0 psi @ Junc 17 

Fire Flow w/ Max 
Demand and Irrigation 
10‐Inch 

83.7  2127.2  20.2 psi @ Junc 17 

Max Daily Demand w/ 12‐
Inch Pipe 

73.4  60.5  35.1 psi @ Junc 17 

Max Daily Flow w/ 
Irrigation w/ 12‐Inch  

74.3   627.2  35.1 psi @ Junc 17 
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Table 5: EPANET 2.0 Results 

Analysis Description  Minimum Required Pressure  
at Junc 4 (Inlet Pressure) [psi] 

Demand 
[GPM] 

Minimum Pressure in 
Network and Node 

Fire Flow w/ Max 
Demand 12‐Inch  

75.5  1560.5  20.4 psi @ Junc 17 

Fire Flow w/ Max 
Demand and Irrigation 
12‐Inch 

79.4  2127.2  20.1 psi @ Junc 17 

Max Daily Demand w/ 8 
and 10‐Inch Pipe 

73.4  60.5  35.1 psi @ Junc 17 

Max Daily Flow w/ 
Irrigation w/ 8 and 10‐
Inch  

74.3  627.2  35.0 psi @ Junc 17 

Fire Flow w/ Max 
Demand 8 and 10‐Inch  

79.4  1560.5  20.1 psi @ Junc 17 

Fire Flow w/ Max 
Demand and Irrigation 8 
and 10‐Inch 

85.6  2127.2  20.2 psi @ Junc 17 

Max Pressure in System 8 
and 10‐Inch Pipe 

85.8  0  Max pressure is 117.2 psi 
@ Junc 56 

Yellow highlighting indicates selected design. 

C. Review against City of Anaconda Water Modelling 

CEC obtained previous water system modelling information of the City of Anaconda water system 
from DOWL HKM via email on 4/23/14.  DOWL/HKM provided the model files via EPAnet format, 
including modelling reports and memorandums.  Specifically, CEC reviewed the Mill Creek TIFID 
water design vs. the following, with results noted below. 

Available Flow/Pressure – CEC first evaluated the existing City of Anaconda model at node 4960, 
located approximately at CEC’s model noted 27, near Parcels 8 and 9.  Based on our evaluation, the 
maximum draw from this node, in order to maintain a minimum pressure of 35 psi, is 355 gpm.  
This was further substantiated by flow tests performed by DOWL/HKM and ALDC in October, 2013 
(DOWL/HKM 2014) and previous DOWL/HKM Mill Creek modelling efforts (DOWL/HKM November 
2011).  Booster pump station(s) would be required to provide fire and irrigation flow. 

Impact to City of Anaconda System – Excluding fire flow/irrigation, potable water demand (i.e., 
Maximum Daily Demand) for the complete Mill Creek TIFID water system is 60.5 gpm at 35 psi.  
CEC’s review of the City of Anaconda model indicate that the existing city system will meet this 
requirement without significant pressure impact (i.e., nodes within the existing city system will not 
drop below 35 psi).  
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CONSULTING, LLC.

406 East Park Avenue Suite 2
Anaconda, MT 59711

(406) 563-2700

WATER SYSTEM ALTERNATIVE 1: CONNECT TO
CITY OF ANACONDA WATER SYSTEM

MILL CREEK TIFID PER
PREPARED FOR:

ANACONDA-DEER LODGE COUNTY

LEGEND:

EXISTING ROAD FEMA ZONE A FLOODPLAIN

EXISTING RAILROAD (SEE NOTE 1) OVERHEAD UTILITY RIGHT-OF-WAY (ROW) (SEE NOTE 6)

PROPOSED ROAD CENTERLINE (SEE NOTE 2) SILVER LAKE PIPELINE RIGHT-OF-WAY (SEE NOTE 7)

PROPOSED RAILROAD SIDETRACK CENTERLINE (SEE NOTE 3) EXISTING WATER MAIN

PROPOSED DEVELOPMENT PARCELS (SEE NOTE 4) SILVER LAKE PIPELINE

PARK/OPEN SPACE (SEE NOTE 5)
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NOTES:

1) EXISTING RAILROAD INCLUDES 100 FT. ROW (50 FT. EACH SIDE OF THE CENTERLINE).
2) PROPOSED ROAD INCLUDES 60 FT. ROW (30 FT. EACH SIDE OF CENTERLINE).
3) PROPOSED RAILROAD SIDETRACK INCLUDES 100 FT. ROW FOR SECTIONS RUNNING
    ALONG EXISTING RAILROAD AND 50 FT. ROW WHEN ISOLATED.
4) PROPOSED DEVELOPMENT PARCELS DELINEATED AT APPROXIMATELY 5 ACRES EACH.
5) PARK/OPEN SPACE DEFINED AS AREAS WITH EXISTING HEAVY VEGETATION, STEEP
    TERRAIN, DRAINAGE, UTILITY, AND/OR ACCESS ISSUES POSSIBLY PRECLUDING
    DEVELOPMENT.
6) UTILITY ROW ASSUMED TO ENCOMPASS EXISTING OVERHEAD UTILITY ALIGNMENTS
    PLUS 20 FT. EACH SIDE OF ALIGNMENT.
7) SILVER LAKE PIPELINE ASSUMED TO HAVE 100 FT. ROW (50 FT. EACH SIDE OF
    CENTERLINE).

REFERENCES:

1) RAILROAD AND ROAD ALIGNMENTS BASED ON MONTANA SPATIAL DATA
    INFRASTRUCTURE TRANSPORTATION FRAMEWORK SHAPEFILES (RAILROADS.SHP AND
    ROADS.SHP) DOWNLOADED ON 7/19/2013.
2) FEMA ZONE A FLOODPLAIN BASED ON FEMA  ISSUED FLOOD MAP 3000170150B AND
    SHAPEFILE FEMA_CLIP.SHP PROVIDED BY ADLC.
3) UTILITY ALIGNMENTS PROVIDED BY ADLC IN SHAPEFILE UTILITIES_EAST_ANACONDA.SHP.
4) PROPERTY BOUNDARIES BASED ON MONTANA CADASTRAL DATA AND SHAPEFILE
    TIFID_CADASTRAL_CLIP.SHP PROVIDED BY ADLC.
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Max Demand Results
6 Inch 8 Inch 10 Inch
Network Table Nodes Network Table Nodes Network Table Nodes

Elevation Base Demand Demand Head Pressure Elevation Base Demand Demand Head Pressure Elevation Base Demand Demand
Node ID ft GPM GPM ft psi Node ID ft GPM GPM ft psi Node ID ft GPM GPM
Junc 4 5172.6 0 0 5342 73.4 Junc 4 5172.6 0 0 5342 73.4 Junc 4 5172.6 0 0
Junc 5 5172.6 0.84 0.84 5342 73.4 Junc 5 5172.6 0.84 0.84 5342 73.4 Junc 5 5172.6 0.84 0.84
Junc 6 5172.6 0 0 5341.99 73.4 Junc 6 5172.6 0 0 5341.99 73.4 Junc 6 5172.6 0 0
Junc 7 5180 0 0 5341.97 70.18 Junc 7 5180 0 0 5341.97 70.18 Junc 7 5180 0 0
Junc 8 5182.4 0 0 5341.97 69.14 Junc 8 5182.4 0 0 5341.97 69.14 Junc 8 5182.4 0 0
Junc 9 5184.5 0 0 5341.97 68.23 Junc 9 5184.5 0 0 5341.97 68.23 Junc 9 5184.5 0 0
Junc 10 5188.9 0.84 0.84 5341.97 66.32 Junc 10 5188.9 0.84 0.84 5341.97 66.33 Junc 10 5188.9 0.84 0.84
Junc 11 5197.2 2.52 2.52 5341.96 62.72 Junc 11 5197.2 2.52 2.52 5341.97 62.73 Junc 11 5197.2 2.52 2.52
Junc 12 5197.2 1.68 1.68 5341.96 62.72 Junc 12 5197.2 1.68 1.68 5341.97 62.73 Junc 12 5197.2 1.68 1.68
Junc 13 5242.8 1.68 1.68 5341.96 42.96 Junc 13 5242.8 1.68 1.68 5341.97 42.97 Junc 13 5242.8 1.68 1.68
Junc 14 5242.8 2.52 2.52 5341.96 42.96 Junc 14 5242.8 2.52 2.52 5341.97 42.97 Junc 14 5242.8 2.52 2.52
Junc 15 5242.8 1.68 1.68 5341.96 42.96 Junc 15 5242.8 1.68 1.68 5341.97 42.97 Junc 15 5242.8 1.68 1.68
Junc 16 5244 0.84 0.84 5341.96 42.44 Junc 16 5244 0.84 0.84 5341.97 42.45 Junc 16 5244 0.84 0.84
Junc 17 5260.9 0.84 0.84 5341.96 35.12 Junc 17 5260.9 0.84 0.84 5341.97 35.13 Junc 17 5260.9 0.84 0.84
Junc 18 5251.4 0.84 0.84 5341.96 39.24 Junc 18 5251.4 0.84 0.84 5341.97 39.24 Junc 18 5251.4 0.84 0.84
Junc 19 5244.7 0.84 0.84 5341.96 42.14 Junc 19 5244.7 0.84 0.84 5341.97 42.15 Junc 19 5244.7 0.84 0.84
Junc 20 5237.9 0.84 0.84 5341.96 45.09 Junc 20 5237.9 0.84 0.84 5341.97 45.09 Junc 20 5237.9 0.84 0.84
Junc 21 5180 0 0 5341.97 70.18 Junc 21 5180 0 0 5341.97 70.18 Junc 21 5180 0 0
Junc 22 5210 0 0 5341.95 57.18 Junc 22 5210 0 0 5341.97 57.18 Junc 22 5210 0 0
Junc 23 5203.1 1.68 1.68 5341.95 60.17 Junc 23 5203.1 1.68 1.68 5341.97 60.17 Junc 23 5203.1 1.68 1.68
Junc 24 5187.6 0.84 0.84 5341.96 66.88 Junc 24 5187.6 0.84 0.84 5341.97 66.89 Junc 24 5187.6 0.84 0.84
Junc 25 5182.7 1.68 1.68 5341.96 69.01 Junc 25 5182.7 1.68 1.68 5341.97 69.01 Junc 25 5182.7 1.68 1.68
Junc 26 5171 0.84 0.84 5341.92 74.06 Junc 26 5171 0.84 0.84 5341.97 74.08 Junc 26 5171 0.84 0.84
Junc 27 5217.4 0 0 5341.94 53.96 Junc 27 5217.4 0 0 5341.96 53.97 Junc 27 5217.4 0 0
Junc 28 5233.2 0 0 5341.92 47.11 Junc 28 5233.2 0 0 5341.96 47.13 Junc 28 5233.2 0 0
Junc 29 5250 0.84 0.84 5341.92 39.83 Junc 29 5250 0.84 0.84 5341.96 39.85 Junc 29 5250 0.84 0.84
Junc 30 5238.1 0.84 0.84 5341.92 44.98 Junc 30 5238.1 0.84 0.84 5341.96 45 Junc 30 5238.1 0.84 0.84
Junc 31 5226.2 0.84 0.84 5341.92 50.14 Junc 31 5226.2 0.84 0.84 5341.96 50.16 Junc 31 5226.2 0.84 0.84
Junc 32 5210.7 0.84 0.84 5341.92 56.86 Junc 32 5210.7 0.84 0.84 5341.96 56.87 Junc 32 5210.7 0.84 0.84
Junc 33 5222 1.68 1.68 5341.92 51.96 Junc 33 5222 1.68 1.68 5341.96 51.98 Junc 33 5222 1.68 1.68
Junc 34 5211 1.68 1.68 5341.92 56.73 Junc 34 5211 1.68 1.68 5341.96 56.74 Junc 34 5211 1.68 1.68
Junc 35 5200 1.68 1.68 5341.92 61.49 Junc 35 5200 1.68 1.68 5341.96 61.51 Junc 35 5200 1.68 1.68
Junc 36 5195.7 1.68 1.68 5341.92 63.36 Junc 36 5195.7 1.68 1.68 5341.96 63.37 Junc 36 5195.7 1.68 1.68
Junc 37 5190 0.84 0.84 5341.92 65.82 Junc 37 5190 0.84 0.84 5341.96 65.84 Junc 37 5190 0.84 0.84
Junc 38 5190 0.84 0.84 5341.92 65.82 Junc 38 5190 0.84 0.84 5341.96 65.84 Junc 38 5190 0.84 0.84
Junc 39 5190 0.84 0.84 5341.92 65.82 Junc 39 5190 0.84 0.84 5341.96 65.84 Junc 39 5190 0.84 0.84
Junc 40 5190 0 0 5341.92 65.83 Junc 40 5190 0 0 5341.96 65.84 Junc 40 5190 0 0
Junc 41 5170 0 0 5341.8 74.44 Junc 41 5170 0 0 5341.94 74.5 Junc 41 5170 0 0
Junc 42 5168.2 0.84 0.84 5341.8 75.22 Junc 42 5168.2 0.84 0.84 5341.94 75.28 Junc 42 5168.2 0.84 0.84
Junc 43 5151.2 0.84 0.84 5341.74 82.56 Junc 43 5151.2 0.84 0.84 5341.93 82.64 Junc 43 5151.2 0.84 0.84
Junc 44 5144.2 1.68 1.68 5341.72 85.59 Junc 44 5144.2 1.68 1.68 5341.92 85.67 Junc 44 5144.2 1.68 1.68
Junc 45 5130 0 0 5341.68 91.72 Junc 45 5130 0 0 5341.91 91.82 Junc 45 5130 0 0
Junc 46 5130 0 0 5341.68 91.72 Junc 46 5130 0 0 5341.91 91.82 Junc 46 5130 0 0
Junc 47 5130 1.68 1.68 5341.67 91.72 Junc 47 5130 1.68 1.68 5341.91 91.82 Junc 47 5130 1.68 1.68
Junc 48 5130 0.84 0.84 5341.67 91.72 Junc 48 5130 0.84 0.84 5341.91 91.82 Junc 48 5130 0.84 0.84
Junc 49 5123.5 0.84 0.84 5341.67 94.53 Junc 49 5123.5 0.84 0.84 5341.91 94.64 Junc 49 5123.5 0.84 0.84
Junc 50 5117 1.68 1.68 5341.67 97.35 Junc 50 5117 1.68 1.68 5341.91 97.45 Junc 50 5117 1.68 1.68
Junc 51 5104.1 1.68 1.68 5341.67 102.94 Junc 51 5104.1 1.68 1.68 5341.91 103.04 Junc 51 5104.1 1.68 1.68
Junc 52 5110.1 1.68 1.68 5341.67 100.34 Junc 52 5110.1 1.68 1.68 5341.91 100.44 Junc 52 5110.1 1.68 1.68
Junc 53 5102 0.84 0.84 5341.67 103.85 Junc 53 5102 0.84 0.84 5341.91 103.95 Junc 53 5102 0.84 0.84
Junc 54 5120 1.68 1.68 5341.67 96.05 Junc 54 5120 1.68 1.68 5341.91 96.15 Junc 54 5120 1.68 1.68
Junc 55 5110 1.68 1.68 5341.67 100.38 Junc 55 5110 1.68 1.68 5341.91 100.49 Junc 55 5110 1.68 1.68
Junc 56 5100 2.52 2.52 5341.67 104.71 Junc 56 5100 2.52 2.52 5341.91 104.82 Junc 56 5100 2.52 2.52
Junc 57 5101 0.84 0.84 5341.67 104.28 Junc 57 5101 0.84 0.84 5341.91 104.39 Junc 57 5101 0.84 0.84
Junc 58 5102.2 2.52 2.52 5341.67 103.76 Junc 58 5102.2 2.52 2.52 5341.91 103.87 Junc 58 5102.2 2.52 2.52
Junc 59 5111 1.68 1.68 5341.67 99.95 Junc 59 5111 1.68 1.68 5341.91 100.05 Junc 59 5111 1.68 1.68
Junc 60 5120.5 1.68 1.68 5341.67 95.83 Junc 60 5120.5 1.68 1.68 5341.91 95.94 Junc 60 5120.5 1.68 1.68
Junc 61 5130 0.84 0.84 5341.67 91.72 Junc 61 5130 0.84 0.84 5341.91 91.82 Junc 61 5130 0.84 0.84
Junc 62 5130 0.84 0.84 5341.67 91.72 Junc 62 5130 0.84 0.84 5341.91 91.82 Junc 62 5130 0.84 0.84
Junc 63 5204 0 0 5341.96 59.78 Junc 63 5204 0 0 5341.97 59.78 Junc 63 5204 0 0
Resvr 1 5342 #N/A 60.48 5342 0 Resvr 1 5342 #N/A 60.48 5342 0 Resvr 1 5342 #N/A 60.48



12 Inch 8 and 10 Inch
Network Table Nodes Network Table Nodes

Head Pressure Elevation Base Demand Demand Head Pressure Elevation Base Demand Demand Head Pressure
ft psi Node ID ft GPM GPM ft psi Node ID ft GPM GPM ft psi

5342 73.4 Junc 4 5172.6 0 0 5342 73.4 Junc 4 5172.6 0 0 5342 73.4
5342 73.4 Junc 5 5172.6 0.84 0.84 5342 73.4 Junc 5 5172.6 0.84 0.84 5342 73.4

5341.99 73.4 Junc 6 5172.6 0 0 5341.99 73.4 Junc 6 5172.6 0 0 5341.99 73.4
5341.97 70.18 Junc 7 5180 0 0 5341.97 70.18 Junc 7 5180 0 0 5341.97 70.18
5341.97 69.14 Junc 8 5182.4 0 0 5341.97 69.14 Junc 8 5182.4 0 0 5341.97 69.14
5341.97 68.23 Junc 9 5184.5 0 0 5341.97 68.23 Junc 9 5184.5 0 0 5341.97 68.23
5341.97 66.33 Junc 10 5188.9 0.84 0.84 5341.97 66.33 Junc 10 5188.9 0.84 0.84 5341.97 66.33
5341.97 62.73 Junc 11 5197.2 2.52 2.52 5341.97 62.73 Junc 11 5197.2 2.52 2.52 5341.97 62.73
5341.97 62.73 Junc 12 5197.2 1.68 1.68 5341.97 62.73 Junc 12 5197.2 1.68 1.68 5341.97 62.73
5341.97 42.97 Junc 13 5242.8 1.68 1.68 5341.97 42.97 Junc 13 5242.8 1.68 1.68 5341.97 42.97
5341.97 42.97 Junc 14 5242.8 2.52 2.52 5341.97 42.97 Junc 14 5242.8 2.52 2.52 5341.97 42.97
5341.97 42.97 Junc 15 5242.8 1.68 1.68 5341.97 42.97 Junc 15 5242.8 1.68 1.68 5341.97 42.97
5341.97 42.45 Junc 16 5244 0.84 0.84 5341.97 42.45 Junc 16 5244 0.84 0.84 5341.97 42.45
5341.97 35.13 Junc 17 5260.9 0.84 0.84 5341.97 35.13 Junc 17 5260.9 0.84 0.84 5341.97 35.13
5341.97 39.24 Junc 18 5251.4 0.84 0.84 5341.97 39.24 Junc 18 5251.4 0.84 0.84 5341.97 39.24
5341.97 42.15 Junc 19 5244.7 0.84 0.84 5341.97 42.15 Junc 19 5244.7 0.84 0.84 5341.97 42.15
5341.97 45.09 Junc 20 5237.9 0.84 0.84 5341.97 45.09 Junc 20 5237.9 0.84 0.84 5341.97 45.09
5341.97 70.18 Junc 21 5180 0 0 5341.97 70.18 Junc 21 5180 0 0 5341.97 70.18
5341.97 57.18 Junc 22 5210 0 0 5341.97 57.18 Junc 22 5210 0 0 5341.97 57.18
5341.97 60.17 Junc 23 5203.1 1.68 1.68 5341.97 60.17 Junc 23 5203.1 1.68 1.68 5341.97 60.17
5341.97 66.89 Junc 24 5187.6 0.84 0.84 5341.97 66.89 Junc 24 5187.6 0.84 0.84 5341.97 66.89
5341.97 69.01 Junc 25 5182.7 1.68 1.68 5341.97 69.01 Junc 25 5182.7 1.68 1.68 5341.97 69.01
5341.98 74.09 Junc 26 5171 0.84 0.84 5341.98 74.09 Junc 26 5171 0.84 0.84 5341.98 74.09
5341.97 53.98 Junc 27 5217.4 0 0 5341.97 53.98 Junc 27 5217.4 0 0 5341.97 53.98
5341.97 47.13 Junc 28 5233.2 0 0 5341.97 47.13 Junc 28 5233.2 0 0 5341.97 47.13
5341.97 39.85 Junc 29 5250 0.84 0.84 5341.97 39.85 Junc 29 5250 0.84 0.84 5341.97 39.85
5341.97 45.01 Junc 30 5238.1 0.84 0.84 5341.97 45.01 Junc 30 5238.1 0.84 0.84 5341.97 45.01
5341.97 50.16 Junc 31 5226.2 0.84 0.84 5341.97 50.16 Junc 31 5226.2 0.84 0.84 5341.97 50.16
5341.97 56.88 Junc 32 5210.7 0.84 0.84 5341.97 56.88 Junc 32 5210.7 0.84 0.84 5341.97 56.88
5341.97 51.98 Junc 33 5222 1.68 1.68 5341.97 51.98 Junc 33 5222 1.68 1.68 5341.97 51.98
5341.97 56.75 Junc 34 5211 1.68 1.68 5341.97 56.75 Junc 34 5211 1.68 1.68 5341.97 56.75
5341.97 61.51 Junc 35 5200 1.68 1.68 5341.97 61.52 Junc 35 5200 1.68 1.68 5341.97 61.51
5341.97 63.38 Junc 36 5195.7 1.68 1.68 5341.97 63.38 Junc 36 5195.7 1.68 1.68 5341.97 63.38
5341.97 65.85 Junc 37 5190 0.84 0.84 5341.97 65.85 Junc 37 5190 0.84 0.84 5341.97 65.85
5341.97 65.85 Junc 38 5190 0.84 0.84 5341.97 65.85 Junc 38 5190 0.84 0.84 5341.97 65.85
5341.97 65.85 Junc 39 5190 0.84 0.84 5341.97 65.85 Junc 39 5190 0.84 0.84 5341.97 65.85
5341.97 65.85 Junc 40 5190 0 0 5341.97 65.85 Junc 40 5190 0 0 5341.97 65.85
5341.97 74.51 Junc 41 5170 0 0 5341.98 74.52 Junc 41 5170 0 0 5341.97 74.51
5341.97 75.29 Junc 42 5168.2 0.84 0.84 5341.98 75.3 Junc 42 5168.2 0.84 0.84 5341.97 75.29
5341.97 82.66 Junc 43 5151.2 0.84 0.84 5341.98 82.66 Junc 43 5151.2 0.84 0.84 5341.96 82.65
5341.96 85.69 Junc 44 5144.2 1.68 1.68 5341.98 85.7 Junc 44 5144.2 1.68 1.68 5341.95 85.69
5341.96 91.84 Junc 45 5130 0 0 5341.98 91.85 Junc 45 5130 0 0 5341.94 91.83
5341.96 91.84 Junc 46 5130 0 0 5341.98 91.85 Junc 46 5130 0 0 5341.94 91.83
5341.96 91.84 Junc 47 5130 1.68 1.68 5341.98 91.85 Junc 47 5130 1.68 1.68 5341.94 91.83
5341.96 91.84 Junc 48 5130 0.84 0.84 5341.98 91.85 Junc 48 5130 0.84 0.84 5341.94 91.83
5341.96 94.66 Junc 49 5123.5 0.84 0.84 5341.98 94.67 Junc 49 5123.5 0.84 0.84 5341.94 94.65
5341.96 97.47 Junc 50 5117 1.68 1.68 5341.98 97.48 Junc 50 5117 1.68 1.68 5341.94 97.47
5341.96 103.06 Junc 51 5104.1 1.68 1.68 5341.98 103.07 Junc 51 5104.1 1.68 1.68 5341.94 103.05
5341.96 100.46 Junc 52 5110.1 1.68 1.68 5341.98 100.47 Junc 52 5110.1 1.68 1.68 5341.94 100.46
5341.96 103.97 Junc 53 5102 0.84 0.84 5341.98 103.98 Junc 53 5102 0.84 0.84 5341.94 103.96
5341.96 96.18 Junc 54 5120 1.68 1.68 5341.98 96.18 Junc 54 5120 1.68 1.68 5341.94 96.17
5341.96 100.51 Junc 55 5110 1.68 1.68 5341.98 100.51 Junc 55 5110 1.68 1.68 5341.94 100.5
5341.96 104.84 Junc 56 5100 2.52 2.52 5341.98 104.85 Junc 56 5100 2.52 2.52 5341.94 104.83
5341.96 104.41 Junc 57 5101 0.84 0.84 5341.98 104.41 Junc 57 5101 0.84 0.84 5341.94 104.4
5341.96 103.89 Junc 58 5102.2 2.52 2.52 5341.98 103.89 Junc 58 5102.2 2.52 2.52 5341.94 103.88
5341.96 100.07 Junc 59 5111 1.68 1.68 5341.98 100.08 Junc 59 5111 1.68 1.68 5341.94 100.07
5341.96 95.96 Junc 60 5120.5 1.68 1.68 5341.98 95.97 Junc 60 5120.5 1.68 1.68 5341.94 95.95
5341.96 91.84 Junc 61 5130 0.84 0.84 5341.98 91.85 Junc 61 5130 0.84 0.84 5341.94 91.83
5341.96 91.84 Junc 62 5130 0.84 0.84 5341.98 91.85 Junc 62 5130 0.84 0.84 5341.94 91.83
5341.97 59.78 Junc 63 5204 0 0 5341.97 59.78 Junc 63 5204 0 0 5341.97 59.78

5342 0 Resvr 1 5342 #N/A 60.48 5342 0 Resvr 1 5342 #N/A 60.48 5342 0



Fire Flow and Max Demand Results
8 Inch 10 Inch 12 Inch
Network Table Nodes Network Table Nodes Network Table Nodes

Elevation Base Demand Demand Head Pressure Elevation Base Demand Demand Head Pressure Elevation Base Demand Demand
Node ID ft GPM GPM ft psi Node ID ft GPM GPM ft psi Node ID ft GPM GPM
Junc 4 5172.6 0 0 5407.85 101.93 Junc 4 5172.6 0 0 5355.85 79.4 Junc 4 5172.6 0 0
Junc 5 5172.6 0.84 0.84 5407.71 101.87 Junc 5 5172.6 0.84 0.84 5355.71 79.34 Junc 5 5172.6 0.84 0.84
Junc 6 5172.6 0 0 5402.15 99.46 Junc 6 5172.6 0 0 5350.15 76.93 Junc 6 5172.6 0 0
Junc 7 5180 0 0 5384.88 88.77 Junc 7 5180 0 0 5332.88 66.24 Junc 7 5180 0 0
Junc 8 5182.4 0 0 5384.87 87.73 Junc 8 5182.4 0 0 5326.33 62.37 Junc 8 5182.4 0 0
Junc 9 5184.5 0 0 5384.87 86.82 Junc 9 5184.5 0 0 5318.22 57.94 Junc 9 5184.5 0 0
Junc 10 5188.9 0.84 0.84 5384.87 84.91 Junc 10 5188.9 0.84 0.84 5324.13 58.59 Junc 10 5188.9 0.84 0.84
Junc 11 5197.2 2.52 2.52 5384.87 81.32 Junc 11 5197.2 2.52 2.52 5322.01 54.08 Junc 11 5197.2 2.52 2.52
Junc 12 5197.2 1.68 1.68 5384.87 81.32 Junc 12 5197.2 1.68 1.68 5319.98 53.2 Junc 12 5197.2 1.68 1.68
Junc 13 5242.8 1.68 1.68 5384.87 61.56 Junc 13 5242.8 1.68 1.68 5316.63 31.99 Junc 13 5242.8 1.68 1.68
Junc 14 5242.8 2.52 2.52 5384.87 61.56 Junc 14 5242.8 2.52 2.52 5314.95 31.26 Junc 14 5242.8 2.52 2.52
Junc 15 5242.8 1.68 1.68 5384.87 61.56 Junc 15 5242.8 1.68 1.68 5313.36 30.58 Junc 15 5242.8 1.68 1.68
Junc 16 5244 0.84 0.84 5384.87 61.04 Junc 16 5244 0.84 0.84 5311.66 29.32 Junc 16 5244 0.84 0.84
Junc 17 5260.9 0.84 0.84 5384.87 53.72 Junc 17 5260.9 1500.84 1500.84 5307.21 20.07 Junc 17 5260.9 1500.84 1500.84
Junc 18 5251.4 0.84 0.84 5384.87 57.83 Junc 18 5251.4 0.84 0.84 5308.52 24.75 Junc 18 5251.4 0.84 0.84
Junc 19 5244.7 0.84 0.84 5384.87 60.74 Junc 19 5244.7 0.84 0.84 5309.79 28.2 Junc 19 5244.7 0.84 0.84
Junc 20 5237.9 0.84 0.84 5384.87 63.68 Junc 20 5237.9 0.84 0.84 5311.59 31.93 Junc 20 5237.9 0.84 0.84
Junc 21 5180 0 0 5380.93 87.06 Junc 21 5180 0 0 5332.87 66.24 Junc 21 5180 0 0
Junc 22 5210 0 0 5360.24 65.1 Junc 22 5210 0 0 5332.87 53.24 Junc 22 5210 0 0
Junc 23 5203.1 1.68 1.68 5364.74 70.04 Junc 23 5203.1 1.68 1.68 5332.87 56.23 Junc 23 5203.1 1.68 1.68
Junc 24 5187.6 0.84 0.84 5369.1 78.64 Junc 24 5187.6 0.84 0.84 5332.87 62.95 Junc 24 5187.6 0.84 0.84
Junc 25 5182.7 1.68 1.68 5374.7 83.2 Junc 25 5182.7 1.68 1.68 5332.87 65.07 Junc 25 5182.7 1.68 1.68
Junc 26 5171 0.84 0.84 5402.13 100.15 Junc 26 5171 0.84 0.84 5350.14 77.62 Junc 26 5171 0.84 0.84
Junc 27 5217.4 0 0 5330.29 48.92 Junc 27 5217.4 0 0 5332.87 50.03 Junc 27 5217.4 0 0
Junc 28 5233.2 0 0 5308.2 32.5 Junc 28 5233.2 0 0 5332.87 43.19 Junc 28 5233.2 0 0
Junc 29 5250 1500.84 1500.84 5296.73 20.25 Junc 29 5250 0.84 0.84 5332.87 35.91 Junc 29 5250 0.84 0.84
Junc 30 5238.1 0.84 0.84 5299.17 26.46 Junc 30 5238.1 0.84 0.84 5332.87 41.06 Junc 30 5238.1 0.84 0.84
Junc 31 5226.2 0.84 0.84 5300.99 32.41 Junc 31 5226.2 0.84 0.84 5332.87 46.22 Junc 31 5226.2 0.84 0.84
Junc 32 5210.7 0.84 0.84 5302.53 39.79 Junc 32 5210.7 0.84 0.84 5332.87 52.94 Junc 32 5210.7 0.84 0.84
Junc 33 5222 1.68 1.68 5306.77 36.73 Junc 33 5222 1.68 1.68 5332.87 48.04 Junc 33 5222 1.68 1.68
Junc 34 5211 1.68 1.68 5305.3 40.86 Junc 34 5211 1.68 1.68 5332.87 52.81 Junc 34 5211 1.68 1.68
Junc 35 5200 1.68 1.68 5303.48 44.84 Junc 35 5200 1.68 1.68 5332.87 57.57 Junc 35 5200 1.68 1.68
Junc 36 5195.7 1.68 1.68 5303.32 46.63 Junc 36 5195.7 1.68 1.68 5332.87 59.44 Junc 36 5195.7 1.68 1.68
Junc 37 5190 0.84 0.84 5303.23 49.06 Junc 37 5190 0.84 0.84 5332.87 61.91 Junc 37 5190 0.84 0.84
Junc 38 5190 0.84 0.84 5303.01 48.97 Junc 38 5190 0.84 0.84 5332.87 61.91 Junc 38 5190 0.84 0.84
Junc 39 5190 0.84 0.84 5302.84 48.89 Junc 39 5190 0.84 0.84 5332.87 61.91 Junc 39 5190 0.84 0.84
Junc 40 5190 0 0 5302.74 48.85 Junc 40 5190 0 0 5332.87 61.91 Junc 40 5190 0 0
Junc 41 5170 0 0 5402.1 100.57 Junc 41 5170 0 0 5350.13 78.05 Junc 41 5170 0 0
Junc 42 5168.2 0.84 0.84 5402.1 101.35 Junc 42 5168.2 0.84 0.84 5350.13 78.83 Junc 42 5168.2 0.84 0.84
Junc 43 5151.2 0.84 0.84 5402.09 108.71 Junc 43 5151.2 0.84 0.84 5350.13 86.2 Junc 43 5151.2 0.84 0.84
Junc 44 5144.2 1.68 1.68 5402.08 111.74 Junc 44 5144.2 1.68 1.68 5350.13 89.23 Junc 44 5144.2 1.68 1.68
Junc 45 5130 0 0 5402.07 117.89 Junc 45 5130 0 0 5350.12 95.38 Junc 45 5130 0 0
Junc 46 5130 0 0 5402.07 117.89 Junc 46 5130 0 0 5350.12 95.38 Junc 46 5130 0 0
Junc 47 5130 1.68 1.68 5402.07 117.89 Junc 47 5130 1.68 1.68 5350.12 95.38 Junc 47 5130 1.68 1.68
Junc 48 5130 0.84 0.84 5402.07 117.89 Junc 48 5130 0.84 0.84 5350.12 95.38 Junc 48 5130 0.84 0.84
Junc 49 5123.5 0.84 0.84 5402.07 120.7 Junc 49 5123.5 0.84 0.84 5350.12 98.19 Junc 49 5123.5 0.84 0.84
Junc 50 5117 1.68 1.68 5402.07 123.52 Junc 50 5117 1.68 1.68 5350.12 101.01 Junc 50 5117 1.68 1.68
Junc 51 5104.1 1.68 1.68 5402.07 129.11 Junc 51 5104.1 1.68 1.68 5350.12 106.6 Junc 51 5104.1 1.68 1.68
Junc 52 5110.1 1.68 1.68 5402.07 126.51 Junc 52 5110.1 1.68 1.68 5350.12 104 Junc 52 5110.1 1.68 1.68
Junc 53 5102 0.84 0.84 5402.07 130.02 Junc 53 5102 0.84 0.84 5350.12 107.51 Junc 53 5102 0.84 0.84
Junc 54 5120 1.68 1.68 5402.07 122.22 Junc 54 5120 1.68 1.68 5350.12 99.71 Junc 54 5120 1.68 1.68
Junc 55 5110 1.68 1.68 5402.07 126.55 Junc 55 5110 1.68 1.68 5350.12 104.04 Junc 55 5110 1.68 1.68
Junc 56 5100 2.52 2.52 5402.07 130.89 Junc 56 5100 2.52 2.52 5350.12 108.38 Junc 56 5100 2.52 2.52
Junc 57 5101 0.84 0.84 5402.07 130.45 Junc 57 5101 0.84 0.84 5350.12 107.94 Junc 57 5101 0.84 0.84
Junc 58 5102.2 2.52 2.52 5402.07 129.93 Junc 58 5102.2 2.52 2.52 5350.12 107.42 Junc 58 5102.2 2.52 2.52
Junc 59 5111 1.68 1.68 5402.07 126.12 Junc 59 5111 1.68 1.68 5350.12 103.61 Junc 59 5111 1.68 1.68
Junc 60 5120.5 1.68 1.68 5402.07 122 Junc 60 5120.5 1.68 1.68 5350.12 99.49 Junc 60 5120.5 1.68 1.68
Junc 61 5130 0.84 0.84 5402.07 117.89 Junc 61 5130 0.84 0.84 5350.12 95.38 Junc 61 5130 0.84 0.84
Junc 62 5130 0.84 0.84 5402.07 117.89 Junc 62 5130 0.84 0.84 5350.12 95.38 Junc 62 5130 0.84 0.84
Junc 63 5204 0 0 5384.87 78.37 Junc 63 5204 0 0 5315.15 48.16 Junc 63 5204 0 0
Resvr 1 5408 #N/A 1560.48 5408 0 Resvr 1 5356 #N/A 1560.48 5356 0 Resvr 1 5347 #N/A 1560.48



8 and 10 Inch
Network Table Nodes

Head Pressure Elevation Base Demand Demand Head Pressure
ft psi Node ID ft GPM GPM ft psi

5346.85 75.5 Junc 4 5172.6 0 0 5355.85 79.4
5346.71 75.44 Junc 5 5172.6 0.84 0.84 5355.71 79.34
5341.15 73.03 Junc 6 5172.6 0 0 5350.15 76.93
5323.88 62.34 Junc 7 5180 0 0 5332.88 66.24
5317.33 58.47 Junc 8 5182.4 0 0 5326.33 62.37
5311.65 55.09 Junc 9 5184.5 0 0 5318.22 57.94
5316.2 55.16 Junc 10 5188.9 0.84 0.84 5324.13 58.59
5315.12 51.09 Junc 11 5197.2 2.52 2.52 5322.01 54.08
5314.08 50.64 Junc 12 5197.2 1.68 1.68 5319.98 53.2
5312.37 30.14 Junc 13 5242.8 1.68 1.68 5316.63 31.99
5311.5 29.77 Junc 14 5242.8 2.52 2.52 5314.95 31.26
5310.69 29.42 Junc 15 5242.8 1.68 1.68 5313.36 30.58
5309.82 28.52 Junc 16 5244 0.84 0.84 5311.66 29.32
5307.96 20.39 Junc 17 5260.9 1500.84 1500.84 5307.21 20.07
5308.49 24.74 Junc 18 5251.4 0.84 0.84 5308.52 24.75
5309.01 27.86 Junc 19 5244.7 0.84 0.84 5309.79 28.2
5309.74 31.13 Junc 20 5237.9 0.84 0.84 5311.59 31.93
5323.88 62.34 Junc 21 5180 0 0 5332.87 66.24
5323.87 49.34 Junc 22 5210 0 0 5332.87 53.24
5323.87 52.33 Junc 23 5203.1 1.68 1.68 5332.87 56.23
5323.87 59.05 Junc 24 5187.6 0.84 0.84 5332.87 62.95
5323.87 61.17 Junc 25 5182.7 1.68 1.68 5332.87 65.07
5341.15 73.72 Junc 26 5171 0.84 0.84 5350.14 77.62
5323.87 46.13 Junc 27 5217.4 0 0 5332.87 50.03
5323.87 39.29 Junc 28 5233.2 0 0 5332.87 43.19
5323.87 32.01 Junc 29 5250 0.84 0.84 5332.87 35.91
5323.87 37.17 Junc 30 5238.1 0.84 0.84 5332.87 41.06
5323.87 42.32 Junc 31 5226.2 0.84 0.84 5332.87 46.22
5323.87 49.04 Junc 32 5210.7 0.84 0.84 5332.87 52.94
5323.87 44.14 Junc 33 5222 1.68 1.68 5332.87 48.04
5323.87 48.91 Junc 34 5211 1.68 1.68 5332.87 52.81
5323.87 53.67 Junc 35 5200 1.68 1.68 5332.87 57.57
5323.87 55.54 Junc 36 5195.7 1.68 1.68 5332.87 59.44
5323.87 58.01 Junc 37 5190 0.84 0.84 5332.87 61.91
5323.87 58.01 Junc 38 5190 0.84 0.84 5332.87 61.91
5323.87 58.01 Junc 39 5190 0.84 0.84 5332.87 61.91
5323.87 58.01 Junc 40 5190 0 0 5332.87 61.91
5341.14 74.16 Junc 41 5170 0 0 5350.13 78.05
5341.14 74.94 Junc 42 5168.2 0.84 0.84 5350.13 78.83
5341.14 82.3 Junc 43 5151.2 0.84 0.84 5350.12 86.19
5341.14 85.33 Junc 44 5144.2 1.68 1.68 5350.11 89.22
5341.14 91.49 Junc 45 5130 0 0 5350.1 95.37
5341.14 91.49 Junc 46 5130 0 0 5350.1 95.37
5341.14 91.49 Junc 47 5130 1.68 1.68 5350.1 95.37
5341.14 91.49 Junc 48 5130 0.84 0.84 5350.1 95.37
5341.14 94.3 Junc 49 5123.5 0.84 0.84 5350.1 98.19
5341.14 97.12 Junc 50 5117 1.68 1.68 5350.1 101
5341.14 102.71 Junc 51 5104.1 1.68 1.68 5350.1 106.59
5341.14 100.11 Junc 52 5110.1 1.68 1.68 5350.1 103.99
5341.14 103.62 Junc 53 5102 0.84 0.84 5350.1 107.5
5341.14 95.82 Junc 54 5120 1.68 1.68 5350.1 99.7
5341.14 100.15 Junc 55 5110 1.68 1.68 5350.1 104.03
5341.14 104.48 Junc 56 5100 2.52 2.52 5350.1 108.37
5341.14 104.05 Junc 57 5101 0.84 0.84 5350.1 107.93
5341.14 103.53 Junc 58 5102.2 2.52 2.52 5350.1 107.41
5341.14 99.72 Junc 59 5111 1.68 1.68 5350.1 103.6
5341.14 95.6 Junc 60 5120.5 1.68 1.68 5350.1 99.49
5341.14 91.49 Junc 61 5130 0.84 0.84 5350.1 95.37
5341.14 91.49 Junc 62 5130 0.84 0.84 5350.1 95.37
5310.76 46.26 Junc 63 5204 0 0 5315.15 48.16

5347 0 Resvr 1 5356 #N/A 1560.48 5356 0



6 Inch 8 Inch 10 Inch
Network Table Nodes at 0:00 Hrs Network Table Nodes at 0:00 Hrs Network Table Nodes

Elevation Base Demand Demand Head Pressure Elevation Base Demand Demand Head Pressure Elevation Base Demand Demand
Node ID ft GPM GPM ft psi Node ID ft GPM GPM ft psi Node ID ft GPM GPM
Junc 4 5172.6 0 0 5344.97 74.69 Junc 4 5172.6 0 0 5344.97 74.69 Junc 4 5172.6 0 0
Junc 5 5172.6 8.71 8.71 5344.95 74.68 Junc 5 5172.6 8.71 8.71 5344.95 74.68 Junc 5 5172.6 8.71 8.71
Junc 6 5172.6 0 0 5343.94 74.24 Junc 6 5172.6 0 0 5343.94 74.24 Junc 6 5172.6 0 0
Junc 7 5180 0 0 5342.93 70.6 Junc 7 5180 0 0 5342.93 70.6 Junc 7 5180 0 0
Junc 8 5182.4 0 0 5342.83 69.52 Junc 8 5182.4 0 0 5342.83 69.52 Junc 8 5182.4 0 0
Junc 9 5184.5 0 0 5342.73 68.56 Junc 9 5184.5 0 0 5342.81 68.59 Junc 9 5184.5 0 0
Junc 10 5188.9 8.71 8.71 5342.39 66.51 Junc 10 5188.9 8.71 8.71 5342.72 66.65 Junc 10 5188.9 8.71 8.71
Junc 11 5197.2 26.14 26.14 5342.03 62.76 Junc 11 5197.2 26.14 26.14 5342.64 63.02 Junc 11 5197.2 26.14 26.14
Junc 12 5197.2 17.42 17.42 5341.85 62.68 Junc 12 5197.2 17.42 17.42 5342.59 63 Junc 12 5197.2 17.42 17.42
Junc 13 5242.8 17.42 17.42 5341.69 42.85 Junc 13 5242.8 17.42 17.42 5342.55 43.22 Junc 13 5242.8 17.42 17.42
Junc 14 5242.8 26.14 26.14 5341.66 42.84 Junc 14 5242.8 26.14 26.14 5342.54 43.22 Junc 14 5242.8 26.14 26.14
Junc 15 5242.8 17.42 17.42 5341.66 42.84 Junc 15 5242.8 17.42 17.42 5342.54 43.22 Junc 15 5242.8 17.42 17.42
Junc 16 5244 8.71 8.71 5341.67 42.32 Junc 16 5244 8.71 8.71 5342.55 42.7 Junc 16 5244 8.71 8.71
Junc 17 5260.9 8.71 8.71 5341.67 35 Junc 17 5260.9 8.71 8.71 5342.55 35.38 Junc 17 5260.9 8.71 8.71
Junc 18 5251.4 8.71 8.71 5341.67 39.11 Junc 18 5251.4 8.71 8.71 5342.55 39.49 Junc 18 5251.4 8.71 8.71
Junc 19 5244.7 8.71 8.71 5341.68 42.02 Junc 19 5244.7 8.71 8.71 5342.55 42.4 Junc 19 5244.7 8.71 8.71
Junc 20 5237.9 8.71 8.71 5341.71 44.98 Junc 20 5237.9 8.71 8.71 5342.56 45.35 Junc 20 5237.9 8.71 8.71
Junc 21 5180 0 0 5342.64 70.47 Junc 21 5180 0 0 5342.86 70.57 Junc 21 5180 0 0
Junc 22 5210 0 0 5341.39 56.93 Junc 22 5210 0 0 5342.55 57.44 Junc 22 5210 0 0
Junc 23 5203.1 17.42 17.42 5341.52 59.98 Junc 23 5203.1 17.42 17.42 5342.58 60.44 Junc 23 5203.1 17.42 17.42
Junc 24 5187.6 8.71 8.71 5341.73 66.79 Junc 24 5187.6 8.71 8.71 5342.64 67.18 Junc 24 5187.6 8.71 8.71
Junc 25 5182.7 17.42 17.42 5342.08 69.06 Junc 25 5182.7 17.42 17.42 5342.72 69.34 Junc 25 5182.7 17.42 17.42
Junc 26 5171 8.71 8.71 5338.86 72.73 Junc 26 5171 8.71 8.71 5342.69 74.39 Junc 26 5171 8.71 8.71
Junc 27 5217.4 0 0 5340.09 53.16 Junc 27 5217.4 0 0 5342.23 54.09 Junc 27 5217.4 0 0
Junc 28 5233.2 0 0 5339.13 45.9 Junc 28 5233.2 0 0 5342 47.14 Junc 28 5233.2 0 0
Junc 29 5250 8.71 8.71 5338.95 38.54 Junc 29 5250 8.71 8.71 5341.95 39.84 Junc 29 5250 8.71 8.71
Junc 30 5238.1 8.71 8.71 5338.76 43.62 Junc 30 5238.1 8.71 8.71 5341.9 44.98 Junc 30 5238.1 8.71 8.71
Junc 31 5226.2 8.71 8.71 5338.67 48.73 Junc 31 5226.2 8.71 8.71 5341.88 50.12 Junc 31 5226.2 8.71 8.71
Junc 32 5210.7 8.71 8.71 5338.62 55.43 Junc 32 5210.7 8.71 8.71 5341.87 56.84 Junc 32 5210.7 8.71 8.71
Junc 33 5222 17.42 17.42 5338.88 50.64 Junc 33 5222 17.42 17.42 5341.93 51.97 Junc 33 5222 17.42 17.42
Junc 34 5211 17.42 17.42 5338.72 55.34 Junc 34 5211 17.42 17.42 5341.89 56.72 Junc 34 5211 17.42 17.42
Junc 35 5200 17.42 17.42 5338.61 60.06 Junc 35 5200 17.42 17.42 5341.87 61.47 Junc 35 5200 17.42 17.42
Junc 36 5195.7 17.42 17.42 5338.58 61.91 Junc 36 5195.7 17.42 17.42 5341.86 63.33 Junc 36 5195.7 17.42 17.42
Junc 37 5190 8.71 8.71 5338.58 64.38 Junc 37 5190 8.71 8.71 5341.86 65.8 Junc 37 5190 8.71 8.71
Junc 38 5190 8.71 8.71 5338.58 64.38 Junc 38 5190 8.71 8.71 5341.86 65.8 Junc 38 5190 8.71 8.71
Junc 39 5190 8.71 8.71 5338.58 64.38 Junc 39 5190 8.71 8.71 5341.86 65.8 Junc 39 5190 8.71 8.71
Junc 40 5190 0 0 5338.59 64.39 Junc 40 5190 0 0 5341.86 65.8 Junc 40 5190 0 0
Junc 41 5170 0 0 5329.89 69.28 Junc 41 5170 0 0 5340.48 73.87 Junc 41 5170 0 0
Junc 42 5168.2 8.71 8.71 5329.89 70.06 Junc 42 5168.2 8.71 8.71 5340.48 74.65 Junc 42 5168.2 8.71 8.71
Junc 43 5151.2 8.71 8.71 5325.47 75.51 Junc 43 5151.2 8.71 8.71 5339.4 81.54 Junc 43 5151.2 8.71 8.71
Junc 44 5144.2 17.42 17.42 5323.74 77.79 Junc 44 5144.2 17.42 17.42 5338.97 84.39 Junc 44 5144.2 17.42 17.42
Junc 45 5130 0 0 5320.36 82.48 Junc 45 5130 0 0 5338.13 90.18 Junc 45 5130 0 0
Junc 46 5130 0 0 5320.35 82.48 Junc 46 5130 0 0 5338.13 90.18 Junc 46 5130 0 0
Junc 47 5130 17.42 17.42 5320.06 82.35 Junc 47 5130 17.42 17.42 5338.06 90.15 Junc 47 5130 17.42 17.42
Junc 48 5130 8.71 8.71 5319.91 82.29 Junc 48 5130 8.71 8.71 5338.02 90.14 Junc 48 5130 8.71 8.71
Junc 49 5123.5 8.71 8.71 5319.77 85.04 Junc 49 5123.5 8.71 8.71 5337.99 92.94 Junc 49 5123.5 8.71 8.71
Junc 50 5117 17.42 17.42 5319.68 87.82 Junc 50 5117 17.42 17.42 5337.97 95.75 Junc 50 5117 17.42 17.42
Junc 51 5104.1 17.42 17.42 5319.61 93.38 Junc 51 5104.1 17.42 17.42 5337.95 101.33 Junc 51 5104.1 17.42 17.42
Junc 52 5110.1 17.42 17.42 5319.63 90.79 Junc 52 5110.1 17.42 17.42 5337.95 98.73 Junc 52 5110.1 17.42 17.42
Junc 53 5102 8.71 8.71 5319.62 94.29 Junc 53 5102 8.71 8.71 5337.95 102.24 Junc 53 5102 8.71 8.71
Junc 54 5120 17.42 17.42 5319.99 86.65 Junc 54 5120 17.42 17.42 5338.04 94.48 Junc 54 5120 17.42 17.42
Junc 55 5110 17.42 17.42 5319.75 90.89 Junc 55 5110 17.42 17.42 5337.99 98.79 Junc 55 5110 17.42 17.42
Junc 56 5100 26.14 26.14 5319.62 95.16 Junc 56 5100 26.14 26.14 5337.95 103.11 Junc 56 5100 26.14 26.14
Junc 57 5101 8.71 8.71 5319.62 94.73 Junc 57 5101 8.71 8.71 5337.95 102.67 Junc 57 5101 8.71 8.71
Junc 58 5102.2 26.14 26.14 5319.62 94.21 Junc 58 5102.2 26.14 26.14 5337.95 102.15 Junc 58 5102.2 26.14 26.14
Junc 59 5111 17.42 17.42 5319.66 90.41 Junc 59 5111 17.42 17.42 5337.96 98.34 Junc 59 5111 17.42 17.42
Junc 60 5120.5 17.42 17.42 5319.77 86.34 Junc 60 5120.5 17.42 17.42 5337.99 94.24 Junc 60 5120.5 17.42 17.42
Junc 61 5130 8.71 8.71 5319.96 82.31 Junc 61 5130 8.71 8.71 5338.04 90.14 Junc 61 5130 8.71 8.71
Junc 62 5130 8.71 8.71 5320.14 82.39 Junc 62 5130 8.71 8.71 5338.08 90.16 Junc 62 5130 8.71 8.71
Junc 63 5204 0 0 5342.26 59.91 Junc 63 5204 0 0 5342.69 60.1 Junc 63 5204 0 0
Resvr 1 5345 #N/A 627.16 5345 0 Resvr 1 5345 #N/A 627.16 5345 0 Resvr 1 5344 #N/A 627.16

Max Demand and Irrigation Results



12 Inch 8 and 10 Inch
Network Table Nodes Network Table Nodes

Head Pressure Elevation Base Demand Demand Head Pressure Elevation Base Demand Demand Head Pressure
ft psi Node ID ft GPM GPM ft psi Node ID ft GPM GPM ft psi

5343.97 74.26 Junc 4 5172.6 0 0 5343.97 74.26 Junc 4 5172.6 0 0 5343.97 74.26
5343.95 74.24 Junc 5 5172.6 8.71 8.71 5343.95 74.24 Junc 5 5172.6 8.71 8.71 5343.95 74.24
5342.94 73.81 Junc 6 5172.6 0 0 5342.94 73.81 Junc 6 5172.6 0 0 5342.94 73.81
5341.93 70.16 Junc 7 5180 0 0 5341.93 70.16 Junc 7 5180 0 0 5341.93 70.16
5341.83 69.08 Junc 8 5182.4 0 0 5341.83 69.08 Junc 8 5182.4 0 0 5341.83 69.08
5341.83 68.17 Junc 9 5184.5 0 0 5341.83 68.17 Junc 9 5184.5 0 0 5341.76 68.14
5341.8 66.25 Junc 10 5188.9 8.71 8.71 5341.82 66.26 Junc 10 5188.9 8.71 8.71 5341.79 66.25
5341.77 62.64 Junc 11 5197.2 26.14 26.14 5341.81 62.66 Junc 11 5197.2 26.14 26.14 5341.75 62.63
5341.75 62.63 Junc 12 5197.2 17.42 17.42 5341.8 62.66 Junc 12 5197.2 17.42 17.42 5341.73 62.63
5341.74 42.87 Junc 13 5242.8 17.42 17.42 5341.79 42.89 Junc 13 5242.8 17.42 17.42 5341.71 42.86
5341.74 42.87 Junc 14 5242.8 26.14 26.14 5341.79 42.89 Junc 14 5242.8 26.14 26.14 5341.71 42.86
5341.74 42.87 Junc 15 5242.8 17.42 17.42 5341.79 42.89 Junc 15 5242.8 17.42 17.42 5341.7 42.86
5341.74 42.35 Junc 16 5244 8.71 8.71 5341.79 42.37 Junc 16 5244 8.71 8.71 5341.7 42.34
5341.74 35.03 Junc 17 5260.9 8.71 8.71 5341.79 35.05 Junc 17 5260.9 8.71 8.71 5341.7 35.01
5341.74 39.14 Junc 18 5251.4 8.71 8.71 5341.79 39.17 Junc 18 5251.4 8.71 8.71 5341.7 39.13
5341.74 42.05 Junc 19 5244.7 8.71 8.71 5341.79 42.07 Junc 19 5244.7 8.71 8.71 5341.7 42.03
5341.74 44.99 Junc 20 5237.9 8.71 8.71 5341.8 45.02 Junc 20 5237.9 8.71 8.71 5341.71 44.98
5341.91 70.15 Junc 21 5180 0 0 5341.92 70.16 Junc 21 5180 0 0 5341.91 70.15
5341.8 57.11 Junc 22 5210 0 0 5341.88 57.14 Junc 22 5210 0 0 5341.8 57.11
5341.81 60.1 Junc 23 5203.1 17.42 17.42 5341.88 60.13 Junc 23 5203.1 17.42 17.42 5341.81 60.1
5341.83 66.83 Junc 24 5187.6 8.71 8.71 5341.89 66.85 Junc 24 5187.6 8.71 8.71 5341.83 66.83
5341.86 68.96 Junc 25 5182.7 17.42 17.42 5341.9 68.98 Junc 25 5182.7 17.42 17.42 5341.86 68.96
5342.52 74.32 Junc 26 5171 8.71 8.71 5342.77 74.43 Junc 26 5171 8.71 8.71 5342.52 74.32
5341.7 53.86 Junc 27 5217.4 0 0 5341.83 53.92 Junc 27 5217.4 0 0 5341.7 53.86
5341.62 46.98 Junc 28 5233.2 0 0 5341.8 47.06 Junc 28 5233.2 0 0 5341.62 46.98
5341.6 39.69 Junc 29 5250 8.71 8.71 5341.8 39.77 Junc 29 5250 8.71 8.71 5341.6 39.69
5341.59 44.84 Junc 30 5238.1 8.71 8.71 5341.79 44.93 Junc 30 5238.1 8.71 8.71 5341.59 44.84
5341.58 49.99 Junc 31 5226.2 8.71 8.71 5341.79 50.08 Junc 31 5226.2 8.71 8.71 5341.58 49.99
5341.57 56.71 Junc 32 5210.7 8.71 8.71 5341.78 56.8 Junc 32 5210.7 8.71 8.71 5341.57 56.71
5341.6 51.82 Junc 33 5222 17.42 17.42 5341.79 51.91 Junc 33 5222 17.42 17.42 5341.6 51.82
5341.58 56.58 Junc 34 5211 17.42 17.42 5341.79 56.67 Junc 34 5211 17.42 17.42 5341.58 56.58
5341.57 61.34 Junc 35 5200 17.42 17.42 5341.78 61.44 Junc 35 5200 17.42 17.42 5341.57 61.34
5341.57 63.21 Junc 36 5195.7 17.42 17.42 5341.78 63.3 Junc 36 5195.7 17.42 17.42 5341.56 63.2
5341.57 65.68 Junc 37 5190 8.71 8.71 5341.78 65.77 Junc 37 5190 8.71 8.71 5341.56 65.67
5341.57 65.68 Junc 38 5190 8.71 8.71 5341.78 65.77 Junc 38 5190 8.71 8.71 5341.56 65.67
5341.57 65.68 Junc 39 5190 8.71 8.71 5341.78 65.77 Junc 39 5190 8.71 8.71 5341.57 65.67
5341.57 65.68 Junc 40 5190 0 0 5341.78 65.77 Junc 40 5190 0 0 5341.57 65.67
5341.78 74.43 Junc 41 5170 0 0 5342.46 74.73 Junc 41 5170 0 0 5341.78 74.43
5341.78 75.21 Junc 42 5168.2 8.71 8.71 5342.46 75.51 Junc 42 5168.2 8.71 8.71 5341.78 75.21
5341.41 82.42 Junc 43 5151.2 8.71 8.71 5342.31 82.81 Junc 43 5151.2 8.71 8.71 5340.69 82.11
5341.27 85.39 Junc 44 5144.2 17.42 17.42 5342.25 85.82 Junc 44 5144.2 17.42 17.42 5340.26 84.95
5340.98 91.42 Junc 45 5130 0 0 5342.14 91.92 Junc 45 5130 0 0 5339.43 90.75
5340.98 91.42 Junc 46 5130 0 0 5342.14 91.92 Junc 46 5130 0 0 5339.43 90.74
5340.96 91.41 Junc 47 5130 17.42 17.42 5342.13 91.91 Junc 47 5130 17.42 17.42 5339.35 90.71
5340.95 91.4 Junc 48 5130 8.71 8.71 5342.12 91.91 Junc 48 5130 8.71 8.71 5339.32 90.7
5340.94 94.21 Junc 49 5123.5 8.71 8.71 5342.12 94.73 Junc 49 5123.5 8.71 8.71 5339.28 93.5
5340.93 97.03 Junc 50 5117 17.42 17.42 5342.11 97.54 Junc 50 5117 17.42 17.42 5339.26 96.31
5340.92 102.62 Junc 51 5104.1 17.42 17.42 5342.11 103.13 Junc 51 5104.1 17.42 17.42 5339.25 101.89
5340.92 100.02 Junc 52 5110.1 17.42 17.42 5342.11 100.53 Junc 52 5110.1 17.42 17.42 5339.25 99.29
5340.92 103.53 Junc 53 5102 8.71 8.71 5342.11 104.04 Junc 53 5102 8.71 8.71 5339.25 102.8
5340.95 95.74 Junc 54 5120 17.42 17.42 5342.12 96.25 Junc 54 5120 17.42 17.42 5339.34 95.04
5340.93 100.06 Junc 55 5110 17.42 17.42 5342.12 100.58 Junc 55 5110 17.42 17.42 5339.28 99.35
5340.92 104.39 Junc 56 5100 26.14 26.14 5342.11 104.91 Junc 56 5100 26.14 26.14 5339.25 103.67
5340.92 103.96 Junc 57 5101 8.71 8.71 5342.11 104.47 Junc 57 5101 8.71 8.71 5339.25 103.23
5340.92 103.44 Junc 58 5102.2 26.14 26.14 5342.11 103.95 Junc 58 5102.2 26.14 26.14 5339.25 102.71
5340.93 99.63 Junc 59 5111 17.42 17.42 5342.11 100.14 Junc 59 5111 17.42 17.42 5339.26 98.9
5340.94 95.51 Junc 60 5120.5 17.42 17.42 5342.12 96.03 Junc 60 5120.5 17.42 17.42 5339.28 94.8
5340.95 91.41 Junc 61 5130 8.71 8.71 5342.12 91.91 Junc 61 5130 8.71 8.71 5339.33 90.7
5340.97 91.41 Junc 62 5130 8.71 8.71 5342.13 91.92 Junc 62 5130 8.71 8.71 5339.38 90.72
5341.79 59.7 Junc 63 5204 0 0 5341.81 59.71 Junc 63 5204 0 0 5341.74 59.68

5344 0 Resvr 1 5344 #N/A 627.16 5344 0 Resvr 1 5344 #N/A 627.16 5344 0



Fire Flow with Max Demand and Irrigation Results
8 Inch 10 Inch 12 Inch
Network Table Nodes Network Table Nodes Network Table Nodes

Elevation Base Demand Demand Head Pressure Elevation Base Demand Demand Head Pressure Elevation Base Demand Demand
Node ID ft GPM GPM ft psi Node ID ft GPM GPM ft psi Node ID ft GPM GPM
Junc 4 5172.6 0 0 5431.74 112.28 Junc 4 5172.6 0 0 5365.74 83.69 Junc 4 5172.6 0 0
Junc 5 5172.6 8.71 8.71 5431.48 112.17 Junc 5 5172.6 8.71 8.71 5365.48 83.57 Junc 5 5172.6 8.71 8.71
Junc 6 5172.6 0 0 5421.68 107.93 Junc 6 5172.6 0 0 5355.68 79.33 Junc 6 5172.6 0 0
Junc 7 5180 0 0 5397.65 94.31 Junc 7 5180 0 0 5331.65 65.71 Junc 7 5180 0 0
Junc 8 5182.4 0 0 5397.55 93.22 Junc 8 5182.4 0 0 5323.93 61.32 Junc 8 5182.4 0 0
Junc 9 5184.5 0 0 5397.52 92.3 Junc 9 5184.5 0 0 5322.83 59.94 Junc 9 5184.5 0 0
Junc 10 5188.9 8.71 8.71 5397.44 90.36 Junc 10 5188.9 8.71 8.71 5321.94 57.65 Junc 10 5188.9 8.71 8.71
Junc 11 5197.2 26.14 26.14 5397.35 86.72 Junc 11 5197.2 26.14 26.14 5320.07 53.24 Junc 11 5197.2 26.14 26.14
Junc 12 5197.2 17.42 17.42 5397.31 86.71 Junc 12 5197.2 17.42 17.42 5318.37 52.5 Junc 12 5197.2 17.42 17.42
Junc 13 5242.8 17.42 17.42 5397.27 66.93 Junc 13 5242.8 17.42 17.42 5315.67 31.58 Junc 13 5242.8 17.42 17.42
Junc 14 5242.8 26.14 26.14 5397.26 66.93 Junc 14 5242.8 26.14 26.14 5314.37 31.01 Junc 14 5242.8 26.14 26.14
Junc 15 5242.8 17.42 17.42 5397.26 66.93 Junc 15 5242.8 17.42 17.42 5313.21 30.51 Junc 15 5242.8 17.42 17.42
Junc 16 5244 8.71 8.71 5397.26 66.41 Junc 16 5244 8.71 8.71 5312.01 29.47 Junc 16 5244 8.71 8.71
Junc 17 5260.9 8.71 8.71 5397.26 59.08 Junc 17 5260.9 1508.71 1508.71 5307.51 20.2 Junc 17 5260.9 1508.71 1508.71
Junc 18 5251.4 8.71 8.71 5397.26 63.2 Junc 18 5251.4 8.71 8.71 5308.83 24.88 Junc 18 5251.4 8.71 8.71
Junc 19 5244.7 8.71 8.71 5397.26 66.11 Junc 19 5244.7 8.71 8.71 5310.13 28.35 Junc 19 5244.7 8.71 8.71
Junc 20 5237.9 8.71 8.71 5397.27 69.06 Junc 20 5237.9 8.71 8.71 5312.01 32.11 Junc 20 5237.9 8.71 8.71
Junc 21 5180 0 0 5392.91 92.26 Junc 21 5180 0 0 5331.62 65.7 Junc 21 5180 0 0
Junc 22 5210 0 0 5368.54 68.7 Junc 22 5210 0 0 5331.52 52.65 Junc 22 5210 0 0
Junc 23 5203.1 17.42 17.42 5373.57 73.87 Junc 23 5203.1 17.42 17.42 5331.53 55.65 Junc 23 5203.1 17.42 17.42
Junc 24 5187.6 8.71 8.71 5378.64 82.78 Junc 24 5187.6 8.71 8.71 5331.55 62.37 Junc 24 5187.6 8.71 8.71
Junc 25 5182.7 17.42 17.42 5385.27 87.77 Junc 25 5182.7 17.42 17.42 5331.57 64.51 Junc 25 5182.7 17.42 17.42
Junc 26 5171 8.71 8.71 5420.43 108.08 Junc 26 5171 8.71 8.71 5355.25 79.84 Junc 26 5171 8.71 8.71
Junc 27 5217.4 0 0 5334.13 50.58 Junc 27 5217.4 0 0 5331.41 49.4 Junc 27 5217.4 0 0
Junc 28 5233.2 0 0 5308.74 32.73 Junc 28 5233.2 0 0 5331.33 42.52 Junc 28 5233.2 0 0
Junc 29 5250 1508.71 1508.71 5296.49 20.14 Junc 29 5250 8.71 8.71 5331.31 35.23 Junc 29 5250 8.71 8.71
Junc 30 5238.1 8.71 8.71 5298.58 26.21 Junc 30 5238.1 8.71 8.71 5331.3 40.38 Junc 30 5238.1 8.71 8.71
Junc 31 5226.2 8.71 8.71 5300.21 32.07 Junc 31 5226.2 8.71 8.71 5331.29 45.54 Junc 31 5226.2 8.71 8.71
Junc 32 5210.7 8.71 8.71 5301.63 39.4 Junc 32 5210.7 8.71 8.71 5331.29 52.25 Junc 32 5210.7 8.71 8.71
Junc 33 5222 17.42 17.42 5306.76 36.72 Junc 33 5222 17.42 17.42 5331.31 47.36 Junc 33 5222 17.42 17.42
Junc 34 5211 17.42 17.42 5304.85 40.66 Junc 34 5211 17.42 17.42 5331.29 52.12 Junc 34 5211 17.42 17.42
Junc 35 5200 17.42 17.42 5302.61 44.46 Junc 35 5200 17.42 17.42 5331.29 56.89 Junc 35 5200 17.42 17.42
Junc 36 5195.7 17.42 17.42 5302.39 46.23 Junc 36 5195.7 17.42 17.42 5331.28 58.75 Junc 36 5195.7 17.42 17.42
Junc 37 5190 8.71 8.71 5302.28 48.65 Junc 37 5190 8.71 8.71 5331.28 61.22 Junc 37 5190 8.71 8.71
Junc 38 5190 8.71 8.71 5302.05 48.55 Junc 38 5190 8.71 8.71 5331.28 61.22 Junc 38 5190 8.71 8.71
Junc 39 5190 8.71 8.71 5301.89 48.48 Junc 39 5190 8.71 8.71 5331.28 61.22 Junc 39 5190 8.71 8.71
Junc 40 5190 0 0 5301.81 48.45 Junc 40 5190 0 0 5331.28 61.22 Junc 40 5190 0 0
Junc 41 5170 0 0 5418.22 107.55 Junc 41 5170 0 0 5354.51 79.95 Junc 41 5170 0 0
Junc 42 5168.2 8.71 8.71 5418.22 108.33 Junc 42 5168.2 8.71 8.71 5354.51 80.73 Junc 42 5168.2 8.71 8.71
Junc 43 5151.2 8.71 8.71 5417.13 115.23 Junc 43 5151.2 8.71 8.71 5354.14 87.94 Junc 43 5151.2 8.71 8.71
Junc 44 5144.2 17.42 17.42 5416.7 118.07 Junc 44 5144.2 17.42 17.42 5354 90.91 Junc 44 5144.2 17.42 17.42
Junc 45 5130 0 0 5415.87 123.87 Junc 45 5130 0 0 5353.72 96.94 Junc 45 5130 0 0
Junc 46 5130 0 0 5415.87 123.87 Junc 46 5130 0 0 5353.72 96.94 Junc 46 5130 0 0
Junc 47 5130 17.42 17.42 5415.79 123.83 Junc 47 5130 17.42 17.42 5353.69 96.93 Junc 47 5130 17.42 17.42
Junc 48 5130 8.71 8.71 5415.76 123.82 Junc 48 5130 8.71 8.71 5353.68 96.92 Junc 48 5130 8.71 8.71
Junc 49 5123.5 8.71 8.71 5415.72 126.62 Junc 49 5123.5 8.71 8.71 5353.67 99.73 Junc 49 5123.5 8.71 8.71
Junc 50 5117 17.42 17.42 5415.7 129.43 Junc 50 5117 17.42 17.42 5353.66 102.55 Junc 50 5117 17.42 17.42
Junc 51 5104.1 17.42 17.42 5415.69 135.01 Junc 51 5104.1 17.42 17.42 5353.66 108.13 Junc 51 5104.1 17.42 17.42
Junc 52 5110.1 17.42 17.42 5415.69 132.41 Junc 52 5110.1 17.42 17.42 5353.66 105.53 Junc 52 5110.1 17.42 17.42
Junc 53 5102 8.71 8.71 5415.69 135.92 Junc 53 5102 8.71 8.71 5353.66 109.04 Junc 53 5102 8.71 8.71
Junc 54 5120 17.42 17.42 5415.78 128.16 Junc 54 5120 17.42 17.42 5353.69 101.26 Junc 54 5120 17.42 17.42
Junc 55 5110 17.42 17.42 5415.72 132.47 Junc 55 5110 17.42 17.42 5353.67 105.58 Junc 55 5110 17.42 17.42
Junc 56 5100 26.14 26.14 5415.69 136.79 Junc 56 5100 26.14 26.14 5353.66 109.91 Junc 56 5100 26.14 26.14
Junc 57 5101 8.71 8.71 5415.69 136.35 Junc 57 5101 8.71 8.71 5353.66 109.48 Junc 57 5101 8.71 8.71
Junc 58 5102.2 26.14 26.14 5415.69 135.83 Junc 58 5102.2 26.14 26.14 5353.66 108.96 Junc 58 5102.2 26.14 26.14
Junc 59 5111 17.42 17.42 5415.7 132.03 Junc 59 5111 17.42 17.42 5353.66 105.14 Junc 59 5111 17.42 17.42
Junc 60 5120.5 17.42 17.42 5415.72 127.92 Junc 60 5120.5 17.42 17.42 5353.67 101.03 Junc 60 5120.5 17.42 17.42
Junc 61 5130 8.71 8.71 5415.77 123.82 Junc 61 5130 8.71 8.71 5353.69 96.92 Junc 61 5130 8.71 8.71
Junc 62 5130 8.71 8.71 5415.81 123.84 Junc 62 5130 8.71 8.71 5353.7 96.93 Junc 62 5130 8.71 8.71
Junc 63 5204 0 0 5397.41 83.8 Junc 63 5204 0 0 5317.82 49.32 Junc 63 5204 0 0
Resvr 1 5432 #N/A 2127.16 5432 0 Resvr 1 5366 #N/A 2127.16 5366 0 Resvr 1 5356 #N/A 2127.16



8 and 10 Inch
Network Table Nodes

Head Pressure Elevation Base Demand Demand Head Pressure
ft psi Node ID ft GPM GPM ft psi

5355.74 79.35 Junc 4 5172.6 0 0 5370.24 85.64
5355.48 79.24 Junc 5 5172.6 8.71 8.71 5369.98 85.52
5345.68 74.99 Junc 6 5172.6 0 0 5360.18 81.28
5321.65 61.37 Junc 7 5180 0 0 5336.15 67.66
5313.93 56.99 Junc 8 5182.4 0 0 5328.43 63.27
5313.47 55.88 Junc 9 5184.5 0 0 5319.32 58.42
5313.11 53.82 Junc 10 5188.9 8.71 8.71 5325.73 59.29
5312.34 49.89 Junc 11 5197.2 26.14 26.14 5323.18 54.59
5311.64 49.59 Junc 12 5197.2 17.42 17.42 5320.84 53.57
5310.53 29.35 Junc 13 5242.8 17.42 17.42 5317.1 32.19
5309.99 29.12 Junc 14 5242.8 26.14 26.14 5315.28 31.41
5309.52 28.91 Junc 15 5242.8 17.42 17.42 5313.64 30.7
5309.02 28.18 Junc 16 5244 8.71 8.71 5311.94 29.44
5307.17 20.05 Junc 17 5260.9 1508.71 1508.71 5307.41 20.15
5307.71 24.4 Junc 18 5251.4 8.71 8.71 5308.72 24.84
5308.25 27.54 Junc 19 5244.7 8.71 8.71 5310.01 28.3
5309.02 30.82 Junc 20 5237.9 8.71 8.71 5311.89 32.06
5321.63 61.37 Junc 21 5180 0 0 5336.12 67.65
5321.59 48.35 Junc 22 5210 0 0 5336.02 54.6
5321.6 51.34 Junc 23 5203.1 17.42 17.42 5336.03 57.6
5321.6 58.06 Junc 24 5187.6 8.71 8.71 5336.05 64.32
5321.62 60.19 Junc 25 5182.7 17.42 17.42 5336.07 66.46
5345.5 75.61 Junc 26 5171 8.71 8.71 5359.75 81.79
5321.55 45.13 Junc 27 5217.4 0 0 5335.91 51.35
5321.52 38.27 Junc 28 5233.2 0 0 5335.83 44.47
5321.51 30.98 Junc 29 5250 8.71 8.71 5335.81 37.18
5321.5 36.14 Junc 30 5238.1 8.71 8.71 5335.8 42.33
5321.5 41.29 Junc 31 5226.2 8.71 8.71 5335.79 47.49
5321.5 48.01 Junc 32 5210.7 8.71 8.71 5335.79 54.2
5321.51 43.12 Junc 33 5222 17.42 17.42 5335.81 49.31
5321.5 47.88 Junc 34 5211 17.42 17.42 5335.79 54.07
5321.5 52.64 Junc 35 5200 17.42 17.42 5335.79 58.84
5321.5 54.51 Junc 36 5195.7 17.42 17.42 5335.78 60.7
5321.5 56.98 Junc 37 5190 8.71 8.71 5335.78 63.17
5321.5 56.98 Junc 38 5190 8.71 8.71 5335.78 63.17
5321.5 56.98 Junc 39 5190 8.71 8.71 5335.78 63.17
5321.5 56.98 Junc 40 5190 0 0 5335.78 63.17
5345.2 75.91 Junc 41 5170 0 0 5359.01 81.9
5345.2 76.69 Junc 42 5168.2 8.71 8.71 5359.01 82.68
5345.05 83.99 Junc 43 5151.2 8.71 8.71 5357.92 89.57
5344.99 87 Junc 44 5144.2 17.42 17.42 5357.49 92.42
5344.87 93.1 Junc 45 5130 0 0 5356.66 98.21
5344.87 93.1 Junc 46 5130 0 0 5356.66 98.21
5344.86 93.1 Junc 47 5130 17.42 17.42 5356.59 98.18
5344.86 93.1 Junc 48 5130 8.71 8.71 5356.55 98.16
5344.85 95.91 Junc 49 5123.5 8.71 8.71 5356.52 100.97
5344.85 98.73 Junc 50 5117 17.42 17.42 5356.5 103.77
5344.85 104.32 Junc 51 5104.1 17.42 17.42 5356.48 109.36
5344.85 101.72 Junc 52 5110.1 17.42 17.42 5356.48 106.76
5344.85 105.23 Junc 53 5102 8.71 8.71 5356.48 110.27
5344.86 97.43 Junc 54 5120 17.42 17.42 5356.57 102.51
5344.85 101.76 Junc 55 5110 17.42 17.42 5356.51 106.81
5344.85 106.09 Junc 56 5100 26.14 26.14 5356.48 111.13
5344.85 105.66 Junc 57 5101 8.71 8.71 5356.48 110.7
5344.85 105.14 Junc 58 5102.2 26.14 26.14 5356.48 110.18
5344.85 101.33 Junc 59 5111 17.42 17.42 5356.49 106.37
5344.85 97.21 Junc 60 5120.5 17.42 17.42 5356.52 102.27
5344.86 93.1 Junc 61 5130 8.71 8.71 5356.57 98.17
5344.86 93.1 Junc 62 5130 8.71 8.71 5356.61 98.19
5311.41 46.54 Junc 63 5204 0 0 5315.88 48.48

5356 0 Resvr 1 5370.5 #N/A 2127.16 5370.5 0



Network Table Nodes
Elevation Base Demand Demand Head Pressure

Node ID ft GPM GPM ft psi
Junc 4 5172.6 0 0 5370.5 85.75
Junc 5 5172.6 0 0 5370.5 85.75
Junc 6 5172.6 0 0 5370.5 85.75
Junc 7 5180 0 0 5370.5 82.54
Junc 8 5182.4 0 0 5370.5 81.5
Junc 9 5184.5 0 0 5370.5 80.59
Junc 10 5188.9 0 0 5370.5 78.69
Junc 11 5197.2 0 0 5370.5 75.09
Junc 12 5197.2 0 0 5370.5 75.09
Junc 13 5242.8 0 0 5370.5 55.33
Junc 14 5242.8 0 0 5370.5 55.33
Junc 15 5242.8 0 0 5370.5 55.33
Junc 16 5244 0 0 5370.5 54.81
Junc 17 5260.9 0 0 5370.5 47.49
Junc 18 5251.4 0 0 5370.5 51.61
Junc 19 5244.7 0 0 5370.5 54.51
Junc 20 5237.9 0 0 5370.5 57.46
Junc 21 5180 0 0 5370.5 82.54
Junc 22 5210 0 0 5370.5 69.54
Junc 23 5203.1 0 0 5370.5 72.53
Junc 24 5187.6 0 0 5370.5 79.25
Junc 25 5182.7 0 0 5370.5 81.37
Junc 26 5171 0 0 5370.5 86.44
Junc 27 5217.4 0 0 5370.5 66.34
Junc 28 5233.2 0 0 5370.5 59.49
Junc 29 5250 0 0 5370.5 52.21
Junc 30 5238.1 0 0 5370.5 57.37
Junc 31 5226.2 0 0 5370.5 62.53
Junc 32 5210.7 0 0 5370.5 69.24
Junc 33 5222 0 0 5370.5 64.35
Junc 34 5211 0 0 5370.5 69.11
Junc 35 5200 0 0 5370.5 73.88
Junc 36 5195.7 0 0 5370.5 75.74
Junc 37 5190 0 0 5370.5 78.21
Junc 38 5190 0 0 5370.5 78.21
Junc 39 5190 0 0 5370.5 78.21
Junc 40 5190 0 0 5370.5 78.21
Junc 41 5170 0 0 5370.5 86.88
Junc 42 5168.2 0 0 5370.5 87.66
Junc 43 5151.2 0 0 5370.5 95.02
Junc 44 5144.2 0 0 5370.5 98.06
Junc 45 5130 0 0 5370.5 104.21
Junc 46 5130 0 0 5370.5 104.21
Junc 47 5130 0 0 5370.5 104.21
Junc 48 5130 0 0 5370.5 104.21
Junc 49 5123.5 0 0 5370.5 107.03
Junc 50 5117 0 0 5370.5 109.84
Junc 51 5104.1 0 0 5370.5 115.43
Junc 52 5110.1 0 0 5370.5 112.83
Junc 53 5102 0 0 5370.5 116.34
Junc 54 5120 0 0 5370.5 108.54
Junc 55 5110 0 0 5370.5 112.87
Junc 56 5100 0 0 5370.5 117.21
Junc 57 5101 0 0 5370.5 116.77
Junc 58 5102.2 0 0 5370.5 116.25
Junc 59 5111 0 0 5370.5 112.44
Junc 60 5120.5 0 0 5370.5 108.32
Junc 61 5130 0 0 5370.5 104.21
Junc 62 5130 0 0 5370.5 104.21
Junc 63 5204 0 0 5370.5 72.14
Resvr 1 5370.5 #N/A 0.01 5370.5 0

Max Pressure (no Flow , inlet pressure of 5370.5 feet head for 8 and 10 inch network fire flow with max demand and irrigation)



Length Diameter Roughness
Link ID ft in
Pipe 1 1 6 140
Pipe 2 1 6 140
Pipe 3 37.74 6 140
Pipe 4 121.25 6 140
Pipe 5 46.87 6 140
Pipe 6 516.41 10 140
Pipe 7 294.09 6 140
Pipe 8 1339.19 10 140
Pipe 9 1551.92 10 140
Pipe 10 531.38 10 140
Pipe 11 373.9 10 140
Pipe 12 386.73 10 140
Pipe 13 1514.02 10 140
Pipe 14 441.9 10 140
Pipe 15 408.14 10 140
Pipe 16 378.64 10 140
Pipe 17 399.38 10 140
Pipe 18 791.58 10 140
Pipe 19 479.57 10 140
Pipe 20 496.66 10 140
Pipe 21 114.41 10 140
Pipe 22 790.98 10 140
Pipe 23 727.6 10 140
Pipe 24 657.09 10 140
Pipe 25 512.98 10 140
Pipe 26 531.21 10 140
Pipe 27 1958.51 10 140
Pipe 28 873.82 10 140
Pipe 29 644.6 10 140
Pipe 30 601.51 10 140
Pipe 31 842.72 10 140
Pipe 32 627.3 10 140
Pipe 33 525.66 10 140
Pipe 34 640.31 10 140
Pipe 35 640.6 8 140
Pipe 36 298.82 8 140
Pipe 37 498 8 140
Pipe 38 646.02 8 140
Pipe 39 286.05 8 140
Pipe 40 431.48 8 140
Pipe 41 469.62 10 140
Pipe 42 482.99 10 140
Pipe 43 606.88 10 140
Pipe 44 1478.04 10 140
Pipe 45 428 8 140
Pipe 46 771.77 8 140
Pipe 47 322.74 8 140
Pipe 48 712.68 8 140
Pipe 49 3.76 8 140
Pipe 50 573.64 8 140
Pipe 51 573.12 8 140
Pipe 52 573.01 8 140
Pipe 53 440.33 8 140
Pipe 54 359.47 8 140
Pipe 55 410.79 8 140
Pipe 56 371.35 8 140
Pipe 57 482.94 8 140
Pipe 58 441.77 8 140
Pipe 59 388.77 8 140
Pipe 60 439.78 8 140
Pipe 61 380.65 8 140
Pipe 62 380.06 8 140
Pipe 63 573.83 8 140
Pipe 64 573.31 8 140
Pipe 65 556.78 8 140
Pipe 66 386.7 8 140
Pipe 67 383.87 8 140

Network Table Links
Pipe Data for 8 and 10 Inch
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Memorandum

Project No.:  4428.10900.01

TO: Sarah Jones, P.E.

CC: Ed Janney, P.E.

FROM: Jessica Salo, P.E.

DATE: November 1, 2011

SUBJECT: Anaconda Water Modeling for Mill Creek Water Line

Introduction
The purpose of this memo is to document hydraulic water model results for design of the Mill
Creek water line extension in Anaconda.  The Mill Creek property is located approximately 2
miles to the southeast of the Anaconda city limit boundary.  Currently, an existing 14-inch
water main extends to the east of Anaconda along Highway 1.  This line runs all the way to the
Warm Springs State Hospital.  The Mill Creek water line will connect to the existing 14-inch line
at  Highway  1  at  the  approximate  location  shown  on  Figure  1.   The  length  of  this  line  is
approximately 14,000 lineal feet from the connection at Highway 1 to the northern boundary of
the Mill Creek property near the intersection of Mill Creek Road and Willow Glen Road.  For
modeling purposes, the Mill Creek extension is extended an additional 6,000 feet to the high
point located along the southern edge of the property.  The Mill Creek extension will supply
domestic/potable water for industrial use to the Mill Creek Industrial Complex.

Water Model Background
A  computer  water  system  model  of  Anaconda  was  developed  as  part  of  the  Preliminary
Engineering Report Modeling Study Amendment, March 2009.  The modeling study provided
additional justification for a prioritization of water main replacement projects or phases.  Since
the time of the report, Anaconda has continued to implement the replacement projects
intended to eliminate a significant amount of system leakage due to old distribution mains that
date back to the early 1900’s.

The water model consists of several demand scenarios that take into account a large amount of
system leakage.  Separate scenarios were developed for each improvement phase so that the
hydraulic benefits are demonstrated based on new replacement pipe sizes, pipe materials, and
reduced amount of leakage demand.  The base scenario used for the Mill Creek modeling is the
Phase II improvement project, scheduled to be constructed in the summer of 2012.

The following is a summary of several of the design criteria developed as part of the modeling
study pertinent to the modeling of the Mill Creek water line extension:

http://www.dowlhkm.com/
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Tank Elevation
The water level in the 3.5 MG tank controls the starting hydraulic grade line (HGL) of the
system.  The tank is buried and is approximately 24 feet high with a diameter of approximately
158 feet.  The ground elevation at the tank location is approximately 5,554’.  It is assumed that
the roof of the tank sits at the ground surface elevation.  Based on information from the water
department, the well pumps turn on when the water level in the tank drops to 18 feet and turn
off when the water level reaches 24 feet.  This is the operational range of the tank.  It is
assumed  that  the  24  foot  water  level  corresponds  to  elevation  5552  to  account  for  space
between the roof and high water operational level.  Therefore, the bottom of the operational
range (18’) corresponds to an elevation of 5546.  The bottom operational water level (5546) is
used in this modeling for the starting HGL.

Demand Allocation
Model demands are based on a variety of data sources such as meter readings (although the
majority of the system is not metered); water production records, Census data, and GIS base
mapping layers.  Table 1 summarizes the model demands assuming all water main
improvements have been constructed through Phase II.  Demands are included for recent
developments that have been added since the modeling report such as CCCS, Triangle
subdivision, and the East Yards development (currently in the design phase).

Table 1 – Demand Summary

Demand Type Average Day Demand
gpm MGD

Modeling Report, 2009
Domestic (Residential & Commercial) within Anaconda 994 1.43

Line to Warm Springs 14 0.02
Leakage 681 0.98

Recent Development, Post 2009
CCCS 77 0.11

Triangle Subdivision 41 0.06
East Yards 24 0.04

Total System Demand 1,831 2.64
Note:  East Yards demands are estimated based on AWWA Journal article, “Estimating Commercial, Industrial, and
Institutional Water Use on the Basis of Heated Building Area”, June 2011.

Peaking Factors
The following peaking factors were developed as part of the modeling study.  These peaking
factors will be perpetuated for the Mill Creek modeling.

Peak Day to Average Day = 2.68
Peak Hour to Average Day = 4.86
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Mill Creek Extension Model Results
Preliminary design calculations indicate that a 6-inch water main will be sufficient to provide
the projected Mill Creek water demands and needed flushing flow and pressure.  Therefore, the
Mill Creek water main extension is modeled as 6-inch diameter PVC.  The Hazen-Williams C
factor is equal to 140 and the diameter is modeled as 6.08 inches to reflect the approximate
inside diameter of Class 150 DR 18 pipe.

In addition to the Mill Creek extension, a new PRV is proposed along the existing 14-inch water
main upstream of the Mill Creek connection (refer to Figure 1).  This PRV is intended to reduce
pressures along the Mill Creek line to within tolerances acceptable for Class 150 pipe.  In
addition, this PRV will also reduce pressure along the 14-inch main and alleviate some of the
high pressure concerns directly upstream of a second PRV station approximately 1.5 miles to
the east.

The following model scenarios verify and document the hydraulics associated with the Mill
Creek water line extension and proposed PRV.  Detailed model results are included in Table 2
and specific node locations are depicted on Figure 1.

Scenario 1 – Average Day with Flushing Demand at Mill Creek
The Mill Creek Industrial Complex requires a flushing velocity of 2.5 feet per second (equates to
220 gpm in a 6-inch line) at a minimum pressure of 20 psi.  A 220 gpm demand was placed at
the end of the Mill Creek extension during an average day demand scenario in the model.  The
results of this modeling indicate that the proposed PRV downstream pressure cannot be set
lower than 100 psi in order to achieve 20 psi minimum pressure at the high point at the end of
the line.

Scenario 2 – Peak Day with Mill Creek Capacity
This scenario models a peak day demand scenario throughout the system and establishes the
capacity of the 6-inch Mill Creek extension to supply water at 35 psi minimum pressure.  Results
of this scenario indicate that the capacity of the 6-inch line is 155 gpm under a peak day
modeling scenario.  A demand of 155 gpm at the end of the Mill Creek extension results in a
minimum pressure of 35 psi at the high point at the end of the line.

Scenario 3A – Peak Hour with Mill Creek Capacity
This scenario models a peak hour demand scenario throughout the system and establishes the
capacity of the 6-inch Mill Creek extension to supply water at 35 psi minimum pressure.  Results
of this scenario indicate that portions of the existing system, specifically the end of Birch Street,
are experiencing pressures less than 35 psi even before demands are added to the system for
Mill Creek.  Due to the demand on the system and the high elevation of the node at the end of
Birch Street,  the pressure at  the end of  Birch Street  is  32 psi  under a peak hour scenario.   As
demands as added to the system (such as for the Mill Creek extension), the end of Birch Street
will continue to loose pressure due to additional headloss in the system.  Therefore, the
capacity of the Mill Creek line is essentially zero under this modeling scenario.
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Scenario 3B – Peak Hour with Mill Creek Capacity (with reduced system leakage)
All of the modeling scenarios discussed above assumes that the leakage demand has been
removed from all mains that have been recently replaced through the phased water main
rehabilitation projects up through Phase II.  However, additional phased improvements are
planned for future years.  This modeling scenario runs the previous assumptions from Scenario
3A but assumes that all phased improvements are in place and system leakage is further
reduced.  The end of Birch Street is above 35 psi under this scenario and the capacity of the Mill
Creek line is 151 gpm.  A demand of 151 gpm at the end of the Mill Creek extension results in a
minimum pressure of 35 psi at the high point at the end of the line.

Conclusions and Recommendations
The modeling and hydraulics presented above result in the following recommendations for the
design of the Mill Creek extension:

A 6-inch water line is adequate to provide the desired flushing velocities and demand
for domestic service to the Mill Creek Industrial Complex.
The capacity of the 6-inch Mill Creek extension under normal domestic demand (i.e. no
flushing or fire flows) is approximately 150-155 gpm depending on the demand
scenario.
The pressure settings of the new PRV are as follows:

o Maximum upstream pressure (based on static conditions and full tank) = 157 psi
o Downstream pressure = 100 psi

As future demands are added to the system, the end of Birch Street will continue to
experience low pressures during times of peak demand.  A pump station may eventually
be needed to boost pressures at this location.



Table 2
Mill Creek Extension Model Results

Total System Flow - 2,051 3,916 6,261 6,111
Line to Mill Creek - 220 155 0 151

Proposed PRV Upstream Pressure (PRV-3) 5,190 149 139 118 124
Proposed PRV Downstream Pressure (PRV-3) 5,190 100 100 100 100
Upstream Pressure Existing PRV (PRV-1) 5,107 136 135 134 134
End of Birch Street (J-208) 5,395 61 51 32 38
Mill Creek Low Point (J-656) 5,082 133 139 146 139
End of Mill Creek Extension/Design (J-657) 5,182 81 91 103 91
High Point at Southern End of Mill Creek Property (J-658) 5,300 20 35 51 35

FLOWS (GPM)

PRESSURES (PSI)

Description
Node

Elevation
(ft)

Scenario

1 2 3A 3B
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Mike Mahon

From: Janney, Edward <EJanney@dowlhkm.com>
Sent: Wednesday, April 23, 2014 6:12 PM
To: Mike Mahon
Subject: Mill Creek Waterline Flushing Hydrant Flow Test Results

Categories: ADLC - Mill Creek TIFID

Mike, 
 
On October 15, 2013 at approximately 3:30 p.m. DOWL HKM and ADLC water department personnel flow tested the 
flushing hydrant on the Mill Creek waterline located just south of the railroad tracks on the Mill Creek Highway.  The 
following pressures were measured during the flow test.   
 

 Static pressure = 94 psi 

 Pitot pressure = 11.0 psi  

 Residual line pressure during flow test = 40 psi 
 
Based on a pitot pressure of 11.0 psi and a 2‐inch nozzle diameter, the calculated flow rate equated to 356 gpm (29.83 x 

0.9 x 2
2
 x 11.0

0.5
 = 356). 

 
During the flow test the downstream pressure setting at the PRV station across from the Town Pump was observed to 
be 90 psi.   
 
Please call if you have questions. 
 
Thanks, 
 
Ed 
 

From: Janney, Edward  
Sent: Wednesday, April 23, 2014 4:01 PM 
To: 'Mike Mahon' 
Subject: RE: Mill Creek TIFID Water Modelling Help 
 
Mike, 
 
Here is the second modeling report file. 
 
It will take me a few minutes to find the hydrant flow test results in our archives, but not a problem.  You can expect the 
flow test information shortly. 
 
Ed 
 

From: Janney, Edward  
Sent: Wednesday, April 23, 2014 3:57 PM 
To: 'Mike Mahon' 
Subject: RE: Mill Creek TIFID Water Modelling Help 
 



Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 2382        6.81 5512.76 107.6 0

Junc 2385        2.91 5512.32 117.65 0

Junc 2386        2.04 5512.3 117.64 0

Junc 2388        0.1 5513.42 106.14 0

Junc 2389        0.02 5513.42 106.17 0

Junc 2394        0.09 5520.75 75.37 0

Junc 2397        0.11 5513.86 96.24 0

Junc 2398        2.72 5513.86 96.17 0

Junc 2403        1.61 5512.73 83.8 0

Junc 2404        1.56 5512.74 84.37 0

Junc 2407        1.55 5512.44 123.6 0

Junc 2409        7.77 5513 93.13 0

Junc 2410        8.81 5513 93.37 0

Junc 2412        2.33 5512.47 120.81 0

Junc 2413        3.73 5512.47 120.79 0

Junc 2415        3.81 5515.3 91.9 0

Junc 2416        5.27 5515.28 91.71 0

Junc 2418        0.86 5518.15 80.09 0

Junc 2420        17.88 5513.12 88.89 0

Junc 2422        3.01 5512.84 111.21 0

Junc 2424        6.9 5512.71 105.92 0

Junc 2425        5.19 5512.71 105.64 0

Junc 2427        0.1 5513.74 104.21 0

Junc 2428        0.11 5513.73 104.07 0

Junc 2430        3.61 5517.63 91.12 0

Junc 2431        1.61 5517.65 91.03 0

Junc 2433        3 5520.67 74.69 0

Junc 2435        2.92 5522.86 79.12 0

Junc 2436        0.08 5522.86 79.2 0

Junc 2439        3.12 5518.3 91.69 0

Junc 2441        0.06 5512.33 129.01 0

Junc 2443        4.84 5512.5 117.34 0

Junc 2444        2.28 5512.5 117.4 0

Junc 2449        5.9 5512.73 83.68 0

Junc 2451        1.67 5513.35 105.28 0

Junc 2454        4.65 5512.85 112.36 0

Junc 2457        0.02 5512.33 128.15 0

Junc 2458        0.04 5512.33 128.22 0

Junc 2461        5.98 5513.2 106.81 0

Junc 2463        0.95 5512.61 115.03 0

Junc 2464        4.09 5512.61 114.96 0

Junc 2466        0.02 5514.23 96.82 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 2467        3.74 5514.22 96.91 0

Junc 2469        3.92 5512.62 115.75 0

Junc 2472        7.53 5512.82 112.33 0

Junc 2475        5.32 5514.95 92.47 0

Junc 2476        3 5514.99 92.6 0

Junc 2478        0.44 5517.63 91.03 0

Junc 2480        1.53 5512.97 110.77 0

Junc 2481        0.13 5512.97 110.85 0

Junc 2483        6.04 5512.7 113.83 0

Junc 2486        2.98 5513.41 106.16 0

Junc 2488        0.2 5514.67 92.22 0

Junc 2489        7.49 5514.67 92.19 0

Junc 2491        6.09 5512.71 114.04 0

Junc 2494        3.21 5513.11 109.02 0

Junc 2497        1.96 5517.93 90.14 0

Junc 2498        0.19 5517.93 90.16 0

Junc 2500        0.81 5529.74 56.95 0

Junc 2501        0.4 5529.73 57.94 0

Junc 2503        2.34 5512.73 51 0

Junc 2505        4.45 5519.02 87.8 0

Junc 2507        6.71 5512.66 102.25 0

Junc 2508        4.45 5512.66 102.9 0

Junc 2510        6.63 5516.35 97.72 0

Junc 2512        6.61 5512.81 112.47 0

Junc 2514        0.07 5513.47 80.52 0

Junc 2515        1.56 5513.45 80.6 0

Junc 2517        0.12 5513.88 96.21 0

Junc 2519        5.9 5512.7 105.43 0

Junc 2521        0.85 5513.52 101.5 0

Junc 2522        2.29 5513.52 101.66 0

Junc 2524        5.17 5512.71 113.79 0

Junc 2526        4.46 5517.47 93.42 0

Junc 2528        13.65 5513.49 90.63 0

Junc 2530        0.78 5512.54 114.4 0

Junc 2532        4.46 5512.62 115.08 0

Junc 2534        19.11 5511.76 118.81 0

Junc 2536        14.69 5512.51 119.55 0

Junc 2538        2.29 5512.37 124.99 0

Junc 2539        0.92 5512.37 125.04 0

Junc 2541        5.28 5512.51 115.82 0

Junc 2543        6.63 5512.44 120.05 0

Junc 2545        7.44 5512.93 110.73 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 2547        3.82 5512.43 121.9 0

Junc 2549        6.18 5513.19 106.94 0

Junc 2551        3.01 5520.13 78.71 0

Junc 2553        3.73 5517.35 81.04 0

Junc 2555        3.74 5513.32 105.32 0

Junc 2557        17.76 5512.29 121.82 0

Junc 2559        9.62 5512.88 100.6 0

Junc 2561        12.87 5523.29 74.89 0

Junc 2563        3.75 5513.09 108.66 0

Junc 2565        7.47 5512.72 111.9 0

Junc 2568        7.36 5512.75 84.61 0

Junc 2570        4.44 5512.67 112.02 0

Junc 2572        3.73 5516.91 95.53 0

Junc 2574        8.8 5512.64 115.75 0

Junc 2575        6.8 5512.63 115.86 0

Junc 2580        2.26 5512.66 102.77 0

Junc 2582        0.12 5513.13 106.59 0

Junc 2584        4.46 5512.61 114.09 0

Junc 2586        1.53 5513.85 83.52 0

Junc 2587        0.81 5513.84 83.93 0

Junc 2589        4.46 5515.25 100 0

Junc 2591        4.67 5526.3 59.03 0

Junc 2592        0.77 5526.48 59.14 0

Junc 2594        4.45 5513.11 107.79 0

Junc 2595        0.31 5513.11 107.72 0

Junc 2597        3.75 5513.84 90.35 0

Junc 2600        4.44 5513.8 79.9 0

Junc 2602        19.76 5685.98 93.34 0

Junc 2604        10.07 5685.69 82.84 0

Junc 2606        3.12 5512.61 114.05 0

Junc 2608        1.58 5512.34 128.15 0

Junc 2611        2.93 5512.62 115.23 0

Junc 2614        0.1 5513.52 105.51 0

Junc 2617        13.61 5512.43 123.23 0

Junc 2619        4.45 5513.1 108.06 0

Junc 2621        0.03 5513.13 96.66 0

Junc 2623        7.35 5514.23 97.05 0

Junc 2625        2.18 5512.33 128.15 0

Junc 2627        6.63 5517.72 81.91 0

Junc 2629        6.75 5512.53 118.04 0

Junc 2631        7.09 5513.55 96.02 0

Junc 2633        0.51 5522.56 82.77 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 2635        4.46 5516.08 93.24 0

Junc 2637        0.85 5513.13 108.95 0

Junc 2639        2.27 5518.28 91.78 0

Junc 2641        8.81 5512.88 104.35 0

Junc 2643        6.73 5513.98 79.02 0

Junc 2645        3.73 5512.44 123 0

Junc 2646        0.86 5512.44 123 0

Junc 2648        0.94 5512.33 132.47 0

Junc 2650        5.17 5512.49 120.82 0

Junc 2652        7.45 5514.19 89.9 0

Junc 2654        1.55 5513.17 101.27 0

Junc 2656        8.82 5514.93 92.91 0

Junc 2658        5.93 5512.46 122.19 0

Junc 2660        4.46 5513.02 100.07 0

Junc 2662        8.8 5512.73 113.87 0

Junc 2664        4.46 5513.57 104.1 0

Junc 2666        3 5513.83 94.55 0

Junc 2669        11.06 5514.52 94.69 0

Junc 2671        5.91 5512.95 111.08 0

Junc 2673        5.96 5512.44 118.52 0

Junc 2675        2.99 5512.47 120.42 0

Junc 2677        7.52 5522.75 81.76 0

Junc 2678        0.2 5522.73 81.87 0

Junc 2681        0.15 5512.32 132.34 0

Junc 2683        4.46 5512.86 111.44 0

Junc 2685        5.26 5513.27 107.27 0

Junc 2687        13.4 5523.46 74.94 0

Junc 2689        4.46 5513.48 103.34 0

Junc 2691        3.01 5513.45 102.94 0

Junc 2693        7.35 5514.13 99.96 0

Junc 2697        12.86 5513 89.26 0

Junc 2699        7.36 5512.45 123.04 0

Junc 2701        2.29 5512.72 113.04 0

Junc 2703        6.63 5512.62 115.76 0

Junc 2705        8.21 5512.44 119.92 0

Junc 2707        13.97 5512.6 117.6 0

Junc 2709        5.97 5524.66 60.84 0

Junc 2711        2.29 5513.62 104 0

Junc 2713        5.9 5513.39 106.41 0

Junc 2715        0.15 5513.5 105.71 0

Junc 2717        12.52 5512.52 121.24 0

Junc 2719        5.27 5513.63 100.19 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 2722        14.7 5514.78 98.61 0

Junc 2724        3.7 5522.78 80.49 0

Junc 2726        6.02 5512.44 121.44 0

Junc 2728        6.35 5513.82 102.6 0

Junc 2730        4.64 5514.77 89.1 0

Junc 2731        6.63 5514.78 89.63 0

Junc 2733        6.73 5513.32 106.39 0

Junc 2735        16.16 5512.57 117.25 0

Junc 2737        7.34 5512.98 109.27 0

Junc 2739        3.82 5513.73 98.93 0

Junc 2741        3.01 5512.97 109.25 0

Junc 2743        5.94 5524.74 64.29 0

Junc 2745        5.94 5525.24 61.81 0

Junc 2747        5.51 5513.56 74.99 0

Junc 2749        1.56 5513.78 104 0

Junc 2751        6.63 5514.09 102.5 0

Junc 2754        15.59 5522.84 80.02 0

Junc 2756        4.99 5512.35 126.42 0

Junc 2758        6.71 5512.7 99.46 0

Junc 2759        6.61 5512.69 99.38 0

Junc 2761        3.82 5512.86 87.68 0

Junc 2762        9.56 5512.86 88.84 0

Junc 2764        8.08 5515.49 91.45 0

Junc 2765        3.19 5515.54 91.49 0

Junc 2767        5.17 5524.26 69.49 0

Junc 2769        5.91 5517.73 92.14 0

Junc 2771        3.73 5512.84 112.5 0

Junc 2773        2.36 5524.66 60.77 0

Junc 2775        6.63 5514.4 101.1 0

Junc 2777        0.15 5520.76 74.84 0

Junc 2780        3.74 5512.95 106.34 0

Junc 2782        2.38 5521.97 81.12 0

Junc 2784        6.63 5512.7 114.25 0

Junc 2786        7.36 5512.51 117.29 0

Junc 2788        2.65 5520.04 64.24 0

Junc 2790        6.1 5512.72 114.03 0

Junc 2792        8.12 5512.45 118.48 0

Junc 2794        11.8 5512.86 98.62 0

Junc 2796        13.25 5516.51 94.61 0

Junc 2798        7.36 5513.29 102.12 0

Junc 2800        0.91 5512.47 118.78 0

Junc 2802        2.99 5525.38 69.8 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 2804        5.97 5524.6 63.4 0

Junc 2806        6.73 5514.21 94.32 0

Junc 2808        0.81 5513.35 102.92 0

Junc 2809        0.77 5513.35 102.77 0

Junc 2811        2.44 5521.5 73.08 0

Junc 2812        0.06 5521.44 75.92 0

Junc 2814        11.97 5522.94 78.21 0

Junc 2819        0.84 5512.5 116.94 0

Junc 2822        12.32 5523.89 71.22 0

Junc 2824        3.88 5512.44 119.74 0

Junc 2826        5.18 5514.22 98.85 0

Junc 2829        5.2 5514.61 92.45 0

Junc 2833        4.44 5514.24 96.58 0

Junc 2835        3.73 5513.46 79.7 0

Junc 2837        5.92 5517.68 93.58 0

Junc 2839        4.55 5516.02 93.28 0

Junc 2842        6.58 5512.44 123.71 0

Junc 2845        1.51 5512.4 123.85 0

Junc 2847        0.87 5512.47 117.58 0

Junc 2849        10.34 5525.1 68.55 0

Junc 2851        6.38 5512.45 123.8 0

Junc 2852        5.17 5512.45 123.87 0

Junc 2859        8.8 5515.43 97.7 0

Junc 2861        1.57 5513.82 101.68 0

Junc 2865        7.46 5517.71 93.57 0

Junc 2867        2.39 5517.74 81.11 0

Junc 2869        6.74 5519.38 85.32 0

Junc 2871        5.8 5517.92 90.73 0

Junc 2874        0.51 5524.27 69.22 0

Junc 2876        10.26 5515.94 98.57 0

Junc 2879        11.88 5524.53 71.04 0

Junc 2881        0.82 5512.4 124.8 0

Junc 2883        0.06 5522.88 75.55 0

Junc 2885        14.82 5523.07 77.57 0

Junc 2887        1.54 5512.4 121.5 0

Junc 2890        8.9 5513.01 96.43 0

Junc 2892        4.18 5513.13 96.63 0

Junc 2894        0.08 5513.18 101.35 0

Junc 2896        5.97 5525.63 53.88 0

Junc 2898        4.56 5513 88.59 0

Junc 2900        8.09 5513.18 103.85 0

Junc 2902        0.82 5512.47 120.05 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 2905        2.47 5695.7 60.45 0

Junc 2907        1.76 5512.33 129.31 0

Junc 2909        14.14 5514.74 101.67 0

Junc 2912        0.22 5513.46 103.03 0

Junc 2914        2.27 5524.61 63.4 0

Junc 2916        3.86 5512.42 122.36 0

Junc 2918        5.38 5518.06 91.69 0

Junc 2921        7.46 5515.33 100.02 0

Junc 2924        3 5520.69 80.01 0

Junc 2927        0.86 5522.85 79.25 0

Junc 2929        9.07 5523.65 76.67 0

Junc 2935        3.71 5513.88 83.66 0

Junc 2937        1.07 5513.5 100.7 0

Junc 2939        0.11 5522.88 76.79 0

Junc 2940        0.86 5522.88 77.46 0

Junc 2942        10.98 5513.9 96.24 0

Junc 2944        3.01 5512.44 117.24 0

Junc 2946        3.07 5512.45 123.13 0

Junc 2947        3.3 5512.45 123.16 0

Junc 2950        8.75 5512.62 115.49 0

Junc 2952        13.41 5515.84 98.9 0

Junc 2955        2.36 5525.23 61.47 0

Junc 2962        8.07 5517.21 91.79 0

Junc 2964        5.27 5517.47 80.71 0

Junc 2967        10.43 5524.63 67.02 0

Junc 2969        7.44 5525.36 63.61 0

Junc 2972        9.28 5512.44 121.48 0

Junc 2974        5.28 5513.83 95.25 0

Junc 2979        3.08 5524.74 64.15 0

Junc 2981        3.03 5513.52 101.23 0

Junc 2985        9.5 5512.63 114.66 0

Junc 2986        0.22 5512.63 114.97 0

Junc 2994        1.58 5519.09 87.23 0

Junc 2996        0.01 5695.7 88.83 0

Junc 2997        1.39 5695.7 84.87 0

Junc 2999        27.61 5513.55 100.83 0

Junc 3001        0.21 5512.32 131.96 0

Junc 3003        6.72 5516.43 97.26 0

Junc 3006        3.1 5513.61 103.93 0

Junc 3010        16.78 5512.66 110.14 0

Junc 3014        9 5513.04 99.44 0

Junc 3016        4.56 5512.97 105.96 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 3020        6.74 5514.12 100.26 0

Junc 3022        2.62 5513.56 96.05 0

Junc 3025        5.32 5517.55 92.8 0

Junc 3027        0.92 5513.12 108.29 0

Junc 3028        5.88 5513.12 108.59 0

Junc 3030        8 5513.55 95.11 0

Junc 3032        3.8 5513.18 101.58 0

Junc 3034        7.16 5513.2 102.56 0

Junc 3035        0.12 5513.2 102.57 0

Junc 3040        3.88 5513.14 106.11 0

Junc 3041        0.17 5513.14 106.47 0

Junc 3043        9.6 5513.11 100.07 0

Junc 3044        0.81 5513.11 99.88 0

Junc 3047        3.22 5513.12 107.89 0

Junc 3052        7.6 5514.18 84.71 0

Junc 3060        1.74 5513.11 108.29 0

Junc 3062        8.24 5516.64 86.61 0

Junc 3065        3.7 5512.97 110.72 0

Junc 3069        0.82 5513.91 101.23 0

Junc 3070        0.16 5513.84 100.75 0

Junc 3072        5.27 5519.52 85.94 0

Junc 3076        8.99 5512.61 113.57 0

Junc 3078        1.36 5520.63 85.59 0

Junc 3080        3.7 5513.43 106.19 0

Junc 3089        4.93 5513.56 101.45 0

Junc 3091        5.17 5515.23 96.35 0

Junc 3093        0.84 5516.99 95.43 0

Junc 3096        0.74 5518.85 87.69 0

Junc 3097        0.9 5518.85 87.51 0

Junc 3099        3.91 5512.9 103.82 0

Junc 3103        5.37 5512.84 111.9 0

Junc 3108        3.82 5512.43 123.41 0

Junc 3109        1.66 5512.42 123.37 0

Junc 3115        2.3 5518.98 87.36 0

Junc 3117        3.72 5513.35 105.36 0

Junc 3125        2.99 5512.97 110.45 0

Junc 3126        2.91 5512.97 110.53 0

Junc 3128        3.11 5513.19 84.74 0

Junc 3129        10.72 5513.18 85.43 0

Junc 3133        1.16 5517.63 90.81 0

Junc 3135        0.8 5512.42 120.63 0

Junc 3138        5.88 5512.97 109.69 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 3140        10.27 5518.2 84.42 0

Junc 3142        8.2 5520.28 84.17 0

Junc 3150        1.57 5520.21 77.64 0

Junc 3155        1.52 5513.77 78.96 0

Junc 3156        0.14 5513.79 78.76 0

Junc 3160        3.74 5513.84 88.05 0

Junc 3161        2.19 5513.84 87.37 0

Junc 3163        0.79 5522.85 79.96 0

Junc 3170        8.19 5513.47 81.31 0

Junc 3172        0.13 5512.44 119.91 0

Junc 3174        4.75 5524.31 68.67 0

Junc 3176        4.02 5524.41 65.81 0

Junc 3177        4.52 5524.39 66.59 0

Junc 3179        2.27 5513.69 104.33 0

Junc 3182        0.97 5512.4 124.91 0

Junc 3184        0.25 5513.35 101.86 0

Junc 3186        2.91 5519.09 87.5 0

Junc 3188        4.51 5520.71 73.48 0

Junc 3192        3.13 5526.97 59.43 0

Junc 3194        4.5 5520.21 77.41 0

Junc 3208        4.44 5516.99 95.42 0

Junc 3213        0.02 5512.47 119.37 0

Junc 3219        4.58 5521.11 82.52 0

Junc 3227        14.5 5512.62 109.91 0

Junc 3228        9.98 5512.63 111.21 0

Junc 3232        5.16 5518.1 91.72 0

Junc 3237        3 5513.51 105.22 0

Junc 3239        1.94 5522.05 91.74 0

Junc 3241        1.72 5522.89 72.98 0

Junc 3243        1.47 5523.87 66.75 0

Junc 3244        0.4 5523.88 69.84 0

Junc 3246        7.05 5512.42 122.8 0

Junc 3248        1.47 5524.39 66.04 0

Junc 3252        0.22 5513.5 100.38 0

Junc 3256        1.53 5513.48 105.97 0

Junc 3258        2.98 5512.39 122.69 0

Junc 3259        1.62 5512.39 123.11 0

Junc 3263        3 5513.76 100.96 0

Junc 3270        6.42 5512.21 128.77 0

Junc 3271        0.22 5512.33 129 0

Junc 3278        0.21 5525.48 55.25 0

Junc 3282        3.65 5512.47 121.64 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 3286        3.76 5512.44 123.33 0

Junc 3289        6.62 5514.77 79.39 0

Junc 3291        3.63 5513.11 108.88 0

Junc 3293        5.55 5522.49 82.59 0

Junc 3294        3.89 5522.49 82.72 0

Junc 3299        0.13 5513.54 72.63 0

Junc 3300        0.84 5513.56 74.75 0

Junc 3302        2.93 5517.55 93.13 0

Junc 3305        5.98 5512.95 109.4 0

Junc 3316        4.35 5513.58 79.08 0

Junc 3325        3.71 5512.71 113.33 0

Junc 3328        0.08 5522.86 80.07 0

Junc 3332        2.27 5514.05 102.62 0

Junc 3334        4.93 5511.98 119.45 0

Junc 3336        0.81 5512.44 123.1 0

Junc 3338        0.13 5512.44 119.97 0

Junc 3340        2.8 5513.09 101.65 0

Junc 3342        3.98 5512.62 114.11 0

Junc 3346        3.04 5512.4 123.85 0

Junc 3347        2.21 5512.4 123.86 0

Junc 3349        7.6 5512.82 111.18 0

Junc 3352        4.49 5521.19 80.26 0

Junc 3357        0.25 5513.23 102.25 0

Junc 3364        5.19 5515.28 69.37 0

Junc 3370        1.5 5512.42 119.74 0

Junc 3371        0.11 5512.42 120.75 0

Junc 3373        5.1 5512.7 96.93 0

Junc 3376        5.95 5513.18 101.96 0

Junc 3380        3.68 5512.4 123.19 0

Junc 3381        4.55 5512.4 122.6 0

Junc 3383        1.59 5512.4 121.54 0

Junc 3385        0.23 5512.37 125.39 0

Junc 3386        0.78 5512.37 124.51 0

Junc 3388        3.06 5512.82 112.54 0

Junc 3390        0.9 5522.05 92.65 0

Junc 3397        7.53 5525.5 58.39 0

Junc 3400        2.23 5512.47 118.75 0

Junc 3401        1.62 5512.47 117.51 0

Junc 3403        5.47 5517.91 90.52 0

Junc 3405        0.94 5512.33 128.15 0

Junc 3409        6.27 5512.39 108 0

Junc 3412        6.28 5511.78 115.4 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 3415        36.24 4996.56 71.17 0

Junc 3422        12.69 5512.84 109.51 0

Junc 3428        13.93 5512.68 95.3 0

Junc 3430        4.32 5511.58 90.51 0

Junc 3431        4.68 5511.64 90.29 0

Junc 3440        0.19 5525.46 69.31 0

Junc 3441        3.14 5524.93 71.66 0

Junc 3444        10.27 5510.94 98.02 0

Junc 3448        6.06 5524.17 71.84 0

Junc 3451        0.38 5512.4 124.96 0

Junc 3453        0.87 5512.42 120.28 0

Junc 3460        6.15 5524.84 57.88 0

Junc 3466        7.1 5511.25 83.91 0

Junc 3471        3.68 5513.5 100.45 0

Junc 3483        6.09 5512.73 112.64 0

Junc 3486        0.81 5522.88 79.89 0

Junc 3490        0.9 5513.5 55.91 0

Junc 3492        11.25 5513.12 103.13 0

Junc 3497        15.6 5512.65 115.56 0

Junc 3500        6 5515.54 97.53 0

Junc 3505        11.88 5514.73 99.57 0

Junc 3508        11.99 5516.47 97.07 0

Junc 3511        3.11 5520.69 80.41 0

Junc 3520        0.11 5512.44 123.57 0

Junc 3526        5.26 5512.7 113.35 0

Junc 3528        0.09 5522.88 79.93 0

Junc 3532        2.84 5512.57 114.65 0

Junc 3535        7.63 5524.73 66.1 0

Junc 3539        6.9 5525.36 62.66 0

Junc 3551        5.17 5514.33 102.1 0

Junc 3553        3.89 5513.32 104.55 0

Junc 3555        0.21 5513.2 106.03 0

Junc 3563        0 5512.4 126.32 0

Junc 3568        10.47 5524.65 61.68 0

Junc 3570        3.84 5513.11 109.01 0

Junc 3572        9.08 5524.58 63.11 0

Junc 3580        4.56 5526.18 54.84 0

Junc 3584        6.21 5525.67 63.18 0

Junc 3585        6.06 5525.36 65.63 0

Junc 3587        6.87 5524.52 73.1 0

Junc 3593        7.49 5524.69 61.16 0

Junc 3603        12.29 5512.34 88.32 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 3606        1.85 5512.32 132.4 0

Junc 3629        0.13 5512.5 116.95 0

Junc 3631        0.01 5512.37 125.38 0

Junc 3636        9.76 5522.11 83.86 0

Junc 3641        0.13 5512.68 111.54 0

Junc 3680        11.12 5509.81 100.01 0

Junc 3693        0.84 5522.73 83.68 0

Junc 3700        0.13 5512.4 128.83 0

Junc 3701        0.24 5512.4 126.11 0

Junc 3703        13.08 5520.23 68.14 0

Junc 3706        0.87 5512.33 132.47 0

Junc 3709        1.6 5512.53 115.46 0

Junc 3711        2.41 5512.42 121.53 0

Junc 3721        11.23 5511.16 87.98 0

Junc 3722        5.2 5511.24 87.51 0

Junc 3725        0.24 5512.37 125.38 0

Junc 3735        0.22 5512.33 129.8 0

Junc 3752        0.27 5512.32 132.35 0

Junc 3753        3.11 5512.31 134.76 0

Junc 3757        6.19 5510.47 108.02 0

Junc 3764        11.52 5520.3 86.44 0

Junc 3786        11 5527.79 78.16 0

Junc 3794        0.2 5514.27 102.02 0

Junc 3796        8.5 5513.33 102.16 0

Junc 3799        0.74 5695.7 58.6 0

Junc 3800        1.37 5529.04 70.51 0

Junc 3805        3.89 5522.78 80.85 0

Junc 3810        14.93 5512.4 131.53 0

Junc 3813        16.44 5268.38 105.23 0

Junc 3814        1.37 5268.38 111.88 0

Junc 3816        0.57 5522.78 80.46 0

Junc 3820        0.24 5522.88 79.08 0

Junc 3822        5.37 5522.04 88.75 0

Junc 3825        1.95 5512.43 124.06 0

Junc 3875        2.13 5522.05 90.83 0

Junc 3912        0.3 5512.33 128.87 0

Junc 3981        0.1 5522.78 80.42 0

Junc 3991        8.9 5520.04 81.66 0

Junc 3994        8.15 5518.86 87.56 0

Junc 3997        4.54 5518.33 89.87 0

Junc 4002        3.93 5517.82 91.8 0

Junc 4007        9.61 5517.17 93.14 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 4012        10.32 5516.03 95.84 0

Junc 4023        12.45 5514.38 101.11 0

Junc 4042        13.94 5512.48 122.39 0

Junc 4045        16.85 5512.56 119.18 0

Junc 4068        7.42 5518.56 90.25 0

Junc 4071        7.43 5519.63 82.76 0

Junc 4084        5.24 5519.3 89.93 0

Junc 4088        6 5516.99 95.56 0

Junc 4091        3.83 5515.41 99.4 0

Junc 4094        9.63 5514.22 96.6 0

Junc 4100        0.13 5513.12 96.68 0

Junc 4117        20.6 5511.94 116.92 0

Junc 4122        20.19 5511.78 120.15 0

Junc 4125        6.73 5512.49 119.95 0

Junc 4128        8.88 5512.56 116.78 0

Junc 4131        17.38 5513.11 92.23 0

Junc 4136        11.87 5514.85 94.23 0

Junc 4139        11.87 5516.08 96.9 0

Junc 4142        16.33 5516.56 94.68 0

Junc 4145        11.13 5517.58 91.45 0

Junc 4148        2.35 5518.24 90.76 0

Junc 4151        14.22 5513.47 85.01 0

Junc 4164        9.12 5513.13 97.05 0

Junc 4167        9.02 5513.12 95.93 0

Junc 4173        2.27 5518.47 91.5 0

Junc 4180        0.61 5526.63 68.27 0

Junc 4189        3.92 5513.11 109.46 0

Junc 4192        10.97 5512.77 107.81 0

Junc 4196        6.62 5512.68 111.2 0

Junc 4199        8.79 5512.69 111.67 0

Junc 4219        6.67 5685.65 72.75 0

Junc 4259        9.45 5519.67 74.04 0

Junc 4291        4 5512.61 114.44 0

Junc 4319        1.61 5512.27 154.83 0

Junc 4333        0.9 5512.27 155.81 0

Junc 4335        0.79 5512.26 155.99 0

Junc 4337        0.12 5512.26 158.28 0

Junc 4339        0.97 5512.26 156.66 0

Junc 4341        1.57 5512.26 158.23 0

Junc 4343        0.87 5512.27 154.93 0

Junc 4345        0.87 5512.26 158.26 0

Junc 4347        0.88 5512.26 156.72 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 4349        2.33 5512.26 155.3 0

Junc 4351        0.18 5512.26 156.75 0

Junc 4353        0.13 5512.26 157.52 0

Junc 4355        0.88 5512.26 157.86 0

Junc 4357        0.12 5512.26 156.11 0

Junc 4358        0.02 5512.26 156.33 0

Junc 4360        0.87 5512.26 157.72 0

Junc 4362        0.05 5512.26 158.26 0

Junc 4363        0.02 5512.26 158.92 0

Junc 4372        0.86 5512.26 156.88 0

Junc 4373        2.27 5512.27 154.93 0

Junc 4375        0.23 5512.26 158.93 0

Junc 4377        0.88 5512.26 157.2 0

Junc 4378        0.1 5512.26 158.07 0

Junc 4437        1.28 5512.26 159.03 0

Junc 4451        6 5515.23 96.59 0

Junc 4455        0 5512.17 159.21 0

Junc 4462        17.83 5686.46 134.29 0

Junc 4465        7.2 5684.06 114.82 0

Junc 4567        11.93 5522.25 86.13 0

Junc 4581        1.45 5512.15 170.07 0

Junc 4598        0.08 5268.41 79.72 0

Junc 4628        0.28 5268.41 79.58 0

Junc 4631        1.47 5268.41 81.62 0

Junc 4661        5.6 5512.31 138.49 0

Junc 4671        2.28 5512.17 159.21 0

Junc 4679        0.67 5268.42 75.75 0

Junc 4681        1.12 5268.43 70.04 0

Junc 4711        7.55 5517.19 92.56 0

Junc 4717        8.28 5515.93 98.57 0

Junc 4729        2.59 5513.3 96.56 0

Junc 4735        0.03 5513.08 96.34 0

Junc 4736        1.24 5513.08 96.33 0

Junc 4738        0.71 5513.09 95.6 0

Junc 4750        0.83 5513.09 99.14 0

Junc 4752        1.76 5513.08 98.58 0

Junc 4753        0.12 5513.08 98.49 0

Junc 4755        1.74 5513.08 95.6 0

Junc 4756        0.28 5513.08 95.21 0

Junc 4758        44.7 5512.94 96.59 0

Junc 4763        6.66 5513.07 98.55 0

Junc 4766        4.39 5513.08 96.4 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 4774        2.54 5513.36 96.59 0

Junc 4783        2.26 5513.12 99.99 0

Junc 4785        6.71 5513.09 95.61 0

Junc 4788        11.4 5512.86 92.61 0

Junc 4818        1.28 5512.37 131.63 0

Junc 4837        6 5514.23 98.69 0

Junc 4847        6.61 5516.99 95.37 0

Junc 4854        8.08 5515.38 99.19 0

Junc 4862        6.62 5513.2 106.03 0

Junc 4869        0.83 5512.94 97.16 0

Junc 4887        2.67 5512.34 86.63 0

Junc 4890        6.34 5522.05 91.23 0

Junc 4893        10.64 5522.06 90.83 0

Junc 4897        3.5 5512.94 99.09 0

Junc 4904        2.25 5512.48 120.87 0

Junc 4931        0.11 5512.54 114.4 0

Junc 4949        15.58 5504.86 135.89 0

Junc 4950        3.79 5512.17 160 0

Junc 4956        0 5504.86 135.89 0

Junc 4960        60.5 5504.86 135.89 0

Junc 4969        0.77 5512.17 160.09 0

Junc 2190        0 5512.35 126.19 0

Junc 2191        0 5525.1 68.64 0

Junc 2192        0 5524.53 70.82 0

Junc 2193        0 5525.36 63.72 0

Junc 2194        0 5524.63 67.25 0

Junc 2195        0 5512.51 119.57 0

Junc 2196        0 5512.73 113.84 0

Junc 2197        0 5512.64 115.67 0

Junc 2198        0 5519.38 85.12 0

Junc 2199        0 5512.86 111.67 0

Junc 2200        0 5513.1 108.29 0

Junc 2201        0 5513.32 106.58 0

Junc 2202        0 5512.98 109.44 0

Junc 2203        0 5515.43 97.76 0

Junc 2204        0 5514.09 102.36 0

Junc 2205        0 5512.49 120.85 0

Junc 2206        0 5514.4 101.23 0

Junc 2207        0 5512.46 122.18 0

Junc 2208        0 5512.47 120.88 0

Junc 2209        0 5513.78 103.87 0

Junc 2210        0 5512.45 124.1 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 2211        0 5513.52 105.56 0

Junc 2212        0 5520.69 79.72 0

Junc 2213        0 5516.51 94.76 0

Junc 2214        0 5512.57 117.06 0

Junc 2215        0 5517.73 92.1 0

Junc 2216        0 5512.72 113.14 0

Junc 2217        0 5513.29 102.38 0

Junc 2218        0 5512.95 106.4 0

Junc 2219        0 5519.02 87.83 0

Junc 2220        0 5512.52 121.17 0

Junc 2221        0 5513.82 101.54 0

Junc 2222        0 5515.25 100.11 0

Junc 2223        0 5512.45 123.01 0

Junc 2224        0 5513.55 100.8 0

Junc 2225        0 5516.35 97.7 0

Junc 2226        0 5520.67 75.02 0

Junc 2227        0 5517.47 93.64 0

Junc 2228        0 5520.13 78.78 0

Junc 2229        0 5516.91 95.46 0

Junc 2230        0 5512.6 117.58 0

Junc 2231        0 5511.76 118.78 0

Junc 2232        0 5512.67 112.05 0

Junc 2233        0 5512.62 115.35 0

Junc 2234        0 5512.77 107.86 0

Junc 2235        0 5513.02 100.17 0

Junc 2236        0 5513.13 96.98 0

Junc 2237        0 5512.88 104.42 0

Junc 2238        0 5520.63 85.58 0

Junc 2239        0 5515.94 98.54 0

Junc 2240        0 5514.78 98.29 0

Junc 2241        0 5512.29 121.84 0

Junc 2242        0 5513.83 94.56 0

Junc 2243        0 5512.44 123.05 0

Junc 2244        0 5513.55 96.34 0

Junc 2245        0 5520.04 64.56 0

Junc 2246        0 5517.68 93.81 0

Junc 2247        0 5518.28 91.6 0

Junc 2248        0 5512.53 118.21 0

Junc 2249        0 5512.61 113.77 0

Junc 2250        0 5512.7 105.58 0

Junc 2251        0 5513.01 96.04 0

Junc 2252        0 5512.88 100.32 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 2253        0 5514.19 89.77 0

Junc 2254        0 5512.47 121.06 0

Junc 2255        0 5513.84 90.38 0

Junc 2256        0 5515.23 96.45 0

Junc 2257        0 5513.49 90.47 0

Junc 2258        0 5517.21 91.58 0

Junc 2259        0 5512.66 103.37 0

Junc 2260        0 5513 92.76 0

Junc 2261        0 5513.12 88.63 0

Junc 2262        0 5512.86 98.09 0

Junc 2263        0 5516.08 93.18 0

Junc 2264        0 5514.78 88.4 0

Junc 2265        0 5513.84 83.99 0

Junc 2266        0 5517.72 81.17 0

Junc 2267        0 5517.35 81.17 0

Junc 2268        0 5518.15 80.17 0

Junc 2269        0 5512.75 85.56 0

Junc 2270        0 5513 89.88 0

Junc 2271        0 5512.86 88.43 0

Junc 2272        0 5513.98 78.57 0

Junc 2273        0 5513.8 79.76 0

Junc 2274        0 5513.46 79.81 0

Junc 2275        0 5513.56 75.11 0

Junc 2276        0 5512.32 132.52 0

Junc 2278        0 5512.42 120.31 0

Junc 2279        0 5512.51 115.8 0

Junc 2280        0 5512.71 113.55 0

Junc 2281        0 5512.62 115.01 0

Junc 2282        0 5512.81 112.13 0

Junc 2283        0 5513.09 108.41 0

Junc 2284        0 5513.19 106.89 0

Junc 2285        0 5512.93 110.55 0

Junc 2286        0 5512.34 128.15 0

Junc 2287        0 5513.52 101.48 0

Junc 2288        0 5512.37 124.76 0

Junc 2289        0 5512.44 120.06 0

Junc 2290        0 5513.63 99.78 0

Junc 2291        0 5512.43 121.93 0

Junc 2292        0 5513.45 102.75 0

Junc 2293        0 5513.48 103.26 0

Junc 2294        0 5513.73 98.78 0

Junc 2295        0 5513.32 105.22 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 2296        0 5514.21 94.36 0

Junc 2297        0 5512.54 114.42 0

Junc 2298        0 5514.61 92.49 0

Junc 2299        0 5522.88 75.85 0

Junc 2300        0 5512.33 129.01 0

Junc 2301        0 5512.32 131.67 0

Junc 2302        0 5512.4 123.85 0

Junc 2303        0 5512.73 50.54 0

Junc 2304        0 5512.84 111.37 0

Junc 2305        0 5513.11 107.72 0

Junc 2306        0 5513.35 102.67 0

Junc 2307        0 5525.38 69.16 0

Junc 2308        0 5526.48 59.48 0

Junc 2309        0 5525.24 61.98 0

Junc 2310        0 5512.4 121.26 0

Junc 2313        0 5517.92 90.58 0

Junc 2314        0 5517.91 89.34 0

Junc 2315        0 5513.5 100.79 0

Junc 2317        0 5512.42 122.18 0

Junc 2318        0 5512.4 126.45 0

Junc 2319        0 5512.4 121.83 0

Junc 2320        0 5512.32 133.97 0

Junc 2321        0 5695.7 57.3 0

Junc 2322        0 5512.4 124.51 0

Junc 2323        0 5512.44 119.5 0

Junc 2324        0 5524.6 63.44 0

Junc 2325        0 5524.66 61.03 0

Junc 2326        0 5512.33 128.78 0

Junc 2327        0 5512.33 132.47 0

Junc 2328        0 5522.56 82.82 0

Junc 2329        0 5523.46 74.75 0

Junc 2330        0 5522.84 79.9 0

Junc 2332        0 5512.45 118.28 0

Junc 2333        0 5512.7 114.24 0

Junc 2334        0 5512.62 115.61 0

Junc 2335        0 5523.89 71.1 0

Junc 2336        0 5519.52 85.92 0

Junc 2337        0 5512.84 112.48 0

Junc 2338        0 5513.13 108.7 0

Junc 2339        0 5513.27 107.18 0

Junc 2340        0 5512.95 111.05 0

Junc 2341        0 5521.97 81.13 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 2342        0 5518.98 87.14 0

Junc 2343        0 5514.23 97.07 0

Junc 2344        0 5522.94 78.4 0

Junc 2345        0 5513.82 102.58 0

Junc 2346        0 5512.44 119.54 0

Junc 2347        0 5523.29 74.88 0

Junc 2348        0 5522.78 80.29 0

Junc 2349        0 5514.13 99.94 0

Junc 2350        0 5512.44 121.5 0

Junc 2351        0 5513.57 103.85 0

Junc 2352        0 5513.62 103.87 0

Junc 2353        0 5514.22 98.69 0

Junc 2354        0 5512.44 123.96 0

Junc 2355        0 5513.39 106.12 0

Junc 2356        0 5514.52 94.53 0

Junc 2357        0 5521.11 82.39 0

Junc 2358        0 5515.49 91.45 0

Junc 2359        0 5520.28 83.9 0

Junc 2360        0 5524.26 69.62 0

Junc 2361        0 5514.93 92.93 0

Junc 2362        0 5512.51 117.13 0

Junc 2363        0 5512.47 118.82 0

Junc 2364        0 5512.5 117.34 0

Junc 2365        0 5512.44 119.86 0

Junc 2366        0 5512.47 117.42 0

Junc 2367        0 5513.13 106.71 0

Junc 2369        0 5513.17 101.22 0

Junc 2370        0 5513.18 103.43 0

Junc 2372        0 5685.98 92.08 0

Junc 2373        0 5685.69 81.72 0

Junc 2374        0 5524.74 64.49 0

Junc 2375        0 5523.65 76.36 0

Junc 2376        0 5525.63 54.12 0

Junc 2377        0 5522.05 92.07 0

Junc 4183        0 5526.63 68.7 0

Junc 4302        0 5512.26 159.04 0

Junc 4303        0 5512.27 154.87 0

Junc 4304        0 5512.27 155.14 0

Junc 4305        0 5512.26 156.17 0

Junc 4306        0 5512.26 158.13 0

Junc 4307        0 5512.26 156.83 0

Junc 4308        0 5512.26 157.53 0
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Scenario: Potable Water Flow (no Fire Flow/Irrigation)

Check against City nodes (maintain pressure > 35 psi)

Network Table ‐ Nodes at 17:00 Hrs

                         Demand           Head             Pressure         Quality         

 Node ID          GPM              ft               psi                             

Junc 4309        0 5512.26 158.54 0

Junc 4310        0 5512.26 157.84 0

Junc 4311        0 5512.26 158.34 0

Junc 4312        0 5512.26 158.33 0

Junc 4313        0 5512.26 156.83 0

Junc 4314        0 5512.26 156.66 0

Junc 4315        0 5512.26 155.3 0

Junc 4316        0 5512.26 156.06 0

Junc 4317        0 5512.27 155.84 0

Junc 4792        0 5513.09 98.77 0

Junc 4793        0 5513.08 96.47 0

Junc 4794        0 5513.09 95.6 0

Junc 4850        0 5516.99 95.2 0

Junc 4852        0 5515.28 74.94 0

Junc 4857        0 5515.38 99.19 0

Junc 4859        0 5514.77 76.99 0

Junc 4865        0 5513.2 106.03 0

Junc 4867        0 5512.43 123.29 0

Junc 4975        0 5512.28 145.76 0

Junc 3894‐A    0 5268.32 187.52 0

Junc 3894‐B    0 4996.56 70 0

Junc 3895‐A    0 5512.14 175.39 0

Junc 3895‐B    0 5268.43 70 0

Junc 4688‐A    0 5512.31 139.03 0

Junc 4688‐B    0 5512.31 139.03 0

Junc 4220‐A    0 5529.04 41.22 0

Junc 4220‐B    0 5695.7 113.29 0

Junc 4467‐A    0 5520 63.2 0

Junc 4467‐B    0 5686.51 135.2 0

Tank 3838       ‐2994.98 5531.17 1.37 0
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Purpose

The purpose of this calculation brief is to design a preliminary gravity sewer, force main, and lift station
for the Mill Creek TIFID site. Specifically, the purposes are to summarize the information used for the
design of the Mill Creek TIFID gravity sewer and force main, determine a layout for the gravity main,
force main, and lift station, evaluate the preliminary gravity sewer design to ensure compliance with
Montana Department of Environmental Quality (MDEQ) requirements, and size the lift station pumps to
meet MDEQ requirements.

Methods

A. MDEQ Circular 2 Requirements for Gravity Sewer Lines

The MDEQ Circular 2 (MDEQ, 2012) requirements were the main drivers of the sewer design.
The gravity sewer design is split into two portions: a portion located solely on county property,
and a portion located solely on ARCO property. A surface was created in Autodesk Civil 3D®
using contour data provided by ARCO at some point in the past (Dave is not sure where this
came from – no general date or source). The contour data used was stored in
D:>GIS>PROJECTS>Anaconda>Feature Data. The shapefiles used were topo_5.shp, topo_10.shp,
and topo_50.shp. This is a crude surface and should not be used for any detailed design work.
Once the surface was created, a minimum cover and slope were specified based on the
following Circular 2 (MDEQ, 2012) requirements:

Minimum depth of bury must not be less than 4 ft to the top of the pipe (Section
33.2)
Minimum slope of 0.40 ft/100 ft for 8 inch pipe (Section 33.41)

The pipe size was selected to be 8 inches in diameter per Section 33.1 of Circular 2 (MDEQ,
2012). This is the minimum diameter allowed and was verified to provide adequate flow with
the analysis (See Results Section). PVC was selected as the pipe material to be consistent with
the Mill Creek PER (RPA, 2008) and to reduce the cost of the system . MDEQ Circular 1 (MDEQ,
2006) requires that the water mains be located a distance of 10 ft horizontally from sanitary
sewer lines (This also applies to manholes and all sanitary sewer structures). This was
considered in the layout by locating the sewer lines on the other side of proposed roads than
the water distribution lines.

Manholes were placed according to the following Circular 2 (MDEQ, 2012) requirements:

Slope between manholes must be uniform (Section 33.44)
Pipe between manholes must have a straight alignment (Section 33.5)
Manholes must be located at the end of sewer lines, any intersections, any changes
in grade, size, or alignment as well as at 400 ft intervals (Section 34.1)
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The following Circular 2 (MDEQ, 2012) requirements had to be considered for stream crossings:

Cover depth for stream crossings must be one foot where sewer is located on rock,
three feet in other materials. Use of casing pipe or encasement in concrete is
required for PVC or HDPE pipe. (Section 63.11) As contour data was not very
detailed especially in the vicinity of streams and ditches, no changes were made to
burial depths for stream crossings. However, the number of stream crossings was
minimized.
Sewers located along streams must be located outside of stream bed and far
enough away to provide for future widening and pollution prevention via siltation.
(Section 63.12)
Structures must be located far enough so they don’t interfere with discharge of
flood flows. (Section 36.13) The sewer design accounts for the current FEMA Zone
A Floodplain for Mill Creek but does not include the floodplain revisions from
‘Northwestern Energy Mill Creek Substation – Mill Creek Base Flood Elevation
Determination’ (Water & Environmental Technologies, 2013). Design revisions will
be required if floodplain revisions result in proposed manhole locations being
entered into the floodplain.
Sewers crossing streams must cross as nearly perpendicular as possible and be free
from grade change. (Section 36.14)

The gravity main system layout was created and a drawing of the layout is attached to this
calculation brief in the Figures Section. The design specifics for each portion of the system are
detailed in the Results Section.

B. MDEQ Circular 2 Requirements for Force Main Lines

A force main is required to connect the ARCO gravity sewer network into the existing ADLC
system. The force main was designed with the following design assumptions/parameters:

Minimum required velocity in force main of 2 ft/s (Section 42.38 (MDEQ, 2012))
Minimum force main diameter of 4 inches (Section 49.1 (MDEQ, 2012))
Maximum velocity in force main of 8 ft/s ( Section 49.1 (MDEQ, 2012))
Minimum bury depth of force main is 6 ft ( Section 49.6 (MDEQ, 2012))

The force main layout is included in the drawing in the Figures Section. The lift station will be
sized according to these force main requirements and other design parameters given by Table 3
in the Results Section.
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Results

A. Gravity Sewer Design Specifics

The design specifics for the gravity sewer systems are given in Table 1 and Table 2.

Table 1: County Gravity Main Design Specs
Parameter Value Notes
Gravity Sewer Material 8 Inch Diameter PVC
Gravity Sewer Length 12100 Feet
Manholes 40 42 Manholes in CAD drawing but 2 are existing
Highway Crossings 1
Stream Crossings (Mill
Creek)

1

Proposed Road Crossings 5
Proposed Rail Crossings 1
Drainage Ditch Crossings 2

Table 2: ARCO Gravity Main Design Specs
Parameter Value Notes
Gravity Sewer Material 8 Inch Diameter PVC
Gravity Sewer Length 14900 Feet
Manholes 47
Highway Crossings 1 Force Main to Existing Gravity Sewer
Railroad Crossings 2 One with Force Main, One with Gravity Main
Road Crossings (Willow Glen
Road)

1

Stream Crossings (Mill Creek) 1 With Force Main
Proposed Road Crossings 9
Proposed Rail Crossings 1 With Force Main
Drainage Ditch Crossings 1
Silver Lake Pipeline Crossings 1
Other 1 Lift Station with Force Main to Existing

Manhole 99
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B. Force Main and Lift Station Design Specifics

The design specifics for the force main and lift station are given in Table 3. Eric is currently
working on pump sizing.

Table 3: Lift Station and Force Main Specs
Parameter Value Source
Inlet Elevation
(Sump Elevation)

5091.5' Structure 501 Sump Elevation in CAD Drawing

Outlet Elevation
(Inv in)

5177.49' MH 99 from RPA 'As Constructed Drawings Mill Creek
Industrial Complex Water and Wastewater System
Extensions' Sheet CS 1 (RPA, 2011)

Minimum Velocity
in Force Main

2 ft/s MDEQ Circular 2 Page 33 Section 42.38 (MDEQ, 2012)

Minimum Force
Main Diameter

4" MDEQ Circular 2 Page 41 Section 49.1 (MDEQ, 2012)

Maximum Velocity
in Force Main

8 ft/s MDEQ Circular 2 Page 41 Section 49.1 (MDEQ, 2012)

Minimum Bury
Depth

6 ft MDEQ Circular 2 Page 41 Section 49.6 (MDEQ, 2012)

Friction
Coefficient
Formula

Hazen Williams MDEQ Circular 2 Page 41 Section 49.71 (MDEQ, 2012)

"C" Value for
Hazen Williams

100 for unlined iron
or steel pipe

MDEQ Circular 2 Page 41 Section 49.71 (MDEQ, 2012)

Max. 120 for PVC,
ductile iron, etc.

MDEQ Circular 2 Page 42 Section 49.71 (MDEQ, 2012)

Force Main Length 6025 [Feet ] From Proposed Force Main in CAD Drawing
Peak Hourly Flow
to Lift Station

36.4 gpm 41 Lots @ 1280 gpm each

Average Daily
Flow to Lift Station

11.4 gpm 41 Lots @ 400 gpm each

Pump Size 7.5 hp Based on quote from Industrial Systems, Inc.

C. Storm And Sanitary Analysis Results

Both gravity sewer systems were imported from Autodesk Civil 3D® to Autodesk Storm and
Sanitary Analysis® (SSA). The hydraulic routing for the model was set to hydrodynamic and an
analysis was run for the peak hour flow rates given in Table 4. There were no overflow issues
with the systems. The output tables from the analysis are attached to this calculation brief in
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the Model Section. Also included in the Model Section are copies of the model layout and the
input parameters.

The force main flow can be added into pipe “Link 01” which is the outlet pipe from MH 99 (part
of the existing system). Link 01 is an existing gravity sewer line that feeds from MH 99 to MH
100. This pipe has a design flow capacity of 422 gpm based on the analysis run in SSA. The force
main flow of 36.44 gpm (based on 41 businesses feeding into the ARCO system) combined with
the flow from the county gravity sewer can easily be handled by this pipe. The combined peak
hour outflow from the TIFID is 92160 gpd (64 gpm) and is well below the design flow capacity of
the existing gravity main.

Table 4: Wastewater Flow Requirements (Sanitary Sewer ONLY)

Average Daily Flow
Parameter Value Units Source

Flow Required per Employee per Day 16 gpd/employee
MDEQ Circular 4 Page 18 20
(MDEQ, 2004)

Number of Employees per Business 25 employees
Mill Creek Industrial Complex
PER Page 3 6 (RPA, 2008)

Average Daily Wastewater Flow Requirements per
Business 400 gpd Calculation
Number of Businesses in TIFID 72 businesses Based on Subdivision
Total Average Daily Wastewater Flow Requirements 28800 gpd Calculation

Peak Flow
Parameter Value Units Source
Average Daily Wastewater Flow Requirements per
Business 400 gpd Calculation
Maximum Peaking Factor 3.2 unitless (DOWL HKM, 2011)
Mill Creek TIFID Peaking Factor 3.2 unitless Conservative Value
Maximum Peaking Flow Requirements per Business 1280 gpd Calculation
Number of Businesses in TIFID 72 businesses Based on Subdivision
Total Maximum Peaking Flow Requirements 92160 gpd Calculation
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Project Description

county sewer simulation version 4.SPF

Project Options

GPM
Elevation
Rational
User-Defined
Hydrodynamic
YES
NO

Analysis Options

Oct 02, 2013 00:00:00
Oct 04, 2013 00:00:00
Oct 02, 2013 00:00:00
0 days
0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
30 seconds

Number of Elements
Qty
0
0
43
42
1
0
0
0
42
0
42
0
0
0
0
0
0

Rainfall Details

2 year(s)

        Outlets ..........................................................................
Pollutants ..............................................................................
Land Uses ............................................................................

Return Period........................................................................

Links......................................................................................
        Channels ......................................................................
        Pipes ............................................................................
        Pumps ..........................................................................
        Orifices .........................................................................
        Weirs ............................................................................

Nodes....................................................................................
        Junctions ......................................................................
        Outfalls .........................................................................
        Flow Diversions ...........................................................
        Inlets ............................................................................
        Storage Nodes .............................................................

Runoff (Dry Weather) Time Step ..........................................
Runoff (Wet Weather) Time Step ........................................
Reporting Time Step ............................................................
Routing Time Step ................................................................

Rain Gages ...........................................................................
Subbasins..............................................................................

Enable Overflow Ponding at Nodes ......................................
Skip Steady State Analysis Time Periods ............................

Start Analysis On ..................................................................
End Analysis On ...................................................................
Start Reporting On ................................................................
Antecedent Dry Days ............................................................

File Name .............................................................................

Flow Units .............................................................................
Elevation Type ......................................................................
Hydrology Method .................................................................
Time of Concentration (TOC) Method ..................................
Link Routing Method .............................................................



Node Summary

SN Element Element Invert Ground/Rim Initial Surcharge Ponded Peak Max HGL Max Min Time of Total Total Time
ID Type Elevation (Max) Water Elevation Area Inflow Elevation Surcharge Freeboard Peak Flooded Flooded

Elevation Elevation Attained Depth Attained Flooding Volume
Attained Occurrence

(ft) (ft) (ft) (ft) (ft²) (gpm) (ft) (ft) (ft) (days hh:mm) (ac-in) (min)
1 Out-1Pipe - (554) Junction 5177.49 5180.87 5177.49 5180.87 0.00 27.60 5177.61 0.00 3.26 0  00:00 0.00 0.00
2 Structure - (419) Junction 5262.34 5267.03 5262.34 5267.03 0.00 0.89 5262.35 0.00 4.68 0  00:00 0.00 0.00
3 Structure - (420) Junction 5243.94 5260.05 5243.94 5260.05 0.00 1.78 5243.98 0.00 16.08 0  00:00 0.00 0.00
4 Structure - (421) Junction 5242.18 5250.28 5242.18 5250.28 0.00 2.67 5242.22 0.00 8.06 0  00:00 0.00 0.00
5 Structure - (422) Junction 5238.31 5243.99 5238.31 5243.99 0.00 3.56 5238.34 0.00 5.65 0  00:00 0.00 0.00
6 Structure - (423) Junction 5231.91 5240.98 5231.91 5240.98 0.00 3.56 5231.96 0.00 9.03 0  00:00 0.00 0.00
7 Structure - (424) Junction 5231.58 5240.26 5231.58 5240.26 0.00 3.56 5231.63 0.00 8.63 0  00:00 0.00 0.00
8 Structure - (425) Junction 5230.58 5240.01 5230.58 5240.01 0.00 3.56 5230.61 0.00 9.40 0  00:00 0.00 0.00
9 Structure - (426) Junction 5225.48 5234.14 5225.48 5234.14 0.00 3.56 5225.52 0.00 8.62 0  00:00 0.00 0.00

10 Structure - (427) Junction 5219.78 5226.40 5219.78 5226.40 0.00 3.56 5219.81 0.00 6.58 0  00:00 0.00 0.00
11 Structure - (428) Junction 5210.08 5218.36 5210.08 5218.36 0.00 3.56 5210.11 0.00 8.24 0  00:00 0.00 0.00
12 Structure - (429) Junction 5200.38 5208.75 5200.38 5208.75 0.00 3.56 5200.42 0.00 8.33 0  00:00 0.00 0.00
13 Structure - (430) Junction 5194.68 5200.20 5194.68 5200.20 0.00 3.56 5194.72 0.00 5.48 0  00:00 0.00 0.00
14 Structure - (431) Junction 5188.98 5196.53 5188.98 5196.53 0.00 3.56 5189.02 0.00 7.51 0  00:00 0.00 0.00
15 Structure - (432) Junction 5183.28 5189.29 5183.28 5189.29 0.00 3.56 5183.31 0.00 5.98 0  00:00 0.00 0.00
16 Structure - (433) Junction 5242.93 5247.72 5242.93 5247.72 0.00 0.89 5242.94 0.00 4.78 0  00:00 0.00 0.00
17 Structure - (434) Junction 5233.23 5238.24 5233.23 5238.24 0.00 1.88 5233.25 0.00 5.00 0  00:00 0.00 0.00
18 Structure - (435) Junction 5219.53 5229.64 5219.53 5229.64 0.00 3.56 5219.56 0.00 10.08 0  00:00 0.00 0.00
19 Structure - (437) Junction 5212.13 5217.25 5212.13 5217.25 0.00 7.12 5212.16 0.00 5.09 0  00:00 0.00 0.00
20 Structure - (438) Junction 5198.43 5207.07 5198.43 5207.07 0.00 8.90 5198.48 0.00 8.59 0  00:00 0.00 0.00
21 Structure - (439) Junction 5192.73 5200.07 5192.73 5200.07 0.00 9.79 5192.78 0.00 7.28 0  00:00 0.00 0.00
22 Structure - (440) Junction 5188.73 5195.47 5188.73 5195.47 0.00 11.57 5188.82 0.00 6.65 0  00:00 0.00 0.00
23 Structure - (441) Junction 5188.12 5192.93 5188.12 5192.93 0.00 11.57 5188.18 0.00 4.75 0  00:00 0.00 0.00
24 Structure - (442) Junction 5186.20 5191.30 5186.20 5191.30 0.00 12.46 5186.26 0.00 5.04 0  00:00 0.00 0.00
25 Structure - (443) Junction 5223.51 5228.20 5223.51 5228.20 0.00 1.78 5223.53 0.00 4.67 0  00:00 0.00 0.00
26 Structure - (444) Junction 5213.81 5220.98 5213.81 5220.98 0.00 4.01 5213.86 0.00 7.12 0  00:00 0.00 0.00
27 Structure - (445) Junction 5213.37 5219.46 5213.37 5219.46 0.00 5.34 5213.41 0.00 6.05 0  00:00 0.00 0.00
28 Structure - (446) Junction 5205.92 5210.61 5205.92 5210.61 0.00 5.34 5205.95 0.00 4.66 0  00:00 0.00 0.00
29 Structure - (449) Junction 5192.35 5204.77 5192.35 5204.77 0.00 7.12 5192.42 0.00 12.35 0  00:00 0.00 0.00
30 Structure - (450) Junction 5190.63 5200.13 5190.63 5200.13 0.00 7.12 5190.68 0.00 9.45 0  00:00 0.00 0.00
31 Structure - (451) Junction 5187.53 5193.05 5187.53 5193.05 0.00 8.90 5187.58 0.00 5.47 0  00:00 0.00 0.00
32 Structure - (452) Junction 5182.92 5194.28 5182.92 5194.28 0.00 8.90 5182.99 0.00 11.29 0  00:00 0.00 0.00
33 Structure - (453) Junction 5182.53 5194.35 5182.53 5194.35 0.00 8.90 5182.61 0.00 11.75 0  00:00 0.00 0.00
34 Structure - (454) Junction 5180.83 5186.68 5180.83 5186.68 0.00 8.90 5180.91 0.00 5.77 0  00:00 0.00 0.00
35 Structure - (455) Junction 5180.49 5185.49 5180.49 5185.49 0.00 8.90 5180.56 0.00 4.93 0  00:00 0.00 0.00
36 Structure - (535) Junction 5213.83 5222.06 5213.83 5222.06 0.00 5.34 5213.89 0.00 8.17 0  00:00 0.00 0.00
37 Structure - (567) Junction 5198.04 5205.26 5198.04 5205.26 0.00 5.34 5198.08 0.00 7.18 0  00:00 0.00 0.00
38 Structure - (568) Junction 5195.42 5201.37 5195.42 5201.37 0.00 5.34 5195.48 0.00 5.89 0  00:00 0.00 0.00
39 Structure - (569) Junction 5193.64 5202.62 5193.64 5202.62 0.00 5.34 5193.70 0.00 8.92 0  00:00 0.00 0.00
40 Structure - (57) Junction 5179.65 5186.42 5179.65 5186.42 0.00 24.92 5180.24 0.00 6.17 0  00:00 0.00 0.00
41 Structure - (572) Junction 5176.86 5181.55 5176.86 5181.55 0.00 1.78 5179.64 0.00 1.91 0  00:00 0.00 0.00
42 Structure - (573) Junction 5178.00 5181.86 5178.00 5181.86 0.00 1.81 5178.03 0.00 3.84 0  00:00 0.00 0.00
43 Out-01 Outfall 5175.89 27.60 5175.89



Link Summary

SN Element Element From To (Outlet) Length Inlet Outlet Average Diameter or Manning's Peak Design Flow Peak Flow/ Peak Flow Peak Flow Peak Flow Total Time Reported
ID Type (Inlet) Node Invert Invert Slope Height Roughness Flow Capacity Design Flow Velocity Depth Depth/ Surcharged Condition

Node Elevation Elevation Ratio Total Depth
Ratio

(ft) (ft) (ft) (%) (in) (gpm) (gpm) (ft/sec) (ft) (min)
1 Link-01 Pipe Out-1Pipe - (554) Out-01 290.70 5177.49 5175.99 0.5200 8.000 0.0120 27.60 422.07 0.07 1.54 0.11 0.17 0.00 Calculated
2 Pipe - (405) Pipe Structure - (419) Structure - (420) 400.00 5262.34 5243.94 4.6000 8.000 0.0120 0.89 1260.20 0.00 1.00 0.02 0.04 0.00 Calculated
3 Pipe - (406) Pipe Structure - (420) Structure - (421) 400.00 5243.94 5242.34 0.4000 8.000 0.0120 1.78 371.61 0.00 0.65 0.03 0.05 0.00 Calculated
4 Pipe - (407) Pipe Structure - (421) Structure - (422) 400.00 5242.18 5238.31 0.9700 8.000 0.0120 2.67 578.11 0.00 1.02 0.03 0.05 0.00 Calculated
5 Pipe - (408) Pipe Structure - (422) Structure - (423) 185.26 5238.31 5232.01 3.4000 8.000 0.0120 3.56 1083.43 0.00 1.58 0.03 0.04 0.00 Calculated
6 Pipe - (409) Pipe Structure - (423) Structure - (424) 57.78 5231.91 5231.58 0.5700 8.000 0.0120 3.56 444.80 0.01 0.80 0.04 0.07 0.00 Calculated
7 Pipe - (410) Pipe Structure - (424) Structure - (425) 77.59 5231.58 5231.20 0.4900 8.000 0.0120 3.56 411.87 0.01 0.87 0.04 0.06 0.00 Calculated
8 Pipe - (411) Pipe Structure - (425) Structure - (426) 400.08 5230.58 5225.58 1.2500 8.000 0.0120 3.56 656.57 0.01 1.11 0.04 0.05 0.00 Calculated
9 Pipe - (412) Pipe Structure - (426) Structure - (427) 400.13 5225.48 5219.88 1.4000 8.000 0.0120 3.56 695.11 0.01 1.15 0.03 0.05 0.00 Calculated

10 Pipe - (413) Pipe Structure - (427) Structure - (428) 400.05 5219.78 5210.18 2.4000 8.000 0.0120 3.56 910.20 0.00 1.39 0.03 0.05 0.00 Calculated
11 Pipe - (414) Pipe Structure - (428) Structure - (429) 399.39 5210.08 5200.48 2.4000 8.000 0.0120 3.56 910.96 0.00 1.39 0.03 0.05 0.00 Calculated
12 Pipe - (415) Pipe Structure - (429) Structure - (430) 399.79 5200.38 5194.78 1.4000 8.000 0.0120 3.56 695.40 0.01 1.15 0.03 0.05 0.00 Calculated
13 Pipe - (416) Pipe Structure - (430) Structure - (431) 400.00 5194.68 5189.08 1.4000 8.000 0.0120 3.56 695.22 0.01 1.15 0.03 0.05 0.00 Calculated
14 Pipe - (417) Pipe Structure - (431) Structure - (432) 400.00 5188.98 5183.38 1.4000 8.000 0.0120 3.56 695.22 0.01 1.15 0.03 0.05 0.00 Calculated
15 Pipe - (418) Pipe Structure - (432) Structure - (57) 144.51 5183.28 5179.85 2.3800 8.000 0.0120 3.56 905.74 0.00 0.08 0.21 0.32 0.00 Calculated
16 Pipe - (419) Pipe Structure - (433) Structure - (434) 405.35 5242.93 5233.33 2.3700 8.000 0.0120 0.99 904.23 0.00 0.96 0.02 0.02 0.00 Calculated
17 Pipe - (420) Pipe Structure - (434) Structure - (435) 400.00 5233.23 5219.63 3.4000 8.000 0.0120 1.78 1083.43 0.00 1.28 0.02 0.03 0.00 Calculated
18 Pipe - (421) Pipe Structure - (435) Structure - (535) 400.00 5219.53 5213.96 1.3900 8.000 0.0120 3.56 693.16 0.01 1.15 0.03 0.05 0.00 Calculated
19 Pipe - (422) Pipe Structure - (535) Structure - (437) 400.00 5213.83 5212.23 0.4000 8.000 0.0120 5.34 371.61 0.01 0.91 0.05 0.08 0.00 Calculated
20 Pipe - (423) Pipe Structure - (437) Structure - (438) 400.00 5212.13 5198.53 3.4000 8.000 0.0120 7.12 1083.43 0.01 1.95 0.04 0.06 0.00 Calculated
21 Pipe - (424) Pipe Structure - (438) Structure - (439) 400.00 5198.43 5192.83 1.4000 8.000 0.0120 8.90 695.22 0.01 1.53 0.05 0.08 0.00 Calculated
22 Pipe - (425) Pipe Structure - (439) Structure - (440) 277.95 5192.73 5188.83 1.4000 8.000 0.0120 9.79 695.22 0.01 1.58 0.06 0.08 0.00 Calculated
23 Pipe - (426) Pipe Structure - (440) Structure - (441) 128.63 5188.73 5188.22 0.4000 8.000 0.0120 11.57 371.61 0.03 1.13 0.08 0.12 0.00 Calculated
24 Pipe - (427) Pipe Structure - (441) Structure - (442) 129.81 5188.12 5186.30 1.4000 8.000 0.0120 11.57 695.22 0.02 1.64 0.06 0.09 0.00 Calculated
25 Pipe - (428) Pipe Structure - (442) Structure - (57) 400.00 5186.20 5179.85 1.5900 8.000 0.0120 12.46 740.49 0.02 1.62 0.23 0.34 0.00 Calculated
26 Pipe - (429) Pipe Structure - (443) Structure - (444) 400.00 5223.51 5213.91 2.4000 8.000 0.0120 2.23 910.26 0.00 1.13 0.02 0.03 0.00 Calculated
27 Pipe - (430) Pipe Structure - (444) Structure - (445) 84.02 5213.81 5213.47 0.4000 8.000 0.0120 3.56 371.61 0.01 0.81 0.04 0.07 0.00 Calculated
28 Pipe - (431) Pipe Structure - (445) Structure - (446) 400.00 5213.37 5205.92 1.8600 8.000 0.0120 5.34 802.11 0.01 1.71 0.04 0.06 0.00 Calculated
29 Pipe - (435) Pipe Structure - (449) Structure - (450) 400.41 5192.35 5190.75 0.4000 8.000 0.0120 7.12 371.61 0.02 0.98 0.06 0.09 0.00 Calculated
30 Pipe - (436) Pipe Structure - (450) Structure - (451) 380.11 5190.63 5187.59 0.8000 8.000 0.0120 7.12 525.54 0.01 1.18 0.05 0.08 0.00 Calculated
31 Pipe - (437) Pipe Structure - (451) Structure - (452) 400.00 5187.53 5183.02 1.1300 8.000 0.0120 8.90 623.86 0.01 1.42 0.06 0.08 0.00 Calculated
32 Pipe - (438) Pipe Structure - (452) Structure - (453) 70.80 5182.92 5182.63 0.4000 8.000 0.0120 8.90 371.61 0.02 1.05 0.07 0.10 0.00 Calculated
33 Pipe - (439) Pipe Structure - (453) Structure - (454) 400.00 5182.53 5180.93 0.4000 8.000 0.0120 8.90 371.61 0.02 1.05 0.07 0.10 0.00 Calculated
34 Pipe - (440) Pipe Structure - (454) Structure - (455) 61.29 5180.83 5180.59 0.4000 8.000 0.0120 8.90 371.61 0.02 1.05 0.07 0.10 0.00 Calculated
35 Pipe - (441) Pipe Structure - (455) Structure - (57) 152.18 5180.49 5179.85 0.4200 8.000 0.0120 8.90 380.31 0.02 0.61 0.23 0.35 0.00 Calculated
36 Pipe - (494) Pipe Structure - (57) Out-1Pipe - (554) 204.93 5179.65 5180.11 -0.2300 8.000 0.0120 24.92 279.83 0.09 0.30 0.35 0.52 0.00 Calculated
37 Pipe - (547) Pipe Structure - (446) Structure - (567) 228.79 5205.92 5198.14 3.4000 8.000 0.0120 5.34 1083.43 0.00 1.78 0.03 0.05 0.00 Calculated
38 Pipe - (548) Pipe Structure - (567) Structure - (568) 179.78 5198.04 5195.52 1.4000 8.000 0.0120 5.34 695.22 0.01 1.31 0.04 0.06 0.00 Calculated
39 Pipe - (549) Pipe Structure - (568) Structure - (569) 400.00 5195.42 5193.82 0.4000 8.000 0.0120 5.34 371.61 0.01 0.91 0.05 0.08 0.00 Calculated
40 Pipe - (550) Pipe Structure - (569) Structure - (449) 296.99 5193.64 5192.45 0.4000 8.000 0.0120 5.34 371.61 0.01 0.91 0.05 0.08 0.00 Calculated
41 Pipe - (553) Pipe Structure - (572) Structure - (573) 405.05 5179.60 5178.00 0.4000 8.000 0.0120 1.81 369.29 0.00 0.79 0.03 0.05 0.00 Calculated
42 Pipe - (554) Pipe Structure - (573) Out-1Pipe - (554) 68.36 5178.00 5177.49 0.7500 8.000 0.0120 1.79 507.51 0.00 0.19 0.07 0.11 0.00 Calculated



Junction Input

SN Element Invert Ground/Rim Ground/Rim Initial Initial Surcharge Surcharge Ponded Minimum
ID Elevation (Max) (Max) Water Water Elevation Depth Area Pipe

Elevation Offset Elevation Depth Cover
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft²) (in)

1 Out-1Pipe - (554) 5177.49 5180.87 3.38 5177.49 0.00 5180.87 0.00 0.00 0.00
2 Structure - (419) 5262.34 5267.03 4.69 5262.34 0.00 5267.03 0.00 0.00 0.00
3 Structure - (420) 5243.94 5260.05 16.11 5243.94 0.00 5260.05 0.00 0.00 0.00
4 Structure - (421) 5242.18 5250.28 8.09 5242.18 0.00 5250.28 0.00 0.00 0.00
5 Structure - (422) 5238.31 5243.99 5.68 5238.31 0.00 5243.99 0.00 0.00 0.00
6 Structure - (423) 5231.91 5240.98 9.07 5231.91 0.00 5240.98 0.00 0.00 0.00
7 Structure - (424) 5231.58 5240.26 8.68 5231.58 0.00 5240.26 0.00 0.00 0.00
8 Structure - (425) 5230.58 5240.01 9.43 5230.58 0.00 5240.01 0.00 0.00 0.00
9 Structure - (426) 5225.48 5234.14 8.65 5225.48 0.00 5234.14 0.00 0.00 0.00

10 Structure - (427) 5219.78 5226.40 6.61 5219.78 0.00 5226.40 0.00 0.00 0.00
11 Structure - (428) 5210.08 5218.36 8.27 5210.08 0.00 5218.36 0.00 0.00 0.00
12 Structure - (429) 5200.38 5208.75 8.36 5200.38 0.00 5208.75 0.00 0.00 0.00
13 Structure - (430) 5194.68 5200.20 5.51 5194.68 0.00 5200.20 0.00 0.00 0.00
14 Structure - (431) 5188.98 5196.53 7.55 5188.98 0.00 5196.53 0.00 0.00 0.00
15 Structure - (432) 5183.28 5189.29 6.01 5183.28 0.00 5189.29 0.00 0.00 0.00
16 Structure - (433) 5242.93 5247.72 4.80 5242.93 0.00 5247.72 0.00 0.00 0.00
17 Structure - (434) 5233.23 5238.24 5.02 5233.23 0.00 5238.24 0.00 0.00 0.00
18 Structure - (435) 5219.53 5229.64 10.12 5219.53 0.00 5229.64 0.00 0.00 0.00
19 Structure - (437) 5212.13 5217.25 5.13 5212.13 0.00 5217.25 0.00 0.00 0.00
20 Structure - (438) 5198.43 5207.07 8.64 5198.43 0.00 5207.07 0.00 0.00 0.00
21 Structure - (439) 5192.73 5200.07 7.34 5192.73 0.00 5200.07 0.00 0.00 0.00
22 Structure - (440) 5188.73 5195.47 6.74 5188.73 0.00 5195.47 0.00 0.00 0.00
23 Structure - (441) 5188.12 5192.93 4.81 5188.12 0.00 5192.93 0.00 0.00 0.00
24 Structure - (442) 5186.20 5191.30 5.10 5186.20 0.00 5191.30 0.00 0.00 0.00
25 Structure - (443) 5223.51 5228.20 4.69 5223.51 0.00 5228.20 0.00 0.00 0.00
26 Structure - (444) 5213.81 5220.98 7.17 5213.81 0.00 5220.98 0.00 0.00 0.00
27 Structure - (445) 5213.37 5219.46 6.09 5213.37 0.00 5219.46 0.00 0.00 0.00
28 Structure - (446) 5205.92 5210.61 4.69 5205.92 0.00 5210.61 0.00 0.00 0.00
29 Structure - (449) 5192.35 5204.77 12.42 5192.35 0.00 5204.77 0.00 0.00 0.00
30 Structure - (450) 5190.63 5200.13 9.51 5190.63 0.00 5200.13 0.00 0.00 0.00
31 Structure - (451) 5187.53 5193.05 5.52 5187.53 0.00 5193.05 0.00 0.00 0.00
32 Structure - (452) 5182.92 5194.28 11.36 5182.92 0.00 5194.28 0.00 0.00 0.00
33 Structure - (453) 5182.53 5194.35 11.82 5182.53 0.00 5194.35 0.00 0.00 0.00
34 Structure - (454) 5180.83 5186.68 5.85 5180.83 0.00 5186.68 0.00 0.00 0.00
35 Structure - (455) 5180.49 5185.49 5.00 5180.49 0.00 5185.49 0.00 0.00 0.00
36 Structure - (535) 5213.83 5222.06 8.23 5213.83 0.00 5222.06 0.00 0.00 0.00
37 Structure - (567) 5198.04 5205.26 7.22 5198.04 0.00 5205.26 0.00 0.00 0.00
38 Structure - (568) 5195.42 5201.37 5.95 5195.42 0.00 5201.37 0.00 0.00 0.00
39 Structure - (569) 5193.64 5202.62 8.98 5193.64 0.00 5202.62 0.00 0.00 0.00
40 Structure - (57) 5179.65 5186.42 6.77 5179.65 0.00 5186.42 0.00 0.00 0.00
41 Structure - (572) 5176.86 5181.55 4.69 5176.86 0.00 5181.55 0.00 0.00 0.00
42 Structure - (573) 5178.00 5181.86 3.86 5178.00 0.00 5181.86 0.00 0.00 0.00



Junction Results

SN Element Peak Peak Max HGL Max HGL Max Min Average HGL Average HGL Time of Time of Total Total Time
ID Inflow Lateral Elevation Depth Surcharge Freeboard Elevation Depth Max HGL Peak Flooded Flooded

Inflow Attained Attained Depth Attained Attained Attained Occurrence Flooding Volume
Attained Occurrence

(gpm) (gpm) (ft) (ft) (ft) (ft) (ft) (ft) (days hh:mm) (days hh:mm) (ac-in) (min)
1 Out-1Pipe - (554) 27.60 0.89 5177.61 0.12 0.00 3.26 5177.60 0.11 0  03:05 0  00:00 0.00 0.00
2 Structure - (419) 0.89 0.89 5262.35 0.01 0.00 4.68 5262.35 0.01 0  23:47 0  00:00 0.00 0.00
3 Structure - (420) 1.78 0.89 5243.98 0.04 0.00 16.08 5243.98 0.04 1  06:55 0  00:00 0.00 0.00
4 Structure - (421) 2.67 0.89 5242.22 0.04 0.00 8.06 5242.22 0.04 1  04:38 0  00:00 0.00 0.00
5 Structure - (422) 3.56 0.89 5238.34 0.03 0.00 5.65 5238.34 0.03 1  15:14 0  00:00 0.00 0.00
6 Structure - (423) 3.56 0.00 5231.96 0.05 0.00 9.03 5231.96 0.05 1  14:02 0  00:00 0.00 0.00
7 Structure - (424) 3.56 0.00 5231.63 0.05 0.00 8.63 5231.63 0.05 1  16:48 0  00:00 0.00 0.00
8 Structure - (425) 3.56 0.00 5230.61 0.03 0.00 9.40 5230.61 0.03 1  11:37 0  00:00 0.00 0.00
9 Structure - (426) 3.56 0.00 5225.52 0.04 0.00 8.62 5225.52 0.04 1  04:36 0  00:00 0.00 0.00

10 Structure - (427) 3.56 0.00 5219.81 0.03 0.00 6.58 5219.81 0.03 1  05:40 0  00:00 0.00 0.00
11 Structure - (428) 3.56 0.00 5210.11 0.03 0.00 8.24 5210.11 0.03 1  18:13 0  00:00 0.00 0.00
12 Structure - (429) 3.56 0.00 5200.42 0.04 0.00 8.33 5200.42 0.04 0  15:45 0  00:00 0.00 0.00
13 Structure - (430) 3.56 0.00 5194.72 0.04 0.00 5.48 5194.72 0.04 1  07:56 0  00:00 0.00 0.00
14 Structure - (431) 3.56 0.00 5189.02 0.04 0.00 7.51 5189.02 0.04 1  08:55 0  00:00 0.00 0.00
15 Structure - (432) 3.56 0.00 5183.31 0.03 0.00 5.98 5183.31 0.03 0  15:02 0  00:00 0.00 0.00
16 Structure - (433) 0.89 0.89 5242.94 0.01 0.00 4.78 5242.94 0.01 0  09:08 0  00:00 0.00 0.00
17 Structure - (434) 1.88 0.89 5233.25 0.02 0.00 5.00 5233.25 0.02 1  16:10 0  00:00 0.00 0.00
18 Structure - (435) 3.56 1.78 5219.56 0.03 0.00 10.08 5219.56 0.03 0  22:00 0  00:00 0.00 0.00
19 Structure - (437) 7.12 1.78 5212.16 0.03 0.00 5.09 5212.16 0.03 1  16:59 0  00:00 0.00 0.00
20 Structure - (438) 8.90 1.78 5198.48 0.05 0.00 8.59 5198.48 0.05 0  14:41 0  00:00 0.00 0.00
21 Structure - (439) 9.79 0.89 5192.78 0.05 0.00 7.28 5192.78 0.05 1  01:02 0  00:00 0.00 0.00
22 Structure - (440) 11.57 1.78 5188.82 0.09 0.00 6.65 5188.82 0.09 1  20:36 0  00:00 0.00 0.00
23 Structure - (441) 11.57 0.00 5188.18 0.06 0.00 4.75 5188.18 0.06 0  20:40 0  00:00 0.00 0.00
24 Structure - (442) 12.46 0.89 5186.26 0.06 0.00 5.04 5186.26 0.06 1  06:09 0  00:00 0.00 0.00
25 Structure - (443) 1.78 1.78 5223.53 0.02 0.00 4.67 5223.53 0.02 0  02:34 0  00:00 0.00 0.00
26 Structure - (444) 4.01 1.78 5213.86 0.05 0.00 7.12 5213.86 0.05 1  04:41 0  00:00 0.00 0.00
27 Structure - (445) 5.34 1.78 5213.41 0.04 0.00 6.05 5213.41 0.04 0  06:55 0  00:00 0.00 0.00
28 Structure - (446) 5.34 0.00 5205.95 0.03 0.00 4.66 5205.95 0.03 1  03:52 0  00:00 0.00 0.00
29 Structure - (449) 7.12 1.78 5192.42 0.07 0.00 12.35 5192.42 0.07 0  10:27 0  00:00 0.00 0.00
30 Structure - (450) 7.12 0.00 5190.68 0.05 0.00 9.45 5190.68 0.05 0  12:36 0  00:00 0.00 0.00
31 Structure - (451) 8.90 1.78 5187.58 0.05 0.00 5.47 5187.58 0.05 1  05:55 0  00:00 0.00 0.00
32 Structure - (452) 8.90 0.00 5182.99 0.07 0.00 11.29 5182.99 0.07 0  15:55 0  00:00 0.00 0.00
33 Structure - (453) 8.90 0.00 5182.61 0.08 0.00 11.75 5182.61 0.08 0  07:25 0  00:00 0.00 0.00
34 Structure - (454) 8.90 0.00 5180.91 0.08 0.00 5.77 5180.91 0.08 0  19:12 0  00:00 0.00 0.00
35 Structure - (455) 8.90 0.00 5180.56 0.07 0.00 4.93 5180.56 0.07 0  13:54 0  00:00 0.00 0.00
36 Structure - (535) 5.34 1.78 5213.89 0.06 0.00 8.17 5213.88 0.05 1  16:09 0  00:00 0.00 0.00
37 Structure - (567) 5.34 0.00 5198.08 0.04 0.00 7.18 5198.08 0.04 0  11:18 0  00:00 0.00 0.00
38 Structure - (568) 5.34 0.00 5195.48 0.06 0.00 5.89 5195.48 0.06 0  03:47 0  00:00 0.00 0.00
39 Structure - (569) 5.34 0.00 5193.70 0.06 0.00 8.92 5193.69 0.05 1  11:00 0  00:00 0.00 0.00
40 Structure - (57) 24.92 0.00 5180.24 0.59 0.00 6.17 5180.23 0.58 1  03:48 0  00:00 0.00 0.00
41 Structure - (572) 1.78 1.78 5179.64 2.78 0.00 1.91 5179.56 2.70 0  02:45 0  00:00 0.00 0.00
42 Structure - (573) 1.81 0.00 5178.03 0.03 0.00 3.84 5178.03 0.03 0  03:00 0  00:00 0.00 0.00



Pipe Input

SN Element Length Inlet Inlet Outlet Outlet Total Average Pipe Pipe Pipe Manning's Entrance Exit/Bend Additional Initial Flap No. of
ID Invert Invert Invert Invert Drop Slope Shape Diameter or Width Roughness Losses Losses Losses Flow Gate Barrels

Elevation Offset Elevation Offset Height
(ft) (ft) (ft) (ft) (ft) (ft) (%) (in) (in) (gpm)

1 Link-01 290.70 5177.49 0.00 5175.99 0.10 1.50 0.5200 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
2 Pipe - (405) 400.00 5262.34 0.00 5243.94 0.00 18.40 4.6000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
3 Pipe - (406) 400.00 5243.94 0.00 5242.34 0.16 1.60 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
4 Pipe - (407) 400.00 5242.18 0.00 5238.31 0.00 3.87 0.9700 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
5 Pipe - (408) 185.26 5238.31 0.00 5232.01 0.10 6.30 3.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
6 Pipe - (409) 57.78 5231.91 0.00 5231.58 0.00 0.33 0.5700 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
7 Pipe - (410) 77.59 5231.58 0.00 5231.20 0.62 0.38 0.4900 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
8 Pipe - (411) 400.08 5230.58 0.00 5225.58 0.10 5.00 1.2500 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
9 Pipe - (412) 400.13 5225.48 0.00 5219.88 0.10 5.60 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1

10 Pipe - (413) 400.05 5219.78 0.00 5210.18 0.10 9.60 2.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
11 Pipe - (414) 399.39 5210.08 0.00 5200.48 0.10 9.60 2.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
12 Pipe - (415) 399.79 5200.38 0.00 5194.78 0.10 5.60 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
13 Pipe - (416) 400.00 5194.68 0.00 5189.08 0.10 5.60 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
14 Pipe - (417) 400.00 5188.98 0.00 5183.38 0.10 5.60 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
15 Pipe - (418) 144.51 5183.28 0.00 5179.85 0.20 3.43 2.3800 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
16 Pipe - (419) 405.35 5242.93 0.00 5233.33 0.10 9.60 2.3700 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
17 Pipe - (420) 400.00 5233.23 0.00 5219.63 0.10 13.60 3.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
18 Pipe - (421) 400.00 5219.53 0.00 5213.96 0.13 5.57 1.3900 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
19 Pipe - (422) 400.00 5213.83 0.00 5212.23 0.10 1.60 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
20 Pipe - (423) 400.00 5212.13 0.00 5198.53 0.10 13.60 3.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
21 Pipe - (424) 400.00 5198.43 0.00 5192.83 0.10 5.60 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
22 Pipe - (425) 277.95 5192.73 0.00 5188.83 0.10 3.89 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
23 Pipe - (426) 128.63 5188.73 0.00 5188.22 0.10 0.51 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
24 Pipe - (427) 129.81 5188.12 0.00 5186.30 0.10 1.82 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
25 Pipe - (428) 400.00 5186.20 0.00 5179.85 0.20 6.35 1.5900 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
26 Pipe - (429) 400.00 5223.51 0.00 5213.91 0.10 9.60 2.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
27 Pipe - (430) 84.02 5213.81 0.00 5213.47 0.10 0.34 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
28 Pipe - (431) 400.00 5213.37 0.00 5205.92 0.00 7.45 1.8600 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
29 Pipe - (435) 400.41 5192.35 0.00 5190.75 0.12 1.60 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
30 Pipe - (436) 380.11 5190.63 0.00 5187.59 0.06 3.04 0.8000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
31 Pipe - (437) 400.00 5187.53 0.00 5183.02 0.10 4.51 1.1300 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
32 Pipe - (438) 70.80 5182.92 0.00 5182.63 0.10 0.28 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
33 Pipe - (439) 400.00 5182.53 0.00 5180.93 0.10 1.60 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
34 Pipe - (440) 61.29 5180.83 0.00 5180.59 0.10 0.25 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
35 Pipe - (441) 152.18 5180.49 0.00 5179.85 0.20 0.64 0.4200 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
36 Pipe - (494) 204.93 5179.65 0.00 5180.11 2.62 -0.46 -0.2300 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
37 Pipe - (547) 228.79 5205.92 0.00 5198.14 0.10 7.78 3.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
38 Pipe - (548) 179.78 5198.04 0.00 5195.52 0.10 2.52 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
39 Pipe - (549) 400.00 5195.42 0.00 5193.82 0.18 1.60 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
40 Pipe - (550) 296.99 5193.64 0.00 5192.45 0.10 1.19 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
41 Pipe - (553) 405.05 5179.60 2.74 5178.00 0.00 1.60 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
42 Pipe - (554) 68.36 5178.00 0.00 5177.49 0.00 0.51 0.7500 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1



Pipe Results

SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported
ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition

Occurrence Ratio Total Depth
Ratio

(gpm) (days hh:mm) (gpm) (ft/sec) (min) (ft) (min)
1 Link-01 27.60 0  03:05 422.07 0.07 1.54 3.15 0.11 0.17 0.00 Calculated
2 Pipe - (405) 0.89 0  01:01 1260.20 0.00 1.00 6.67 0.02 0.04 0.00 Calculated
3 Pipe - (406) 1.78 1  06:22 371.61 0.00 0.65 10.26 0.03 0.05 0.00 Calculated
4 Pipe - (407) 2.67 0  11:48 578.11 0.00 1.02 6.54 0.03 0.05 0.00 Calculated
5 Pipe - (408) 3.56 1  15:28 1083.43 0.00 1.58 1.95 0.03 0.04 0.00 Calculated
6 Pipe - (409) 3.56 0  14:32 444.80 0.01 0.80 1.20 0.04 0.07 0.00 Calculated
7 Pipe - (410) 3.56 0  06:49 411.87 0.01 0.87 1.49 0.04 0.06 0.00 Calculated
8 Pipe - (411) 3.56 1  05:57 656.57 0.01 1.11 6.01 0.04 0.05 0.00 Calculated
9 Pipe - (412) 3.56 1  23:35 695.11 0.01 1.15 5.80 0.03 0.05 0.00 Calculated

10 Pipe - (413) 3.56 0  11:39 910.20 0.00 1.39 4.80 0.03 0.05 0.00 Calculated
11 Pipe - (414) 3.56 0  06:12 910.96 0.00 1.39 4.79 0.03 0.05 0.00 Calculated
12 Pipe - (415) 3.56 0  15:46 695.40 0.01 1.15 5.79 0.03 0.05 0.00 Calculated
13 Pipe - (416) 3.56 0  06:09 695.22 0.01 1.15 5.80 0.03 0.05 0.00 Calculated
14 Pipe - (417) 3.56 0  06:09 695.22 0.01 1.15 5.80 0.03 0.05 0.00 Calculated
15 Pipe - (418) 3.56 0  06:06 905.74 0.00 0.08 30.11 0.21 0.32 0.00 Calculated
16 Pipe - (419) 0.99 0  00:00 904.23 0.00 0.96 7.04 0.02 0.02 0.00 Calculated
17 Pipe - (420) 1.78 0  22:03 1083.43 0.00 1.28 5.21 0.02 0.03 0.00 Calculated
18 Pipe - (421) 3.56 0  03:04 693.16 0.01 1.15 5.80 0.03 0.05 0.00 Calculated
19 Pipe - (422) 5.34 1  02:04 371.61 0.01 0.91 7.33 0.05 0.08 0.00 Calculated
20 Pipe - (423) 7.12 0  02:41 1083.43 0.01 1.95 3.42 0.04 0.06 0.00 Calculated
21 Pipe - (424) 8.90 0  09:56 695.22 0.01 1.53 4.36 0.05 0.08 0.00 Calculated
22 Pipe - (425) 9.79 0  20:52 695.22 0.01 1.58 2.93 0.06 0.08 0.00 Calculated
23 Pipe - (426) 11.57 0  03:19 371.61 0.03 1.13 1.90 0.08 0.12 0.00 Calculated
24 Pipe - (427) 11.57 0  03:32 695.22 0.02 1.64 1.32 0.06 0.09 0.00 Calculated
25 Pipe - (428) 12.46 0  02:50 740.49 0.02 1.62 4.12 0.23 0.34 0.00 Calculated
26 Pipe - (429) 2.23 0  00:00 910.26 0.00 1.13 5.90 0.02 0.03 0.00 Calculated
27 Pipe - (430) 3.56 0  02:02 371.61 0.01 0.81 1.73 0.04 0.07 0.00 Calculated
28 Pipe - (431) 5.34 0  11:45 802.11 0.01 1.71 3.90 0.04 0.06 0.00 Calculated
29 Pipe - (435) 7.12 0  04:14 371.61 0.02 0.98 6.81 0.06 0.09 0.00 Calculated
30 Pipe - (436) 7.12 0  05:27 525.54 0.01 1.18 5.37 0.05 0.08 0.00 Calculated
31 Pipe - (437) 8.90 0  04:36 623.86 0.01 1.42 4.69 0.06 0.08 0.00 Calculated
32 Pipe - (438) 8.90 0  04:08 371.61 0.02 1.05 1.12 0.07 0.10 0.00 Calculated
33 Pipe - (439) 8.90 1  00:26 371.61 0.02 1.05 6.35 0.07 0.10 0.00 Calculated
34 Pipe - (440) 8.90 1  03:17 371.61 0.02 1.05 0.97 0.07 0.10 0.00 Calculated
35 Pipe - (441) 8.90 0  03:38 380.31 0.02 0.61 4.16 0.23 0.35 0.00 Calculated
36 Pipe - (494) 24.92 0  08:06 279.83 0.09 0.30 11.39 0.35 0.52 0.00 Calculated
37 Pipe - (547) 5.34 0  19:33 1083.43 0.00 1.78 2.14 0.03 0.05 0.00 Calculated
38 Pipe - (548) 5.34 0  02:29 695.22 0.01 1.31 2.29 0.04 0.06 0.00 Calculated
39 Pipe - (549) 5.34 1  14:42 371.61 0.01 0.91 7.33 0.05 0.08 0.00 Calculated
40 Pipe - (550) 5.34 0  07:42 371.61 0.01 0.91 5.44 0.05 0.08 0.00 Calculated
41 Pipe - (553) 1.81 0  02:51 369.29 0.00 0.79 8.55 0.03 0.05 0.00 Calculated
42 Pipe - (554) 1.79 0  03:00 507.51 0.00 0.19 6.00 0.07 0.11 0.00 Calculated
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Project Description

StormSTM.SPF

Project Options

GPM
Elevation
Rational
User-Defined
Hydrodynamic
YES
NO

Analysis Options

Oct 02, 2013 00:00:00
Oct 04, 2013 00:00:00
Oct 02, 2013 00:00:00
0 days
0 01:00:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
0 00:05:00 days hh:mm:ss
30 seconds

Number of Elements
Qty
0
0
47
46
1
0
0
0
46
0
46
0
0
0
0
0
0

Rainfall Details

2 year(s)

        Outlets ..........................................................................
Pollutants ..............................................................................
Land Uses ............................................................................

Return Period........................................................................

Links......................................................................................
        Channels ......................................................................
        Pipes ............................................................................
        Pumps ..........................................................................
        Orifices .........................................................................
        Weirs ............................................................................

Nodes....................................................................................
        Junctions ......................................................................
        Outfalls .........................................................................
        Flow Diversions ...........................................................
        Inlets ............................................................................
        Storage Nodes .............................................................

Runoff (Dry Weather) Time Step ..........................................
Runoff (Wet Weather) Time Step ........................................
Reporting Time Step ............................................................
Routing Time Step ................................................................

Rain Gages ...........................................................................
Subbasins..............................................................................

Enable Overflow Ponding at Nodes ......................................
Skip Steady State Analysis Time Periods ............................

Start Analysis On ..................................................................
End Analysis On ...................................................................
Start Reporting On ................................................................
Antecedent Dry Days ............................................................

File Name .............................................................................

Flow Units .............................................................................
Elevation Type ......................................................................
Hydrology Method .................................................................
Time of Concentration (TOC) Method ..................................
Link Routing Method .............................................................



Node Summary

SN Element Element Invert Ground/Rim Initial Surcharge Ponded Peak Max HGL Max Min Time of Total Total Time
ID Type Elevation (Max) Water Elevation Area Inflow Elevation Surcharge Freeboard Peak Flooded Flooded

Elevation Elevation Attained Depth Attained Flooding Volume
Attained Occurrence

(ft) (ft) (ft) (ft) (ft²) (gpm) (ft) (ft) (ft) (days hh:mm) (ac-in) (min)
1 Structure - (360) Junction 5183.15 5192.42 5183.15 5192.42 0.00 7.12 5183.21 0.00 9.21 0  00:00 0.00 0.00
2 Structure - (458) Junction 5251.81 5256.50 5251.81 5256.50 0.00 0.89 5251.82 0.00 4.68 0  00:00 0.00 0.00
3 Structure - (459) Junction 5238.11 5246.23 5238.11 5246.23 0.00 1.41 5238.13 0.00 8.09 0  00:00 0.00 0.00
4 Structure - (460) Junction 5236.41 5242.75 5236.41 5242.75 0.00 0.89 5236.43 0.00 6.33 0  00:00 0.00 0.00
5 Structure - (461) Junction 5230.71 5238.22 5230.71 5238.22 0.00 1.78 5230.73 0.00 7.48 0  00:00 0.00 0.00
6 Structure - (462) Junction 5225.01 5230.26 5225.01 5230.26 0.00 2.67 5225.03 0.00 5.23 0  00:00 0.00 0.00
7 Structure - (463) Junction 5208.48 5217.48 5208.48 5217.48 0.00 3.56 5208.53 0.00 8.96 0  00:00 0.00 0.00
8 Structure - (464) Junction 5206.78 5212.54 5206.78 5212.54 0.00 3.56 5206.81 0.00 5.73 0  00:00 0.00 0.00
9 Structure - (465) Junction 5199.20 5206.34 5199.20 5206.34 0.00 5.34 5199.23 0.00 7.11 0  00:00 0.00 0.00

10 Structure - (466) Junction 5189.50 5199.13 5189.50 5199.13 0.00 5.34 5189.54 0.00 9.59 0  00:00 0.00 0.00
11 Structure - (467) Junction 5186.87 5191.56 5186.87 5191.56 0.00 0.89 5186.90 0.00 4.66 0  00:00 0.00 0.00
12 Structure - (468) Junction 5185.28 5192.70 5185.28 5192.70 0.00 0.95 5185.31 0.00 7.39 0  00:00 0.00 0.00
13 Structure - (469) Junction 5183.59 5192.76 5183.59 5192.76 0.00 1.78 5183.62 0.00 9.13 0  00:00 0.00 0.00
14 Structure - (476) Junction 5181.58 5191.01 5181.58 5191.01 0.00 7.12 5181.65 0.00 9.36 0  00:00 0.00 0.00
15 Structure - (477) Junction 5180.92 5189.00 5180.92 5189.00 0.00 8.01 5180.96 0.00 8.04 0  00:00 0.00 0.00
16 Structure - (478) Junction 5174.00 5179.88 5174.00 5179.88 0.00 8.90 5174.05 0.00 5.83 0  00:00 0.00 0.00
17 Structure - (479) Junction 5165.47 5172.67 5165.47 5172.67 0.00 8.90 5165.52 0.00 7.16 0  00:00 0.00 0.00
18 Structure - (480) Junction 5160.47 5166.96 5160.47 5166.96 0.00 8.90 5160.52 0.00 6.44 0  00:00 0.00 0.00
19 Structure - (481) Junction 5158.39 5164.02 5158.39 5164.02 0.00 8.90 5158.44 0.00 5.58 0  00:00 0.00 0.00
20 Structure - (482) Junction 5148.69 5156.29 5148.69 5156.29 0.00 9.79 5148.74 0.00 7.54 0  00:00 0.00 0.00
21 Structure - (483) Junction 5138.99 5147.78 5138.99 5147.78 0.00 11.57 5139.05 0.00 8.73 0  00:00 0.00 0.00
22 Structure - (484) Junction 5133.27 5140.42 5133.27 5140.42 0.00 11.57 5133.33 0.00 7.09 0  00:00 0.00 0.00
23 Structure - (539) Junction 5126.03 5134.05 5126.03 5134.05 0.00 13.35 5126.10 0.00 7.95 0  00:00 0.00 0.00
24 Structure - (540) Junction 5120.33 5126.67 5120.33 5126.67 0.00 13.35 5120.39 0.00 6.28 0  00:00 0.00 0.00
25 Structure - (541) Junction 5110.63 5118.66 5110.63 5118.66 0.00 15.13 5110.70 0.00 7.96 0  00:00 0.00 0.00
26 Structure - (542) Junction 5104.93 5111.49 5104.93 5111.49 0.00 16.91 5105.01 0.00 6.48 0  00:00 0.00 0.00
27 Structure - (543) Junction 5098.84 5106.86 5098.84 5106.86 0.00 27.59 5098.97 0.00 7.89 0  00:00 0.00 0.00
28 Structure - (544) Junction 5139.13 5143.82 5139.13 5143.82 0.00 0.89 5139.15 0.00 4.67 0  00:00 0.00 0.00
29 Structure - (545) Junction 5138.19 5143.24 5138.19 5143.24 0.00 0.89 5138.20 0.00 5.04 0  00:00 0.00 0.00
30 Structure - (546) Junction 5128.49 5134.63 5128.49 5134.63 0.00 2.67 5128.51 0.00 6.12 0  00:00 0.00 0.00
31 Structure - (547) Junction 5118.79 5126.74 5118.79 5126.74 0.00 4.45 5118.83 0.00 7.92 0  00:00 0.00 0.00
32 Structure - (548) Junction 5113.09 5118.40 5113.09 5118.40 0.00 6.23 5113.13 0.00 5.27 0  00:00 0.00 0.00
33 Structure - (549) Junction 5105.00 5111.50 5105.00 5111.50 0.00 7.12 5105.05 0.00 6.45 0  00:00 0.00 0.00
34 Structure - (550) Junction 5103.69 5108.64 5103.69 5108.64 0.00 7.12 5103.74 0.00 4.90 0  00:00 0.00 0.00
35 Structure - (551) Junction 5102.88 5107.65 5102.88 5107.65 0.00 8.90 5102.95 0.00 4.70 0  00:00 0.00 0.00
36 Structure - (552) Junction 5100.41 5105.98 5100.41 5105.98 0.00 9.79 5100.48 0.00 5.50 0  00:00 0.00 0.00
37 Structure - (553) Junction 5130.58 5135.27 5130.58 5135.27 0.00 0.89 5130.59 0.00 4.67 0  00:00 0.00 0.00
38 Structure - (554) Junction 5127.56 5134.05 5127.56 5134.05 0.00 1.00 5127.58 0.00 6.48 0  00:00 0.00 0.00
39 Structure - (555) Junction 5121.89 5127.33 5121.89 5127.33 0.00 2.67 5121.92 0.00 5.41 0  00:00 0.00 0.00
40 Structure - (556) Junction 5113.80 5120.92 5113.80 5120.92 0.00 2.67 5113.83 0.00 7.09 0  00:00 0.00 0.00
41 Structure - (557) Junction 5108.93 5114.88 5108.93 5114.88 0.00 3.56 5108.96 0.00 5.92 0  00:00 0.00 0.00
42 Structure - (558) Junction 5100.40 5108.10 5100.40 5108.10 0.00 5.34 5100.43 0.00 7.67 0  00:00 0.00 0.00
43 Structure - (563) Junction 5097.19 5105.00 5097.19 5105.00 0.00 28.48 5097.32 0.00 7.68 0  00:00 0.00 0.00
44 Structure - (564) Junction 5095.55 5105.38 5095.55 5105.38 0.00 28.48 5095.68 0.00 9.70 0  00:00 0.00 0.00
45 Structure - (565) Junction 5095.17 5104.95 5095.17 5104.95 0.00 29.37 5095.31 0.00 9.64 0  00:00 0.00 0.00
46 Structure - (566) Junction 5094.83 5105.95 5094.83 5105.95 0.00 36.49 5094.98 0.00 10.97 0  00:00 0.00 0.00
47 Out-1Pipe - (541) Outfall 5093.56 36.49 5093.69



Link Summary

SN Element Element From To (Outlet) Length Inlet Outlet Average Diameter or Manning's Peak Design Flow Peak Flow/ Peak Flow Peak Flow Peak Flow Total Time Reported
ID Type (Inlet) Node Invert Invert Slope Height Roughness Flow Capacity Design Flow Velocity Depth Depth/ Surcharged Condition

Node Elevation Elevation Ratio Total Depth
Ratio

(ft) (ft) (ft) (%) (in) (gpm) (gpm) (ft/sec) (ft) (min)
1 Pipe - (443) Pipe Structure - (458) Structure - (459) 400.00 5251.81 5238.21 3.4000 8.000 0.0120 1.41 1083.43 0.00 1.04 0.01 0.02 0.00 Calculated
2 Pipe - (444) Pipe Structure - (459) Structure - (460) 400.00 5238.11 5236.51 0.4000 8.000 0.0120 0.89 371.61 0.00 0.60 0.02 0.03 0.00 Calculated
3 Pipe - (445) Pipe Structure - (460) Structure - (461) 400.00 5236.41 5230.81 1.4000 8.000 0.0120 0.89 695.22 0.00 0.84 0.02 0.03 0.00 Calculated
4 Pipe - (446) Pipe Structure - (461) Structure - (462) 400.00 5230.71 5225.11 1.4000 8.000 0.0120 1.78 695.22 0.00 0.94 0.02 0.04 0.00 Calculated
5 Pipe - (447) Pipe Structure - (462) Structure - (463) 373.44 5225.01 5208.58 4.4000 8.000 0.0120 2.67 1232.50 0.00 1.58 0.02 0.03 0.00 Calculated
6 Pipe - (448) Pipe Structure - (463) Structure - (464) 400.00 5208.48 5206.88 0.4000 8.000 0.0120 3.56 371.61 0.01 0.81 0.04 0.07 0.00 Calculated
7 Pipe - (449) Pipe Structure - (464) Structure - (465) 311.61 5206.78 5199.30 2.4000 8.000 0.0120 3.56 910.26 0.00 1.39 0.03 0.05 0.00 Calculated
8 Pipe - (450) Pipe Structure - (465) Structure - (466) 400.00 5199.20 5189.60 2.4000 8.000 0.0120 5.34 910.26 0.01 1.58 0.04 0.05 0.00 Calculated
9 Pipe - (451) Pipe Structure - (466) Structure - (360) 298.67 5189.50 5185.32 1.4000 8.000 0.0120 5.34 695.22 0.01 1.31 0.04 0.06 0.00 Calculated

10 Pipe - (452) Pipe Structure - (467) Structure - (468) 400.00 5186.87 5185.28 0.4000 8.000 0.0120 0.95 370.57 0.00 0.67 0.03 0.04 0.00 Calculated
11 Pipe - (453) Pipe Structure - (468) Structure - (469) 400.00 5185.28 5183.68 0.4000 8.000 0.0120 0.89 371.61 0.00 0.60 0.02 0.03 0.00 Calculated
12 Pipe - (454) Pipe Structure - (469) Structure - (360) 111.01 5183.59 5183.15 0.4000 8.000 0.0120 1.78 371.61 0.00 0.66 0.05 0.07 0.00 Calculated
13 Pipe - (461) Pipe Structure - (360) Structure - (476) 400.00 5183.15 5181.58 0.3900 8.000 0.0120 7.12 367.84 0.02 0.89 0.07 0.10 0.00 Calculated
14 Pipe - (462) Pipe Structure - (476) Structure - (477) 159.13 5181.58 5180.94 0.4000 8.000 0.0120 7.12 371.61 0.02 0.98 0.06 0.09 0.00 Calculated
15 Pipe - (463) Pipe Structure - (477) Structure - (478) 399.99 5180.92 5174.10 1.7000 8.000 0.0120 8.01 766.72 0.01 1.59 0.05 0.07 0.00 Calculated
16 Pipe - (464) Pipe Structure - (478) Structure - (479) 351.62 5174.00 5165.57 2.4000 8.000 0.0120 8.90 910.26 0.01 1.84 0.05 0.07 0.00 Calculated
17 Pipe - (465) Pipe Structure - (479) Structure - (480) 349.73 5165.47 5160.57 1.4000 8.000 0.0120 8.90 695.22 0.01 1.53 0.05 0.08 0.00 Calculated
18 Pipe - (466) Pipe Structure - (480) Structure - (481) 141.17 5160.47 5158.49 1.4000 8.000 0.0120 8.90 695.22 0.01 1.53 0.05 0.08 0.00 Calculated
19 Pipe - (467) Pipe Structure - (481) Structure - (482) 400.00 5158.39 5148.79 2.4000 8.000 0.0120 8.90 910.26 0.01 1.85 0.05 0.07 0.00 Calculated
20 Pipe - (468) Pipe Structure - (482) Structure - (483) 400.00 5148.69 5139.09 2.4000 8.000 0.0120 9.79 910.26 0.01 1.90 0.05 0.07 0.00 Calculated
21 Pipe - (469) Pipe Structure - (483) Structure - (484) 400.00 5138.99 5133.39 1.4000 8.000 0.0120 11.57 695.22 0.02 1.65 0.06 0.09 0.00 Calculated
22 Pipe - (519) Pipe Structure - (484) Structure - (539) 400.00 5133.27 5126.13 1.7800 8.000 0.0120 11.57 784.96 0.01 1.80 0.06 0.08 0.00 Calculated
23 Pipe - (520) Pipe Structure - (539) Structure - (540) 400.00 5126.03 5120.43 1.4000 8.000 0.0120 13.35 695.22 0.02 1.71 0.06 0.10 0.00 Calculated
24 Pipe - (521) Pipe Structure - (540) Structure - (541) 400.00 5120.33 5110.73 2.4000 8.000 0.0120 13.35 910.26 0.01 2.09 0.06 0.08 0.00 Calculated
25 Pipe - (522) Pipe Structure - (541) Structure - (542) 400.00 5110.63 5105.03 1.4000 8.000 0.0120 15.13 695.22 0.02 1.76 0.07 0.10 0.00 Calculated
26 Pipe - (523) Pipe Structure - (542) Structure - (543) 292.89 5104.93 5100.83 1.4000 8.000 0.0120 16.91 695.22 0.02 1.80 0.07 0.11 0.00 Calculated
27 Pipe - (524) Pipe Structure - (544) Structure - (545) 50.15 5139.13 5138.29 1.6800 8.000 0.0120 0.89 762.18 0.00 0.93 0.02 0.02 0.00 Calculated
28 Pipe - (525) Pipe Structure - (545) Structure - (546) 400.15 5138.19 5128.59 2.4000 8.000 0.0120 0.89 910.09 0.00 0.96 0.02 0.02 0.00 Calculated
29 Pipe - (526) Pipe Structure - (546) Structure - (547) 400.06 5128.49 5118.89 2.4000 8.000 0.0120 2.67 910.20 0.00 1.28 0.03 0.04 0.00 Calculated
30 Pipe - (527) Pipe Structure - (547) Structure - (548) 399.99 5118.79 5113.19 1.4000 8.000 0.0120 4.45 695.23 0.01 1.24 0.04 0.06 0.00 Calculated
31 Pipe - (528) Pipe Structure - (548) Structure - (549) 400.00 5113.09 5105.09 2.0000 8.000 0.0120 6.23 830.95 0.01 1.56 0.04 0.06 0.00 Calculated
32 Pipe - (529) Pipe Structure - (549) Structure - (550) 154.47 5105.00 5103.76 0.8000 8.000 0.0120 7.12 525.53 0.01 1.18 0.05 0.08 0.00 Calculated
33 Pipe - (530) Pipe Structure - (550) Structure - (551) 53.79 5103.69 5102.91 1.4500 8.000 0.0120 7.12 707.57 0.01 1.44 0.05 0.07 0.00 Calculated
34 Pipe - (531) Pipe Structure - (551) Structure - (552) 400.43 5102.88 5100.48 0.6000 8.000 0.0120 8.90 455.13 0.02 1.16 0.06 0.10 0.00 Calculated
35 Pipe - (532) Pipe Structure - (552) Structure - (543) 377.87 5100.41 5098.89 0.4000 8.000 0.0120 9.88 371.61 0.03 1.08 0.07 0.11 0.00 Calculated
36 Pipe - (533) Pipe Structure - (553) Structure - (554) 120.23 5130.58 5127.69 2.4000 8.000 0.0120 1.00 910.26 0.00 0.98 0.02 0.02 0.00 Calculated
37 Pipe - (534) Pipe Structure - (554) Structure - (555) 400.18 5127.56 5121.96 1.4000 8.000 0.0120 0.89 695.22 0.00 0.85 0.02 0.03 0.00 Calculated
38 Pipe - (535) Pipe Structure - (555) Structure - (556) 400.00 5121.89 5113.89 2.0000 8.000 0.0120 2.67 830.95 0.00 1.20 0.03 0.04 0.00 Calculated
39 Pipe - (536) Pipe Structure - (556) Structure - (557) 400.00 5113.80 5109.00 1.2000 8.000 0.0120 2.67 643.65 0.00 1.00 0.03 0.05 0.00 Calculated
40 Pipe - (537) Pipe Structure - (557) Structure - (558) 400.00 5108.93 5100.48 2.1100 8.000 0.0120 3.56 854.01 0.00 1.33 0.03 0.05 0.00 Calculated
41 Pipe - (540) Pipe Structure - (558) Structure - (566) 122.80 5100.40 5094.93 4.4500 8.000 0.0120 5.35 1239.87 0.00 1.95 0.04 0.06 0.00 Calculated
42 Pipe - (541) Pipe Structure - (566) Out-1Pipe - (541) 318.33 5094.83 5093.56 0.4000 8.000 0.0120 36.49 371.61 0.10 1.56 0.14 0.21 0.00 Calculated
43 Pipe - (543) Pipe Structure - (543) Structure - (563) 400.00 5098.84 5097.24 0.4000 8.000 0.0120 27.59 371.61 0.07 1.45 0.12 0.18 0.00 Calculated
44 Pipe - (544) Pipe Structure - (563) Structure - (564) 400.00 5097.19 5095.59 0.4000 8.000 0.0120 28.48 371.61 0.08 1.46 0.12 0.18 0.00 Calculated
45 Pipe - (545) Pipe Structure - (564) Structure - (565) 80.00 5095.55 5095.23 0.4000 8.000 0.0120 28.48 371.61 0.08 1.45 0.12 0.18 0.00 Calculated
46 Pipe - (546) Pipe Structure - (565) Structure - (566) 60.00 5095.17 5094.93 0.4000 8.000 0.0120 29.37 371.61 0.08 1.45 0.12 0.19 0.00 Calculated



Junction Input

SN Element Invert Ground/Rim Ground/Rim Initial Initial Surcharge Surcharge Ponded Minimum
ID Elevation (Max) (Max) Water Water Elevation Depth Area Pipe

Elevation Offset Elevation Depth Cover
(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft²) (in)

1 Structure - (360) 5183.15 5192.42 9.28 5183.15 0.00 5192.42 0.00 0.00 0.00
2 Structure - (458) 5251.81 5256.50 4.69 5251.81 0.00 5256.50 0.00 0.00 0.00
3 Structure - (459) 5238.11 5246.23 8.12 5238.11 0.00 5246.23 0.00 0.00 0.00
4 Structure - (460) 5236.41 5242.75 6.34 5236.41 0.00 5242.75 0.00 0.00 0.00
5 Structure - (461) 5230.71 5238.22 7.51 5230.71 0.00 5238.22 0.00 0.00 0.00
6 Structure - (462) 5225.01 5230.26 5.25 5225.01 0.00 5230.26 0.00 0.00 0.00
7 Structure - (463) 5208.48 5217.48 9.01 5208.48 0.00 5217.48 0.00 0.00 0.00
8 Structure - (464) 5206.78 5212.54 5.76 5206.78 0.00 5212.54 0.00 0.00 0.00
9 Structure - (465) 5199.20 5206.34 7.15 5199.20 0.00 5206.34 0.00 0.00 0.00

10 Structure - (466) 5189.50 5199.13 9.63 5189.50 0.00 5199.13 0.00 0.00 0.00
11 Structure - (467) 5186.87 5191.56 4.69 5186.87 0.00 5191.56 0.00 0.00 0.00
12 Structure - (468) 5185.28 5192.70 7.42 5185.28 0.00 5192.70 0.00 0.00 0.00
13 Structure - (469) 5183.59 5192.76 9.17 5183.59 0.00 5192.76 0.00 0.00 0.00
14 Structure - (476) 5181.58 5191.01 9.43 5181.58 0.00 5191.01 0.00 0.00 0.00
15 Structure - (477) 5180.92 5189.00 8.08 5180.92 0.00 5189.00 0.00 0.00 0.00
16 Structure - (478) 5174.00 5179.88 5.88 5174.00 0.00 5179.88 0.00 0.00 0.00
17 Structure - (479) 5165.47 5172.67 7.21 5165.47 0.00 5172.67 0.00 0.00 0.00
18 Structure - (480) 5160.47 5166.96 6.49 5160.47 0.00 5166.96 0.00 0.00 0.00
19 Structure - (481) 5158.39 5164.02 5.62 5158.39 0.00 5164.02 0.00 0.00 0.00
20 Structure - (482) 5148.69 5156.29 7.59 5148.69 0.00 5156.29 0.00 0.00 0.00
21 Structure - (483) 5138.99 5147.78 8.79 5138.99 0.00 5147.78 0.00 0.00 0.00
22 Structure - (484) 5133.27 5140.42 7.15 5133.27 0.00 5140.42 0.00 0.00 0.00
23 Structure - (539) 5126.03 5134.05 8.02 5126.03 0.00 5134.05 0.00 0.00 0.00
24 Structure - (540) 5120.33 5126.67 6.33 5120.33 0.00 5126.67 0.00 0.00 0.00
25 Structure - (541) 5110.63 5118.66 8.03 5110.63 0.00 5118.66 0.00 0.00 0.00
26 Structure - (542) 5104.93 5111.49 6.55 5104.93 0.00 5111.49 0.00 0.00 0.00
27 Structure - (543) 5098.84 5106.86 8.01 5098.84 0.00 5106.86 0.00 0.00 0.00
28 Structure - (544) 5139.13 5143.82 4.69 5139.13 0.00 5143.82 0.00 0.00 0.00
29 Structure - (545) 5138.19 5143.24 5.06 5138.19 0.00 5143.24 0.00 0.00 0.00
30 Structure - (546) 5128.49 5134.63 6.14 5128.49 0.00 5134.63 0.00 0.00 0.00
31 Structure - (547) 5118.79 5126.74 7.95 5118.79 0.00 5126.74 0.00 0.00 0.00
32 Structure - (548) 5113.09 5118.40 5.31 5113.09 0.00 5118.40 0.00 0.00 0.00
33 Structure - (549) 5105.00 5111.50 6.51 5105.00 0.00 5111.50 0.00 0.00 0.00
34 Structure - (550) 5103.69 5108.64 4.95 5103.69 0.00 5108.64 0.00 0.00 0.00
35 Structure - (551) 5102.88 5107.65 4.77 5102.88 0.00 5107.65 0.00 0.00 0.00
36 Structure - (552) 5100.41 5105.98 5.57 5100.41 0.00 5105.98 0.00 0.00 0.00
37 Structure - (553) 5130.58 5135.27 4.69 5130.58 0.00 5135.27 0.00 0.00 0.00
38 Structure - (554) 5127.56 5134.05 6.49 5127.56 0.00 5134.05 0.00 0.00 0.00
39 Structure - (555) 5121.89 5127.33 5.44 5121.89 0.00 5127.33 0.00 0.00 0.00
40 Structure - (556) 5113.80 5120.92 7.12 5113.80 0.00 5120.92 0.00 0.00 0.00
41 Structure - (557) 5108.93 5114.88 5.95 5108.93 0.00 5114.88 0.00 0.00 0.00
42 Structure - (558) 5100.40 5108.10 7.70 5100.40 0.00 5108.10 0.00 0.00 0.00
43 Structure - (563) 5097.19 5105.00 7.81 5097.19 0.00 5105.00 0.00 0.00 0.00
44 Structure - (564) 5095.55 5105.38 9.83 5095.55 0.00 5105.38 0.00 0.00 0.00
45 Structure - (565) 5095.17 5104.95 9.77 5095.17 0.00 5104.95 0.00 0.00 0.00
46 Structure - (566) 5094.83 5105.95 11.11 5094.83 0.00 5105.95 0.00 0.00 0.00



Junction Results

SN Element Peak Peak Max HGL Max HGL Max Min Average HGL Average HGL Time of Time of Total Total Time
ID Inflow Lateral Elevation Depth Surcharge Freeboard Elevation Depth Max HGL Peak Flooded Flooded

Inflow Attained Attained Depth Attained Attained Attained Occurrence Flooding Volume
Attained Occurrence

(gpm) (gpm) (ft) (ft) (ft) (ft) (ft) (ft) (days hh:mm) (days hh:mm) (ac-in) (min)
1 Structure - (360) 7.12 0.00 5183.21 0.06 0.00 9.21 5183.21 0.06 1  06:41 0  00:00 0.00 0.00
2 Structure - (458) 0.89 0.89 5251.82 0.01 0.00 4.68 5251.82 0.01 0  01:54 0  00:00 0.00 0.00
3 Structure - (459) 1.41 0.00 5238.13 0.02 0.00 8.09 5238.13 0.02 0  17:38 0  00:00 0.00 0.00
4 Structure - (460) 0.89 0.00 5236.43 0.02 0.00 6.33 5236.43 0.02 0  18:44 0  00:00 0.00 0.00
5 Structure - (461) 1.78 0.89 5230.73 0.02 0.00 7.48 5230.73 0.02 1  07:32 0  00:00 0.00 0.00
6 Structure - (462) 2.67 0.89 5225.03 0.02 0.00 5.23 5225.03 0.02 1  10:25 0  00:00 0.00 0.00
7 Structure - (463) 3.56 0.89 5208.53 0.05 0.00 8.96 5208.53 0.05 1  10:37 0  00:00 0.00 0.00
8 Structure - (464) 3.56 0.00 5206.81 0.03 0.00 5.73 5206.81 0.03 1  13:50 0  00:00 0.00 0.00
9 Structure - (465) 5.34 1.78 5199.23 0.03 0.00 7.11 5199.23 0.03 0  05:42 0  00:00 0.00 0.00

10 Structure - (466) 5.34 0.00 5189.54 0.04 0.00 9.59 5189.54 0.04 1  16:33 0  00:00 0.00 0.00
11 Structure - (467) 0.89 0.89 5186.90 0.03 0.00 4.66 5186.90 0.03 0  00:26 0  00:00 0.00 0.00
12 Structure - (468) 0.95 0.00 5185.31 0.03 0.00 7.39 5185.31 0.03 0  06:44 0  00:00 0.00 0.00
13 Structure - (469) 1.78 0.89 5183.62 0.03 0.00 9.13 5183.62 0.03 1  09:59 0  00:00 0.00 0.00
14 Structure - (476) 7.12 0.00 5181.65 0.07 0.00 9.36 5181.65 0.07 1  02:44 0  00:00 0.00 0.00
15 Structure - (477) 8.01 0.89 5180.96 0.04 0.00 8.04 5180.96 0.04 1  15:36 0  00:00 0.00 0.00
16 Structure - (478) 8.90 0.89 5174.05 0.05 0.00 5.83 5174.05 0.05 0  08:23 0  00:00 0.00 0.00
17 Structure - (479) 8.90 0.00 5165.52 0.05 0.00 7.16 5165.52 0.05 1  14:10 0  00:00 0.00 0.00
18 Structure - (480) 8.90 0.00 5160.52 0.05 0.00 6.44 5160.52 0.05 1  04:11 0  00:00 0.00 0.00
19 Structure - (481) 8.90 0.00 5158.44 0.05 0.00 5.58 5158.44 0.05 1  06:31 0  00:00 0.00 0.00
20 Structure - (482) 9.79 0.89 5148.74 0.05 0.00 7.54 5148.74 0.05 1  04:18 0  00:00 0.00 0.00
21 Structure - (483) 11.57 1.78 5139.05 0.06 0.00 8.73 5139.05 0.06 1  04:57 0  00:00 0.00 0.00
22 Structure - (484) 11.57 0.00 5133.33 0.06 0.00 7.09 5133.33 0.06 0  18:39 0  00:00 0.00 0.00
23 Structure - (539) 13.35 1.78 5126.10 0.07 0.00 7.95 5126.10 0.07 1  06:49 0  00:00 0.00 0.00
24 Structure - (540) 13.35 0.00 5120.39 0.06 0.00 6.28 5120.39 0.06 1  22:18 0  00:00 0.00 0.00
25 Structure - (541) 15.13 1.78 5110.70 0.07 0.00 7.96 5110.70 0.07 0  22:51 0  00:00 0.00 0.00
26 Structure - (542) 16.91 1.78 5105.01 0.08 0.00 6.48 5105.01 0.08 1  00:58 0  00:00 0.00 0.00
27 Structure - (543) 27.59 0.89 5098.97 0.13 0.00 7.89 5098.97 0.13 1  16:32 0  00:00 0.00 0.00
28 Structure - (544) 0.89 0.89 5139.15 0.02 0.00 4.67 5139.15 0.02 0  05:41 0  00:00 0.00 0.00
29 Structure - (545) 0.89 0.00 5138.20 0.01 0.00 5.04 5138.20 0.01 1  20:53 0  00:00 0.00 0.00
30 Structure - (546) 2.67 1.78 5128.51 0.02 0.00 6.12 5128.51 0.02 1  21:40 0  00:00 0.00 0.00
31 Structure - (547) 4.45 1.78 5118.83 0.04 0.00 7.92 5118.83 0.04 0  14:42 0  00:00 0.00 0.00
32 Structure - (548) 6.23 1.78 5113.13 0.04 0.00 5.27 5113.13 0.04 0  05:10 0  00:00 0.00 0.00
33 Structure - (549) 7.12 0.89 5105.05 0.05 0.00 6.45 5105.05 0.05 0  12:35 0  00:00 0.00 0.00
34 Structure - (550) 7.12 0.00 5103.74 0.05 0.00 4.90 5103.74 0.05 0  14:42 0  00:00 0.00 0.00
35 Structure - (551) 8.90 1.78 5102.95 0.07 0.00 4.70 5102.95 0.07 0  06:23 0  00:00 0.00 0.00
36 Structure - (552) 9.79 0.89 5100.48 0.07 0.00 5.50 5100.48 0.07 0  01:13 0  00:00 0.00 0.00
37 Structure - (553) 0.89 0.89 5130.59 0.01 0.00 4.67 5130.59 0.01 0  00:39 0  00:00 0.00 0.00
38 Structure - (554) 1.00 0.00 5127.58 0.02 0.00 6.48 5127.58 0.02 1  04:31 0  00:00 0.00 0.00
39 Structure - (555) 2.67 1.78 5121.92 0.03 0.00 5.41 5121.92 0.03 1  01:43 0  00:00 0.00 0.00
40 Structure - (556) 2.67 0.00 5113.83 0.03 0.00 7.09 5113.83 0.03 0  12:09 0  00:00 0.00 0.00
41 Structure - (557) 3.56 0.89 5108.96 0.03 0.00 5.92 5108.96 0.03 0  08:28 0  00:00 0.00 0.00
42 Structure - (558) 5.34 1.78 5100.43 0.03 0.00 7.67 5100.43 0.03 0  01:08 0  00:00 0.00 0.00
43 Structure - (563) 28.48 0.89 5097.32 0.13 0.00 7.68 5097.32 0.13 0  12:26 0  00:00 0.00 0.00
44 Structure - (564) 28.48 0.00 5095.68 0.13 0.00 9.70 5095.68 0.13 1  12:30 0  00:00 0.00 0.00
45 Structure - (565) 29.37 0.89 5095.31 0.14 0.00 9.64 5095.31 0.14 1  12:30 0  00:00 0.00 0.00
46 Structure - (566) 36.49 1.78 5094.98 0.15 0.00 10.97 5094.98 0.15 1  13:12 0  00:00 0.00 0.00



Pipe Input

SN Element Length Inlet Inlet Outlet Outlet Total Average Pipe Pipe Pipe Manning's Entrance Exit/Bend Additional Initial Flap No. of
ID Invert Invert Invert Invert Drop Slope Shape Diameter or Width Roughness Losses Losses Losses Flow Gate Barrels

Elevation Offset Elevation Offset Height
(ft) (ft) (ft) (ft) (ft) (ft) (%) (in) (in) (gpm)

1 Pipe - (443) 400.00 5251.81 0.00 5238.21 0.10 13.60 3.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
2 Pipe - (444) 400.00 5238.11 0.00 5236.51 0.10 1.60 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
3 Pipe - (445) 400.00 5236.41 0.00 5230.81 0.10 5.60 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
4 Pipe - (446) 400.00 5230.71 0.00 5225.11 0.10 5.60 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
5 Pipe - (447) 373.44 5225.01 0.00 5208.58 0.10 16.43 4.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
6 Pipe - (448) 400.00 5208.48 0.00 5206.88 0.10 1.60 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
7 Pipe - (449) 311.61 5206.78 0.00 5199.30 0.10 7.48 2.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
8 Pipe - (450) 400.00 5199.20 0.00 5189.60 0.10 9.60 2.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
9 Pipe - (451) 298.67 5189.50 0.00 5185.32 2.17 4.18 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1

10 Pipe - (452) 400.00 5186.87 0.00 5185.28 0.00 1.59 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
11 Pipe - (453) 400.00 5185.28 0.00 5183.68 0.09 1.60 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
12 Pipe - (454) 111.01 5183.59 0.00 5183.15 0.00 0.44 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
13 Pipe - (461) 400.00 5183.15 0.00 5181.58 0.00 1.57 0.3900 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
14 Pipe - (462) 159.13 5181.58 0.00 5180.94 0.03 0.64 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
15 Pipe - (463) 399.99 5180.92 0.00 5174.10 0.10 6.81 1.7000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
16 Pipe - (464) 351.62 5174.00 0.00 5165.57 0.10 8.44 2.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
17 Pipe - (465) 349.73 5165.47 0.00 5160.57 0.10 4.90 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
18 Pipe - (466) 141.17 5160.47 0.00 5158.49 0.10 1.98 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
19 Pipe - (467) 400.00 5158.39 0.00 5148.79 0.10 9.60 2.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
20 Pipe - (468) 400.00 5148.69 0.00 5139.09 0.10 9.60 2.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
21 Pipe - (469) 400.00 5138.99 0.00 5133.39 0.12 5.60 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
22 Pipe - (519) 400.00 5133.27 0.00 5126.13 0.10 7.14 1.7800 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
23 Pipe - (520) 400.00 5126.03 0.00 5120.43 0.10 5.60 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
24 Pipe - (521) 400.00 5120.33 0.00 5110.73 0.10 9.60 2.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
25 Pipe - (522) 400.00 5110.63 0.00 5105.03 0.10 5.60 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
26 Pipe - (523) 292.89 5104.93 0.00 5100.83 1.99 4.10 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
27 Pipe - (524) 50.15 5139.13 0.00 5138.29 0.10 0.84 1.6800 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
28 Pipe - (525) 400.15 5138.19 0.00 5128.59 0.10 9.60 2.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
29 Pipe - (526) 400.06 5128.49 0.00 5118.89 0.10 9.60 2.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
30 Pipe - (527) 399.99 5118.79 0.00 5113.19 0.10 5.60 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
31 Pipe - (528) 400.00 5113.09 0.00 5105.09 0.09 8.00 2.0000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
32 Pipe - (529) 154.47 5105.00 0.00 5103.76 0.07 1.24 0.8000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
33 Pipe - (530) 53.79 5103.69 0.00 5102.91 0.03 0.78 1.4500 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
34 Pipe - (531) 400.43 5102.88 0.00 5100.48 0.07 2.40 0.6000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
35 Pipe - (532) 377.87 5100.41 0.00 5098.89 0.05 1.51 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
36 Pipe - (533) 120.23 5130.58 0.00 5127.69 0.13 2.89 2.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
37 Pipe - (534) 400.18 5127.56 0.00 5121.96 0.07 5.60 1.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
38 Pipe - (535) 400.00 5121.89 0.00 5113.89 0.09 8.00 2.0000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
39 Pipe - (536) 400.00 5113.80 0.00 5109.00 0.08 4.80 1.2000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
40 Pipe - (537) 400.00 5108.93 0.00 5100.48 0.07 8.45 2.1100 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
41 Pipe - (540) 122.80 5100.40 0.00 5094.93 0.10 5.47 4.4500 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
42 Pipe - (541) 318.33 5094.83 0.00 5093.56 0.00 1.27 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
43 Pipe - (543) 400.00 5098.84 0.00 5097.24 0.05 1.60 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
44 Pipe - (544) 400.00 5097.19 0.00 5095.59 0.04 1.60 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
45 Pipe - (545) 80.00 5095.55 0.00 5095.23 0.06 0.32 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1
46 Pipe - (546) 60.00 5095.17 0.00 5094.93 0.10 0.24 0.4000 CIRCULAR 8.040 8.040 0.0120 0.5000 0.5000 0.0000 0.00 No 1



Pipe Results

SN Element Peak Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported
ID Flow Peak Flow Capacity Design Flow Velocity Time Depth Depth/ Surcharged Number Condition

Occurrence Ratio Total Depth
Ratio

(gpm) (days hh:mm) (gpm) (ft/sec) (min) (ft) (min)
1 Pipe - (443) 1.41 0  00:00 1083.43 0.00 1.04 6.41 0.01 0.02 0.00 Calculated
2 Pipe - (444) 0.89 0  04:43 371.61 0.00 0.60 11.11 0.02 0.03 0.00 Calculated
3 Pipe - (445) 0.89 1  04:07 695.22 0.00 0.84 7.94 0.02 0.03 0.00 Calculated
4 Pipe - (446) 1.78 1  01:49 695.22 0.00 0.94 7.09 0.02 0.04 0.00 Calculated
5 Pipe - (447) 2.67 1  23:07 1232.50 0.00 1.58 3.94 0.02 0.03 0.00 Calculated
6 Pipe - (448) 3.56 1  18:20 371.61 0.01 0.81 8.23 0.04 0.07 0.00 Calculated
7 Pipe - (449) 3.56 0  23:02 910.26 0.00 1.39 3.74 0.03 0.05 0.00 Calculated
8 Pipe - (450) 5.34 0  05:13 910.26 0.01 1.58 4.22 0.04 0.05 0.00 Calculated
9 Pipe - (451) 5.34 0  05:51 695.22 0.01 1.31 3.80 0.04 0.06 0.00 Calculated

10 Pipe - (452) 0.95 0  00:42 370.57 0.00 0.67 9.95 0.03 0.04 0.00 Calculated
11 Pipe - (453) 0.89 0  06:45 371.61 0.00 0.60 11.11 0.02 0.03 0.00 Calculated
12 Pipe - (454) 1.78 0  06:44 371.61 0.00 0.66 2.80 0.05 0.07 0.00 Calculated
13 Pipe - (461) 7.12 0  06:28 367.84 0.02 0.89 7.49 0.07 0.10 0.00 Calculated
14 Pipe - (462) 7.12 0  06:58 371.61 0.02 0.98 2.71 0.06 0.09 0.00 Calculated
15 Pipe - (463) 8.01 0  07:15 766.72 0.01 1.59 4.19 0.05 0.07 0.00 Calculated
16 Pipe - (464) 8.90 0  06:33 910.26 0.01 1.84 3.18 0.05 0.07 0.00 Calculated
17 Pipe - (465) 8.90 0  07:17 695.22 0.01 1.53 3.81 0.05 0.08 0.00 Calculated
18 Pipe - (466) 8.90 0  11:52 695.22 0.01 1.53 1.54 0.05 0.08 0.00 Calculated
19 Pipe - (467) 8.90 1  19:34 910.26 0.01 1.85 3.60 0.05 0.07 0.00 Calculated
20 Pipe - (468) 9.79 1  11:21 910.26 0.01 1.90 3.51 0.05 0.07 0.00 Calculated
21 Pipe - (469) 11.57 0  15:07 695.22 0.02 1.65 4.04 0.06 0.09 0.00 Calculated
22 Pipe - (519) 11.57 0  09:37 784.96 0.01 1.80 3.70 0.06 0.08 0.00 Calculated
23 Pipe - (520) 13.35 0  14:10 695.22 0.02 1.71 3.90 0.06 0.10 0.00 Calculated
24 Pipe - (521) 13.35 1  07:16 910.26 0.01 2.09 3.19 0.06 0.08 0.00 Calculated
25 Pipe - (522) 15.13 0  10:01 695.22 0.02 1.76 3.79 0.07 0.10 0.00 Calculated
26 Pipe - (523) 16.91 0  10:48 695.22 0.02 1.80 2.71 0.07 0.11 0.00 Calculated
27 Pipe - (524) 0.89 0  00:52 762.18 0.00 0.93 0.90 0.02 0.02 0.00 Calculated
28 Pipe - (525) 0.89 0  02:22 910.09 0.00 0.96 6.95 0.02 0.02 0.00 Calculated
29 Pipe - (526) 2.67 0  01:56 910.20 0.00 1.28 5.21 0.03 0.04 0.00 Calculated
30 Pipe - (527) 4.45 0  02:14 695.23 0.01 1.24 5.38 0.04 0.06 0.00 Calculated
31 Pipe - (528) 6.23 0  02:31 830.95 0.01 1.56 4.27 0.04 0.06 0.00 Calculated
32 Pipe - (529) 7.12 0  07:22 525.53 0.01 1.18 2.18 0.05 0.08 0.00 Calculated
33 Pipe - (530) 7.12 0  11:15 707.57 0.01 1.44 0.62 0.05 0.07 0.00 Calculated
34 Pipe - (531) 8.90 1  09:14 455.13 0.02 1.16 5.75 0.06 0.10 0.00 Calculated
35 Pipe - (532) 9.88 0  01:24 371.61 0.03 1.08 5.83 0.07 0.11 0.00 Calculated
36 Pipe - (533) 1.00 0  00:00 910.26 0.00 0.98 2.04 0.02 0.02 0.00 Calculated
37 Pipe - (534) 0.89 0  05:35 695.22 0.00 0.85 7.85 0.02 0.03 0.00 Calculated
38 Pipe - (535) 2.67 0  03:10 830.95 0.00 1.20 5.56 0.03 0.04 0.00 Calculated
39 Pipe - (536) 2.67 0  02:34 643.65 0.00 1.00 6.67 0.03 0.05 0.00 Calculated
40 Pipe - (537) 3.56 0  21:51 854.01 0.00 1.33 5.01 0.03 0.05 0.00 Calculated
41 Pipe - (540) 5.35 0  01:09 1239.87 0.00 1.95 1.05 0.04 0.06 0.00 Calculated
42 Pipe - (541) 36.49 0  21:50 371.61 0.10 1.56 3.40 0.14 0.21 0.00 Calculated
43 Pipe - (543) 27.59 0  12:26 371.61 0.07 1.45 4.60 0.12 0.18 0.00 Calculated
44 Pipe - (544) 28.48 0  12:27 371.61 0.08 1.46 4.57 0.12 0.18 0.00 Calculated
45 Pipe - (545) 28.48 1  12:30 371.61 0.08 1.45 0.92 0.12 0.18 0.00 Calculated
46 Pipe - (546) 29.37 1  21:19 371.61 0.08 1.45 0.69 0.12 0.19 0.00 Calculated
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Appendix J

Stormwater System Calculations

Preliminary Engineering Report
Mill Creek TIFID
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Purpose:

The purposes of this calculation brief include:

Perform a preliminary evaluation of Mill Creek TIFID stormwater management, including existing
and estimated post development conditions, in accordance with Montana Department of
Environmental Quality’s, ‘Circular DEQ 8, Montana Standards for Subdivision Storm Drainage’.

Determine the relative difference between existing and post development stormwater discharge.

Based on the preliminary stormwater evaluations, determine estimated hydraulic structures
necessary to manage stormwater post development.

Methods:

The Mill Creek TIFID preliminary stormwater analysis is based on the following general assumptions:

The actual development plan for Mill Creek TIFID is unknown; this stormwater analysis is based on
estimated development of five acre parcels with assumed values for ground cover, access roadways,
and water routing. Actual development conditions may significantly vary from this evaluation.

Due to the unknown nature of Mill Creek TIFID development, only a cursory relative evaluation was
performed of existing and estimated post development stormwater management. Assumptions
were made regarding existing routing and hydraulic features based on general site topography and
notes gathered during one site visit. Actual surveys of existing drainages and structures were not
performed.

This relative evaluation of stormwater management calculates only the relative difference between
existing and post development stormwater flows, and therefore may not exactly represent actual
discharge flows.

Detention basin design is based on attenuating the entire 100 year, 24 hr. storm event based on
post development conditions. This is considered conservative, as actual detention volumes may
decrease based on more detailed flood routing and attenuation evaluations performed in detailed
design. Detention basins would be designed to attenuate the 100 year, 24 hr. storm and eventually
discharge at flows no greater than existing discharge for the 2 year, 24 hr. storm flowrate.

Based on visual inspection during a site visit, it is assumed that all off site stormwater run on is
diverted from the Mill Creek TIFID by existing berms, channels and ditches maintained on
surrounding properties. This evaluation estimates on site stormwater runoff only. Off site
stormwater run on should be evaluated and verified during detailed engineering prior to property
development.
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Stormwater Evaluations

Drainage basins within the Mill Creek TIFID were divided based on available topography and visually
inspected site features. NOTE: more recent topography may change basin and drainage delineation.

Basin information, including boundary delineations, assumed drainage routing and topographic
information were entered and modeled within Aquaveo’s Watershed Modeling System (WMS),
version 9.1.

Time of concentration and peak runoff (2yr, 10yr and 100yr 24 hr. storm events) for each basin was
determined using National Resources Conservation Service TR 55 tabular methods.

Precipitation for the 2yr, 10yr and 100yr 24 hr. storm were determined from National Oceanic and
Atmospheric Association precipitation atlas data:

o 2yr – 24 hr. Storm: 1.2 inches
o 10yr – 24 hr. Storm: 1.8 inches
o 100yr – 24 hr. Storm: 2.8 inches

Channel sizes were estimated in WMS’s channel calculation tool as part of the TR 55 time of
concentration analysis.

Post development channels, culverts and detention basins were designed based on the 100 year 24
hr. storm event.

Post development channel armament assumed required for all channel velocities in excess of 3 fps.
Assumes nominal 6 inch D50 riprap for all armament, to be verified during detailed design.

Post development culvert sizes were estimated based on existing conditions 2 year, 24 hour basin
discharge and assumes all culverts are corrugated metal pipe, to be verified during detailed design.

The following provides the design criteria used for existing and post development evaluations:

Existing Evaluation

Soil Conservation Service Curve Number: 71 (Fair to Good Herbaceous Cover).

Hydrologic Soil Group: B.

Manning’s N values: Existing large channels/ditches (0.045), Floodplains (0.035), Road ditches
(0.0285)

Road ditches assumed to be 1:1 V ditch channels.
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Mill Creek assumed to be 1:1 trapezoidal channel with 4 ft. bottom width.

Smaller existing drainage channels assumed to be 1:1 trapezoidal channels with 2 ft. bottom width.

Post Development Evaluation

Soil Conservation Service Curve Number: Weighted curve number based on the following
percentages of cover for each drainage basin (gross estimate):

o One acre of good grass cover per lot: 20% at curve number 61.
o Gravel Access Roads: 20% at curve number 85.
o Newly Graded Areas: 30% at curve number 86.
o Existing Conditions/No Change: 30% at curve number 71.

Therefore: (61)(20%) + (85)(20%) + (86)(30%) + (71)(30%) = 76 weighted curve number.

Hydrologic Soil Group: B.

Manning’s N values: Existing large channels/ditches (0.045), New road ditches (clean gravel at
0.025); Floodplains (0.035).

New Road ditches assumed to be trapezoidal channels with 2:1 and 3:1 side slopes, 2 ft. bottom
width to accompany access road shoulders and decrease flow depth along roadways.

Mill Creek assumed to be 1:1 Trapezoidal Channel with 4 ft. bottom width.

Smaller existing drainage channels assumed to be 1:1 Trapezoidal channels with 2 ft. bottom width.

Results

Existing drainage basins are shown on Figure 1 with basin outfall information shown on Figure 2.

Post Development drainage basins are shown on Figure 3 with basin outfall information shown on
Figure 4.

Existing, post development and existing vs. post development discharge estimates are summarized
on Table 1.

Table 2 summarizes estimated existing discharge per basin.

Table 3 summarizes estimated post development discharge per basin, including estimated
stormwater channel, culverts, retention basin and basin outlet pipe needs per basin.
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Evaluation design criteria backup materials, including TR 55 input values, design storm precipitation
and curve number values are provided in the Appendix.

References

Montana Department of Environmental Quality, Circular DEQ 8, 2002, ‘Montana Standards for
Subdivision Storm Drainage’.



By: Mike Mahon Date: 10/10/13 Subject: Stormwater

Calculation Brief

Sheet 5 of 7

Ck’d: KP Date: 10/10/13 Proj No: 70823

Ap’d: Mike Mahon Date: 10/13/13

Figures



F
ig

ur
e

1
-

E
xi

st
in

g
B

as
in

s
an

d
E

st
im

at
ed

D
ra

in
ag

e
P

at
hs



F
ig

ur
e

2
-

E
xi

st
in

g
B

as
in

s
an

d
E

st
im

at
ed

D
ra

in
ag

e
O

ut
fa

lls



F
ig

ur
e

3
-

P
os

t-
D

ev
el

op
m

en
t

B
as

in
s

an
d

E
st

im
at

ed
D

ra
in

ag
e

O
ut

fa
lls



F
ig

ur
e

4
-

P
os

t-
D

ev
el

op
m

en
t

B
as

in
s

an
d

E
st

im
at

ed
D

ra
in

ag
e

P
at

hs



By: Mike Mahon Date: 10/10/13 Subject: Stormwater

Calculation Brief

Sheet 6 of 7

Ck’d: KP Date: 10/10/13 Proj No: 70823

Ap’d: Mike Mahon Date: 10/13/13

Tables



Ba
si
n
ID

2
Ye

ar
10

Ye
ar

10
0
Ye

ar
2
Ye

ar
10

Ye
ar

10
0
Ye

ar
2
Ye

ar
10

Ye
ar

10
0
Ye

ar
A

0.
09

1.
75

1
9.
11

9
0.
72

8
7.
33

9
24

.2
51

0.
63

8
5.
58

8
15

.1
32

B
(2
)

0.
31

6
6.
51

4
38

.9
68

2.
15

1
20

.5
99

76
.3
54

1.
83

5
14

.0
85

37
.3
86

C
0.
12

8
2.
41

13
.2

0.
80

9
6.
40

6
21

.7
91

0.
68

1
3.
99

6
8.
59

1
D

0.
13

9
2.
38

12
.5
77

0.
94

8
9.
06

7
31

.8
86

0.
80

9
6.
68

7
19

.3
09

E
(3
)

0.
18

3
3.
47

1
19

.9
13

1.
78

9
18

.0
22

62
.1
38

1.
60

6
14

.5
51

42
.2
25

F
(4
)

0.
33

2
7.
34

5
45

.8
12

2.
11

2
21

.3
98

78
.8
03

1.
78

14
.0
53

32
.9
91

G
(5
)

0.
11

2.
34

14
.9
4

1.
58

4
16

.3
22

62
.3
46

1.
47

4
13

.9
82

47
.4
06

H
0.
08

6
1.
81

3
10

.7
21

0.
82

8.
27

4
28

.9
53

0.
73

4
6.
46

1
18

.2
32

I(
6)

0.
14

1
4.
01

1
26

.6
48

N
A

N
A

N
A

N
A

N
A

N
A

J
0.
44

4
7.
15

9
37

.6
76

2.
73

9
27

.4
43

10
4.
95

2.
29

5
20

.2
84

0.
09

K
(6
)

0.
17

1
2.
44

7
15

.1
55

2.
88

5
28

.8
36

10
9.
12

3
2.
71

4
26

.3
89

93
.9
68

N
ot
es
:

(1
)E

xi
st
in
g
vs
.P
os
t=

Ex
ist
in
g
Di
sc
ha
rg
e

Po
st
De

ve
lo
pm

en
tD

isc
ha
rg
e
in
cf
s.

(2
)B

as
in
B
in
cl
ud

es
su
b
ba
sin

sB
1
an
d
B2

fo
re

xi
st
in
g
an
d
po

st
de

ve
lo
pm

en
te

st
im

at
es
.

(3
)B

as
in
E
in
cl
ud

es
su
b
ba
sin

sE
1
an
d
E2

fo
rp

os
t
de

ve
lo
pm

en
te

st
im

at
es
.

(4
)B

as
in
F
in
cl
ud

es
su
b
ba
sin

sF
1
an
d
F2

fo
rp

os
t
de

ve
lo
pm

en
te

st
im

at
es
.

(5
)B

as
in
G
in
cl
ud

es
su
b
ba
sin

sG
1
an
d
G2

fo
rp

os
t
de

ve
lo
pm

en
te

st
im

at
es
.

(6
)P

os
t
de

ve
lo
pm

en
tb

as
in
K
in
cl
ud

es
ex
ist
in
g
su
b
ba
sin

sI
an
d
K.

Ex
is
tin

g
(c
fs
)

Po
st

De
ve
lo
pm

en
t(
cf
s)

Ex
is
tin

g
vs
.P

os
t(
cf
s)
(1
)

Ta
bl
e
1

Ex
is
tin

g
an

d
Po

st
De

ve
lo
pm

en
tD

is
ch
ar
ge

Es
tim

at
es

M
ill
Cr
ee
k
TI
FI
D
Pr
el
im

in
ar
y
En

gi
ne

er
in
g
Re

po
rt

M
ill
Cr
ee
kT
IF
ID
_S
to
rm

w
at
er

Ta
bl
es

Pa
ge

1
of

1



TR 55 Model Run
Existing Conditions: 2 yr 24 hr.

Basin ID B2 K J I H G F E C D A B1
Time of Concentration (TC) (hr) 0.865 3.955 0.695 0.874 0.66 1.627 1.214 0.824 0.546 0.526 0.283 1.055
Drainage Area (Am)(mi^2) 0.043 0.105 0.159 0.054 0.03 0.052 0.142 0.069 0.042 0.045 0.024 0.084
Rainfall (P) (in) 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Runoff Curve Number (CN) 71 71 71 71 71 71 71 71 71 71 71 71
Rainfall Distribution Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II
Potential Maximum Retention (S) (in) 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085
Runoff (Q) (in) 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033 0.033
Initial Abstraction (Ia) (in) 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817
Initial Abstraction / Rainfall (Ia/P) 0.681 0.681 0.681 0.681 0.681 0.681 0.681 0.681 0.681 0.681 0.681 0.681
Unit Peak Discharge (Qu) (cfs/mi^2/in) 79.323 49.695 85.18 79.059 86.641 64.923 71.152 80.57 92.251 93.4 115.342 74.417
Peak Discharge (Qp = Qu*Am*Q*Fp) (cfs) 0.111 0.171 0.444 0.141 0.086 0.11 0.332 0.183 0.128 0.139 0.09 0.205

Channel Type V Ditch V Ditch NA Trap V Ditch Trap Trap V Ditch V Ditch NA NA Trap
Channel Slopes (H:V) (1) 1:1 1:1 NA 1:1 1:1 1:1 1:1 1:1 1:1 NA NA 1:1
Channel Width (ft) (1) NA NA NA 2 NA 2 4 NA NA NA NA 2
Flow Depth (ft) 0.438 0.896 NA 0.083 0.391 0.074 0.096 0.446 0.336 NA NA 0.119
Flow Velocity (fps) 0.589 0.211 NA 0.826 0.655 0.713 0.84 0.925 1.328 NA NA 0.828
TR 55 Model Run
Existing Conditions: 10 yr 24 hr.

Basin ID B2 K J I H G F E C D A B1
Time of Concentration (TC) (hr) 0.571 2.202 0.695 0.283 0.42 0.69 0.544 0.577 0.459 0.526 0.283 0.541
Drainage Area (Am)(mi^2) 0.043 0.105 0.159 0.054 0.03 0.052 0.142 0.069 0.042 0.045 0.024 0.084
Rainfall (P) (in) 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Runoff Curve Number (CN) 71 71 71 71 71 71 71 71 71 71 71 71
Rainfall Distribution Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II
Potential Maximum Retention (S) (in) 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085
Runoff (Q) (in) 0.191 0.191 0.191 0.191 0.191 0.191 0.191 0.191 0.191 0.191 0.191 0.191
Initial Abstraction (Ia) (in) 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817
Initial Abstraction / Rainfall (Ia/P) 0.454 0.454 0.454 0.454 0.454 0.454 0.454 0.454 0.454 0.454 0.454 0.454
Unit Peak Discharge (Qu) (cfs/mi^2/in) 264.089 122.726 236.815 387.938 312.991 237.81 271.477 262.732 298.101 276.445 388.088 272.319
Peak Discharge (Qp = Qu*Am*Q*Fp) (cfs) 2.153 2.447 7.159 4.011 1.813 2.34 7.345 3.471 2.41 2.38 1.751 4.361

Channel Type V Ditch V Ditch NA Trap V Ditch Trap Trap V Ditch V Ditch NA NA Trap
Channel Slopes (H:V) 1:1 1:1 NA 1:1 1:1 1:1 1:1 1:1 1:1 NA NA 1:1
Channel Width (ft) NA NA NA 2 NA 2 4 NA NA NA NA 2
Flow Depth (ft) 1.316 2.436 NA 0.59 1.151 0.455 0.6 1.337 0.951 NA NA 0.7
Flow Velocity (fps) 1.227 0.41 NA 2.554 1.346 2.058 2.54 1.923 2.655 NA NA 2.227
TR 55 Model Run
Existing Conditions: 100 yr 24 hr.

Basin ID B2 K J I H G F E C D A B1
Time of Concentration (TC) (hr) 0.475 1.532 0.695 0.168 0.338 0.49 0.401 0.497 0.429 0.526 0.283 0.422
Drainage Area (Am)(mi^2) 0.043 0.105 0.159 0.054 0.03 0.052 0.142 0.069 0.042 0.045 0.024 0.084
Rainfall (P) (in) 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
Runoff Curve Number (CN) 71 71 71 71 71 71 71 71 71 71 71 71
Rainfall Distribution Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II
Potential Maximum Retention (S) (in) 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085 4.085
Runoff (Q) (in) 0.648 0.648 0.648 0.648 0.648 0.648 0.648 0.648 0.648 0.648 0.648 0.648
Initial Abstraction (Ia) (in) 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817 0.817
Initial Abstraction / Rainfall (Ia/P) 0.292 0.292 0.292 0.292 0.292 0.292 0.292 0.292 0.292 0.292 0.292 0.292
Unit Peak Discharge (Qu) (cfs/mi^2/in) 454.967 223.623 366.725 758.431 544.479 446.803 498.219 443.529 480.422 429.788 594.669 484.423
Peak Discharge (Qp = Qu*Am*Q*Fp) (cfs) 12.603 15.155 37.676 26.648 10.721 14.94 45.812 19.913 13.2 12.577 9.119 26.365

Channel Type V Ditch V Ditch NA Trap V Ditch Trap Trap V Ditch V Ditch NA NA Trap
Channel Slopes (H:V) 1:1 1:1 NA 1:1 1:1 1:1 1:1 1:1 1:1 NA NA 1:1
Channel Width (ft) NA NA NA 2 NA 2 4 NA NA NA NA 2
Flow Depth (ft) 2.56 4.781 NA 1.673 2.262 1.25 1.752 2.538 1.791 NA NA 1.857
Flow Velocity (fps) 1.911 0.643 NA 4.314 2.112 3.43 4.465 2.949 4.051 NA NA 3.629
Notes:
(1) Parameters estimated based on visual inspection during site visit. Actual dimensions should be surveyed for final verification and design.

Table 2
Existing Conditions Discharge Estimates
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TR 55 Model Run
Post Development Conditions: 2 yr 24 hr.

Basin Name B2 B1 J K G2 G1 H F1 F2 E2 E1 D A C
Time of Concentration (TC) (hr) 0.454 0.581 0.517 0.436 0.372 0.63 0.24 0.444 0.367 0.169 0.363 0.32 0.156 0.402
Drainage Area (Am)(mi^2) 0.049 0.078 0.16 0.155 0.041 0.049 0.033 0.018 0.088 0.042 0.028 0.044 0.024 0.042
Rainfall (P) (in) 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Runoff Curve Number (CN) 76 76 76 76 76 76 76 76 76 76 76 76 76 76
Rainfall Distribution Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II
Potential Maximum Retention (S) (in) 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158
Runoff (Q) (in) 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087 0.087
Initial Abstraction (Ia) (in) 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632
Initial Abstraction / Rainfall (Ia/P) 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526 0.526
Unit Peak Discharge (Qu) (cfs/mi^2/in) 209.819 186.296 197.077 214.115 230.917 179.162 285.045 212.115 232.646 336.73 233.705 248.436 350.777 222.566
Peak Discharge (Qp = Qu*Am*Q*Fp) (cfs) 0.895 1.256 2.739 2.885 0.818 0.766 0.82 0.33 1.782 1.222 0.567 0.948 0.728 0.809

Channel Type Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap
Channel Slopes (H:V) 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 1:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1
Channel Width (ft) 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Flow Depth (ft) 0.2 0.324 0.336 0.342 0.168 0.23 0.3 0.188 0.26 0.317 0.145 0.177 0.156 0.188
Flow Velocity (fps) 1.7 1.2 1.99 2.02 2.162 1.428 0.99 0.665 2.818 1.498 1.683 2.211 2.156 1.747

TR 55 Model Run
Post Development Conditions: 10 yr 24 hr.

Basin Name B2 B1 J K G2 G1 H F1 F2 E2 E1 D A C
Time of Concentration (TC) (hr) 0.228 0.376 0.276 0.236 0.191 0.315 0.128 0.221 0.197 0.093 0.179 0.191 0.08 0.343
Drainage Area (Am)(mi^2) 0.049 0.078 0.16 0.155 0.041 0.049 0.033 0.018 0.088 0.042 0.028 0.044 0.024 0.042
Rainfall (P) (in) 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Runoff Curve Number (CN) 76 76 76 76 76 76 76 76 76 76 76 76 76 76
Rainfall Distribution Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II
Potential Maximum Retention (S) (in) 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158
Runoff (Q) (in) 0.316 0.316 0.081 0.316 0.316 0.316 0.316 0.316 0.316 0.316 0.316 0.316 0.316 0.316
Initial Abstraction (Ia) (in) 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632
Initial Abstraction / Rainfall (Ia/P) 0.351 0.351 0.351 0.351 0.351 0.351 0.351 0.351 0.351 0.351 0.351 0.351 0.351 0.351
Unit Peak Discharge (Qu) (cfs/mi^2/in) 598.131 461.23 542.621 587.951 654.071 506.586 789.961 608.624 643.973 913.68 674.186 652.899 972.292 484.536
Peak Discharge (Qp = Qu*Am*Q*Fp) (cfs) 9.284 11.315 27.443 28.836 8.435 7.887 8.274 3.444 17.954 12.072 5.95 9.067 7.339 6.406

Channel Type Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap
Channel Slopes (H:V) 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 1:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1
Channel Width (ft) 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Flow Depth (ft) 0.701 0.975 1.065 1.056 0.566 0.844 1.003 0.675 0.815 0.965 0.516 0.599 0.516 0.574
Flow Velocity (fps) 3.508 2.607 5.439 5.51 4.331 2.99 1.771 1.322 5.235 2.747 5.8 4.321 4.182 3.323
Channel Armament Required (1) Yes No Yes Yes Yes No No No Yes No Yes Yes Yes Yes

Table 3
Post Development Conditions Discharge Estimates
Mill Creek TIFID Preliminary Engineering Report
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Table 3
Post Development Conditions Discharge Estimates
Mill Creek TIFID Preliminary Engineering Report

TR 55 Model Run
Post Development Conditions: 100yr 24 hr.

Basin Name B2 B1 J K G2 G1 H F1 F2 E2 E1 D A C
Time of Concentration (TC) (hr) 0.162 0.305 0.195 0.165 0.13 0.218 0.093 0.154 0.142 0.068 0.128 0.153 0.058 0.323
Drainage Area (Am)(mi^2) 0.049 0.078 0.16 0.155 0.041 0.049 0.033 0.018 0.088 0.042 0.028 0.044 0.024 0.042
Rainfall (P) (in) 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8
Runoff Curve Number (CN) 76 76 76 76 76 76 76 76 76 76 76 76 76 76
Rainfall Distribution Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II Type II
Potential Maximum Retention (S) (in) 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158 3.158
Runoff (Q) (in) 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883 0.883
Initial Abstraction (Ia) (in) 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632 0.632
Initial Abstraction / Rainfall (Ia/P) 0.226 0.226 0.226 0.226 0.226 0.226 0.226 0.226 0.226 0.226 0.226 0.226 0.226 0.226
Unit Peak Discharge (Qu) (cfs/mi^2/in) 801.536 605.383 741.771 795.33 873.99 707.406 988.166 819.064 844.127 1093.926 878.986 820.71 1148.423 589.12
Peak Discharge (Qp = Qu*Am*Q*Fp) (cfs) 34.807 41.547 104.95 109.123 31.533 30.813 28.953 12.965 65.838 40.434 21.704 31.886 24.251 21.791

Channel Type Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap Trap
Channel Slopes (H:V) 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 1:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1 3:1; 2:1
Channel Width (ft) 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Flow Depth (ft) 1.306 1.762 1.97 1.986 1.139 1.774 1.779 1.303 1.461 1.679 0.956 1.109 947 1.075
Flow Velocity (fps) 4.943 3.635 7.696 7.877 6.342 4.331 2.442 1.899 7.263 3.748 4.767 6.047 5.802 4.562
Channel Length (ft) 1,100 2,900 5,400 4,700 3,000 3,400 800 1,000 3,700 900 2,200 2,100 1,200 800
Channel Armament Required (1) YES YES YES YES YES YES NO NO YES YES YES YES YES YES
Culvert Requirements (at 2% slope) (2) 2 X 24 in 2 X 36 in 6 X 36 in 6 X 36 in 2 X 24 in NA NA 1 X 24 in 2 X 36 in NA 4 X 24 in NA NA NA
Volume (cf) (3) 100,720 158,012 328,167 318,236 85,946 101,028 69,796 36,713 185,793 88,849 58,818 90,114 50,302 85,164
Est. Detention Volume (acre ft.) 2.312 3.627 7.534 7.306 1.973 2.319 1.602 0.843 4.265 2.040 1.350 2.069 1.155 1.955
Detention Pond Outlet Pipe (5) 4" CMP 6" CMP 6" CMP 6" CMP 4" CMP 4" CMP 4" CMP 6" CMP 6" CMP 6" CMP 6" CMP 4" CMP 4" CMP 4" CMP
Notes:
(1) Channel Armament Required based on calculated estimated channel average velocity. Assumes armoring required if channel average velocity is greater than 3 feet per second (fps).
(2) Culvert Requirements sizing calculated based on 100 year, 24 hr. peak flow at each noted road and rail crossing.
(3) Volume is the volume calculated from the storm hydrograph.
(4) Estimated Detention Volume assumes the entire 100 year, 24 hr. storm event water volume will be retained/attenuated and discharged at a flowrate no greater than the 2 year, 24 hr. flowrate for Existing Conditions.
(5) Detention Pond Outlet Pipe sizing based Existing Conditions 2 year, 24 hr. storm event discharge flowrate.
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Chapter 2

2–5(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2a Runoff curve numbers for urban areas 1/

Curve numbers for
-------------------------------------------  Cover description  ----------------------------------------- -----------hydrologic soil group -------------

Average percent
Cover type and hydrologic condition impervious area 2/ A B C D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, etc.) 3/:
Poor condition (grass cover < 50%) .......................................... 68 79 86 89
Fair condition (grass cover 50% to 75%) .................................. 49 69 79 84
Good condition (grass cover > 75%) ......................................... 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) ............................................................. 98 98 98 98
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) ................................................................................ 98 98 98 98
Paved; open ditches (including right-of-way) .......................... 83 89 92 93
Gravel (including right-of-way) ................................................. 76 85 89 91
Dirt (including right-of-way) ...................................................... 72 82 87 89

Western desert urban areas:
Natural desert landscaping (pervious areas only)  4/ ..................... 63 77 85 88
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) ...................................................................... 96 96 96 96

Urban districts:
Commercial and business ................................................................. 85 89 92 94 95
Industrial ............................................................................................. 72 81 88 91 93

Residential districts by average lot size:
1/8 acre or less (town houses) .......................................................... 65 77 85 90 92
1/4 acre ................................................................................................ 38 61 75 83 87
1/3 acre ................................................................................................ 30 57 72 81 86
1/2 acre ................................................................................................ 25 54 70 80 85
1 acre ................................................................................................... 20 51 68 79 84
2 acres .................................................................................................. 12 46 65 77 82

Developing urban areas

Newly graded areas
(pervious areas only, no vegetation) 5/ ................................................................ 77 86 91 94

Idle lands (CN’s are determined using cover types
similar to those in table 2-2c).

1 Average runoff condition, and Ia = 0.2S.
2 The average percent impervious area shown was used to develop the composite CN’s. Other assumptions are as follows: impervious areas are

directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN’s for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other combinations of open space
cover type.

4 Composite CN’s for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN = 98) and the pervious area CN. The pervious area CN’s are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN’s to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the CN’s for the newly graded  pervious areas.



Technical Release 55
Urban Hydrology for Small Watersheds

Estimating RunoffChapter 2

2–6 (210-VI-TR-55, Second Ed., June 1986)

Table 2-2b Runoff curve numbers for cultivated agricultural lands 1/

                                                                                                                                                               Curve numbers for
------------------------------------------  Cover description  ---------------------------------------------               -------------  hydrologic soil group  ----------------

Hydrologic
Cover type Treatment 2/ condition 3/ A B C D

Fallow Bare soil — 77 86 91 94
Crop residue cover (CR) Poor 76 85 90 93

Good 74 83 88 90

Row crops Straight row (SR) Poor 72 81 88 91
Good 67 78 85 89

SR + CR Poor 71 80 87 90
Good 64 75 82 85

Contoured (C) Poor 70 79 84 88
Good 65 75 82 86

C + CR Poor 69 78 83 87
Good 64 74 81 85

Contoured & terraced (C&T) Poor 66 74 80 82
Good 62 71 78 81

C&T+ CR Poor 65 73 79 81
Good 61 70 77 80

Small grain SR Poor 65 76 84 88
Good 63 75 83 87

SR + CR Poor 64 75 83 86
Good 60 72 80 84

C Poor 63 74 82 85
Good 61 73 81 84

C + CR Poor 62 73 81 84
Good 60 72 80 83

C&T Poor 61 72 79 82
Good 59 70 78 81

C&T+ CR Poor 60 71 78 81
Good 58 69 77 80

Close-seeded SR Poor 66 77 85 89
or broadcast Good 58 72 81 85
legumes or C Poor 64 75 83 85
rotation Good 55 69 78 83
meadow C&T Poor 63 73 80 83

Good 51 67 76 80

1 Average runoff condition, and Ia=0.2S
2 Crop residue cover applies only if residue is on at least 5% of the surface throughout the year.
3 Hydraulic condition is based on combination factors that affect infiltration and runoff, including (a) density and canopy of vegetative areas,

(b) amount of year-round cover, (c) amount of grass or close-seeded legumes, (d) percent of residue cover on the land surface (good  20%),
and (e) degree of surface roughness.

Poor: Factors impair infiltration and tend to increase runoff.

Good: Factors encourage average and better than average infiltration and tend to decrease runoff.
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Table 2-2c Runoff curve numbers for other agricultural lands 1/

         Curve numbers for
---------------------------------------  Cover description  --------------------------------------                 ------------  hydrologic soil group ---------------

Hydrologic
Cover type condition A B C D

Pasture, grassland, or range—continuous Poor 68 79 86 89
forage for grazing. 2/ Fair 49 69 79 84

Good 39 61 74 80

Meadow—continuous grass, protected from — 30 58 71 78
grazing and generally mowed for hay.

Brush—brush-weed-grass mixture with brush Poor 48 67 77 83
the major element. 3/ Fair 35 56 70 77

Good 30 4/ 48 65 73

Woods—grass combination (orchard Poor 57 73 82 86
or tree farm). 5/ Fair 43 65 76 82

Good 32 58 72 79

Woods. 6/ Poor 45 66 77 83
Fair 36 60 73 79

Good 30 4/ 55 70 77

Farmsteads—buildings, lanes, driveways, — 59 74 82 86
and surrounding lots.

1  Average runoff condition, and Ia = 0.2S.
2  Poor: <50%) ground cover or heavily grazed with no mulch.

 Fair: 50 to 75% ground cover and not heavily grazed.
 Good: > 75% ground cover and lightly or only occasionally grazed.

3  Poor: <50% ground cover.
 Fair: 50 to 75% ground cover.
 Good: >75% ground cover.

4  Actual curve number is less than 30; use CN = 30 for runoff computations.
5  CN’s shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions may be computed

from the CN’s for woods and pasture.
6  Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.

 Fair: Woods are grazed but not burned, and some forest litter covers the soil.
 Good: Woods are protected from grazing, and litter and brush adequately cover the soil.
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Table 2-2d Runoff curve numbers for arid and semiarid rangelands 1/

         Curve numbers for
----------------------------------------  Cover description  -----------------------------------------------       ---------------  hydrologic soil group  -------------

Hydrologic
                        Cover type condition 2/ A 3/ B C D

Herbaceous—mixture of grass, weeds, and Poor 80 87 93
low-growing brush, with brush the Fair 71 81 89
minor element. Good 62 74 85

Oak-aspen—mountain brush mixture of oak brush, Poor 66 74 79
aspen, mountain mahogany, bitter brush, maple, Fair 48 57 63
and other brush. Good 30 41 48

Pinyon-juniper—pinyon, juniper, or both; Poor 75 85 89
grass understory. Fair 58 73 80

Good 41 61 71

Sagebrush with grass understory. Poor 67 80 85
Fair 51 63 70

Good 35 47 55

Desert shrub—major plants include saltbush, Poor 63 77 85 88
greasewood, creosotebush, blackbrush, bursage, Fair 55 72 81 86

palo verde, mesquite, and cactus. Good 49 68 79 84

1 Average runoff condition, and Ia, = 0.2S. For range in humid regions, use table 2-2c.
2 Poor:  <30% ground cover (litter, grass, and brush overstory).

Fair:    30 to 70% ground cover.
Good:  > 70% ground cover.

3 Curve numbers for group A have been developed only for desert shrub.
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Figure B-2 Approximate geographic boundaries for NRCS (SCS) rainfall distributions

Rainfall data sources
This section lists the most current 24-hour rainfall data
published by the National Weather Service (NWS) for
various parts of the country. Because NWS Technical
Paper 40 (TP-40) is out of print, the 24-hour rainfall
maps for areas east of the 105th meridian are included
here as figures B-3 through B-8. For the area generally
west of the 105th meridian, TP-40 has been superseded
by NOAA Atlas 2, the Precipitation-Frequency Atlas of
the Western United States, published by the National
Ocean and Atmospheric Administration.

East of 105th meridian

Hershfield, D.M. 1961. Rainfall frequency atlas of the
United States for durations from 30 minutes to 24
hours and return periods from 1 to 100 years. U.S.
Dept. Commerce, Weather Bur. Tech. Pap. No. 40.
Washington, DC. 155 p.

West of 105th meridian

Miller, J.F., R.H. Frederick, and R.J. Tracey. 1973.
Precipitation-frequency atlas of the Western United
States. Vol. I Montana; Vol. II, Wyoming; Vol III, Colo-
rado; Vol. IV, New Mexico; Vol V, Idaho; Vol. VI, Utah;
Vol. VII, Nevada; Vol. VIII, Arizona; Vol. IX, Washing-
ton; Vol. X, Oregon; Vol. XI, California. U.S. Dept. of

Commerce, National Weather Service, NOAA Atlas 2.
Silver Spring, MD.

Alaska

Miller, John F. 1963. Probable maximum precipitation
and rainfall-frequency data for Alaska for areas to 400
square miles, durations to 24 hours and return periods
from 1 to 100 years. U.S. Dept. of Commerce, Weather
Bur. Tech. Pap. No. 47. Washington, DC. 69 p.

Hawaii

Weather Bureau. 1962. Rainfall-frequency atlas of the
Hawaiian Islands for areas to 200 square miles, dura-
tions to 24 hours and return periods from 1 to 100
years. U.S. Dept. Commerce, Weather Bur. Tech. Pap.
No. 43. Washington, DC. 60 p.

Puerto Rico and Virgin Islands

Weather Bureau. 1961. Generalized estimates of prob-
able maximum precipitation and rainfall-frequency
data for Puerto Rico and Virgin Islands for areas to 400
square miles, durations to 24 hours, and return periods
from 1 to 100 years. U.S. Dept. Commerce, Weather
Bur. Tech. Pap. No. 42. Washington, DC. 94 P.
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Exhibit A: Hydrologic Soil Groups for the United StatesAppendix B Synthetic Rainfall Distributions and

Rainfall Data Sources

The highest peak discharges from small watersheds in the United States are usually caused by intense, brief rain-
falls that may occur as distinct events or as part of a longer storm. These intense rainstorms do not usually ex-
tended over a large area and intensities vary greatly. One common practice in rainfall-runoff analysis is to develop
a synthetic rainfall distribution to use in lieu of actual storm events. This distribution includes maximum rainfall
intensities for the selected design frequency arranged in a sequence that is critical for producing peak runoff.

Synthetic rainfall distributions

The length of the most intense rainfall period contributing to the peak runoff rate is related to the  time of concen-
tration (Tc) for the watershed. In a hydrograph created with NRCS procedures, th

Appendix A Hydrologic Soil Groups

Soils are classified into hydrologic soil groups (HSG’s)
to indicate the minimum rate of infiltration obtained for
bare soil after prolonged wetting. The HSG’s, which are
A, B, C, and D, are one element used in determining
runoff curve numbers (see chapter 2). For the conve-
nience of TR-55 users, exhibit A-1 lists the HSG classifi-
cation of United States soils.

The infiltration rate is the rate at which water enters the
soil at the soil surface. It is controlled by surface condi-
tions. HSG also indicates the transmission rate—the rate
at which the water moves within the soil. This rate is
controlled by the soil profile. Approximate numerical
ranges for transmission rates shown in the HSG defini-
tions were first published by Musgrave (USDA 1955).
The four groups are defined by SCS soil scientists as
follows:

Group A soils have low runoff potential and high infil-
tration rates even when thoroughly wetted. They consist
chiefly of deep, well to excessively drained sand or
gravel and have a high rate of water transmission
(greater than 0.30 in/hr).

Group B soils have moderate infiltration rates when
thoroughly wetted and consist chiefly of moderately
deep to deep, moderately well to well drained soils with
moderately fine to moderately coarse textures. These
soils have a moderate rate of water transmission (0.15-
0.30 in/hr).

Group C soils have low infiltration rates when thor-
oughly wetted and consist chiefly of soils with a layer
that impedes downward movement of water and soils
with moderately fine to fine texture. These soils have a
low rate of water transmission (0.05-0.15 in/hr).

Group D soils have high runoff potential. They have
very low infiltration rates when thoroughly wetted and
consist chiefly of clay soils with a high swelling poten-
tial, soils with a permanent high water table, soils with a
claypan or clay layer at or near the surface, and shallow
soils over nearly impervious material. These soils have a
very low rate of water transmission (0-0.05 in/hr).

In exhibit A-1, some of the listed soils have an added
modifier; for example, “Abrazo, gravelly.” This refers to
a gravelly phase of the Abrazo series that is found in
SCS soil map legends.

Disturbed soil profiles

As a result of urbanization, the soil profile may be con-
siderably altered and the listed group classification may
no longer apply. In these circumstances, use the follow-
ing to determine HSG according to the texture of the
new surface soil, provided that significant compaction
has not occurred (Brakensiek and Rawls 1983).

HSG Soil textures

A Sand, loamy sand, or sandy loam

B Silt loam or loam

C Sandy clay loam

D Clay loam, silty clay loam, sandy clay, silty
clay, or clay

Drainage and group D soils

Some soils in the list are in group D because of a high
water table that creates a drainage problem. Once these
soils are effectively drained, they are placed in a differ-
ent group. For example, Ackerman soil is classified as
A/D. This indicates that the drained Ackerman soil is in
group A and the undrained soil is in group D.
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